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Preface

Obstetrics is an important subject and a branch of medicine that deals with the medical and surgi-
cal care of women during pregnancy, delivery, and in the postpartum period. An obstetricianis a
physician who specializes in pregnancy, childbirth, and the female reproductive system.

Antenatal care deals with the prevention and detection of certain diseases that might compli-
cate pregnancy, educates pregnant women about the symptoms of their pregnancy, and pre-
pares them and their families for the risks and effects of childbirth. The first antenatal visit
concerns the patient’s medical history followed by a physical examination (e.g. blood pres-
sure, weight, and height). Other physical examinations (e.g. heart, chest, and breasts) may be
done if needed. Blood and urine tests are part of routine antenatal testing.

The World Health Organization in a multicountry randomized control trial and a systematic
review concluded that antenatal care needs only four visits (30 min each) at specified intervals
for healthy women with no underlying medical complications. The first visit should coincide
with the first trimester where an assessment distinguishes between expectant mothers who
require four antenatal care (standard care) visits and those with high-risk factors who need
more than four visits.

During the postpartum period care immediately after delivery up to 6-8 weeks, the body goes
through a number of changes. Healthcare providers frequently assess blood pressure, heart rate,
amount of bleeding, infection of an episiotomy, wound care, the size of the uterus, which becomes
firmer and shrinks, and the area below the umbilicus. Breastfeeding is advisable as soon as possi-
ble, which will help to contract the uterus, which must be monitored for signs of infection.

This book presents an introductory overview of obstetrics, with nine chapters each having dif-
ferent topics by authors from different countries interested in publishing their research.

The book is intended to educate healthcare providers about the research conducted in the 18
or more universities that specialize in obstetrics. It is the result of facilitating, researching, and
teaching group communication. It is essential to teach healthcare providers skills that are
based on current research from the field of obstetrics and other related disciplines.

We are grateful to all the contributors and leading experts for submission of their stimulating
and inclusive chapters that have brought about this book on obstetrics. A special thanks and
appreciation go to Ms Romina Skomersic, Publishing Process Manager, for her encouragement
and help in the publication of this book.

Prof. Hassan Abduljabbar
King Abdulaziz University,
Jeddah, Kingdom of Saudi Arabia
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Chapter 1

Normal Pregnancy Diagnosis Using Software of
Ultrasonography Decision Support System

Boy Subirosa Sabarguna, Farian Sakinah and
Muhammad Reyhan

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.70154

Abstract

Decision support system will help physicians in analyzing more accurate diagnosis, which
can be made faster and easier with this time-saving system, and reduce tardiness in mak-
ing referrals. Benefits with this system are as follows: (1) services can be provided across all
places, regardless the distance and (2) it is ready to be used anytime; day and night, 24 h,
7 days a week, and throughout the year. The research design is the quasi-experimental post-
test only without control; in stage I: Analysis and Design System, in stage II: Prototype, and
in stage III: Application. The Verifying is needed by a specialist in Obstetrics for the Analysis
and System Design as a way to perform conformity assessment with specific benchmarks
as a diversification process. Routine examination, which involves: (1) input data, in general,
which includes patient data such as symptoms and signs, (2) physiological and pathological
description, (3) differential diagnosis or problems, (4) up to the problem itself as well as fur-
ther suggestions. Decision support system is made to be used by physicians, and it contains
the pattern of input-process-outcome and its display, so it can be used for the manufacturing
of the software. This will be helpful for primary care physicians to avoid late referrals.

Keywords: normal pregnancy, diagnosis, ultrasonography, decision support system,
software

1. Introduction

1.1. Reason

Reason of specific, relevant and accurate use of the Decision Support System is needed, will
help physicians in analyzing more accurate diagnosis can be made faster and easier with
this time saving system and reduce tardiness in making referrals. Ultrasonography (USG) is

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited. [{cc) ExgIEN



4 Obstetrics

part of the routine ante natal care (ANC) at health facilities that provide resources and allow
access. These checks are generally conducted in the second trimester of pregnancy; however,
ultrasound increasingly offered since the first trimester, especially in health facilities that
have adequate resources. Current technological developments, including a high-frequency
transvaginal examination, produce a resolution of ultrasound imaging in one trimester at a
level where early fetal development can be assessed and monitored in detail.

1.2. Objectives

Objectives of ultrasound obstetrics related to gestation age are as follows:
(1) To know gestation age;

(2) To see specific development in first trimester;

(38) To see specific development in second and third trimester;

(4) To know whether there is emergency.

Objectives above tell that Doctor know situation of normal or not and can be prepared the
cases for next examination, monitoring and follow up.

1.3. Benefits with this system

(1) Services can be provided across all places, regardless the distance;

(2) Itis ready to be used anytime, i.e., day and night, 24 h, 7 days a week, and throughout
the year;

(38) The problem of the scarcity of experts can be solved as long as it is still within the limits
of the doctors’ capacity or expertise and authority from doctors.

By benefits above is important for Student to study more detail in really patient and for
Primary Care Doctors has beside assistant for their practice.

REASON

Need analyzing more

accurate diagnosis can OBJECTIVE

be made faster and
easier

Know normal or not

A 4

BENEFIT

Services can be
provided all across
places, regardless the
distance
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2. Ultrasound for basic obstetric examination

2.1. Classification of fetal ultrasound

A. First trimester

Standard first-trimester obstetric sonogram includes their evaluation:
* gsize,

e location,

¢ the number of gestational sac.

Gestational sac observed by the yolk sac and the embryo/fetus. If the embryo/fetus is detected,
cardiac activity should be measured and recorded using a video clip or two-dimensional
imaging Models Spectral M. Using Doppler imaging is not recommended. The uterus, cervix,
adnexal, and local cul-de-sac should be observed.

B. Trimester second/third standard

Standard obstetric sonogram on the second and third trimester includes:
e evaluation of fetal presentation,

e amniotic fluid volume,

¢ cardiac activity,

¢ placental position,

e fetal biometry,

e number of fetuses,

* anatomic survey.

Cervical and adnexal can be observed clinically appropriate if technically possible.
C. Inspection limited

Limited examination performed when special inspection is needed. For example, in almost
all cases is not routinely emergency, limited examination can be performed to confirm the
fetal heart activity in patients with bleeding or to verify the fetal presentation in patients who
would do the labor. Appropriate sonographic examination is limited if complete examination
is stored previously.

D. Special investigation

Detailed anatomical examinations carried out when there is suspicion anomaly based on medical
history, biochemical abnormalities, or the results of standard tests or limited. Special examination
includes fetal Doppler ultrasound, biophysical profile, fetal ECG, and additional biometric checks.
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Gestational Age Examination
6 — 7 weeks Their fetuses
12 weeks Fetal anomalies
22 weeks Pregnancy Rate
32 weeks Fetal growth and well-being
38 weeks The condition of the fetus before birth

Figure 1. Gestational age.

E. Summary purpose obstetric ultrasound

Here is the purpose of obstetric ultrasound-related inspection with gestational age (Figure 1).

2.2, First trimester USG examination

There is no reason to recommend that routine ultrasound only to confirm their current preg-
nancy in the absence of consideration of clinical, pathological symptoms, or specific indica-
tions. It is advisable to offer an ultrasound examination for the first time when the gestational
age between 11 and 13 weeks 6 days, so that the objective examination ultrasound first trimes-
ter is actually achieved, such as confirm the presence of the fetus, estimated gestational age
accurately, determine the number of fetuses real, if necessary determine a rough anatomy and
risk of fetal aneuploidy [1-3]. Before starting the examination, health care providers should
counsel women or couples about the benefits and limitations of first trimester ultrasound.

A. Indications of Examination

Indications of ultrasound examination in trimester as following but not limited to:
1. Confirmation of intrauterine pregnancy [4-6];

Evaluation of suspected ectopic pregnancy [7, 8];

Determining the cause of vaginal bleeding;

Evaluation of pelvic pain;

Determine the gestational age;

Diagnosis or evaluation of multiple pregnancy;

Confirm cardiac activity;

® N o g e » DN

Imaging as aid chorionic villus sampling, embryo transfer, and localization and expendi-
ture IUD;

9. Send some fetal anomalies such as anencephaly, high-risk patients;

10. Evaluation of the future pelvis and/or uterine abnormalities;
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11. Thickness measurement of the neck (Nuchal Translucency) when used as part of a fetal
aneuploidy screening programs; and

12. Evaluation of suspected hydatid form mole.

Limited examination may be required to evaluate the growth interval, estimate amniotic fluid
volume, cervical evaluation, and assess the presence of cardiac activity.

B. Basic parameters USG imaging

USG examination in pregnancy first trimester can be done through transabdominal, transvaginal,
or both. When the transabdominal examination failed to get a good picture, transvaginal ultra-
sound examination should be done and vice versa.

1. Evaluation of the uterus and adnexal to determine their pregnancy

The uterus and adnexa should be evaluated for the presence of gestational sac. If it seems
the gestation sac, location has to be determined. If possible, once the gestational sac should
be evaluated for their yolk sac (YS) or embryo, and the length of CRL (Crown Rump Length)
should be recorded.

A definitive diagnosis can be confirmed as pregnancy when intrauterine gestational sac con-
taining yolk sac or embryo/fetus with fetal activity. Set slightly eccentric intrauterine liquid
with echogenic boundary can be seen before the yolk sac and the embryo is detected at a very
early intrauterine pregnancy. In the absence of sonographic depiction of an ectopic pregnancy,
a collection of fluid is very likely to represent the intrauterine gestational sac. In this situation,
it may be useful intra-desi dual mark [9]. Advanced Sonography and/or serial test of B-HCG
hormone levels to find location of pregnancies that cannot be determined to avoid inappropri-
ate interventions in early pregnancy.

CRL is a more accurate indicator of gestational age than the mean gestational sac diameter.
However, the mean gestational sac diameter can be recorded when the embryo is not identified.
Diagnosis allegation must be upheld with caution in the gestational sac is not visible embryo
or yolk sac. Without intervention, pool of liquid in intrauterine gestational sac may show false
associated with ectopic pregnancy.

2. Cardiac activities

The presence or absence of cardiac activity should be kept to a video clip or two-dimensional
imaging mode-M. With transvaginal examination, when the movement of heart is observed,
when measuring 2 mm or more embryos, if the embryo with a size less than 7 mm seen with-
out cardiac activity, so advanced inspection in next week’s is recommended to ensure that
the pregnancy is existed [10-12].

3. The number of fetuses

The existence of multiple pregnancy should be determined based on the discovery of fetal
echo illustration and not by the number of gestational sac. Sometimes early pregnancy more
than one structure resembles a gestational sac. It can appear before the incorporation of the
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amnion and chorion or chorion membrane as a result of the lifting of intrauterine hemor-
rhagic (bleeding subchorionic). Amnionicity and chorionicity should be recorded for false
multiple pregnancy if possible.

4. Assessment of the anatomy of an embryo or fetus

5. Imaging the neck (nuchal), and cystic abnormalities fibroma must be recorded
(especially at high risk)

6. Uterus including cervical, adnexal structures, and cul-de-sac

Abnormalities of these structures should be displayed and recorded. The presence of adnexal
masses along with the location, the view, and the size should be recorded. The existence and
amount leiomyomata, as well as the largest leiomyomata measurement or clinically manifest,
must be saved. Cul-des-sac should be evaluated in the presence or absence of liquid. Uterine
abnormalities should also be noted.

C. Signs of early pregnancy failure possibilities
1. No activity fetal heart rate (FHR)

2. Abnormalities yolk sac: gestational sac on transvaginal examination >8 mm without yolk
sac, or yolk sac calcification, abnormal shape, floating, or the distance from the embryo, no
growth yolk sac). Yolk sac normal round shape with the center over anechoic (looks like a
ring) in diameter 4-6 mm (according to gestational age).

3. Abnormalities gestational sac: the transvaginal ultrasound examination mean gesta-
tional sac diameter >8 mm without a yolk sac or >20 mm without an embryo picture
indicates pregnancy failure. Other signs that indicate pregnancy abnormalities such as:
distortion of the gestational sac, decidual reaction thickness <2 mm, no evidence of a
double decidual, decidual reaction showed erogeneity weak, and the location of the
gestational sac is low (near the internal cervical ostium). Therefore, each case with a
threatened abortion needs to do an ultrasound to determine whether the pregnancy is
normal or pathological.

4. Abnormalities of amniotic bag: signs of pregnancy when the amniotic sac of failure to
deflate (collapse), irregular walls, and do not seem echo fetus (embryo). The size of the
amniotic cavity or yolk sac diameter exceeds 2 SD of normal size (=8 mm), associated with
poor outcomes.

5. Bradycardia: the frequency of fetal heart rate (FHR), 85 times per minute at 5-8 weeks of
pregnancy showed a poor prognosis.

6. Oligohydramnios: their oligohydramnios in the embryonic period (less than 8 weeks) showed
a poor prognosis. 3-HCG levels were lower with the size of KG incompatible pregnancies in-
dicate abnormalities predictive value of about 65%.
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2.3. UGS examination trimester second/third

A. Indications examination

Indications second trimester ultrasound examination/third included the following but not
limited to:

1. Screening for fetal anomalies; [13-15]
Evaluation of fetal anatomy;
Determination of gestational age;
Evaluation of fetal growth;

Evaluation of bleeding paravaginal;
Evaluation of abdominal or pelvic pain;
Evaluation of cervical insufficiency;

Determination of fetal presentation;

L ® N o @G & » D

Evaluation of multiple gestations is already known;

—
(=]

. Help for amniocentesis or other procedure;

-
—

. Evaluate the real difference as between the size of the uterus and clinical date;

p—
N

. Evaluation of pelvic masses;

sy
W

. Evaluation of the hydatid form mole;

)
N

. Help for the placement of the cervical sickles;

p—
6] ]

. Suspicion of ectopic pregnancy;

p—
[=)}

. Suspicion of fetal death;
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|

. Suspicion of uterine abnormalities;

—
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. Evaluation of fetal well-being;

Juy
N}

. Suspicion of amniotic fluid abnormalities;

N
(=}

. Suspicion placental abruption;

N
—_

. Support for external cephalic version;

N
N

. Evaluation of premature rupture of membranes or preterm delivery estimates.

N
@

. Evaluation of abnormal biochemical markers;

N
=

. Follow-up evaluation of fetal abnormalities;
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25. Follow-up evaluation of placental location for suspicion of placenta previa;
26. History of previous congenital abnormalities;

27. Evaluate the condition of the fetus in the late ANC examination; and

28. Assessment of findings that may increase the risk of aneuploidy.

B. Indications of basic ultrasound

1. Evaluation of signs of life, number, presentation, and fetal activity

Any rhythm disorders or abnormal FHR frequency should be reported. Fetal heart abnormal-
ities should be continued with the cause, and if possible provide therapy to the fetus through
the mother (e.g., in cardiac arrhythmias). If found multiple pregnancy, include a descrip-
tion of the number of yolk sac (YS), number of fetuses, placental number, whether there is a
bulkhead amnion-chorion, gender (if visible), the weight ratio of the fetus, and amniotic fluid
volume ratio of each fetus.

2. Evaluation of the estimated volume of amniotic fluid

Determining the volume of amniotic can wear a subjective assessment, according to the amni-
otic fluid index phalanx or measuring the diameter of the largest in the amniotic sac (single
pocket).

3. Evaluation of placental location, description of the placenta (the degree of maturation),
and placental relationship with the internal ostium uteri (IOU) as well as the examination
of the state of the umbilical cord

The location of the placenta in early pregnancy may be different from the third trimester of
pregnancy, and it is associated with the migration of the placenta due to uterine enlarge-
ment and the formation of the lower uterine segment (LUS). Mother’s bladder is too full or
the contraction of the lower uterine segment can make a wrong diagnosis of placenta previa
or myoma uteri. Transabdominal ultrasound examination, trans-perineal or transvaginal can
visualize a better relationship with the placenta.

4. Determination of gestational age based on initial examination trimester fetal biometry-1

Biometric of the third trimester is not accurate in determining gestational age; therefore,
any determination of the gestational age based on the biometric fetus must refer to an ultra-
sound in the first trimester (early pregnancy), the Crown Rump Length (CRL), bi-parietal
diameter (BPD), head circumference (HC), or the length of the femur (LF), in this way would
be more accurate.

5. The calculation of estimated fetal weight

TBJ measurements must be made at the end of the second and third trimester belly by com-
parison circle (CC) with DBP. LP measured in transverse section of the abdomen as high as
the meeting area right and left portal vein. LP measurement is important in the diagnosis of
growth retardation (IUGR) and macrosomia. Evaluation of fetal growth by measuring bio-
metric is needed spare time with screening earlier. That is, if you have already done biometry
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measurements of the fetus, the forecast rate of growth of the fetus should be determined.
Distance time needed for the evaluation of fetal growth rate, at least 2 weeks.

6. Evaluate the state of the uterus (including cervix) and adnexal structures

This examination is useful to obtain additional findings that have important clinical signifi-
cance, such as the mass of the uterus that can interfere with the birth.

7. Evaluation of fetal anatomy

Ultrasound examination includes the assessment of fetal anatomy, such as ventricle cerebral,
posterior fossa, four chamber heart, spine, stomach, kidney, bladder, insertion umbilicus, and
the integrity of the front wall of the abdomen.

2.4. Clinical decision support system

Clinical decision support system is an application that analyzes data to help health profession-
als make clinical decisions. Clinical decision support system is an adaptation of a decision aid
system that is used generally to support business management. Doctors use a clinical decision
support system to prepare the diagnosis and assess the diagnosis as a way to improve out-
comes. Data mining may be designed to observe the patient’s medical history in conjunction
with related clinical research. Some analysts predict a wide range of potential events, ranging
from drug interactions to the symptoms of the disease.

There are two types of clinical decision support system. The first type uses a base of knowl-
edge, to apply the rules on patient data by using an inference engine and displays the result
on the end user. The second type, without the knowledge base, relies on machine learning to
analyze clinical data.

2.5. Clinical decision support system basic obstetric ultrasound

Clinical decision support system is designed to help health workers in primary care in order
to produce clinical decisions related to the examination of pregnant women who perform
routine ANC examination or pregnant women who come into service with the primary com-
plaint with either symptoms or signs. The result or outcome of clinical decision support sys-
tem is form of advice the management of treatment or examination also suggestions to do
references of treatment or examination. Schematic process can be seen below.

The above schematics described outcomes such as: theory from the literature, Analysis and
Design Systems, and verification from obstetricians and seminars to finalize its shape. Routine
examination, which involves:

(1) input data, in general, which includes patient data such as symptoms and signs,
(2) physiological and pathological description,
(3) differential diagnosis or problem,

(4) up to the problem itself as well as further suggestions.
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Patient

—

USG
Equipment

Imaging Display

Information

Involving software

"t -I Involving doctors

Input examination results and
patient data, as well as signs and
> symptoms into the software
system

v

!

Determine the
physiological

Determine
pathological

l

problem

Determine a differential diagnosis or

!

problem

Determine the working diagnosis or

v

Determine diagnosis
or problem

!

l

Advanced
Management
advice

Management
advice referral

3. Method of development

The research design is the quasi-experimental post-test only without control, in stage:
I. Analysis and Design System,

II. Prototype,

III. Application.

Flowchart can be seen as below.
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USG ANALYSIS AND DESIGN
OBSTETRICS SYSTEM

y

Decision support system (DSS) as a tool:
* gives an overview of differential diagnosis,
* helps enforce diagnosis,

¢ provides landing therapy,

* provides direction need for a referral or a consul.

Use of DSS will benefit from three sectors:

> SOFTWARE
PROTOTYPE
A 4
MEDICAL TECHNICAL
FEASIBILITY FEASIBILITY
CAN BE
USED
BENEFICIAL

1. Range far and wide will be very helpful because being close in around us;

2. Anunlimited time, day and night, 24 h, 7 days a week, throughout the year; make it easier

for ready for use anytime;

3. Difficult and rare expertise that can be met, but remain in the capacity of thought or com-

petence, so that appropriate action can be immediately implemented.

13
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4. Clinical decision support system in pregnancy: a general examination

General examination flow chart

Chief complaint or disorder: normal pregnancy

START

Patient
Identity Data

History and Clinical

Examination

A

Ultrasound examination
findings based on complaints
or abnormalities

Complaints/d
isorder

Routine USG examination

»le
>

Details of Examination,
Assessment, Advice, Referral Yes Need No
Letter Details of Examination,
Referral .
Assessment, Advice

Examining Doctor's
Signature

Reports Document
USG Examination
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USG

Pregnant .
G Machine

woman —>

Imaging Display

Note

r—

Involving software

- -
-I Involving Doctor
L] -

H: History

PE: Physical Examination
LMP: Last Menstrual Period
DD: Differential Diagnosis
D: Diagnosis

Important features at this stage are:

H: LMP, subjective complaints (-)
PE: within normal limits

L L ] - . .
1
Within normal
limits,
Bionetri No pathology
appropriate found
gestational age
|
DD/ Normal pregnancy
D/ Normal pregnancy

Routine schedule
of Ante Natal

Care

No need referral

(1) compliance of the last menstrual calculation:

(2) no complaints;

(8) examination within normal limits;

with state of the USG:

¢ fetal biometry according to gestational age;

¢ there is no pathological sign

15
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5. Clinical decision support systems in pregnancy first trimester

Chief complaint or disorder: multiple pregnancy

START

Routine Ultrasound Examination
15 Trimester

A4

Uterus (enlargement, there is a gestational sac

and fetal)

Fetus (CRL measurement, intrauterine
position, detected fetal heart rate according to

gestational age)
Gestational sac
gestational age)

(regularity, the diameter of

Yolk sac (number, diameter according to

gestational age)

The amnion (gestational age
Doppler (FHR +)

Adnexal and pe!

lvic cavity

The failure of the
first trimester*

No

Ultrasound examination
findings based on complaints
or abnormalities

A

Details of Examination,
Assessment, Advice

Signature of Doctor's
Examiner

Reports Document of
Ultrasound

*= See before
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1 v v ! :
Embryo> 1 I
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H: History - | Refer_tol.OtB
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L] - - L] L] - - L]

Important features at this stage are:

1. compliance of the last menstrual calculation:

2. no complaints;

3. examination within normal limits;

with state of the sonogram:

¢ there is one or more embryos and FHR there is one or more;
¢ fetal biometry according to gestational age;

¢ there is no pathological sign.
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6. Clinical decision support system in pregnancy: second and third
trimester examination

Chief complaint or disorder: normal pregnancy 2nd-3rd trimesters

START

Routine ultrasound examination
trimester 2-3

A 4

Fetal (single, alive, intrauterine, normal fetal head position according to gestational age)
The placenta (no abnormalities, normal implantation, maturation degree appropriate to
gestational age)

The amnion (normal volume according to gestational age)

Fetal biometry (appropriate to gestational age)

Cardiac activities (normal fetal heart rate, regular, no congenital abnormalities)
Anomalies (no major congenital abnormalities)

Doppler (normal umbilical cord segment) Activities (good)

Ultrasound examination
findings based on complaints
or abnormalities
No

l Yes

Details of Examination,
Assessment, Advice

Signature of examiner doctor

Document Reports of
Ultrasound

Important features at this stage are:

1. compliance of the last menstrual calculation:
2. no complaints;

3. examination within normal limits;
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with state of the sonogram:
¢ Fetal biometry according to gestational age;

¢ there is no pathological sign.

Author Note

Part of the book “Sistem Bantu Keputusan pada EKG Dan USG - Kebidanan untuk
Dokter Pelayanan Primer Serta EEG untuk Resident Penyakit Syarat” (Decision Support
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System on ECG and Ultrasound — Obstetric for Primary Care Physicians and EEG for
Neurological Disease Resident), Copy Right Registration of Indonesian Government No.
C00201502598, 2015.
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Abstract

The aim was to explore the possibility to forecast a risk of hypoxic lesions in a monot-
onous fetal heart rate via ECG measurements by the methods of time and frequency
analysis. The study involved 50 healthy pregnant women with singleton pregnancy at
37-41 weeks of gestation along with 17 pregnant women in the same period of gestation
who had a monotonous fetal heart rate registered of various origin. The registration of
fetal heart rates was performed using fetal monitor “Monica AN24” (“Monica Healthcare
Ltd”, United Kingdom), transabdominal, using ECG electrodes. The software package
“Monica DK” has been used to retrieve the “beat-to-beat” data. Analysis of experimental
data was carried out on the basis of LABVIEW® software (National Instruments®, USA).
The analysis of time parameters for fetal hypoxia showed a sharp decline in the spread
function and a sharp increase in the concentration function. Spectral analysis showed a
significant decrease in the ratio of high- to low-frequency components of the spectrum. In
the analysis of fetal ECG, the ST segment depression was noted, which is also indicative
of fetal hypoxia.

Keywords: cardiotocography, ECG measurements, time HRV analysis, frequency HRV
analysis, fetal hypoxia

1. Introduction

Cardiotocography (CTG) belongs to routine methods of fetal monitoring in modern obstet-
rics. Doppler heart monitors that use ultrasound to register fetal heart rate allow the assess-
ment of heart rate variability (HRV) and designation of monotonous heart rate as an adverse
prognostic parameter. Beyond that account must be taken of the fact that over 25% of car-
diotocography (CTG) records in the antenatal period are defined as vague, i.e., deemed alarm-
ing. It basically refers to the monotonicity of fetal heart rate.

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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A monotonous heart rate is a rate with the amplitude not exceeding five heart beats per min-
ute absent accelerations or decelerations. A series of successive heart rate values has a complex
wave structure rather than presents a set of random numbers. Heart rate is largely affected by
the autonomic nervous system. The impact thereof is manifested in altering various frequency
components of heart rate oscillations [1]. The degree of the autonomic nervous system impact
on the fetal cardiac function can be estimated by using standard time and frequency domain
methods of HRV analysis. Recent years have seen the appearance of scientific papers on the
interaction of the sympathetic and parasympathetic divisions of the autonomic nervous sys-
tem [2-5]. However, ultrasonic CTG is limited in its further development due to the inability
to provide its user with the beat-to-beat data required for HRV time and frequency analysis.

External noninvasive registration of fetal heart rate via ECG measurements is another method
employed in fetal HRV study. Stable ECG signal generation alongside with fetal electrocar-
diogram morphology analysis has become the focus of numerous research investigations [6].
These are complemented with papers on the spectral analysis of transabdominal fetal electro-
cardiograms used for diagnosing fetal hypoxia during childbirth [7, 8]. Fetal electrocardiog-
raphy is currently considered as an alternative to Doppler ultrasonic cardiotocography so far
as the antenatal assessment of fetal condition is.

The present research is targeted toward the exploration of possibilities to predict the risks of
hypoxic damage in the presence of monotonous fetal heart rate via ECG measurements with
the application of time and frequency analysis methods.

2. Methods and materials

The sample of the research included 50 patients with normal singleton 37-41 week gestation
admitted to the maternity department for delivery and 17 patients with the same gestation age
diagnosed a monotonous fetal heart rate of varied etiology. Medical tests and measurements
were conducted in the morning hours. Fetal heart rate was registered by using the “Monica
AN24” (“Monica Healthcare Ltd” GBR)” fetal monitor, transabdominally, with the aid of ECG
electrodes, the patient’s position being unrestricted. The “Monica DK” software package permit-
ting to retrieve beat-to-beat data was used for analyzing the electrophysiological information.

Each fetal heart rate monitoring session lasted for 60 minutes, which corresponded to 7000
counts. To avoid mistakes in spectral analysis data interpretation, it is essential that the num-
ber of readings taken for comparison be equal. The following periods of the fetal cardioryth-
mogram were selected for analysis: a stationary period lasting for 5 minutes (700 counts,
Figure 1), nonstationary period lasting for 5 minutes (700 counts, Figure 2),and integrated
period lasting for 60 minutes (7000 counts, Figure 3).

The background processing of data for temporal and spectral analysis consisted in the presen-
tation of data in milliseconds (ms), elimination of artifacts (Figures 4 and 5), deletion of pop-
up values using the “three sigma rule” (Figures 6 and 7), and estimation of stationarity using
the Dx-statistics. Test data analysis was conducted on the basis of the LABVIEW® (National
Instruments®, USA) software.
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Figure 1. Stationary period of fetal cardiorythmogram. A duration of 700 counts (Y-axis —RR intervals, ms; X-axis—count).
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Figure 2. Nonstationary period of fetal cardiorythmogram. A duration of 700 counts (Y-axis—RR intervals, ms;
X-axis—count).
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Figure 3.Integrated period of fetal cardiorythmogram. A duration of 7000 counts (Y-axis—RR intervals, ms;
X-axis—count).

Normative time and frequency parameters for fetal HRV were determined in the group of
patients with the normal gestation course. The parameters were defined as the upper (95%o)
and lower (5%o) percentile limits of performance. All basic HRV functions were assessed:
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Figure 4. Fetal cardiorythmograms with artifacts (Y-axis—RR intervals, ms; X-axis—count).
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Figure 5. Fetal cardiorythmograms without artifacts (Y-axis—RR intervals, ms; X-axis—count).
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Figure 6. Fetal cardiorythmograms with pop-up values (green highlighting) (Y-axis —RR intervals, ms; X-axis—count).

scattering, concentration, and vegetal balance. The scattering function was tested by applying
the indicators of standard RR interval distribution. The concentration function was assessed by
mode parameters. Vegetal balance was tested utilizing the spectral analysis parameters as well
as the fast-Fourier-transform algorithm. The ECG morphological analysis contained amplitude
and time parameters. To overcome random interferences with the low ECG signal, we ana-
lyzed the average PQRST cycle (500-1000 cardiocycles) rather than every single cycle (Table 1).
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Figure 7. Fetal cardiorythmograms without pop-up values (Y-axis—RR intervals, ms; X-axis—count).

The data correlation analysis permitted to identify five independent indicators to give the
assessment of the fetal hypoxic damage risk by points (SDNN, RMSSD, AMo, Total Power,
LE/HF). Assessment of fetal anoxic damage risk: 04 point—low; 5-6 point—medium; 7-8
point—high; 9-10 point—very high (Table 2).

The scattering function

SDNN ms
RMSSD ms
SDANN ms
NN15

PNN15% %
VR ms

Standard deviation of all NN intervals

The square root of the mean of the sum of the squares of differences between
adjacent NN intervals

Standard deviation of the averages of NN intervals in all 5-minute segments of
the entire recording

Number of pairs of adjacent NN intervals differing by more than 15 ms in the
entire recording; three variants are possible counting all such NN interval pairs
or only pairs in which the first or the second interval is longer

NN15 count divided by the total number of all NN intervals

Difference between the maximum and the minimum RR intervals

The concentration function

NModa

AMo %
Moclamge %
AMo/PNN15 %

St. George Index

Number of cardio intervals corresponding to the mode value

Ratio of the amount of RR intervals with the values equaling the mode value to
the total number of RR intervals, measured in percent

Percent of cardio intervals in the mode range taken off the total number of RR
intervals, measured in percent

Ratio of Amo to the percentage of successive RR intervals with the difference
exceeding 15 ms

Ratio of the histogram area to the amount of intervals with higher sampling rate
duration

The spectral analysis

VLF ms?

LF ms?

Very low frequency range. Power in VLF range 0.02-0.08 Hz

Low-frequency range. Power in LF range 0.08-0.2 Hz
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M’

HF

VLF% (AR)

LF% (AR)

HF% (AR)

Total power (AR)
LF/HF (AR)

ms?

%
%
%

ms

Intermediate-frequency range. Power in IM range 0.2-0.4 Hz

High-frequency range. Power in HF range 0.4-1 Hz
Power in VLF range 0.02-0.08 Hz

Power in LF range 0.08-0.2 Hz

Power in HF range 0.4-1 Hz

Variance of all NN intervals

Ratio LF [ms?]/HF[ms?]

The ECG morphological analysis

Wave P
Wave Q
Wave R
Wave S
Wave T
Interval QRS
Interval ST
Interval ST

mv

mv

ms
ms

mV

Wave amplitude P
Wave amplitude Q
Wave amplitude R
Wave amplitude S
Wave amplitude T
Interval duration QRS
Interval duration ST

Segment ST Amplitude

Note: *Parameters exceed the 5-95%o limits.

Table 1. All basic parameters, HRV functions, and the ECG morphological analysis.

Variable//Point 0 1 2
SDNN >95%o 5-95%o <5%o
RMSSD >95%o 5-95%o <5%o
AMo <5%o 5-95%o >95%o
Total power 5-95%o >95%o <5%o
LF/HF 5-95%o >95%o <5%o

Table 2. Assessment of fetal anoxic damage risk.

3. Results

3.1. Normative, time, and spectral HRV parameters

The gross findings for the patients with normal 37-41 week gestation are as such. Wide vari-
ability of the stationary/nonstationary period parameters taken into account, it is of utmost
importance to determine the lower (5%o) and the upper (95%o) heart rate percentile limits.

The stationary period (5 minutes or 700 counts, Table 3) is characterized by the monotonicity
of fetal heart rate continuing for 10-15 minutes in a 60-minute registration session (Table 3).
It corresponds to the resting or dormant state of the fetus.
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The nonstationary period (5 minutes or 700 counts, Table 4) is characterized by the fetal heart
rate acceleration occurrences (Table 4). It corresponds to the motion activity of the fetus.

Integrated period (60 minutes or 7000 counts, Table 5) is characterized by the fetal heart rate
acceleration and by the monotonicity of fetal heart rate.

It should be noted that time and frequency domain methods used to assess fetal HRV comple-
ment each other.

3.2. Time and spectral HRV parameters and ECG morphology in the presence of
monotonous fetal heart rate

According to the etiological factor, three types of monotonous fetal heart rate can be identified:

1. Physiological —occurring because of a temporary decrease in the fetus regulatory centers
activity and corresponding to the resting or dormant state of the fetus;

2. Pharmacological —caused by the suppression of activity of the central fetal heart rate regu-
lation mechanisms (methyldopa and relanium) or by the block of impulse transmission to
the sino-atrial node (atropine);

3. Hypoxic—conditioned by circulatory injuries in the presence of heart failure or intra-uter-
ine infection.

Since heart rate monotonicity is a stationary cardiorhythmogram, which means that the
spectral properties of the signal do not change in time, the comparative study of the HRV
time and frequency analysis data was conducted for the referential values of the stationary
period only.

Scattering function

SDNN rMSSD NN15 PNN15% VR
5%o 0.006 0.004 4 0.51 0.04
95%o 0.012 0.01 35 5.08 0.097

Concentration function

NModa AMo Moda,, .~ AMo/PNN15 St. George Index
5%o 32 5.0 48 0.5 13
95%o 90 12.9 87 4.7 35

Spectral analysis

VLF LF HF VLF% (AR) LF% (AR) HF% (AR) TP LF/HF (AR)
5%o 0.3 1.9 13 5 49 12 43 115
95%o 29 188 5.8 1 78 40 185 396

Table 3. The stationary period. Lower (5%o) and upper (95%.) percentile limits of the fetal HRV time parameters.
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Scattering function

SDNN rMSSD NN15 PNN15% VR
5%o 0.017 0.005 9 12 0.09
95%o 0.033 0.01 71 10.3 0.16
Concentration function

NModa AMo Moda,, . AMOo/PNN15 St. George Index
5%o 19 2.7 29 0.2 29
95%o 41 5.6 42 12 45
Spectral analysis

VLF LF HF VLF% (AR)  LF% (AR) HF% (AR) TP LF/HF (AR)
5%o 12 12 2.8 8 63 8 26 2.6
95%o 17.2 80 11 18 81 24 96 6.8

Table 4. The nonstationary period. Lower (5%o) and upper (95%o) percentile limits of the fetal HRV time parameters.

3.2.1. Physiological monotonicity

Physiological fetal heart rate monotonicity is registered during the dormant state of the fetus
and continues for 10-15 minutes in a 60-minute cardiac cycle registration session. Here, we
present data analysis of the patient with 40 week gestation: delivery of a baby boy, 3430 g, 54 cm,
and 9/9 Apgar score and stationary period lasting for 5 minute(or 700 counts duration, Figure 8

and Table 6).

Scattering function

SDNN rMSSD NN15 PNN15% VR
5%o 0.017 0.006 234 3.4 0.13
95%o 0.03 0.011 621 10.8 0.19
Concentration function

NModa AMo Moda,, % AMo/PNN15 St. George Index
5%o 150 2.1 27 0.2 32
95%o 318 44 49 1.6 54
Spectral analysis

VLF LF HF VLF% (AR) LF% (AR) HF% (AR) TP LE/HF (AR)
5%o 20 122 38 9 65 15 178 27
95%o 99 478 138 15 73 23 697 4.6

Table 5. Integrated period. Lower (5%o) and upper (95%o) percentile limits of the fetal HRV time parameters.
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Figure 8. A gestation period of 40 weeks. Fetal cardiorythmograms, stationary period and physiological monotonicity

(Y-axis—RR intervals, ms; X-axis—count).

The analysis of the time parameters revealed no impairment of the scattering or concentra-
tion functions (5-95%o). The time analysis indices did not go beyond the percentile limits.
The spectral analysis permitted to identify vegetal balance with the total power up (>95%o)
of the spectrum (Figure 9). However, it cannot be treated as a fetal hypoxia sign, which is

Scattering function

SDNN rMSSD NN15 PNN15% VR
5-95%o 0.006-0.012 0.004-0.01 4-35 0.51-5.08 0.04-0.097
sleep 0.008 0.007 23 3.3 0.06
Concentration function
NModa AMo Modarange% AMOo/PNN15 St. George
Index
5-95%o 32-90 5.0-12.9 48-87 0.5-4.7 13-35
sleep 51 7.3 52 2.2 27
Spectral analysis
VLF VLF% LF% (AR) HF% (AR) TP LE/HF (AR)
(AR)
5-95%o 0.3-2.9 5-11 49-78 12-40 4.3-18.5 1.15-3.96
sleep 1.2 5 58 37 26 1.6
ECG morphology
P S T QRS STint ST
5-95%o 0.39-2.14 ~7.96 to 0.39-1.72  44-58 18-66 -0.2t0 0.6
0.02
sleep 0.843 -2.41 0 51 - -0.12

Note: Parameters exceed the 5-95%o limits.

Table 6. Time and frequency analysis parameters and ECG morphology in the presence of physiological monotonicity.
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Figure 9. Spectral analysis of frequency (FFT method). A period of 40 week gestation, normal fetus. stationary period,
physiological monotonicity.

confirmed by normal indicators of the fetus ECG (5-95%o) (Figures 8 and 10). Facing this type
of monotonicity, we can affirm that the risk of hypoxic damage assessed on the basis of time
and frequency analysis parameters is low (4 points).

3.2.2. Pharmacological monotonicity: atropine

Atropine, a muscarinic receptor antagonist, reduces the vagal tone increasing the heart rate
and raising conductivity along the His band. It is targeted toward the sino-atrial node causing
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Figure 10. ECG. A period of 40 week gestation, normal fetus, stationary period, physiological monotonicity.
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fetal heart rate monotonicity by increasing the activity of the sympathetic nervous system.
The following is data analysis of the patient with 41 week gestation: planned labor induction;
epidural anesthesia, cephalopelvic disproportion and caesarean section. Delivery of a baby
boy, 4190 g, 56 cm, 8/9 Apgar score. Medicines used: atropine. Stationary period lasted for 5
minutes or 700 counts duration (Figure 11 and Table 7).

The analysis of the time domain parameters revealed no impairment of the scattering or con-
centration functions (5-95%o). The time analysis indices did not go beyond the percentile lim-
its. The spectral analysis permitted to identify the total power up (>95%o) of the spectrum and
the accentuated decrease of the high-frequency spectrum component (<5%o) which reflects the
weakening of parasympathetic influences over the heart (Figure 12). Accentuated sympathi-
cotonia is confirmed by a significant increase in the high-to low-frequency spectrum compo-
nents ratio (>95%o). The fetal ECG parameters including the ST segment do not go beyond the
percentile limits (5-95%.), which speaks for the absence of fetal hypoxia (Figure 13). With this
type of monotonicity, the risk of hypoxic damage assessed on the basis of time and frequency
analysis parameters is moderate (5 points).

3.2.3. Pharmacological monotonicity: methyldopa

Methyldopa, which is a stimulant of the alpha-adrenoceptors, causes fetal heart rate monoto-
nicity by suppressing the activity of the central fetal heart rate regulation mechanisms.

The following is data analysis of the patient with 39 week gestation: arterial hypertension,
labor induction, delivery of a baby girl, 3090 g, 52 cm, 9/9 Apgar score. Medicines used: meth-
yldopa starting from week 32. Stationary period lasted for 5 minutes 700 counts duration,
(Figure 14 and Table 8).

The analysis of the time parameters revealed the intensification of the sympathetic influences
which resulted in the increase of the concentration function (>95%o). The spectral analysis
permitted to identify the increase of the high-frequency spectrum component (>95%) with a
background of the total power down of the spectrum, which testifies for the predominance
of parasympathetic influences over the heart (Figure 15). Accentuated vagotony is confirmed

;.-mew e MPYJWM

O 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 STS 60O 65 650 675 OO
Counl

Figure 11. A period of 41 week gestation, fetal cardiorythmograms, stationary period, pharmacological monotonicity,
atropine effect (Y-axis—RR intervals, ms; X-axis—count).
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Scattering function

SDNN rMSSD NN15 PNN15% VR
5-95%o 0.006-0.012 0.004-0.01  4-35 0.51-5.08 0.04-0.097
atropine 0.011 0.006 30 4.30 0.07

Concentration function

NModa AMo Moda,, % AMo/PNN15 St. George
Index
5-95%0 32-90 5.0-12.9 48-87 0.5-4.7 13-35
atropine 57 8.2 58 1.9 22

Spectral analysis

VLF LF HF VLE% LF% (AR) HF% (AR) Power LF/HF (AR)
(AR) (AR)

5-95%o 0.3-2.9 19-18.8 1.3-58 5-11 49-78 1240 4.3-185 1.15-3.96
atropine 1.6 14 1.9 13 76 11 19 7.2
ECG morphology

Pmv Qmv Rmv Smv Tmv QRS ms Stint ms ST mv
5-95%0 0.39-2.14 -43to 3.6-183 -7.96to 0.39-1.72  44-58 18-66 -0.2t0 0.6

-0.21 -0.02

atropine 3.08" -11.8 324 -10.1 1.64 51 33 -0.2

Note: *Parameters exceed the 5-95%o limits.

Table 7. Time and frequency analysis parameters and ECG morphology in the presence of pharmacological monotonicity —
atropine.
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Figure 12. Spectral analysis of frequency (FFT method). A period of 41 week gestation, normal fetus, stationary period,
pharmacological monotonicity, atropine.
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Figure 13. ECG. A period of 41 week gestation, normal fetus, stationary period, pharmacological monotonicity —atropine.
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Figure 14. A period of 39 week gestation, fetal cardiorythmograms, stationary period, pharmacological monotonicity,
methyldopa effect (Y-axis—RR intervals, ms; X-axis—count).

by a significant decrease in the high to low-frequency spectrum components ratio (<5%o).
However, it cannot be treated as a fetal hypoxia sign. The fetal ECG parameters do not go
beyond the percentile limits (5-95%o) (Figure 16). With this type of monotonicity, the risk of
hyoxic damage assessed on the basis of time and frequency analysis parameters is moderate
(6 points).
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Scattering function

SDNN rMSSD NN15 PNN15% VR
5-95%0 0.006-0.012 0.004-0.01  4-35 0.51-5.08 0.04-
0.097
methyldopa 0.006 0.006 21 3.01 0.07

Concentration function

NModa AMo Moda, % AMo/PNN15 St.
George
Index
5-95%o 32-90 5.0-129 48-87 0.5-4.7 13-35
methyldopa 137 19.6" 61 6.5 10
Spectral analysis
VLF LF HF VLF% (AR) LF% (AR) HF% (AR) Power LF/HF
(AR) (AR)
5-95%o 0.3-2.9 1.9-18.8 13-58 5-11 49-78 12-40 43-185  1.15-3.96
methyldopa 0.134 2.32 1.74 9.28 46" 45 5.1 1.0°
ECG morphology
p Q R S T QRS STint ST
5-95%o 0.39-2.14 -43t00.21 3.6-183 -7.96t00.02 0.39-1.72  44-58 18-66 -0.2to
0.6
methyldopa 0.76 -1.62 7.09 -0.86 0.55 51 55 -0.2

Note: *Parameters exceed the 5-95%o limits.

Table 8. Time and frequency analysis parameters and ECG morphology in the presence of pharmacological monotonicity —
methyldopa.

80u iy
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Figure 15. Spectral analysis of frequency (FFT method). A period of 39 week gestation, normal fetus, stationary period,
pharmacological monotonicity, methyldopa.
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Figure 16. ECG. A period of 39 week gestation, normal fetus, stationary period, pharmacological monotonicity, methyldopa.

3.2.4. Medication sleep (promedol and relanium)

Both promedol and relanium cause fetal heart rate monotonicity by depressing the central ner-
vous system of the fetus. Here, you see data analysis of the patient with 40 week gestation, uter-
ine scar, planned labor induction, medication sleep, delivery of a baby boy, 3600 g, 53 cm, 9/9
Apgar score. Medicines used: promedol and relanium. Stationary period lasted for 5 minutes
or 700 counts duration (Table 9 and Figure 17).

The analysis of the time parameters revealed no impairment of the scattering and concentra-
tion functions. The time analysis indices do not go beyond the percentile limits (5-95%o).
The spectral analysis permitted to identify vegetal balance with the normal spectrum power
(5-95%o) (Figure 18). The fetal ECG parameters do not go beyond the percentile limits (5-95%o)
(Figure 19). With this type of monotonicity, the risk of hypoxic damage assessed on the basis
of time and frequency analysis parameters is low (3 points).

3.2.5. Hypoxic monotonicity

Lack of vegetal balance leads to an extreme increase of adrenergic influences over vascular
walls, which ultimately results in the predominance of cholinergic influences, and this
process causes circulatory hypoxia followed by a change in the arterial blood gas as well
as pH.
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Scattering function

SDNN rMSSD NN15 PNN15% VR
5-95%0 0.006-0.012 0.004-0.01  4-35 0.51-5.08 0.04-0.097
Med. sleep  0.008 0.007 35 5.01 0.06

Concentration function

NModa AMo Moda,, % AMo/PNN15 St. George
Index
5-95%o 32-90 5.0-12.9 48-87 0.5-4.7 13-35
Med.sleep 84 12.0 67 24 17

Spectral analysis

VLF LF HF VLF% LF% (AR) HF% (AR) Power  LF/HF (AR)
(AR) (AR)
5-95%o 0.3-2.9 1.9-18.8 1.3-5.8 5-11 49-78 1240 43-185 1.15-3.96
Med. sleep 0.398 3.47 3.05 5.69 55 39 6.5 1.37
ECG morphology
P Q R S T QRS STint ST
5-95%o 0.39-2.14 -43t00.21 3.6-183 -7.96to 039-1.72  44-58 18-66 -0.2t0 0.6
0.02
Med. sleep  0.92 -1.54 13.51 -2.32 1.09 45 27 -0.07

Table 9. Time and frequency analysis parameters and ECG morphology in the presence of pharmacological monotonicity —
promedol and relanium.
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Figure 17. A period of 40 week gestation, fetal cardiorythmograms, stationary period, pharmacological monotonicity,
promedol and relanium (Y-axis— RR intervals, ms; X-axis—count).

3.2.5.1. Heart failure

The following is data analysis of the patient with 40 week gestation: arterial hypertension,
atrial septal defect (12 mm), inferior vena cava dilation (10 mm), ascite confirmed by ultra-
sound fetometry. “Zero” blood flow in the umbilical artery, PI-1.77. Fetus weight: 3530 g.
Caesarean section caused by fetal distress in labor. Stationary period lasted for 5 minutes or
700 counts (Figure 20 and Table 10).
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Figure 18. Spectral analysis of frequency (FFT method). A period of 40 week gestation, normal fetus, stationary period,
pharmacological monotonicity, relanium and promedol.
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Figure 19. ECG. A period of 40 week gestation, normal fetus, stationary period, pharmacological monotonicity, relanium,
promedol.

3.2.5.2. Fetal infection

The following is data analysis of the patient with 40 week gestation: monotonous fetal heart
rate, labor induction, caesarean section caused by fetal head asynclitism; delivery of a baby boy,
3650 g, 51 cm, 6/7 Apgar score; venous blood pH: 7.054; neonatologist’s diagnosis: congenital
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Figure 20. A period of 40 week gestation, fetal cardiorythmograms, stationary period, hypoxic monotonicity (Y-axis—
RR intervals, ms; X-axis—count).

Scattering function

SDNN rMSSD NN15 PNN15% VR
5-95%o 0.006-0.012 0.004-0.01 4-35 0.51-5.08 0.04-0.097
Hypoxia  0.005 0.006 25 3.58 0.05

Concentration function

NModa AMo Moda,, % AMOo/PNN15 St. George Index
5-95%o 32-90 5.0-12.9 48-87 0.5-4.7 13-35
Hypoxia 173 24.8 50 6.92 g

Spectral analysis

VLF LF HF VLF% LF% (AR) HF% (AR) Power LF/HF (AR)
(AR) (AR)
5-95%o 0.3-2.9 19-188 13-58  5-11 49-78 12-40 43-185 1.15-3.96
Hypoxia  0.13 0.487" 1.86 3.85 33 63 223 0.53"
ECG morphology
P Q R S T QRS STint ST
5-95%o 0.39-2.14 -4.3to 3.6-183 -7.96to 0.39-1.72  44-58 18-66 -02t00.6
-0.21 -0.02
Hypoxia  1.14 -1.26 7.97 -1.71 0.654 52 42 0.7

Note: *Parameters exceed the 5-95%o limits.

Table 10. Time and frequency analysis parameters and ECG morphology in the presence of hypoxic monotonicity.

pneumonia; respiratory failure, stage III; mixed genesis shock; and stationary period lasted for
5 minutes or 700 counts (Figure 21 and Table 11).

The analysis of the time parameters revealed a radical decrease of the scattering function
(<5%0) alongside with a sharp increase of the concentration function (>95%.). This speaks
for significant sympathetic influences over the cardiovascular system. The spectral analysis
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Figure 21. A period of 40 week gestation, fetal cardiorythmograms, stationary period, hypoxic monotonicity (Y-axis—
RR intervals, ms; X-axis—count).

permitted to identify the increase of the high-frequency spectrum component (>95%o) with
a background of the total power down of the spectrum (<5%o), which testifies for the pre-
dominance of parasympathetic influences over the heart (Figure 22). Accentuated vagotony
is confirmed by a significant decrease in the ratio of high to low frequency components of the
spectrum (<5%o). Fetal ECG analysis shows depression of the ST segment, which is indicative
of fetal hypoxia (<5%o) (Figure 23). With this type of monotonicity, the risk of hypoxic dam-
age assessed on the basis of time and frequency analysis parameters is very high (9 points).

Scattering function

SDNN rMSSD NN15 PNN15% VR
5-95%o 0.006-0.012 0.004-0.01 4-35 0.51-5.08 0.04-0.097
Hypoxia 0.005 0.005 21 3.01 0.06

Concentration function

NModa AMo Modara"ge% AMo/PNN15 St. George
Index
5-95%o 32-90 5.0-12.9 48-87 0.5-4.7 13-35
Hypoxia 125° 17.9° 51 5.95 11"

Spectral analysis

VLF LF HF VLF% LF% (AR) HF% (AR) Power LF/HF
(AR) (AR) (AR)

5-95%o 0.3-2.9 1.9-18.8 1.3-5.8 5-11 49-78 1240 4.3-185 1.15-3.96
Hypoxia ~ 0.18 2.51 1.86 6.62 44 50 3.52 0.88"
ECG morphology

P Q R S T QRS STint ST
5-95%o 0.39-2.14 -43to 3.6-18.3 -7.96 to 0.39-1.72  44-58 18-66 -0.2t00.6

-0.21 -0.02

Hypoxia ~ 1.63 -3.01 20" -7.71 - 52 54 -1.44

Note: *Parameters exceed the 5-95%o limits.

Table 11. Time and frequency analysis parameters and ECG morphology in the presence of hypoxic monotonicity.
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Figure 22. Spectral analysis of frequency (FFT method). A period of 40 week gestation. Fetometry: atrial septal defect
(12 mm), inferior vena cava dilation (10 mm), ascite. “Zero” blood flow in the umbilical artery, PI-1.77. Stationary
period and hypoxic monotonicity.
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Figure 23. ECG. A period of 40 week gestation. Fetometry: atrial septal defect (12 mm), inferior vena cava dilation (10 mm),
ascite. “Zero” blood flow in the umbilical artery, PI-1.77. Stationary period and hypoxic monotonicity.

4, Conclusion

Heart rate variability (HRV) is a CTG parameter considered important for fetal monitoring
[9-12]. A monotonous heart rate is deemed an adverse prognostic parameter. A few scientific
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papers devoted to fetal state distortion point at HRV decrease in the presence of fetal distress
[6, 7]. However, other research investigations confirm that HRV decrease is possible during
the dormant period of the fetus as well as when its nervous system is suppressed by pharma-
ceuticals. The understanding of the HRV physiological mechanism is not complete. It is widely
accepted that the central nervous system dominates HRV regulation [13, 14]. The activity of
the autonomic nervous system can be viewed as a brain function marker reflecting the regula-
tory capacity of the central nervous system [15]. Fetal autonomic nervous system activity is
assessed on the basis of the time and frequency analysis of the RR intervals temporal series.

Beat-to-beat heart rate registration is a reliable source of data on the HRV spectrum [16, 17]
and an indispensable prerequisite for correct interpretation of the fetal cardiogram. The com-
plex wave structure of the fetal cardiorythmogram stipulates for the use of the time and fre-
quency domain methods when analyzing vague CTGs. The majority of papers focused on
the study of fetal state distortion by using the methods of time and frequency analysis have
respect to the diagnostics of fetal distress during childbirth [7, 8, 12, 18-21]. We, however,
believe that it is of utmost importance to monitor the fetus in the late weeks of gestation. We
have defined percentile limits of the time and frequency analysis parameters required for fetal
monitoring during the last weeks of pregnancy. The proposed diagnostic scale of fetal HRV
time and frequency parameters permits to define the risk of anoxic damage when facing CTGs
deemed alarming, including the cases of heart rate monotonous.
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Abstract

An ectopic pregnancy (EP) falls within the area of the gynecological emergency and/or
reproductive management of women, which is the implantation of fertilized ovum
outside the endometrial cavity. The etiology of EP concentrated mainly on factor causes
delayed transport of the fertilized ovum through the fallopian tube (favors implantation
in tubal mucosa), thus giving rise to EP. This chapter describes the causes, diagnosis,
prevention and the guidelines to improve the management of women who may have an
EP, a major gynecological emergency that is a cause of morbidity or even mortality of
women in first trimester. Three types of EP are diagnosed: tubal, cervical and ovarian;
tubal is the main type. Identification of the signs and symptoms of acute and chronic EP
in women, involving classical clinical trials or other symptoms common to early preg-
nancy, as well as evaluating the most important congenital and acquired factors related
with EP, were discussed. Explanation of the most accurate methods used to diagnose the
pregnancy including serum beta hCG and progesterone levels, medical history, ultraso-
nography, pregnancy tests and laparoscopy was also clarified. The evaluation of the
most effective management tools of EP, including methotrexate administration and
surgery (laparotomy and laparoscopy), was obviously explained.

Keywords: ectopic pregnancy, diagnosis, prevention, management, women

1. Introduction

Ectopic pregnancy (EP) is the result of implantation and maturation of the conceptus outside
the endometrial cavity, which ultimately ends in the death of the fetus. Without timely diag-
nosis and treatment, EP can become a life-threating situation [1]. It is accepted from the Greek
word “ektopos,” meaning out of place [2], referring to the blastocyst implantation outside the
endometrial cavity with over 95.5% implanting in the Fallopian tube [3-7], where the fetus or

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited. [{cc) ExgIN
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embryo is absent or stops growing. The EP presents a major health problem for women of
child-bearing age, constituting 1.2-1.4% of all reported pregnancies. Most specified risk factors
are of maternal origin: pelvic inflammatory disease, Chlamydia trachomatis infection, smoking,
tubal surgery, induced conception cycle as well as endometriosis [8]. During the past 40 years,
its incidence has been steadily increasing concomitant with increased sexually transmitted
disease (STD) rates and associated salpingitis (inflammation of the Fallopian tubes). The most
common site of ectopic implantation is the Fallopian tube. Other sites such as the abdomen,
ovary or cervix are far less common but are associated with higher mortality. This higher
mortality is due to greater detection difficulty and to massive bleeding that can result if
rupture occurs at these sites [9].

The annual incidence of EP has obviously augmented over the past 34 years [10]. In the
western world, 4-10% of pregnancy-associated death has been noticed [11, 12], while it has
increased exponentially in developing countries [13]. Notwithstanding the progress in diag-
nostic methods allowed for earlier diagnosis, it still remains a life-threating issue. Al-Turki [14]
reported that there is an increasing rate of EP in Arabian countries like the Kingdom of Saudi
Arabia. Simultaneously, Calderon et al. [15] noticed an EP rate of 11.2 per 1000 pregnancies in
California during 1999-2000. The most recent figure for the rate of EP in Ireland is 14.8 per
1000 pregnancies [16]. In Ireland, as in most of the developed world, there has been a reduction
in mortality from EP reflecting a success story of modern management. A life-threatening
surgical emergency in a woman with a positive pregnancy test and hemodynamic shock has
been converted to a non-urgent medical condition in many cases. The major improvement in
mortality came as a result of earlier and more accurate diagnosis, made possible by develop-
ment of high-resolution ultrasonography and radioimmunoassay for human chorionic gonad-
otropin (hCG) and also the widespread availability of laparoscopy [17].

2. Types of ectopic pregnancy

The Fallopian tube is the common site in most cases of tubal EP [18]. About 75-80% of EPs
occur in ampullary portion, 10-15% in isthmic portion, and about 5% in the fimbrial end of the
Fallopian tube [19]. The tubal EP can be diagnosed by a transvaginal ultrasound scan (TVS)
and implies an intact Fallopian tube with a pregnancy that is likely to be growing and
visualized as an inhomogeneous mass that might well be a collapsed sac, which contains
trophoblastic tissue [20].

Cervical EP is rare and represents only 0.15% of all EPs [21]. It can be defined as the implanta-
tion of the blastocyst in the endocervix, blowing the internal orifice. It is associated with a high
morbidity and mortality potential. Timely intervention is required to preserve fertility and
avoid the need for a hysterectomy [22]. It can be diagnosed by ultrasonography according to
the criteria described by Hofmann and Timor-Tritsch. In true EP, Doppler investigations
observed characteristic patterns of trophoblast with high flow velocity and low impedance [23].

Ovarian EP is one of the rarest variants, and incidence is estimated to be 0.15-3% of all
diagnosed EPs [24, 25]. One of the important risk factors for ovarian pregnancy is in the use of
intrauterine devices (IUDs). IUD is one of the contraceptive methods that prevent intrauterine
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Figure 1. Different sites of ectopic pregnancy [8].

implantation in 99.5%; if implant occurs with IUD, it is tubal implantation in 95% of cases, and
it is very rare in other places such as ovary [26]. One in every nine ectopic pregnancies among
intrauterine device (IUD) users is an ovarian pregnancy [27, 28]. The diagnosis is intricate and
based on surgical and histopathological observations [29]. Early diagnosis is necessary to avoid
more serious complications and emergency invasive procedures [30]. However, Panda et al.
[31] noticed that its preoperative diagnosis remains a challenge, and it cannot be diagnosed
early. Figure 1 shows the different sites of EP.

3. Symptoms of acute and chronic ectopic pregnancy

The symptoms of EP could be acute, like short period of amenorrhea (5-8 weeks), intermittent
scanty vaginal bleeding of dark blood (spotting) and abdominal and shoulder-tip pain. The
chronic symptoms including those recovered from previous attack of acute pain, amenorrhea,
dull aching lower abdominal pain, vaginal bleeding, dysuria, frequency of micturition or reten-
tion of urine and rectal tenesmus.

Acute EP is a common clinical problem, diagnosed by a combination of clinical, sonographic and
laboratory findings. Chronic EP is a more usual situation and is thought to result from minor
repeated ruptures of tubal pregnancy that develop into a hematocele containing blood, clots and
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trophoblastic tissue that can be active or inactive [32]. The hematocele is surrounded by adhesion
and induces an inflammatory response. Other findings [33] reported that women who presented
acutely or chronically had similar presenting medical and surgical histories. In particular, the
two groups did not differ in terms of the putative risk factors for EP; they had similar history of
pelvic surgeries, tubal ligation, sexually transmitted diseases or pelvic infection.

4. Risk factors affecting the incidence of ectopic pregnancy

The main risk factors of ectopic pregnancy are different in various countries due to different
cultural and social characteristics. Determination of main risk factors of ectopic pregnancy
leads to a rapid diagnosis and an improvement in strategies for its prevention. Various risk
factors for ectopic pregnancy have been identified, including previous ectopic pregnancy,
previous pelvic surgery, induction of ovulation, intrauterine device (IUD) usage, history of
pelvic inflammatory disease (PID) and smoking at the time of conception [34-37].

Women having EP may have their future fertility affected, and it increases their risk of having
another EP. When EP grows in a Fallopian tube, it can damage the surrounding tubal tissue.
This may make it more likely that an egg will get stuck there in the future. But early detection
and treatment can minimize the damaging effects of EP. The chance of having another EP will
be affected by the combination of other risk factors. These can include smoking, the use of
assisted reproductive technologies (ARTs) to get pregnant and the extent of the Fallopian tube
damage.

Previous pelvic operation may increase the risk of EP [38]. Previous surgery in the pelvic area
or on the tubes can cause adhesions. Adhesions form in the majority of women after gyneco-
logic pelvic surgery. Studies have shown that adhesions formed in 55-100% of patients who
had reproductive pelvic surgery, whether open or laparoscopic. For example, myomectomy
(surgery to remove fibroids), tubal surgery (to remove EP), surgery on the ovary (to remove
cysts) and surgery for endometriosis can cause adhesions.

EP must always be considered particularly after the induction of ovulation by clomiphene
citrate (100 mg/day starting on day 5 of the cycle) or assisted reproductive technology (ART).
The incidence of EP rises significantly after ART and varies from 2 to 11 [39]. Every clinician
treating women of reproductive age should keep this diagnosis in mind. Ovulation induction
using eight injections of FSH and hCG hormonal protocol caused left tubal EP and started
growing earlier than the right one causing pain and bleeding [40]. Gynecologists, primary care
physicians, sonologists and emergency room physicians should have a high suspicion of
heterotopic pregnancy in women conceived after using ovulation-inducing agents [41].

Intrauterine contraception is the most commonly used method of long-acting reversible contra-
ception because of its high efficacy and safety, ease of use and low cost. IUD is the most
commonly used method of reversible contraception worldwide and is used by an average of
23% of women contraceptive users, with a range of <2 to >40% depending on the country [42].
Pregnancy with an IUD in situ is more often an ectopic one than a pregnancy with no IUD. Past
IUD use could mildly elevate the risk of ectopic pregnancy (pooled OR: 1.40, 95% CI: 1.23-1.59)
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[43]. The increasing number of EP among IUD users was believed to be associated with several
factors. First, the irritation of the fallopian tubes caused by the presence of the IUD in the uterine
cavity may prevent the egg from going into the uterus. Second, the IUD can only prevent
intrauterine pregnancy, not EP. Third, bacteria brought in through IUD insertion may cause
Fallopian tube infection, which increases the risk of EP. This risk among IUD users is 2.94—4.5
times that in nonusers [44].

Pelvic inflammatory disease (PID) is defined as an infection of the endometrium, Fallopian
tubes and/or contiguous structures caused by the ascent of microorganisms from the lower
genital tract [45]. Most girls with PID develop it after getting a sexually transmitted disease
(STD), such as chlamydia or gonorrhea. There is a global rise in the incidence of EP, which is
mainly attributed to the increasing incidence of PID [46]. In the UK, around 11,000 cases are
diagnosed per year (incidence 11.5 per 1000 maternities) [47], while in the USA, 108,800 cases
(incidence 19.7 per 1000 maternities) are noticed annually.

Maternal cigarette smoking at the time of conception was associated with an increased risk of
ectopic pregnancy with a dose-response relationship (adjusted odds ratios: 1.30-2.49) [48].
Studies reported that cotinine (an active metabolite of nicotine) increases the expression of
prokineticin PROKR1 in the Fallopian tube, a regulator of smooth muscle contractility and a
gene thought to be important for intrauterine implantation [49]. Smoking was associated with
decreased levels of proapoptotic gene (BAD) transcript (P < 0.01) and increased levels of BCL2
transcript (P < 0.05) in Fallopian tube biopsies. BAD- and BCL2-specific immunolabeling was
localized to Fallopian tube epithelium. So, smoking may alter tubal epithelial cell turnover and
is associated with structural, as well as functional, changes that may contribute to the devel-
opment of EP [50]. Moreover, cigarette smoking increases transcription of prokineticin recep-
tor 1 (PROKR1), a G-protein—coupled receptor [49]. The PROKRs are receptors for PROK1, a
molecule known for its angiogenic properties, control for smooth muscle contractility and
regulation of genes important for intrauterine implantation [51].

Age is the utmost risk of EP that increases with advancing maternal age, with age over 35 years
being a significant risk factor [1]. The incidence of EP showed a steady increase with the
increase in maternal age at conception from 1.4% of all pregnancies in women aged 21 years
to 6.9% of pregnancies in women aged 44 years or more due to chromosomal abnormalities in
the trophoblastic tissue [52].

5. Diagnosis of ectopic pregnancy

In the past, EP was diagnosed on clinical symptoms such as vaginal bleeding and lower
abdominal pain, but it imposed constraints on early detection [53]. It is worthy to mention that
the initial diagnosis of first-trimester hemorrhage presents a crucial challenge. Recently, detec-
tion of EP is possible through serum beta-human chorionic gonadotropin (3-hCG) and proges-
terone levels as well as vaginal ultrasonography techniques [54, 55]. Blood test alone cannot
tell where the pregnancy is developing, but it can help doctors monitor patients who might
have a growing EP.
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5.1. Serum B-hCG concentration

In early pregnancy, the level of 3-hCG should double roughly every 48 hours. After a miscar-
riage, it drops quite quickly. If it rises slowly, or stays around the same level over this time, this
can mean a pregnancy is failing or EP. A single serum measurement of 3-hCG concentration
may not show the location of gestational sac [56, 57]. Demonstration of normal doubling of
serum levels over 48 hours supports a diagnosis of fetal viability but does not rule out EP.
Failing levels on raising the level of 3-hCG concentration to reach 50% confirm nonviability
suggesting occurrence of EP [58]. Moreover, it was noticed that -hCG cutoff values on day 12
after embryo transfer are useful to predict the final type of clinical pregnancy. Cutoff values
were found at 91 IU/L for EP (sensitivity 82.7%, specificity 71.1%) [59]. In a study of 287
patients with pain or bleeding, the minimum rise in 3-hCG for a viable IUP was 24% at
24 hours and 53% at 48 hours [60]. Seeber et al. [61] produced data with a 99% CI that
suggested a more conservative minimum rise of 35% over 2 days. In current practice, most
units use a minimum value of between 50 and 66% for the acceptable 48-hour increase in (3-
hCG in a normal pregnancy [62].

5.2. Serum progesterone concentration

Patients with normal intrauterine pregnancies had serum progesterone levels greater than
20 ng/ml (mean = 30.9 ng/ml), while all patients with ectopic pregnancies had progesterone
levels less than 15 ng/ml (mean = 5.7 ng/ml) [63]. In contrast to 3-hCG concentrations, serum
progesterone levels are stable for first 8-10 weeks of gestation [6]. Elsone et al. [64] demon-
strated that patients that have serum progesterone concentration below 10 ng/ml (31.8 nmol/L)
and (-hCG levels below 1500 mIU/L are more likely to have a spontaneous EP. Similarly,
Williams et al. [65] reported that the mean progesterone for normal pregnancies was
32.8 £ 4.25 ng/ml (n = 49), for ectopic pregnancies 7.8 & 0.79 ng/ml (n = 51), and pregnancies
that spontaneously aborted 8.1 £ 0.91 ng/ml (n = 74). This test may be useful in selected
patients when the diagnosis is unsure after f-hCG and transvaginal ultrasound have been
performed.

5.3. Serum vascular endothelial growth factor (VEGF) concentration

Vascular endothelial growth factor (VEGF) is a potent angiogenic factor that acts as a modula-
tor of vascular growth, remodeling and permeability in the endometrium, decidua and tro-
phoblast, as well as during vascular development in the embryo, all of which are crucial
processes related to the normal implantation and placentation [66]. Serum values of VEGF
were increased in EP. Daponte et al. [54] described greater serum VEGF concentrations in
women with EP (227.2 pg/ml) than with abnormal intrauterine pregnancy (107.2 pg/ml). They
subsequently concluded that VEGF serum concentrations might be a good marker for EP and
suggested 174 pg/ml as the cutoff value for EP diagnosis.

5.4. Serum creatine kinase (CK) concentration

Obvious evidence suggests elevated creatine kinase (CK) as a tool for diagnosis of EP. The
trophoblast usually invades the muscle layer and maternal blood vessels are eroded, allowing
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muscle cell products such as CK to enter the circulation [67]. Consequently, increased serum
CK activity is normal during EP [67]. Saha et al. [68] carried out a study involving 40 women,
and the total serum CK activity was found to be greater in the EP group compared to the
controls, suggesting that this test might be an indicator for EP. Similarly, Katsikis et al. [69]
studied 40 women with EP cases and concluded that women with EP had significantly greater
CK activity as compared to the women with intrauterine abortive pregnancies and controls,
suggesting that CK could be a crucial predictive tool for EP.

5.5. Transvaginal sonography

Transvaginal sonography (TVS) is the imaging modality of choice for the diagnosis of EP of
sensitivity less than 90%. Diagnosis is based on the visualization of an ectopic mass rather than
the inability to visualize an intrauterine pregnancy. A diagnosis of EP should be made on the
basis of the positive visualization of an extrauterine pregnancy. If neither extrauterine nor
intrauterine pregnancy is visualized on TVS, the woman should be classified as having a
“pregnancy of unknown location” and then followed up until the final pregnancy outcome is
known [70].

A number of findings may suggest the presence of EP, but are not diagnostic. There may be
anechoic or echogenic-free fluid within the pouch of Douglas. Echogenic fluid within the
pouch of Douglas may suggest hemoperitoneum secondary to a ruptured EP or tubal miscar-
riage, but it may also be noticed with the rupture of hemorrhagic ovarian cyst (Figure 2).

The precise relationship between the appearance of tubal EP on TVS, the size of the mass and

serum hCG levels is uncertain. In their study on 120 women with EP, Cacciatore [71] found that

hCG levels correlated with the size of ectopic gestational sacs but not with the diameter of
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Figure 2. TVSimage of echogenic fluid in the pouch of Douglas, suggestive of hemoperitoneum following rupture of EP [70].
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inhomogeneous adnexal mass. They also found that in women with ectopic gestational sacs,
the majority of serum hCG levels were high and increasing, while in those with an inhomoge-
neous mass, the serum hCG levels were significantly lower and most were decreasing.

6. Prevention of ectopic pregnancy

In general, women cannot prevent EP, but they can prevent serious complications with early
diagnosis and treatment. If they have one or more risk factors for EP, women and their
physician can closely monitor the first weeks of a pregnancy. Reducing the risk of sexually
transmitted infections (STIs), such as gonorrhea or chlamydia, may increase a woman’s
chances of having an ectopic pregnancy. If a woman reduces her risk of contracting one of
these diseases, she may reduce her risk of having an ectopic pregnancy as well [7]. Moreover, if
women do get STIs, it is important to get treatment right away. The sooner those women are
treated, the less likely they will develop inflammation that may damage the reproductive
system and increase the risk of developing EP. Common symptoms of STIs include abdominal
pain, painful urination, vaginal discharge, abnormal vaginal bleeding, vaginal odor and pain
during sex. On the other hand, smoking may increase the risk of having EP. Women should
quit smoking before trying to conceive in order to reduce the risk [7]. Interestingly, intraperi-
toneal sperm transmigration occurs approximately half the time in effecting spontaneous
human pregnancies. To minimize the risk of ectopic tubal pregnancy in woman with unilater-
ally damaged Fallopian tubes, salpingectomy should be the preferred surgical treatment,
rather than attempting tubal salvage and repair [72].

7. Medical management of ectopic pregnancy

The treatment option of EP involves surgical treatment by laparotomy or laparoscopy, and
medical treatment is usually systemic or through local route, or by expectant treatment [73, 74].

7.1. Surgical treatment by laparotomy or laparoscopy

In spite of the various recent advances in the management of ectopic pregnancy, conventional
surgical treatment by laparotomy is still the most widely used modality of treatment in our
institution. With appropriate and prompt management, maternal mortality due to ectopic
pregnancy can be prevented. In a study involving 56 patients, 3 (5.4%) had unruptured tubal
pregnancy, 27 (48%) had ruptured ectopic pregnancy and 26 (46.3%) had chronic ectopic
pregnancy. With laparotomy, salpingectomy was done in 21 (37.4%) patients, salpingo-
oophorectomy in 26 (46.3%), excision of rudimentary uterine horn in 4 (7.1%), resection and
end-to-end anastomosis in 1 (1.8%) and total abdominal hysterectomy in 4 (7.1%). There was
no maternal mortality [75]. In fact, laparoscopic treatment of ectopic pregnancy reported for
the first time was conservative [76]. It was later on that Dubuisson et al. [77] proposed
salpingectomy via laparoscopy.
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A laparoscopic approach is preferable to an open approach in a patient who is hemodynami-
cally stable. Laparoscopic procedures are associated with shorter operative times, less
intraoperative blood loss and shorter hospital stays and lower analgesia requirements [78-80].
Laparotomy should be reserved for patients who present with rupture and are in a state of
hypovolemic shock and compromise. If the contralateral tube is healthy, the preferred option is
salpingectomy, where the entire Fallopian tube, or the affected segment containing the ectopic
gestation, is removed (Figure 3). A salpingostomy is the removal of the ectopic pregnancy, by
dissecting it out of the tube, leaving the Fallopian tube in situ in an attempt to preserve fertility
on that side [7].

The success rate of salpingostomy is 92% and failure cases can be managed with methotrexate
(MTX) [81]. Serial B-hCG measurements should be taken until undetectable to be certain that
there is no persistence of trophoblastic tissue. Sometimes a prophylactic dose of MTX is given
with salpingostomy [82]. Persistent EP occurs as a result of incomplete removal of trophoblas-
tic tissue [83], the most common complication of laparoscopic salpingostomy, and occurs at a
frequency of 5-20% [84, 85]. It is diagnosed during follow-up when (-hCG concentrations
measured once a week plateau or rise [8]. NICE [86] recommended that women undergoing
salpingostomy have a serum (3-hCG level taken 7 days after surgery and then weekly until a
negative result is obtained. In one randomized controlled trial of laparoscopic surgery, pro-
phylactic MTX lowered the rate of persistent ectopic pregnancy from 14.5 to 1.9%. The major
benefit was in the shorter duration of postoperative monitoring [85].

Evidence strongly suggests that there is no difference in terms of health benefits between
laparoscopy and laparotomy, including the key outcome of subsequent successful pregnancy
[87]. Thus, over the years, the trend has increasingly changed, and currently laparotomy for
ectopic pregnancy is reserved for complicated cases where the patient is unstable hemody-
namically and in complex cases where there are coexisting pelvic and abdominal masses, in
which the practitioner feels that achieving pneumoperitoneum would likely be unsuccessful
and a waste of time. Thus, if you are a senior specialist trainee, currently, you will have to
justify to your consultant why the patient had laparotomy instead of laparoscopy [88].

Figure 3. (A) Left tubal ectopic pregnancy at laparoscopy and (B) tubal ectopic pregnancy has been removed by
salpingectomy [7].
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7.2. Medical management

Medical treatment is useful for patients with an unruptured tubal ectopic pregnancy who are
hemodynamically stable and have minimal symptoms and a low volume of free intraperitoneal
fluid on ultrasound scan [89]. Medical treatment of EP is quite less expensive than surgery [90].
Many different agents have been used to treat ectopic pregnancies including systemic and local
MTX, local potassium chloride, hyperosmolar glucose, prostaglandins, danazol, etoposide and
mifepristone (RU486) [91, 92]. Intramuscular methotrexate is the most widely used and success-
ful medical therapy for ectopic pregnancy and is generally administered in a single-dose proto-
col. MTX is a folic acid antagonist that targets rapidly dividing cells and arrests mitosis. MTX
was first used in diagnosed EP in the 1960 to aid safe surgical removal of the placenta from its
abdominal implantation sites in second- and third-trimester cases [93]. In ectopic pregnancy, the
drug prevents the proliferation of cytotrophoblast cells, reducing cell viability and (3-hCG secre-
tion and thus progesterone support for the pregnancy. This facilitates the resolution of the ectopic
pregnancy and tissue remodeling [7].

Two common regimens are available for MTX: multidose (MTX 1.0 mg/kg IM daily; days 0, 2, 4
and 6 alternated with folinic acid 0.1 mg/kg orally on days 1, 3, 5 and 7) and single dose (MTX
0.4-1.0 mg/kg or 50 mg/m? IM without folinic acid) [93]. The multidose regimen alternates an
every other day dose of intramuscular MTX 1.0 mg/kg with an every other day dose of intramus-
cular leucovorin calcium 0.1 mg/kg, a folic acid antagonist antidote, up to four doses of each until
the B-hCG level decreases by 15% on two consecutive days [8]. Approximately 14-20% of patients
receiving single-dose treatment will require a repeat dose, usually decided on following a fall of
the 3-hCG concentration of less than 15% from day 4 to 7 after treatment. This timescale is used as
MTX can cause a transient rise in serum (3-hCG after initial treatment [7]. MTX treatment is very
successful for small stable ectopic pregnancies. A meta-analysis of nonrandomized studies showed
success rates of 93% (95% CI 89-96%) for multidose protocols and 88% (95% CI 86-90%) for single-
dose therapy [94]. The smaller the increase in (3-hCG level prior to administration of MTX, the
higher the chance of a successful medical management. A serum -hCG increase of up to 11-20%
over 48 hours prior to the administration of MTX has been associated with higher rates of success
[95, 96]. Barnhart et al. [97] investigated in their meta-analysis both regimens (multidose and single
dose) and concluded that the multidose regimen was more effective than the single-dose regimen,
with success rate reported as 93% for the multidose regimen and 88% for the single-dose regimen.

Many side effects associated with MTX treatment are nausea and vomiting, stomatitis, diar-
rhea, abdominal discomfort, pneumonitis, photosensitivity skin reaction, impaired liver func-
tion, reversible, severe neutropenia (rare) and reversible alopecia (rare) [98]. Moreover, side
effects of MTX high dose (MTX-HD) may be life-threatening; however, those of various doses of
oral MTX are variable because of the interindividual variability of gastrointestinal absorption of
this drug. Bone marrow, gastrointestinal mucosa and hair are particularly vulnerable to the
effects of MTX, secondary to their high rate of cellular turnover, and because MTX concentra-
tion is inversely proportional to renal clearance [99], renal toxicity is frequent with MTX-HD.

7.3. Expectant management

Expectant management means that we expect EP to resolve naturally without any interven-
tion. It will be closely monitored by the hospital instead of having immediate treatment.
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Expectant treatment can be applied in a selected subset of patients with self-limiting ectopic
pregnancy; the proportion overtreated must be accepted until a marker that identifies this
subgroup of patients is found [100, 101]. Studies evaluating expectant management of ectopic
pregnancy are primarily based on this concept of trophoblast in regression and therefore
exposed to the uncertainties of definite primary EP, which are diagnosis [98].

A suitable candidate for expectant management must have an ectopic pregnancy with no
evidence of rupture, be clinically stable and asymptomatic and have consistently declining -
hCG concentrations [7]. Low serum progesterone is also a possible marker of suitability for the
expectant approach. Follow-up should be between one and three times weekly with 3-hCG
measurement and ultrasonography as required. Expectant management is reported to be most
useful when the initial 3-hCG is <1000 IU/L [102]. Other most recent guideline, published by
the American College of Obstetricians and Gynecologists, is that there may be a role for
expectant management when the 3-hCG level is 200 mIU/ml and which is further in decline
phase [8]. Another analysis has noticed that the favorable prognostic signs for successful
expectant management of EP are the following minimal clinical symptoms with no evidence
of hemodynamic compromise: evidence of ectopic resolution by declining 3-hCG levels pre-
ceding expectant treatment can be used for such dilation; low initial serum 3-hCG: successful
expectant management occurs in 98% of cases for hCG 200 IU/L, in 73% for $-hCG 500 IU/L
and in 25% for B-hCG 2000 IU/L. Overall, if initial serum B-hCG levels are 1000 IU/L, then
successful expectant management might occur in most patients (88%) with an ectopic preg-
nancy size of 4 cm, without a fetal heart beat on transvaginal sonography, followed by
hemoperitoneum 50 ml. Evidence of ectopic resolution on scan is another way to diagnosis [8,
98]. Success rates between 47 and 82% are reported, depending on the patient’s initial status [7].
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Abstract

The objects of study is concerted to investigate the occurrence of Ureaplasma parvum in
women with recurrent abortion and to determine the distribution of U. parvum serovars
(1, 3, 6, 14) in women with recurrent abortion by conventional polymerase chain reaction
(PCR) technique. In total, 130 samples included vaginal bleeding, vaginal swab, and urine,
were collected from women with recurrent abortion and 40 samples included vaginal swab
and urine from control women without recurrent abortion. Through the study, two types of
media were used, Ureaplasma broth (IH Broth) and Ureaplasma agar (IH Agar). The positive
isolates for Ureaplasma spp. were investigated by conventional PCR technique for identifi-
cation of U. parvum and subtyping to their serovars (1, 3, 6, 14). The results revealed the L.
parvum was identified in 29.6% from patient group and 11% from the control group. U. par-
vum isolates were further subtyped by using PCR, the results showed the serovar 3 was the
most frequent isolate in proportion (42.8%), whereas serovar 1 (28.5%), serovar 6 (14.2%),
and serovar 14 (14.2%) in patient group but in the control group only serovar 1 was isolated
in rate (11%). These results evidently indicate that U. parvum may be an important etiologic
agent for recurrent abortion.

Keywords: IH medium, PCR, recurrent miscarriage, serovars, Ureaplasma parvum

1. Introduction

Recurrent miscarriage is the loss of three or more consecutive pregnancies ending of preg-
nancy by removing a fetus or embryo before it can survive outside the uterus [1, 2]. A mis-
carriage which occurs spontaneously is also known as a miscarriage and World Health
Organization (WHO) explained the around 56 million recurrent miscarriage before the 24th
week of gestation occur each year in the world unexplained [3].
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Any sever infection that leads to bacteraemia or viraemia can cause sporadic miscarriage. The
role of infection in recurrent miscarriage is unclear; the presence of bacterial vaginosis in the
first trimester of pregnancy has been reported as a risk factor for second-trimester miscarriage
and preterm delivery [4].

Ureaplasma parvum could be important pathogen that may affect pregnancy outcomes and the
health of neonates was first given serious consideration when reported of postpartum endo-
metritis with septicemia, chorioamnionitis [5]. Since those days, numerous clinical studies
have been performed in an attempt to clarify what roles, if any, these organisms play as agents
responsible for invasive infections in neonates, premature labor, spontaneous miscarriage,
stillbirth, and chronic lung disease of prematurity [6].

Although more than 30 years of study inside and outside of Irag, many clinical importance
of genital Ureaplasma parvum are still incompletely understood for a variety of reasons. These
include (1) the high prevalence of these organisms in healthy persons; (2) poor design of many
of the earlier research studies, which attempted to relate the more presence of Ureaplasma parvum
in the lower urogenital tract to pathology in the upper tract or in offspring; (3) unfamiliarity
of clinicians and microbiologists with the complex and fastidious nutritional requirements for
Ureaplasma parvum and the methods detection [7].

Ureaplasma parvum found in the placenta and endometrium is associated with infection, the
birth of a dead fetus, spontaneous miscarriage, premature delivery and lowers than normal
weight of infant. Ureaplasma parvum penetrate into amnion in the second trimester it may
cause chorioamnionitis [3]. Ureaplasma parvum was found in the blood of mothers who have
had problems with high fever after childbirth this infection can be transmitted to about 40% of
babies who were born to a mother with this infection if the mother has it, Ureaplasma parvoum
can infect the lungs of the newborn during childbirth [8].

Ureaplasma parvum are the most prevalent, possibly pathogenic bacteria isolated from the uro-
genital tract of both men and women, they are also frequently associated with preterm birth
and other adverse pregnancy outcomes [9]. Genital U. parvum (biovar 2, serotypes 1, 3, 6 and
14) are considered natural inhabitants of the lower urogenital tract of humans as they are
often isolated from healthy individuals and involved in a variety of infections in humans the
isolation of U. parvum from patients with genitourinary tract infections [10]. Waites [5] found
U. parvum to be dominant in patients with pelvic inflammatory disease as well as in women
who had miscarriages, and it seemed to have more adverse effects on pregnancy outcome
regarding birth weight, gestational age, and preterm delivery than U. urealyticum and shown
that U. parvum can be isolated more frequently from patients with a history of recurrent mis-
carriages than from normal pregnant women.

Ureaplasma parvum are the microorganisms most frequently isolated from amniotic fluid
(AF) or placentae in women who deliver preterm between 23 and 32 weeks pregnancy and
U. parvum has been linked with adverse pregnancy outcomes such as late miscarriage and
early preterm birth Also identified U. parvum in 57% of healthy non pregnant women and the
organism was far more prevalent than any of the other genital mycoplasma, Chlamydia spp.
or viruses [11]. Ureaplasma parvum infections require the therapeutic use of antimicrobials.
Tetracyclines, macrolides and quinolones are the major antibiotics used in the treatment of
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genital Ureaplasma. However, their therapeutic efficacy may be unpredictable due to increas-
ing resistance [9]. Ureaplasma spp. is the most prevalent, possibly pathogenic bacteria isolated
from the urogenital tract of both men and women [9]. Ureaplasma spp. are also frequently
associated with preterm birth and other adverse pregnancy outcomes and Ureaplasma spp.
are colonies isolated in female genitourinary tract sometimes these microorganisms do not
evaluate as infectious agents [12]. Detection of Ureaplasma is possible by the characteristic
growth on appropriate media and urease activity, but species identification of U. urealyticum
and U. parvum must be demonstrated by molecular methods [10]. Differentiation between
U. parvum and U. urealyticum is very important, especially for correct interpretation of labo-
ratory results and evaluation of pathogenicity [13]. Ureaplasma spp. do not have cell wall,
are fastidious and mostly referred to as no cultivable organisms [12]. Genital tract infec-
tions with Ureaplasma caused approximately 50% of preterm labor and recurrent abortion
[9]. Most of Ureaplasma infected pregnancies produced infant with low weight at birth with
increased risk of recurrent abortion (at or before 14 weeks). Also, 60% of mortality among
infants with no anatomic or chromosomal defects is low birth weight [14]. U. parvum has
been linked with adverse pregnancy outcomes such as late abortion and early preterm birth.
Ureaplasma spp. are the microorganisms most frequently isolated from amniotic fluid or pla-
centae in women who deliver preterm between 23 and 32-weeks pregnant [13, 15]. U. parvum
are involved in a variety of infections in genitourinary tract infections of humans [10, 16].
Identified U. parvum in 57% of healthy non pregnant women and the organism was far more
prevalent than any of the other genital mycoplasmas, Chlamydia spp., or viruses [11, 17]. The
proposed mechanisms for infectious causes of recurrent abortion include: direct infection of
the uterus, fetus, or placenta; placental insufficiency; chronic endometritis or endocervicitis;
amnionitis; infected intrauterine device [18, 19]. Ureaplasma can be detected in the cervix
or vagina of 40-80% of sexually mature asymptomatic women [20]. U. parvum may play
important role in pregnancy and eliciting conditions associated with prematurity [21]. The
main aim of this study is to investigate the occurrence of U. parvum in women with recurrent
abortion and to determine the distribution of U. parvum serovars (1, 3, 6, 14) in women with
recurrent abortion by conventional polymerase chain reaction (PCR) technique.

2. Materials and methods

2.1. The bacterial isolates

In total, 130 samples included vaginal bleeding, vaginal swab, and urine, were collected from
women with recurrent abortion and 40 samples included vaginal swab and urine from control
women without recurrent abortion. All specimens were cultured in IH broth, which consists of
PPLO broth, tryptone soya broth, yeast extract powder, distilled water, and supplements [22].
Then make a subculture to IH agar, which consists of PPLO agar, tryptone soya broth, MgSO,-H,O,
yeast extract powder, agar-agar, distilled water, and supplements [22]. The Ureaplasma spp. iso-
lates were identified by examination of colonial morphology on IH agar media as dark golden-
brown or rich, deep brown, and granular appearance because of accumulation of magnesium
oxide inside and outside the colony [17].
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2.2. Molecular experiments

Molecular experiments included the extraction of Ureaplasma DNA by using the Reagent
Genomic DNA Kit (Geneaid, New Taipei, Taiwan). PCR identification of U. parvum was done
according to Kong et al. [23, 24] and master mix kit (BioNeer, Irvine, California). PCR was
performed with primers specific for highly conserved regions in the 50 end of multiple band
antigen gene of U. parvum. Primer for diagnosis of U. parvum, UMS-57/UMA222, is shown in
Table 1 [23, 24]. The primers for detection of serovars UMS3S/UMA26, UMS14S5/UMA314A,
UMS-83/UMA1A, and UMS-54/UMA269 (BioNeer, Irvine, California) are shown in Table 2
[23, 24] and were used for subtyping of U. parvum to amplify the repetitive of the multiple
band antigen genes of U. parvum serovars.

Organism Primer (F)/(R)  Sequence (5’-3") Size of amplified Target gene
product (bp)
U. paroum UMS-57 F (TAA ATC TTA GTG TTC 326 5" Ends of MBA genes and
ATATITTTT AC-57) upstream regions
UMA222 R (GTA AGTGGA TTA AAT
TCA ATG 222)

MBA, multiple band antigen. Adapted with permission from [23-25].

Table 1. PCR primer employed in the detection of Ureaplasma parvum.

Organism Primer (F)/(R) Sequence (5’-3') Size of amplified  Target gene
product (bp)

U. parvum UMS-83/UMA1A F (TTACT GTA GAA ATT ATG 578 MBA
Serovar 1 TAA GAT TGC)

R (TTT CTT TTG GTT CTT

CAGTTT TTG AAG)
U. parvum UMS3S/UMA269 F (TTA CTG TAG AAA TTA TGT 400 MBA
Serovar 3 AAG ATT ACC)

R (AA CTA AAT GACCTT TTT

CAA GTGTACQ)
U. parvum UMS-54/UMA269 F (AAT CTT AGT GTT CAT ATT 370 MBA
Serovar 6 TTT TAC TAG)

R (ACCA AAT GAC CTT TTG

TAA CTA GAT)
U. parvum UMS14S/UMA314A F (AAT TAC TGT AGA AAT TAT 572 MBA
Serovar 14 GTA AGA TTA AT)

R (GTT GTT CTT TAC CTG GTIT

GTG TAG)

MBA, multiple band antigen; U. parvum, Ureaplasma parvum. Adapted with permission from [23-25].

Table 2. PCR primers employed for subtyping of Ureaplasma parvum in to serovars.
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2.3. PCR technique

The 20 ul amplification reaction mixtures contained 10 pmol of each primer, 5 ul of DNA
template, and PCR water added to 20 ul for identification U. parvum. The PCR conditions were
used as follows: initial denaturation at 95°C for 5 min, denaturation at 95°C for 30 s, annealing
at 58°C for 30 s, extension at 72°C for 1 min for 40 cycles, and final extension at 72°C for 5 min
in a thermo cycler. The PCR positive isolates for U. parvum were further subtyped into serovars
as described in Table 2. Briefly, the PCR conditions were used as follows: initial denaturation
at 95°C for 5 min, denaturation at 95°C for 30 s, annealing at 55-62°C for 30 s, extension at 72°C
for 1 min for 40 cycles. Amplified PCR products (12.5 ul) were visualized under UV light after
electrophoresis in 2% agarose gel which was stained with 0.5 mg/ml of ethidium bromide. A
visible band of the appropriate size on UV transillumination was considered a positive result.

3. Statistical analysis

The data were analyzed using SPSS statistic software version 20 (IBM, Armonk, USA) for com-
parison of qualitative variables using P < 0.05 and odd ratio. Association between U. parvum
infection and recurrent abortion was statistically significant.

4. Results and discussion

4.1. Laboratory identification of Ureaplasma spp. (colonial morphology)

In this study Ureaplasma spp. isolates was identified by examination of colonial morphology on
IH agar media used in this study as dark golden-brown or rich deep brown and granular appear-
ance. All isolates revealed positive urea analysis. These results were in accordance with [17, 26].

4.2. Isolation of Ureaplasma spp. on culture media

Detection of Ureaplasma spp. is possible by characteristic growth on appropriate culture media
but species identification of U. parvum along with serovar identification by molecular method
is important especially for correct interpretation of laboratory results and evaluation of patho-
genicity. In present study, Ureaplasma broth media (IH broth) & Ureaplasma agar media (IH
agar) were used to isolate Ureaplasma spp. the rate of isolate are (52.3%) from vaginal bleed-
ing, (30.7%) from vaginal swab and (7.6%) from urine. The reason for the high isolation of
Ureaplasma spp. on IH medium can be attributed to supplementation with DNA, Putrescine
— dihydrochloride, cysteine which enhances the microorganisms with lipid materials essential
for growing of these bacteria. Also a mixture of antibiotics was used (Ceftriaxone, Amoxicillin,
Augmentin, Nystatine, & Fluconazole) to prevent contamination may occur in the conven-
tional broth media. The amount of horse serum reduced from 20 to 10 ml to reduce the cost
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and it is sufficient for growth of these microorganisms. Ureaplasma agar media (IH medium)
is supplemented with essential requirements for growing of these microorganisms. These
are horse serum, yeast extract, urea, cysteine, antibacterial and antifungal that inhibited the
growth of other bacteria and fungi and the optimal PH (6.0) [22].

The medium contains urea and sensitive indicators of ammonia, Manganous sulfate which is
firstly used by [27]. Sulfate salt of manganese was described to support the growth. Manganous
sulfate was added in a final concentration of 0.03% was therefore, selected as the ammonia -
detecting reagent of choice. Ureaplasma spp. colonies appeared within 2 days, identified as dark
golden-brown owing to accumulation of manganese oxide in the colony.

Moreover, putrescine — dihydrochloride was added to enhance the Ureaplasma spp. growth
and development of the precipitate in the colonies (Phillips et al., 1986). In addition the size of
Ureaplasma spp. were seen to be larger when add putrescine — dihydrochloride. The original-
ity of this media can be attributed to horse serum (10%) instead of (20%), yeast extract as a
powder, BBL tryptone soya broth together with PPLO, also used DNA and putrescine in same
medium. Moreover the mixture of antibiotics prevents contamination of medium by bacteria
and fungi that easily contaminate conventional media. Moreover, agar — agar was added to the
medium was more than 3% which believed it inhibited the bacterial growth [22]. Therefore,
IH media considered as enrichment, differential and selective for Ureaplasma spp. because it
resolved the important problem of culturing these bacteria.

Other study used IH medium for isolate Mycoplasma spp. and Ureaplasma spp. [28] isolated
Mycoplasma hominis, Ureaplasma urealyticum and Ureaplasma parvum on IH medium from infer-
tile male in rate (5.8%), (5.8%) and (3.5%) respectively. Also [29] isolated Mycoplasma pneumoniae
in rate (18%) on IH media from tonsillitis patients. Another study was isolated Ureaplasma urea-
Iyticum in rate (16.8%) from infertile female, (20%) from infertile male and isolated Mycoplasma
hominis in rate (27.7%), (1.6%) from infertile female and male respectively on MAU-medium
similar to IH medium [30]. In the present study the results on IH medium Ureaplasma spp. was
identified as dark golden-brown or rich deep brown colonies Figure 1. Moreover, Ureaplasma
spp. was identified by its granular appearance Figure 2.

Figure 1. Ureaplasma spp. as dark golden-brown colonies in IH medium under light microscope 10X.
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Figure 2. Ureaplasma spp. as granular appearance in IH medium under light microscope 10X.

4.3. Comparison between age groups of miscarried women and percentage of
isolation of Ureaplasma spp.

The results of this study showed that the age patients range 17-26 & 27-36 years old represented
a high rate (46%), (40.7%) respectively compared with group (37-46) represented (13.3%) as
shown in Figure 3 included in this study. The incidence of Ureaplasma spp. infection was also
reported by some other studies as higher in age 26-30 years [31]. The high isolation detection
in miscarried women of age group 17-26 & 27-36 years. This may be attributed to the sexual
activity of females together with hormonal change, so the genital tract is more susceptible for
infection [32]. The high rate of Ureaplasma spp. infection detected in this study suggests that this
agent is widespread among miscarried women.

Age groups

6%
50.00% //

40.00%

30.00%

No . of isolation %

20.00%

10.00%

0.00%

Age groups in years

Figure 3. Histogram showing the distribution of Ureaplasma spp. according to 10 years age intervals of patients with
recurrent miscarriage.
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This can be attributed to the sexual activity among this groups since there is an increased in
estrogen hormone produced from female genital tract leading to change the vaginal environ-
ment which is regarded as a factor for infection [33]. because the estrogen is important hor-
mone during pregnancy, it makes to adjust the level of the hormone progesterone is essential
in the formation and development of the fetus, so pregnancy is one of the reason leading
to the rise in the hormone estrogen [34]. For this reason, when the increased of estrogen, it
affects the hormone progesterone is necessary in pregnancy, which affects the thickness of
the lining of the uterus and the difficulty of adapt fetus with her. However it is generally dif-
ficult to determine whether these agents cause colonization or infection. Since the incidence of
infection is affected by some factors, such as: menstrual cycle, bacterial and protozoan infec-
tion (co-infections), and socio-economic conditions like poverty. Also the age group 17-26 &
27-36 years are the most widely accepted for marriage and reproduction in our society for this
reason the proportion of isolation the Ureaplasma spp. be high. It has been shown in this study
that the percent of isolation of Ureaplasma spp. was directly associated with age. The isolation
rate decrease in 37—46 years this may be due to the changes that associated with a decrease
in the incidence of genital Ureaplasma, also due to vagina multilayer lining are atrophic in
ages 37-46 years old. All of these reasons associated with decrease in the incidence of genital
Ureaplasma spp. From the results of this study, can conclude that the genital Ureaplasma were
significant correlation with age. Statistical analysis: (P-value = 0.001) appeared highly signifi-
cant between patients and controls according to age interval with (P < 0.05).

4.4. Relationship between the isolation of genital Ureaplasma spp. and type of
specimen

Figure 4 shows the distribution of bacterial isolate of genital Ureaplasma according to the clinical
specimen. The results exhibited that vaginal bleeding from miscarried women given high per-
centage of isolation (52.3%) followed by vaginal swab (30.7%) and urine (7.6%). According to the

©  60.00%
s
S 50.00%
&
o
£ 40.00%
° 7.6%
2 3000% o7
20.00% ~ urine
vaginal swab

10.00% -

0.00% vaginal bleeding

Figure 4. Distribution of genital Ureaplasma spp. isolate among clinical specimen.
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available knowledge genital Ureaplasma spp. are not screened by routine examination of vaginal
bleeding, urine, vaginal swab from miscarried woman in health laboratories in Iraq. Little studies
that working culture examine for detection of these organisms in specimens taken from miscar-
ried woman. The results obtained by this study explain isolated genital Ureaplasma in percentage
more than 38% from vaginal bleeding samples, this may be due to dysfunction of placenta and
the vaginal bleeding is a marker for placental dysfunction, vaginal bleeding is most likely to be
seen around the time of the luteal-placental shift [35]. There has been little investigation of first
trimester bleeding. It is interesting that the peak in bleeding episodes coincides with the develop-
ment of a hormonally functional placenta. In very early pregnancy, the corpus luteum produces
progesterone. The shift from luteal production to placental production of progesterone occurs by
the seventh week of pregnancy and can result in a temporary reduction in progesterone levels if
the placenta is not producing sufficiently [36]. Decreasing levels of progesterone are associated
with the onset of menses outside of pregnancy; similarly, during pregnancy, decreasing levels
may trigger an episode of vaginal bleeding and limit successful maintenance of the pregnancy.
Thus, bleeding at this time in pregnancy may signal that the early placenta has not developed
optimally [37]. One of the routes of intrauterine infection with Ureaplasma spp. by hematogenous
dissemination through the placenta this mechanism occur by which microorganisms are able to
pass through the cervix, infect the maternal and fetal (chorioamnion) layers of the placenta and
often access the amniotic fluid and outcome common intramniotic infection lead to abortion [19].

An explanation for these variations may be related to the type of specimens investigated for
isolation, the methods used for transport and storage, and media used for primary isolation
of Ureaplasma spp. In light of the observation and experience during this study, centrifuged
urine sediments yield more positive cultures than the urine specimen without centrifuged.

4.5. Molecular detection for diagnostic of Ureaplasma parvum by polymerase chain
reaction (PCR)

The results showed the Ureaplasma parvum isolated in rate (29.6%) from women with recur-
rent abortion and (11%) from control as shown in Figure 5 (P-value <0.05 appeared highly
significant). The results revealed positive isolates for Ureaplasma parvum by using UMS-57/
UMA222 primer as shown in Figure 6. The negative isolates for U. parvum may be because of
the fact that Ureaplasma are divided into two species U. parvum and U. urealyticum, these two
species cannot be identified by characteristic growth on appropriate media and only identi-
fied by molecular methods [23, 25]. So the negative results may be Ureaplasma urealyticum
rather than Ureaplasma parvum and the results appeared to be attributable to a higher pro-
portion of women with recurrent abortion. It may be hormonal effects which could increase
Ureaplasma parvum counts and thus the likelihood of detection during pregnancy. A previous
study showed that there is Ureaplasma parvum in rate (20%) from women with recurrent abor-
tion in China by using PCR technique [38].

Although Ureaplasma parvum was isolated in rate (25%) from women with symptoms of ure-
thral, cervical discharge, genital pruritis, dysuria in India [24, 39]. However, some other studies
detected this organism in high rate (approximately 79%) from pregnant women and women
with sexually transmitted disease in Australia [23]. Ureaplasma parvum positive isolates were
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Genital U.parvum isolation
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Figure 5. Prevalence of Ureaplasma parvum among patient group and control group.

Figure 6. Ethidium bromide-stained agarose gel showing PCR amplification product with (326 bp) primers for
Ureaplasma parvum. M 100 bp standard size reference marker. Lanes (1, 3, 5, 6, 7, 9, and 11): Ureaplasma parvum positive
results. Lanes (2, 4, 8, 10, and 12): Ureaplasma parvum negative samples.

further subtyped into serovars 1, 3, 6, 14; the results revealed Ureaplasma parvum (biovar 2)
serovar 3 was predominant among woman with recurrent abortion. As shown in Figures 7-9,
Ureaplasma parvum serovar 3 was isolated in proportion 42.8%, the most frequent isolate in
women with recurrent abortion followed by serovar 1 in proportion 28.5%, whereas serovar
6 and 14 showed the same proportion (14.2%) detected it in patient group; however, in con-
trol group, only Ureaplasma parvum serovar 1 was isolated in proportion of 11%. Among the
different serovars of Ureaplasma parvum, serovar 3 was the most frequent serovar detected in
the patient group. Therefore, Ureaplasma parvum (biovar 2) serovar 3 was predominant among
woman with recurrent abortion. We suggested the Ureaplasma parvum serovar 3 may be play-
ing a role in recurrent abortion and prematurity. Also may be related to intra- amniotic inflam-
matory response to Ureaplasma parvum and that this is related not only to recurrent abortion
but also to early onset sepsis in the baby. Although the difference in detection rates of the dif-
ferent serovars of Ureaplasma parvum was statistically significant, the predominance of serovar
3 was consistent with previous reports [24]. Another study detected Ureaplasma parvum serovar
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3 is the most prevalent serovar detected in reproductive humans [40]. Another study isolated
the complete genome sequence of Ureaplasma parvum serovar 3, clinical strain SV3F4, isolated
from a Japanese patient who had an infectious abortion during the 13th gestational week in her
previous pregnancy [41, 42]. Also Urszula et al. [10] isolated Ureaplasma parvum serovar 3/14 in
86% of women with symptomatic genital tract infections. It is possible that the combination
of variable serovar-specific genes of Ureaplasma with generally known virulence factors deter-
mines the development of pathological processes on the mucosal surface of the human genital
tract and respiratory tract in infant [43, 44].
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Figure 7. Distribution of Ureaplasma parvum serovars among patient group and control group.

Figure 8. Results of PCR amplification for identification of serovar 1 (578 bp) and serovar 3 (400 bp). M 100 bp standard
size reference marker. Lane (1, 5): serovar 1 positive results. Lane (2, 3, 4, 6, 7, 8, 9): negative samples. Lane (10, 14):
serovar 3 positive results. Lane (11, 12, 13, 15, 16, 17): negative samples.
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Figure 9. Results of PCR amplification for identification of serovar 3 (400 bp), serovar 6 (370 bp) and serovar 14 (572 bp).
M 100 bp standard size reference marker. Lane (1, 3, 4, 5, 6, 8, 9, 10, 11, 13, 14): negative samples. Lane 2: serovar 3
positive results. Lane7: serovar 6 positive results. Lane12: serovar 14 positive results (Agarose Con. 2% & Voltages 100).
*Statistical analysis includes the P-value <0.05 showed highly significant between patient group and control group
according to isolation of Ureaplasma parvum serovars.

5. Conclusion

The results evidently indicate that U. parvum may be an important etiologic agent for recurrent
abortion. And U. parvum serovar 3 was the most frequent serovar isolated in this study. It may
play a role in recurrent abortion.
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Abstract

The annual incidence rate of cancer is estimated to be more than 11,000 patients in the
U K. in the age group of 15-40 years, which corresponds to 4% of all cancer patients. The
diagnosis of cancer is followed by devastating consequences for the patients and their
families in this age group. Although the treatment of cancer is of crucial significance, it
should also examine the impact of the disease on fertility at the time of the diagnosis
and the damages caused from the surgical treatment, chemotherapy, or radiotherapy.
The gynecological cancer, especially the diagnosis of ovarian cancer, the prevention, and
treatment, as well as the fertility preservation in young women, represent the gold stan-
dard for all gynecologists. The crucial disadvantage remains the difficulty in primary
diagnosis of ovarian cancer and the coexistence with pregnancy, focusing on the fertil-
ity preservation and maintaining pregnancy. In the absence of large perspective ran-
domized trials and cohort studies, the therapeutic mapping and optimal management
of these patients are difficult. In order to establish detailed guidelines, it is necessary to
ensure surgical mapping depending on the cancer staging and the quality of life of the
patients.

Keywords: ovarian cancer, fertility preservation, pregnancy

1. Introduction

The presence of adnexal masses during pregnancy consists of a less rare condition. With the
help and increase of the transvaginal ultrasound, the diagnosis of adnexal masses or cysts
becomes more frequent. The incidence of these masses during pregnancy is estimated to be
0.2-2% depending on the week of gestation. The malignancy rate consisted of 1-6%, leaving
the vast majority in benign level [1].

Distinguishing between malignant and nonmalignant adnexal masses or cysts especially dur-
ing pregnancy depends on the level experience of the gynecologist and the disease staging.

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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The most common nonmalignant cyst represents the functional cysts. These cysts or presence
of corpus luteum are harmonically influenced and depict different ultrasound morphology.
Imaging findings consist of thin wall without disturbance of architecture and lack of vascu-
larization (Figure 1) [2].

These functional cysts can be shortly or after a couple of months absorbed. The appearance of
adnexal mass or cyst during early pregnancy must lead to differential diagnosis of an ectopic
pregnancy. Other examples such as cystadenomas or dermoid cysts during pregnancy can be
removed laparoscopically during the first trimester.

The evaluation of an adnexal mass and the differential diagnosis toward a possible adnexal
malignancy can be managed with ultrasound examination, abdominal MR, and tumor markers.

Ultrasound examination can easily be undergone and consists of routine procedure with
increased sensitivity and specificity, respectively. Imaging findings can facilitate the differen-
tial diagnosis between a malignant and a benign adnexal disease.

Ovarian cancer associated with pregnancy represents a rare entity. Ultrasound examination can
depict tumor morphology, tumor size, papillary protrusions, and color Doppler flow (Figure 2) [3].

The mentioned ultrasound imaging clearly depicts the presence of color Doppler as indirect
sign of malignant vascularization, presence of papillary protrusions inside the adnexal wall,
and disturbance of adnexal architecture. All these ultrasound characteristics indicate the pres-
ence of ovarian cancer [4].

Prof. GADIR

Figure 1. A simple ovarian cyst on the right side of the uterus fulfilling all the characteristics mentioned before (Professor
Ahmed Abdel Gadir. [llustrated Gynecology and Infertility Ultrasound).
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Figure 2. Primary invasive ovarian epithelial cancers. (A) Stage 1, clear cell carcinoma of the ovary. (B) Unilocular solid
early invasive cancer with increased vascularity on color Doppler.

The use of MRI safely during second or third trimester of gestation increases, accompanied
with the ultrasound imaging findings, the sensitivity and specificity of diagnosing ovarian
cancer during pregnancy. Diagnostic keys during abdominal MRI can be tumor invasion or
spread, lymphatic spread, disease staging, and possible metastatic lesions [5].

Classic imaging findings of adnexal malignancy consist of necrotic or solid elements
inside the ovarian wall, septal thickening, or mural nodules and papillary excrescences
(Figure 3) [6].

The use of tumor markers in cases of adnexal masses or cysts often accompanied with
pregnancy remains a controversial entity. Due to daily physiologic and hormonal changes
during pregnancy, all tumor markers are increased. Ca-125, a tumor marker capable of
distinguishing a benign from a malignant adnexal mass, is often increased during preg-
nancy [7].

Other tumor markers, such as alpha fetoprotein (AFP) and b-HCG often increased in germ
cell tumors or Inhibine B and anti-mullerein protein (AMH) often increased in granulosa-
associated tumors, are equally increased during all trimesters of gestation [8].

Additionally, elevated Ca-125 levels were found in cases of acute pelvic inflammatory disease
(PID). Many current studies have been conducted assuming the presence of the mentioned
tumor marker in the fallopian tubes [9].

Generally, tumor markers are not used as a screening test. From their point of view, they con-
tribute indirectly toward the final diagnosis. The therapeutic mapping consists of the assidu-
ous physical examination, the imaging findings, and the ranges of the laboratory examination.
Ultimate goal remains the quality of life regarding the mother and the fetus.
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Figure 3. A 34-year-old pregnant woman. (A) Axial RARE T2-weighted MR image obtained at 23 weeks’ gestation shows
bilateral solid adnexal masses (arrows). (B) Axial RARE T2-weighted MR image through upper abdomen shows large
tumor deposit (arrow) abutting liver. Appearances are considered indicative of malignancy. Cesarean hysterectomy and
bilateral salpingo oophorectomy were performed at 28 weeks’ gestation because of progression of subphrenic tumor
with diaphragmatic irritation. Pathology results showed benign metastasizing leiomyoma. Masses spontaneously
regressed after surgery and patient remains free of disease 3 years after surgery.

2. Discussion

According to current literature and long conductive series, the frequency of adnexal masses
during pregnancy is estimated to be 1 in 81 to 1 in 2500 live births [10].

On the other side, the incidence of ovarian carcinoma in correlation to pregnancy is estimated
to be 1in 21,500 (Figure 4) [11].

The therapeutic mapping regarding the presence of ovarian carcinoma depends on the pre-
disposition factors, such as the tumor size, tumor staging, lymphatic infiltration, tumor inva-
sion, and presence of metastatic lesions such as liver, brain, and bone metastasis.

The ultimate goal remains the cytoreduction or better debulking. In other words, peritoneal
washing, total hysterectomy, bilateral salpigoopherectomy, pelvic and paraortic lymph node
dissection, inspection of all peritoneal surfaces and multiple biopsies, and finally, omentum
dissection.

There are nonspecific clinical signs to primarily diagnose the existence of ovarian cancer
(Figure 5).

For advanced stages of ovarian cancer, the optimal treatment consists of combination of che-
motherapy and radiotherapy (Figure 6) [12].



Ovarian Cancer and Pregnancy 89
http://dx.doi.org/10.5772/intechopen.70155

NCCN Guidelines Version 1.2016

Epithelial Ovarian Cancer/Primary Peritoneal Cancer

American Joint Committee on Cancer (AJCC)

TNM and FIGO Staging System for Ovarian and Primary Peritoneal
Cancer (7th ed., 2010)

5T-1

Primary Tumor (T)

TNM FIGO

TX Primary tumor cannot be assessed

T0 Mo evidence of primary tumor

T1 I Tumor limited to ovaries (one or both)

T1a IA Tumor limited to one ovary; capsule intact, no tumor on ovarian
surface. Mo malignant cells in ascites or peritoneal washings

T1b IB Tumor limited to both ovaries; capsules intact, no tumor on
ovarian surface. No malignant cells in ascites or peritoneal

washings

Tiec IC Tumor limited to one or both ovaries with any of the following:
capsule ruptured, tumor on ovarian surface, malignant cells in

ascites or peritoneal washings

T2 Il Tumor involves one or both ovaries with pelvic extension

T2a HA Extension and/or implants on uterus and/or tube(s). No
malignant cells in aseites or peritoneal washings

T2b 1IB Extension to and/or implants on other pelvic tissues. No
malignant cells in ascites or peritoneal washings

T2e IIC Pelvic extension and/or implants (T2a or T2b) with malignant
cells in ascites or peritoneal washings Note: Liver capsule metastasis is
T3/stage 11I; liver parenchymal

metastasis, M 1/stage IV. Pleural effusion must have positive cytology
for M1/stage 1V,

TNM FI1GO

T3 I Tumor involves one or both ovanes with microscopically
confirmed peritoneal metastasis outside the pelvis

T3a HIA Microscopic peritoneal metastasis beyond pelvis (no
macroscopic tumaor)

T3b LB Macroscopic peritoneal metastasis beyond pelvis 2 em

or less in greatest dimension

T3¢ IIIC Peritoneal metastasis beyond pelvis more than 2 cm

in greatest dimension and/or regional lymph node

metasiasis

Regional Lymph Nodes (N)

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 IIIC Regional lymph node metastasis

Distant Metastasis (M)

M0 No distant metastasis

M1 IV Distant metastasis (excludes peritoneal metastasis)

Figure 4. Ovarian cancer classification. Source: NCCN Guidelines 2016.
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Figure 5. Symptoms and clinical signs of ovarian cancer.

The most significant issue remains the therapeutic mapping regarding the combination of
ovarian cancer and pregnancy.

As we mentioned above, primary goal represents the increase of free survival rate and quality
of life of the mother and fetus, respectively (Figure 7).

The incidence of ovarian cancer is increased in older pregnant women [13]. In other words,
age represents a predispositional factor which influences the pregnancy outcome.

Many studies from the current literature suggested that many histologic types of ovarian
cancer in pregnant women are similar to those in nonpregnant women [14]. Surgical dissec-
tion of an adnexal mass diagnosed during pregnancy remains a controversial issue. Adnexal
mass with diameter larger than 6 cm, with peripheral vascularization, ascites, or persistent
presence of more than 4 months, requires surgical dissection and histologic confirmation and
exclusion of potential malignancy [15].

Generally, the ultimate treatment of ovarian cancer during pregnancy consists of surgical inter-
vention with adequate staging. For advanced stages, stages with metastatic lesions, the current
literature, and the standard guidelines recommend treatment similar to nonpregnant women—
surgical debulking combined with series of chemotherapy or radiotherapy (Figure 8).

As we mentioned above, the standard treatment of epithelial ovarian cancer (EOC), the his-
tologic type with the worst prognosis, consists of total hysterectomy, bilateral salpigoopher-
ectomy, peritoneal washing, dissection of the omentum, dissection of all peritoneal implants,
and most of all lymph node dissection (pelvic and paraaortic).

If all imaging findings and the laboratory report advocate of an early-stage lesion, the thera-
peutic mapping is focusing on unilateral oophorectomy or adnexectomy with appropriate
staging. It is very important to keep in mind all conservative surgical methods focusing on
the pregnancy maintenance.
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b Oncclony 12005 | EPithelial Ovarian Cancer

PATHOLOGIC STAGING  PRIMARY CHEMOTHERAPY/PRIMARY ADJUVANT®

Grade 1¢ ————» Observe

Observe
of
Taxane/carboplatin® for 3.6 cycles

Stage lAor IB Grade 26—

Grade 3 —" Taxane/carboplatin® for 3-6 cycles

Stage IC
gtr::nll,!. ord P Taxane/carboplatin® for 3-6 cycles
1

Taxane/carboplatin® or taxane/cisplatin for 6 cycles (category 1)
with interval debulking as indicated by tumor response and

potential resectability
or

m: :.LI, —*|IP chemotherapy may be considered in low-volume optimally
debulked Stage Ill patients (category 2B)
or

Whole abdominal RT for microscopic disease for selected
patients (category 3) with Stage lll disease

Figure 6. Chemotherapy in ovarian cancer.
In cases of advanced stages, termination of pregnancy and use of noeadjuvant chemotherapy
or radiotherapy is recommended.

When series of chemotherapy are mandatory regarding advanced stages of ovarian cancer,
the suitable period is during the second or third trimester, avoiding the organogenesis of
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Figure 7. Relative 5-year survival for invasive epithelial ovarian cancer. Source: Wikipedia.

first trimester, period with increased incidence of genital malformations. During these
trimesters, the risk of genital malformations does not exceed the risk of general popula-
tion [16].

Additionally, for patients with diagnosed ovarian cancer during pregnancy and focusing
on the current guidelines platinum-based chemotherapy, combination of carboplatin with
weekly paclitaxel is strongly recommended after the first trimester, representing a safe che-
motherapeutic procedure [17].

Radiotherapy is recommended in advanced stages alone or in combination with series of che-
motherapy. The current literature and the global guidelines strongly advise doses of radio-
therapy as in nonpregnant women.

Radiotherapy is restricted in cases of dysgerminoma as an example of the most common
germ cell tumor due to its radiosensitivity. The field of exposure extends from T11 to L5, with
shielding of the contralateral ovary and the femur head [18].
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3. Conclusion

Therapeutic mapping of ovarian cancer during pregnancy remains a controversial issue.
Many studies have been conducted in order to establish safe guidelines of treatment with
the ultimate goal of increasing free survival and quality of life of the mother and the fetus.
Primary diagnosis, multidisciplinary cooperation, assiduous imaging findings, and labora-
tory examinations assure proper treatment.
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Abstract

Preeclampsia (PE) is a disorder that occurs during pregnancy, it has an estimated world-
wide prevalence of 5-8%, being one of the leading causes of maternal and perinatal
morbidity and mortality. Currently, different diagnostic criteria exist, however, due to
its complexity; the clinical presentation that makes up this syndrome could make its
presence unclear. The pathophysiology of PE has been recently postulated and divided
into three processes: inadequate uterine remodeling, placental dysfunction and mater-
nal endothelial dysfunction. Despite the advances in the treatment of PE, the outcome
of the medical interventions has failed to decrease the morbidity and mortality of this
disease. The main reason might be the multifactorial origin of pathogenic processes that
lead to the development of PE. That is why treatment is focused on the prevention of
PE in patients that might present the risk before developing it late in pregnancy. The
knowledge of the pathophysiological factors that trigger the processes that culminate in
the presentation of PE, is key for prevention of this disease. However, the origin of these
processes is poorly understood. It may be attributed to the ethical considerations that
come with the study of these population of patients compared with the study of non-
pregnant women.

Keywords: preeclampsia, eclampsia, pregnancy induced-hypertension, complications
in pregnancy women
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1. Introduction

Preeclampsia (PE) is defined as a dysfunction in pregnancy, with a prevalence of 5-8% asso-
ciated with multiple complications and high rates of mortality around the globe. Around
the world about 50,000-60,000 deaths contributing to PE occur annually, which describes its
impact in maternal and fetal mortality globally. Hypertension is the main characteristic of this
disease, with a blood pressure >140/90 mmHg assessed two occasions with a 4-h time laps in
between one another. The presence of proteinuria (0.3 g/24 h or positive dipstick proteinuria)
after the 20th week of gestation or the appearance of thrombocytopenia in absence of protein-
uria may also work as a diagnostic criterion [1, 2].

The risk of complications in the mother increases as a consequence of endothelial dysfunction.
The risk of multiple cardiovascular diseases may increase in the fetus as well as in the mother
later in life [2].

PE is a multisystem disease, a particular human syndrome that is specific to pregnancy.
There are multiple factors present in the pathogenesis of preeclampsia, which go from
genetic to environmental, but there is not a clear correlation between these factors and the
development of PE. The scarce investigation in humans is due to legal and ethical limita-
tions. Multiple animal models have been tested to explain the pathophysiology and char-
acteristics of these diseases. Although there have been a great contribution, none have
been able to completely reproduce all the events present in the human disease, such as the
impaired trophoblast invasion and the disappearance of clinical findings once the placenta
is removed. Still animal models have given us the biggest contributions to the understand-
ing of the etiology of the disease and have allowed us to test the effectiveness of multiple
pharmacological interventions.

The actual recommendations for protecting the life of the mother are the interruption of preg-
nancy. The appropriate time for interruption of pregnancy is subject of further investigation
to facilitate decision making. Gestational age of the fetus should take into account while mak-
ing decision without increasing the risk for the mother to develop severe complications that
could lead to a maternal death. Despite all of these, the available medication for preventing
or curing PE is not completely effective. For this reason, the objectives of this chapter are rec-
ommendations on the management of PE as well as new findings of the pathogenesis of the
disease. Also, to establish rules and different genetic biomarkers to improve the identification
of high risk patients and potential therapeutic targets that should be the focus of our atten-
tion in the coming years to prevent or manage adequate PE and avoid the consequences that
involve one maternal death.

2. What is preeclampsia?

Preeclampsia is a disease defined as the presence of hypertension after the 20th week of
gestation, accompanied by new onset proteinuria or by signs and symptoms regarding
organ damage, these may include visual disturbances, headaches, epigastric pain and/or
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rapid development edema. All of these manifestations are a result of the inadequate tro-
phoblastic invasion that occurs during the second half of pregnancy and results in endo-
thelial dysfunction [1, 2].

2.1. Diagnostic criteria PE

Many of the signs and symptoms that involve this syndrome might not become clearly evi-
dent, due to the complexity of PE, despite the systemic damage caused by endothelial dys-
function. The most notorious of these manifestations is the elevation of the blood pressure. The
diagnostic criteria have evolved over time in order to achieve a specific and timely diagnosis.

Diagnosis includes the development of hypertension after 20 weeks of gestation in a
woman with previous normal blood pressure. Hypertension is not the only criteria for
diagnosing PE, in some cases other criteria such as proteinuria of new onset could be
associated, or, in the case of absence of proteinuria, the diagnostic can be established with
thrombocytopenia of new onset, pulmonary edema or visual or neurological disorders
among others (Table 1) [1, 2].

2.2. Classification PE

PE is classified as:

* Mild: presence of hypertension with sustained SBP values: 140-159 mmHg or DBP
90-109 mmHg, proteinuria or one of the warning signs presented in Table 1.

* Severe: presence of SBP > 160 mmHg or DBP > 110 mmHg, proteinuria or one of the com-
plications presented in Table 1.

There are several guides with different diagnostic criteria and all them coincide that the evi-
dence of target organ damage can substitute the proteinuria accompanied to hypertension.

2.3. Current treatment of PE

The first consideration in the management of PE must be maintaining the safety of the mother
and fetus. The second consideration has to be a delivery of a mature newborn that does not
require prolonged intensive care (Table 3) [1, 2].

Once PE is diagnosed, subsequent management will depend on: the results of maternal and
fetal assessment, gestational age, presence of labor or premature rupture of the membranes,
vaginal bleeding and the mother wishes to extend the pregnancy.

An expectant treatment, without pharmacological intervention is frequently carried on,
in the medical practice, in woman with mild PE that have a blood pressure that does not
exceed SBP <160 mmHg and DBP <110 mmHg, and without complications. Nevertheless,
this practice has been declining because new data indicates a greater benefit with the use of
drug therapy. However, antihypertensive treatment is limited to methyldopa, labetalol and
nifedipine, these interventions reduce high hypertension, but do not diminish the progres-
sion of PE [2].
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Blood pressure 1. 'SBP > 140 or "DBP > 90 mmHg on two occasions within 4 h after 20 WG in a woman
with previous normal blood pressure.

2.1f SBP > 160 or DBP > 110 mmHg, hypertension can be confirmed in a short time
interval (minutes) to facilitate the initiation of antihypertensive therapy.

Plus
Proteinuria ® >300 mg in 24 h urine (can be extrapolated to the time of collection).
* Ratio protein/creatinine > 0.3 mg/dL.
* Dipstick reading of (> 1+) used only if there are no other quantitative method.
Or in the absence of proteinuria and or hypertension, with new onset of any of the following:
Central nervous system 1. Headache/visual disturbances.

2. Eclampsia. Reversible posterior leukoencephalopathy syndrome. Cortical blindness or
retinal detachment. Glasgow < 13. Stroke. Transient ischemic attack. Reversible ischemic
neurological deficit.

Cardiorespiratory system 1. Chest pain. Sat O, < 97%.

2. Severe uncontrolled hypertension over a period of 12 hours despite the use of 3
antihypertensive drugs. Oxygen saturation < 90%. Intubation, Pulmonary edema. The
need of inotrope therapy.

Hematology 1. Leukocytosis. Elevation of “"INR or Prothrombin time. Thrombocytopenia.
2. Platelet count less than 100,000/microliter. Blood transfusion requirement.
Kidney 1. Elevation of serum creatinine and/or serum uric acid.
2. Acute kidney injury. Requirement for dialysis.

Hepatic 1. Nausea. Threw up. Epigastric pain right upper quadrant pain. Elevated liver
enzymes, bilirubin or lactate dehydrogenase. Hypoalbuminemia.

2. Liver failure. Bruising or hepatic rupture
Feto-placental unit 1. Abnormal Fetal Hearth Rate. Oligohydramnios.
2. Abruption placentae with fetal and maternal morbidity. Fetal death.

1. Warning signs; 2. Complications
"(SBP) systolic blood pressure
"(DBP) diastolic blood pressure.

"(INR) International normalized ratio

Table 1. Diagnostic criteria for PE.

For women with severe PE presented before fetal viability, after interruption of pregnancy
maternal stabilization is recommended. This must be done in an intensive care unit and com-
bine the use of labetalol, hydralazine and even nitroglycerin or sodium nitroprusside in addi-
tion to the drugs mentioned in previous lines [2] (Table 3). The use of magnesium sulfate
deserves a special mention as it is used primarily to prevent eclampsia and not to promote
a hypotensive effect. However, when used in combination with antihypertensive therapy, it
reduces morbidity in patients with critical elevation in blood pressure [3].

Monitoring is essential to prevent serious complications of PE and it should be continued
even after the establishment of treatment. Complications are divided into maternal and fetal
(Table 2) [2].
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Maternal Fetal

* Eclampsia * Prematurity

® Reversible posterior leukoencephalopathy syndrome * Low birth weight

¢ Cortical blindness ¢ Intrauterine growth restriction
® Retinal detachment * Delivery of a death product

¢ Transient ischemic attack
® Severe hypertension

e Pulmonary edema

* Myocardial infarction

* Thrombocytopenia

® Acute renal damage

e Liver dysfunction

* Abrupt placenta

* Maternal death

Table 2. Complications of PE.

Despite efforts to treat PE, treatment is symptomatic and focused on controlling blood pressure,
so the recommendation remains in the completion of the deed at the right time. As for the time
of delivery, it is preferred to prolong gestational age as long as possible, however, in severe PE;
antihypertensive treatment and termination of pregnancy are recommended, if it is greater than
34 weeks. If the pregnancy is less than 34 weeks and both mother and the product are stable it is
recommended to continue the pregnancy and the administration of corticosteroids (Table 3) [1].

Currently, there are multiple criteria for better management of PE, but the only cure is the
interruption of pregnancy, in which many times is a difficult decision for both the physician
and the mother, due to the psychological burden, social, economic morbidity and mortality.

2.4. Clinical trials in PE

Despite advances in the treatment of PE and decades of research, the results of medical
interventions have failed to significantly decrease the morbidity and mortality of this dis-
ease. The main reason seems to be the multifactorial causes of the pathogenic processes

Mild PE Severe PE

Antihypertensive treatment’

24-<35 WG

Corticosteroids 48 h before termination of Corticosteroids 48 h and immediate termination of pregnancy
complicated pregnancy after maternal stabilization

235 WG

Should be immediate termination of pregnancy Immediate termination of pregnancy

WG, weeks of gestation.
*Methyldopa, labetalol, nifedipine, hydralazine.

Table 3. Treatment of PE.
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that lead to the development of PE. Its inception happens late in pregnancy that is why the
approach to manage these patients must be prevention. Knowing the factors that trigger
the pathophysiological mechanism that lead to PE, is essential for its prevention. However,
the etiology is still unknown and research in these patients is complicated due to the ethi-
cal considerations that must be taken into account. The multifactorial origin and the diffi-
culty of carrying out studies in the early stages of pregnancy can endanger for both mother
and fetus [4].

There are currently 236,008 clinical trials registered in clinicalTrials.gov, of which only 3%
are focused on pregnancy and of the latter 6.4% is about PE. Of all clinical trials dedicated
to PE, 47.9% focus on strategies to improve treatment, 22.2% of the clinical trials aim to
improve the diagnosis or its establishment in the early stages and 16.7% aims to establish
the utility of new biomarkers, for both diagnostic and monitoring. Finally, only 10.7% of
the clinical trials registered until February 1, 2017, are focused on the prevention of PE
(Figure 1).

Another aspect that should be taken under consideration is that more than half of the clinical
trials directed to PE are carried out in regions classified as first world, such as Europe and
North America, whereas research in the rest of the world only constitutes 40%, despite the fact
that developing countries are the ones that bear the greatest burden of morbidity and mortal-
ity caused by this disease (Figure 2).

Total clinical Trials Registered

- Others

& Clinical Trials in PE

w2 Prention of PE

B Biomarkers in PE

=Diagnostic PE

¥ Treatment PE

Figure 1. Clinical trials registered until February 1, 2017. Data from: clinicaltrails.gov.
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Figure 2. Clinical trials on PE reported by region. Reference: Clinicaltrials.gov.

2.5. Strategies in the prevention of PE

The understanding of the development of the placenta in patients with high risk pregnancy is
essential to comprehend the pathophysiology for developing strategies of prevention.

Traditionally, the pathophysiological process has been divided into three stages.

2.5.1. Inadequate uterine remodeling

The invasion by the villi of the cytotrophoblasts in the decidual arteries and the myometrium
arteries decreases to 56% and 76-18%, respectively. Neither endothelial cells nor smooth mus-
cle cells are replaced by trophoblasts, therefore they are not affected. Thus, the uterine arter-
ies, which have a smaller diameter, retain their vasoconstrictor potential which is the source
of placental hypoxia, maladaptation of blood flow, as well as the phenomenon of ischemia—
reperfusion of the uterus and placenta [4, 5].

Inadequate trophoblastic invasion produces an imbalance between angiogenic factors,
such as the vascular endothelial growth factor (VEGEF), placental growth factor (PIGF) and
anti-angiogenic factors as soluble fms-like tyrosine kinase 1 (sFlt-1 or sVEGFR1), a splice
variant of the VEGF-receptor. During the first 10 weeks of gestation, sFlt-1 is elevated,
even more in pregnant women with PE than in those healthy, with a second peak between
26 and 29 weeks.

In preeclamptic pregnancies, sFlt-1 is produced excessively by the placenta much earlier
than in healthy pregnancies and secreted into the maternal blood stream, where it is thought
to bind and neutralize VEGF, and the VEGF subfamily member; PIGF with high affinity.
This causes a decrease of VEGF and PIGF in maternal blood, and VEGF-signaling in the
endothelial cells is disrupted as less VEGF receptors are bound. However, it is still unclear
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what causes the excessive sFlt-1 production and release. It could be shown that hypoxias, as
well as the placental mass are triggers, but there may be others. The consequence of blocking
VEFG and PIGF is a poor formation of the vascular bed of the placenta [6].

Another event that occurs early in the onset of symptomes, is the elevation of certain inflam-
matory cytokines such as alpha tumor necrosis factor (TNF-a) and interleukins IL-2, IL-4,
IL-6, IL-8, IL-10, IL-12 and IL-8; these may initially lessen compared to healthy pregnant
women. As the disease progresses over time, such cytokines showed an elevation in plasma
levels. The activation of macrophages and natural killer cells leads to lysis of the trophoblast
decidua cells [6].

Women that have a predisposition to develop PE, prior to the trophoblast invasion a general-
ized breakdown of the spiral arteries occurs, causing changes in preexisting vascular bed [4].

2.5.2. Placental dysfunction

At the beginning of the pregnancy, a state of hypoxia is presented, however, at the 10th week
an increase of oxygen by the spiral arteries to overcome this state. In PE, placental dysfunction
results from an inadequate placental trophoblast invasion which results in a release of pla-
cental products into maternal circulation. Placental dysfunction causes a prolonged state of
hypoxia throughout the whole pregnancy resulting in high levels of hypoxia-induced factor-1
(HIF-1«x) during gestation. The prolonged state of hypoxia causes an oxidative damage to the
placental barrier which increases fetal hemoglobin gene expression and free fetal hemoglobin
accumulation in placenta. The accumulation of fetal hemoglobin and its metabolites due to is
toxicity results in damage through three pathways [4, 7].

¢ 1st pathway: ferrous hemoglobin (Fe*) binds to nitric oxide (NO), a potent vasodilator, and
reduces the availability inducing vasoconstriction.

* 2nd pathway: Fe** hemoglobin is oxidized and reactive oxygen species (ROS) are released,
provoking endothelial damage.

* 3rd pathway: the heme group of the hemoglobin molecule triggers an inflammatory
response by activating neutrophils and cytokines production [4, 7].

The phenomenon of reoxygenation hypoxia generates oxidative stress, which induces placen-
tal dysfunction. Many cellular stress situations, such as an alteration in the redox state alters
the maturation of proteins, leading to the accumulation of misfolded proteins in the lumen
of the endoplasmic reticulum (ER), thereby producing a condition called “endoplasmic
reticulum stress”, which triggers an adaptive response, called “unfolded protein response”,
which aims to reduce the decrease proteins. In PE, the phenotype of placenta and intrauterine
growth restriction are correlated with ER stress. In urine, misfolded proteins can be found,
making it a viable biomarker for the Congo red test [7, 8].

The mother mounts an immune response against fetal trophoblast, which is detected as an
alloantigen. PE could be consequential to a secondary inflammatory response derived from
microparticles of microvilli of the syncytiotrophoblast (STMBs). The uterus-fetal perfusion
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begins close to the end of the first trimester, and during the second and third trimester high
levels of STMBs are detected in maternal circulation. The release of STMBs is affected by
oxidative stress, which increases its release to maternal circulation creating an inflammatory
response [4, 6].

Reactive oxygen species (ROS), like nitric oxide (NO), superoxide (O-,), hydrogen peroxide
(H,0,), hydroxyl radical (OH) and peroxynitrite (ONOQ") are present all the time. Oxidative
stress from unbalanced free radical formation is produced within the trophoblast cell, the
sources may vary from O, eNOS uncoupling, NADPH oxidase and mitochondria. Proxynitrite
formation, lipid peroxidation, protein modification, matrix metalloproteinase (MMP) activa-
tion and DNA damage contribute to endothelial dysfunction and are a result of the combina-
tion of these events [7, 9].

The main catalysts of O, are the antioxidant enzyme, superoxide dismutase (SOD) that
converts it to H,O, and water. H,0, is immediately neutralized by the enzyme, catalase
(CAT). PE is one of several conditions that after the ischemia-reperfusion, produces O,
and by converting xanthine dehydrogenase (XD) to xanthine oxidase (XO) causes oxidative
damage. Additionally, ATP metabolism in ischemic tissues forms hypoxanthine (HX) as a
breakdown product. Xanthine and HX are converted into uric acid by XO, which also does
the conversion of oxygen to O, and H,O,. In PE, superoxide generation by XO has been
shown in placental reperfusion injury. Since PE is characterized by hyperuricemia, XO is
presumably the source of uncontrolled ROS production when the concentration of its oxi-
dase form is increased [7, 9].

Another source of O, formation is NADPH oxidases. NADPH oxidase is a membrane-bound
enzyme complex that catalyzes a one-electron reduction of oxygen and its transference to
form O,. It has been demonstrated that NADPH oxidase isoform, NOXI, is overexpressed in
syncytiotrophoblast of preeclamptic placentas [7, 9].

3-nitrotyrosine residues have been observed in normal and complicated pregnancies, pre-
dominantly, in endothelium, surrounding smooth muscle and villous stroma. One of the
key targets of ONOO- in PE is p38 mitogen-activated protein kinase (p38 MAPK), that has
appeared significantly nitrated in placentas from preeclamptic women compared to nor-
motensive controls. Activation of the p38 MAPK pathway plays an important role in the
release of pro-inflammatory cytokines and the induction of enzymes such as COX-2 which
controls connective tissue remodeling in pathological conditions. Inducible nitric oxide syn-
thase (iNOS) expression, induction of VCAM-1 and, other adherent proteins along with other
inflammatory-related molecules, and the effect of nitration of p38 MAPK in PE is currently
under investigation for their use as molecular targets [7, 9].

But, not all free radicals cause disturbances in the organism and NO is an example. NO is
a potent vasodilator, which acts on GTP to produce cGMP that causes relaxation of smooth
muscle. It mediates endothelial function by regulating vascular tone, platelet aggregation,
leukocyte adhesion and smooth muscle cells development. It is synthetized by the NOS fam-
ily of enzymes, which consist in three isoforms: nNOS or neuronal isoform, iNOS the induc-
ible and eNOS the endothelial NOS, formed from the reduction of r-arginine to rL-citruline,
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which is capable of dilating blood vessels. In placenta, eNOS expression is associated with
cytotrophoblast to syncytotrophoblast differentiation [7, 9].

2.5.3. Maternal endothelial dysfunction

A reduction of vasodilating agents, such as NO and platelet PG2, a proliferation of vasopres-
sor agents and platelet aggregating agents, such as thromboxane A2 (TX A2) and endothe-
lin-1, alter the endothelial function. As a consequence of this imbalance, higher sensitivity
combined with angiotensin II results in a state of vasoconstriction with an increased periph-
eral vascular resistance that creates an increase in blood pressure. Endothelial permeability is
increased as well [10].

Regulation of the fetoplacental vascular reactivity, trophoblast invasion and apoptosis, and
adhesion and aggregation of platelets in the intervillous space are all affected by NO, the
main vasodilator in placenta. L-Arginine is the precursor of NO, which is formed in the pres-
ence of oxygen and tetrahydrobiopterin, a cofactor, resulting in the production of L-citrulline.
When arginine residues in proteins are methylated by methyltransferases type I and II, they
form asymmetric dimethylarginine (ADMA), a competitive inhibitor of r-arginine for the
NOS isoform [11].

At the early stages of pregnancy, a hemodynamic adaptation as a response of an extra need
for perfusion is induced by an increase in NO and a reduction in ADMA. As well, this
adaptation permits uterine relaxation, which is necessary for intrauterine growth. Towards
the end of pregnancy, the muscle fibers of the uterus suffer change, due to an increase in
physiological ADMA, to undergo greater contractile activity and antagonize the effect of
NO. In pregnancy with high risk of PE, ADMA levels increase to higher than normal, reason
why many studies have suggested the possibility of using it as a biomarker of endothelial
dysfunction [11, 12].

TXA2 works as a vasoconstrictor and in patients with high risk of PE, its levels increase all
together with the circulating levels of TXB2, one of its metabolites. TXA2 is produced in
platelets and endothelial cells and is one the many molecules derived from arachidonic acid
through prostaglandin H synthase (PGHS). The TXA2 receptor (TP) mediates the constrictor
effects of TXA2 in vascular smooth muscle.

The vasoconstrictive effects of TxA2 in PE are amplified because of their ability to potenti-
ate the vasoconstrictor effects of angiotensin II and endothelin-1. NO and 12 (PGI2) inhibit
prostaglandin TxA2 actions through TP receptor desensitization; however, in pregnancies
with PE, NO production and PGI2 are affected. Research profiles of DNA methylation of
omental arteries reveal that the gene, thromboxane synthase (TBXAS1), is hypomethyl-
ated, even more significantly in the vessels of women with PE and this was associated
with the increased expression of thromboxane synthase in the omental arteries women with
PE. Taken together, these data suggest that, in PE, there is an imbalance in the production
of vasoconstrictors (TxA2) and vasodilator prostanoids (PGI2), modulated by epigenetic
modifications [13].



Pharmacological Opportunities for Prevention of Preeclampsia
http://dx.doi.org/10.5772/intechopen.70164

It is also reported in the literature the presence of autoantibodies against angiotensin receptor
1 (AT-1). These autoantibodies have a pharmacological effect similar to that of angiotensin
IT agonist. Stimulation of the AT-1 receptor by these circulating autoantibodies could also be
responsible for hypertensive symptoms in PE, as the concentration of circulating autoantibod-
ies increases after 20 weeks of gestation [6, 14].

3. Identification of high risk patients

PEs pathogenic process begins during the first quarter, long before clinical signs are evident.
Therefore, it is difficult to identify early biomarkers. Although there is no perfect way to pre-
dict the development of PE, it is possible to distinguish between women who have a high risk
of developing PE of those whom have a low risk (Table 4).

However, these factors predict only 30% of women who develop PE. Biomarkers in maternal
blood have a modest predictive potential. Prediction of early onset of PE at the end of the first
quarter of pregnancy can be done using Doppler ultrasound combined with plasma levels of
placental growth factor and protein-A associated with pregnancy (PAPP-A) [15].

High risk factors Moderate risk factors

PE in previous pregnancies. Women who have PE in the Primigravid. Nulliparity almost triples the risk of
first pregnancy have 7 times more risk of developing PEina  PE (RR 2.91; 1.28-6.61).

second pregnancy (RR 7.19; 5.85-8.83). Maternal age. The risk increases 30% for every
Hypertension in pregnancy. The prevalence of chronic completed year after 34.9. The risk increases twice
hypertension in women who develop PE is 12% (RR 5.2; in nulliparous >40 years (RR 1.68; 1.23-2.29).
1.5-17.2). Interval intergenesic >10 years. The risk of PE is
Renal disease. The prevalence of renal disease in women who about the same as that of nulliparous (RR 1.12;
develop PE is 5.3%. 1.11-1.13).

Diabetes mellitus 1 and 2. The probability of PE almost Body mass index (BMI) > 35 kg/m?. The risk of PE is
quadruples if diabetes is present before pregnancy (RR 3.56;  increased up to 50% (RR 4.39; 3.52-5.49).

2.54-4.99). Family history of PE. This almost triples the risk of
Autoimmune diseases. Women who develop PE are more PE (RR 2.90; 1.70-4.93).

likely to have an autoimmune disease (RR 6.9; 1.1-42.3). Multiple pregnancy. Twin pregnancy nearly triples
Antiphospholipid syndrome significantly increases the risk of the risk of PE (RR 2.93; 2.04-4.21), while a triplet
developing PE (RR 9.72; 4.34-21.75). pregnancy nearly triples the risk of twin pregnancy

(RR 2.83; 1.25-6.40).

Table 4. The most important for the development of PE factors [15, 16].

4. The use of biomarkers for PE

An effective biomarker to predict of the onset of PE has not been established, some the most
promising biomarkers are listed in Table 2. The heterogeneity of the pathogenesis of PE makes
it difficult to establish a single biomarker as a predictor of the disease; the best approach
might be a combination of markers. However, much research and development of criteria
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Biomarker

Characteristics

Studies

sFlt-1/PIGF

Soluble endoglin
(Seng)

PAPP-a

Activin-A

PP-13

Cystatin C

Fetal hemoglobin

It has been included sFlt-1/PIGF ratio

into German PE guidelines for care. A

ratio of sFlt-1/PIGF: 38 at any time during
pregnancy is considered as suspected PE,
while PE is considered diagnostic of figures
85 and 110 before and after 34 weeks of
gestation, respectively.

A truncated form of the receptor for
B1-transforming growth factor (TGF-{31)
and TGF-f2 that interferes with the binding
of TGF-1 to its receptor, and thereby
affects the production of nitric oxide,
vasodilation and capillary formation by the
endothelial cells in vitro.

A highly glycosylated protein that

is produced by trophoblast cells in
development has proven to be an insulin-
like growth factor. Therefore, as expected,
low serum levels of PAPP-ax are associated
with a higher incidence of PE.

This is a glycoprotein member of the TGF-§
family that is released by the placental-
fetus unit during pregnancy. Activin-A is

involved in various biological activities [21].

A 32-kd dimer protein is one of 56 known
placental proteins, produced exclusively
by placenta and it facilitates trophoblast
invasion and maternal artery remodeling
[22]. A higher magnitude of increase of
PP13 from the first to the third trimester
was observed in PE [23].

A protease inhibitor is widely used by
clinicians as a sensitive marker for renal
function and for estimating glomerular
filtration rate. Increased levels of cystatin-C
may be attributed to an increased placental
production.

Oxidative damage induces placental
production and leakage in the fetal-
maternal hemoglobin barrier.

Stepan in 2015 shows that circulating levels

of sFlt-1 are increased significantly more a
month before the appearance of the first clinical
symptoms detectable. In the case of PIGF,
significantly lower concentrations are observed
in women who subsequently present placental
dysfunction since the end of the first quarter.
They concluded that further studies are needed
to demonstrate the benefits of using the ratio of
sFlt-1/PIGF in terms of reduction of maternal
and fetal risks and resource optimization [17].

Levine et al. showed in 2006, in a nested case
study that circulating levels of soluble endoglin
increased from 2 to 3 months before the clinical
onset of PE controls. After the onset of the
disease, the average level of serum in women
with PE remains high until the end of pregnancy
(31.0 ng/ml, as compared to 13.3 ng/ml in
controls (p <0.001) A higher level of soluble
endoglin is usually accompanied by an increase
in the proportion of sFlt1: PIGF [18].

The studies are contradictory, while some
show association with low levels of PAPP-«,
others observed elevations in serum. Both
observations were made by Bersinger et al. In
two separate case-control study in 2003 and
2004, respectively [19, 20].

A case-control study conducted in 2004 by Ong
et al. found that levels of activin-A are higher
PE than in normal pregnancies. It has been
observed that an increase in activin-A occurs
before 14 weeks of gestation in pregnancies
with PE.

Gonen et al., in 2008 conducted a study of cases
and controls in pregnancy between

5 and 7 weeks and determined the relation of
lower values of PP-13 in PE than in normal
pregnancies. The increase of PP-13 in maternal
blood seems to coincide with STBM release as
the PE advances.

Thilaganathan et al. in 2009 conducted a nested
case study to determine levels of cystatin C, a
marker set for kidney function, which increases
progressively as the glomerular filtration rate
falls. In PE, placental expression of cystatin C
is significantly increased in the first trimester
of pregnancy compared to those with normal
pregnancy [24].

Recent studies have identified it as a predictor
in the first and second quarters [25].



Pharmacological Opportunities for Prevention of Preeclampsia

http://dx.doi.org/10.5772/intechopen.70164

Biomarker

Characteristics

Studies

ADMA and
homocysteine

miRNA

Serial measurements of their concentrations
may be useful to identify women at risk
[26].

miR-16 is stimulated by hypoxia and
inhibits migration of cytotrophoblast cells
[27], it represses production of VEGF

Lépez-Alarcon et al., in a cohort study in 2015
found that ADMA and homocysteine (Hcy)
increases gradually throughout pregnancy with
PE, but remains constant in women without
complications. ADMA and homocysteine
increase 1 month prior to the onset of

PE. Increases of up to 80 nmol of ADMA and
Hcy 1000 nmol to 1, a month prior to the onset
of PE. This has demonstrated the best potential
for prediction

There are more angiomiRNAs that have been
found and vary on their level of expression.
However, there is still a lack of investigations to

receptors in mesenchymal stem cells understand their role as biomarkers.
derived from the decidua (MSCs), and

induces cell cycle arrest in the transition

GO/G1 [28].

miRNA-155 overexpression reduces the

expression of NOS [29].

C19MC miRNAs are downregulated

exclusively associated with preeclampsia

[30].

Table 5. Potential biomarkers in preeclampsia.

are needed. There is a need for biomarkers that could also apply to patients that apparently
do not have any risk factors for developing PE, and research should expand its investigation
regarding these patients (Table 5).

sFlt-1, soluble fms-like tyrosine kinase 1; PIGF, placental growth factor; ADMA, asymmetric
dimethylarginine; PAPP a, pregnancy-associated plasma protein-A; PP-13, placental protein
13; miRNA, microRNA; STMB, syncytiotrophoblast microvesicles.

5. Pharmacological approach for prevention

5.1. Calcium administration

According to an study conducted by Hofmeyr et al.,, supplementation of calcium in
women that have a low calcium intake and mild risk of PE have a relative risk of 0.48 (95%
CL 0.33-0.69). However, patients that have a low calcium intake and a high risk of PE
displayed a major benefit (RR .22; 95% CL 0.12-0.42). Low levels of calcium increase vaso-
constriction resulting in high blood pressure, by liberating parathyroid hormone or releas-
ing renin, and consequently increasing intracellular calcium in vascular smooth muscle.
Parathyroid hormone release and intracellular calcium levels are reduced with calcium
administration [31].
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5.2. Acetylsalicylic acid administration

The inhibition of thromboxane A2 formation without affecting the production of prostacy-
clins, gives acetylsalicylic acid in low doses an anti-platelet aggregating an anti-vasoconstrictor
effect. This justifies its use in PE; however, the results have been controversial about the posi-
tive role of its administration at the onset of the pregnancy and the severity of its use.

Campos concluded, from a systemic review, that since there are no pharmacological alterna-
tives, physicians should administer low doses of aspirin from 60 to 150 mg per day starting in
the first quarter through to week 16. Administration should be performed overnight because
it helps in reducing the risk of PE [32].

5.3. NO pathway

Since endothelial dysfunction and impaired bioavailability of NO are taxpayers of maternal
manifestations of PE, supplementation with exogenous NO donors would be an apparent
solution.

Trapani et al. conducted a study in which nitroglycerin transdermal patches were applied into
the mother’s abdomen to improve the uteroplacental circulation. They reported an increase of
the blood flow in the uterine and umbilical arteries. However, further investigation is needed
for their effect reducing the incidence of PE [33].

Groten et al. found that pentaerythritol tetranitrate, an organic nitrate of prolonged action,
improves uteroplacental perfusion in women at risk of PE, as well as reducing its frequency,
growth restriction and premature births it may cause in these women [34].

Moreover L-arginine acts as a precursor of NO and becomes NO and 1-citrulline by NOS, as
described in the pathophysiology of PE. It has been the subject of studies designed to investi-
gate its preventive role in women with high risk of developing PE.

INTERVENTION OPPRTUNITIES FOR ATENTION PREECLAMPSIA

Primary prevention I Secondary prevention
IPREECLAMPSIA
Inadequate  Hypoperfusion  Placental {Endothelial
Prior to pregnacy T\ uterine restyling placental dysfunction dysfunction) ECLAMPSIA

Identify women in risk:
+  Potential biomarkers

«  Ewvaluation of spiral artery
architecture WG WG WG I we
Gynecological opinion:
N / 1

+  Pregnancy options
+  Start calcium

supplementation - aFit1 Blockers ~ | B Antihypertensive treatment
) . e +  Immunomodulatar +  Monitoring complications:
gi .
Immunamedulatar - calum I Mathar (aclampeia)
Caleium supplementation Fetus (IUGR, stilbitths) . aninypertensive
supplementation +  Acetylsalicylic acid Placenta (hypotrofia, treatment
+  L-arginine infarct) »  Monitoring
Other NO donors I IF?H malmraufon i complications
i'f.“ Iam\inntuaﬁan rerrupten of pregnancy *  Interruption of
pp I pregnancy?

Figure 3. The pathological processes and the clinical manifestations are listed chronologically, with the key moments for
pharmacological intervention pointed out at every stage of the pregnancy.
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Camarena et al. published in 2016 a clinical trial which included 100 pregnant women at
high risk for PE to estimate the effectiveness and safety of r-arginine for preventing PE. They
formed two study groups, one was given 3 g of L-arginine per day in 600 mg capsules, and
a second group was given placebo capsules approved with L-arginine. They found a lower
incidence of PE in the group receiving L-arginine to the placebo (6 and 23%, respectively;
p =0.016) group, which was statistically significant, and also reported an increased incidence
of severe PE in the placebo compared to the intervention group (14 and 2%, respectively,
p =0.02) group. SBP, DBP and MAP decreased significantly in the group treated with r-argi-
nine compared with the placebo (p = 0.022, p = 0.035 and p = 0.023, respectively). The most
common adverse event was dyspepsia, which was higher in the intervention group than in
the placebo (26 and 6%, respectively; p = 0.008) group. The authors concluded that adminis-
tration of L-arginine is effective and safe to prevent PE [35].

As seen in Figure 3, we can establish several moments as opportunities for prevention or
management of PE, the best opportunity for treating PE is prior to pregnancy by identify-
ing women with high risk and creating strategies to prevent the development of the disease.
During pregnancy, several potential targets could modify its course; we listed in a timeline
the molecules that have an implication in the pathogenesis of PE.

6. Conclusions

PE is a serious complication of pregnancy, which has a high rate of morbidity and mortal-
ity worldwide. Due to the complexity of PE, and despite the systemic damage caused by
endothelial dysfunction, many of the signs and symptoms that make up this syndrome may
not be clearly evident, being the most notorious sign an elevation of the blood pressure. The
diagnostic criteria have evolved over time in order to achieve a timely and specific diagnosis,
but this has only caused a more complex evaluation, so it requires new tools to achieve an
early and accurate diagnosis of the PE.

Antihypertensives are an alternative for the treatment of PE, however, they stretch the preg-
nancy until the product is viable to live outside the uterine environment, shortening gesta-
tion. The outcome using hypertensives is not always favorable for the mother and the fetus
and their effect on PE is variable.

During the early stages of placentation, various changes may occur due to intrinsic factors, so
this should be the focus of investigation. However, invasive procedures to pregnant women
are not acceptable because of the risk they might represent without any notable benefit.

The combination of several biomarkers could contribute to identify women with mild and
high risk of developing the disease, which is the best strategy for prevention and manage-
ment of PE.

In past years, a lack of therapeutic options regarding PE was notorious. However, new oppor-
tunities have surged in present years such as, inmunomodulators, antioxidants, angiom-
RNAs and nitric oxide donors, which are still under investigation but have shown promising
results. Nevertheless, prevention persists as the principal strategy to reduce morbi-mortality
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of PE. The obstetrician is responsible for evaluating the individual options each patients has,
even before conception and research should focus on developing new and better strategies.
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Abstract

Postpartum hemorrhage (PPH) is the leading cause of maternal death. In developing
countries, approximately 8% of maternal death is caused by PPH. Protocols should pro-
vide a standardized approach to evaluate and monitor the patients. A standard protocol
must be recognized by the institution and must be accepted and known by all team mem-
bers. Additionally, it is important to have a massive obstetric hemorrhage protocol (red
code) for those patients with an important bleeding who require blood products available
as soon as possible. In the red code activation protocol there are several key points to
consider: the management algorithm must be known and accepted by all team members,
a clear and effective communication between the team must be established and all the
participants must know the role they play. Massive obstetric hemorrhage has a multi-
disciplinary implication: obstetricians, anesthesiologists, pediatricians, midwife, nurses,
auxiliary staff, and laboratory blood bank staff. The active participation of the multidisci-
plinary team in simulations before the protocols implementation facilitates the evaluation
of critical points and subsequent changes before their final application, the assessment of
the adequacy of circuits and infrastructure, as well as a better protocols compliance.

Keywords: postpartum hemorrhage, red code, massive blood transfusion, protocol,
multi-professional simulation training

1. Introduction

Postpartum hemorrhage (PPH) is commonly defined as a blood loss of 500 ml or more within
24 h after birth, whereas major PPH is defined as a blood loss of 1000 ml or more within the
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same time frame. Major PPH can be further subdivided into moderate (1001-2000 ml) and
severe (more than 2000 ml). Secondary PPH is defined as abnormal or excessive bleeding from
the birth canal between 24 h and 12 weeks postnatally [1]. The quantification of postpartum
blood loss is a subjective parameter that hinders the application of this definition and usually
there is an underestimation of the loss.

It has recently been proposed to define PPH as a blood loss that may lead to hemodynamic
instability [2].

2. Epidemiology

PPH affects approximately 2% of all women who gave birth: it is associated not only with
nearly one quarter of all maternal deaths globally (around 125,000 deaths per year), but is also
the leading cause of maternal mortality in low-income countries. PPH is the primary cause of
nearly one quarter of all maternal deaths globally. PPH is a significant contributor long-term
disability as well as to a number of other severe maternal conditions generally associated with
more substantial blood loss, including shock and organ dysfunction [3].

Maternal collapse rate due to major PPH lies somewhere between 0.14 and 6/1000 (14 and
600/100,000) births [4].

3. Etiology of PPH

The causes of PPH can be simplified under the acronym “4T”: tone (atony), trauma (trauma
of the birth canal), tissue (retention of remains), and thrombin (clotting disorders). Multiple
predisposing factors can be related to these causes (Table 1).

The assessment of antenatal risk factors predicts only 40% of PPH cases, with placenta praevia
and placenta accreta being the most important identifiable risk factors for severe bleeding.
Therefore, 60% of PPHs occur in women with unknown risk factors. Before a primary PPH,
a correct etiological diagnosis will be important, since the management will depend on the
cause of the hemorrhage.

4, Prevention

Uterine atony is the most common cause of PPH, since it accounts for 80% of it. Therefore, the
most effective preventive measure is the active management of the third phase of delivery,
which has been shown to reduce PPH by 60% of cases, a significant reduction in postpartum
anemia and the need for transfusion [5].
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4T's

Etiology

Risk factor

Tone

Trauma

Tissue

Thrombin

Overdistension

Muscle fatigue
Infection
Chorioamnionitis

Tocolytic drugs

Laceration of cervix, vagina, or
perineum

Injury during cesarean section

Uterine rupture

Uterine inversion

Retained placental products

Congenital coagulation disorders

Acquired coagulopathy

Multiple pregnancy
Fetal macrosomia
Polyhydramnios

Fetal congenital defects
Hydrocephalus

Prolonged labor
Multiparity

Prolonged PROM
Fever

Betamimetics
Nifedipine
SOMg
Anesthetics

Instrumental delivery
Episiotomy

Malpresentation
Fetal intrauterine manipulation
Advanced Hodge line presentation

Previous uterine surgery

Fundal placental implantation
Excessive cord traction
Multiparity

Previous uterine surgery
Placental abnormalities (placenta
accreta, increta, percreta)
Placenta abruption

Placenta praevia

Hemophilia
Von Willebrand disease

Placental abruption
Pre-eclampsia

Sepsis

Amniotic fluid embolism

DIC

Hyperfibrinolysis
Pharmacologic anticogulation

Table 1. Postpartum hemorrhage etiology.

The current definition of active management of the third phase of delivery proposed by the
World Health Organization (WHO) includes the administration of uterotonics, late cord
clamping, and controlled cord traction to obtain the placenta. The uterine massage does not
offer benefits in the prophylaxis of PPH, but in the treatment [3].
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Most PPHs occur during or immediately after delivery, but a significant proportion of them
occur during the first few hours postpartum, so it is necessary to maintain prevention for a
few hours. Therefore, it is necessary to use uterotonic drugs with long half-life or forms of
administration that maintain the effect during these hours.

The first-line drug is oxytocin, the most effective treatment with fewer side effects [6]. The
appropriate dose is 3-5 IU in slow bolus for 1-2 min to avoid undesirable effects or 10 IU
intramuscularly. Its administration should start with the output of the anterior shoulder, just
after birth or upon exiting the placenta. Because of its short half-life (10-15 min), it is recom-
mended to maintain continuous oxytocin infusion for about 4 h.

Carbetocin is a synthetic analog of oxytocin whose principal advantage is its longer half-
life compared with oxytocin (40 min vs. 10-15 min). It has the same side effects and its main
indication is the prevention, not the treatment of PPH in elective cesarean sections. The
appropriate dose is 100 ug by slow intravenous route. The scientific evidence has shown
no differences in the prevention of PPH, only an improvement in relation to the use of
additional uterotonics [7].

The use of ergometrine 0.2 mg intramuscularly is an alternative in cases of high risk of PPH.
Although slightly more effective than oxytocin, because its half-life is 2-3 h, it has more side
effects, especially the risk of hypertensive crisis in hypertensive patients. Its administration
must be after the delivery of the placenta [8].

It can be considered as the use of misoprostol 400-600 g orally or rectally, although it is less
effective and has more effects than the previous ones, if no parenteral agents are ready for use
or in settings where venous access, needles, or a refrigerator is not available [9].

Administration of tranexamic acid (0.5-1 g intravenously) appears to decrease blood loss
following vaginal delivery and after cesarean delivery. In spite of this, more information is
needed on its effectiveness and safety profile [10].

5. Maternal collapse

Maternal collapse is defined as an acute event involving the cardiorespiratory systems and/or
brain, resulting in a reduced or absent conscious level (and potentially death), at any stage in
pregnancy and up to 6 weeks after delivery [4].

The common reversible causes of collapse in any woman can be remembered using the well-
known ‘aide memoire’ employed by the Resuscitation Council of the 4 T's and the 4 H's
(Table 2). In a pregnant woman, eclampsia and intracranial hemorrhage should be added to
this list, and obstetric-specific causes are clearly more likely and must also be considered sys-
tematically. Owing to the lack of robust morbidity data regarding collapse, maternal deaths
are often used as a reference point [4].

Hemorrhage is the most common cause of maternal collapse. Causes of major obstetric hemor-
rhage include postpartum hemorrhage, major antepartum hemorrhage from placenta praevia/
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Reversible cause Cause in pregnancy

4H's Hypovolemia Bleeding (may be concealed)
(obstetric/other) or relative
hypovolemia of dense espinal block,
septic or neurogenic shock

Hypoxia Pregnant patients can become
hypoxic more quickly

Cardiac events: peripartum
cardiomyopathy, myocardial
infarction, aortic dissection, large-
vessel aneurysms

Hypo/hyperkalemia and other No more likely
electrolyte disturbances
Hypothermia No more likely
4T's Thromboembolism Amniotic fluid embolus, pulmonary
embolus, air embolus, myocardial
infarction
Toxicity Local anesthetic, magnesium, other
Tension pneumothorax Following trauma/suicide attempt
Tamponade (cardiac) Following trauma/suicide attempt
Eclampsia and pre-eclampsia Includes intracranial hemorrhage

Table 2. Reversible causes of maternal collapse.

accreta, placental abruption, uterine rupture, and ectopic pregnancy. In most cases of massive
hemorrhage leading to collapse, the cause is obvious, but concealed hemorrhage should not
be forgotten, including following cesarean section and ruptured ectopic pregnancy. Other
rarer causes of concealed hemorrhage include splenic artery rupture and hepatic rupture.
Blood loss is often underestimated; especially slow, steady bleeding and fit healthy women
can tolerate significant loss prior to showing signs of decompensation.

5.1. Hypovolemic shock

Hypovolemic shock due to hemorrhage is defined as the blood loss that results in tissue hypo-
perfusion, with a maintained deficit of oxygen transport to tissues. The injury suffered by the
organs marks the prognosis of bleeding, causing a disruption of metabolism and function of tis-
sues, which brings up metabolic acidosis and contributes to the development of coagulopathy.

6. Diagnosis

Clinical symptoms of hypovolemia may not be present until 10-20% of total whole blood
volume is lost.
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Stage 1

Stage 2

Stage 3

Stage 4

Blood loss

Up to 15% (750 ml)

15-30% (7501500 ml)

30-40% (1500-2000
ml)

Over 40% (over 2000
ml)

Blood pressure Normal (maintained  Increased diastolic BP Systolic BP < 100 Systolic BP <70
by vasoconstriction)
Heart rate Normal Slight tachycardia Tachycardia (>120 Extreme tachycardia
(>100 bpm) bpm) (>140 bpm) with
weak pulse
Respiratory rate Normal Increased (>20) Tachypneic (>30) Extreme tachypnea
Mental status Normal Slight anxiety, Altered, confused Decreased LOC,
restless lethargy, coma
Skin Pallor Pale, cool, clammy Increased diaphoresis Extreme diaphoresis,
mottling possible
Capillary refill Normal Delayed Delayed Absent
Urine output Normal 20-30 ml/h 20 ml/h Negligible

Table 3. Signs and symptoms of the major stages of hypovolemic shock.

Hypovolemia can be recognized by tachycardia, diminished blood pressure, and the absence
of perfusion as assessed by skin signs (skin turning pale) and/or capillary refill on forehead,
lips, and nail beds. The patient may feel dizzy, faint, nauseated, or very thirsty. These signs
are also characteristic of most types of shock.

Obvious signs of external bleeding should be noted while remembering that people can bleed

to death internally without any external blood loss.

6.1. Stages of hypovolemic shock

Hypovolemic shock can be classified in four stages depending on its severity (Table 3).

6.2. Laboratory diagnosis

A single hemoglobin and hematocrit value is not useful for assessing bleeding and its sever-
ity. These parameters are poorly sensitive for the early detection of significant bleeding.
However, the serial determinations of hemoglobin and hematocrit have very good specificity.

Lactate and pH are analytical parameters that are altered when the metabolism becomes anaero-
bic. They are sensitive measures to monitor the importance of bleeding and shock. A lactate lower
than 22 mg/dL and a pH lower than 7.20 are indicators of hypoperfusion and tissue distress.

7. Management in major obstetric hemorrhage

Hemorrhage is the most common cause of maternal collapse and a consequence of other
causes of collapse. There must be a high index of suspicion for bleeding and awareness of the
limitations of clinical signs.
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The management of PPH requires a multidisciplinary approach: midwifes and obstetric first-
line staff who must be awarded of important bleeding, senior obstetric staff, and anesthetist,
that plays a crucial role in maintaining hemodynamic stability.

Communication with the patient and her birthing partner is crucial, and clear information
about what is happening from the outset must be given.

There is limited evidence on appropriate intervention points and management strategies
related to the hemostatic management of obstetric hemorrhage.

A primary survey of sever obstetric bleeding should follow a structured approach of simple

“ABC”, including evaluation and resuscitation simultaneously.

7.1. A and B: assess airway and breathing

A high concentration of oxygen (10-15 I/min) should be administered, regardless of maternal
oxygen concentration. Anesthetic assistance should be requested in case of impaired con-
sciousness [1].

7.2. C: evaluate circulation

Two intravenous lines must be taken and sent blood for diagnostic tests. Full blood count,
coagulation, urea, electrolytes, and cross match must be evaluated [1].

Resuscitation management is based on both blood volume and oxygen-carrying capacity.
Volume replacement must be undertaken on the basis that blood loss is often underestimated
[11]. Compatible blood, supplied with the form of red cell concentrate (RCC), is the best fluid
to replace major blood loss and should be transfused as soon as available, if necessary.

Resuscitation based on fluid replacement, blood transfusion, and drug therapy must be
guided by hemodynamic goals, regardless of the moment it starts (Table 4).

7.3. Monitoring hemostasis

Routine coagulation tests are the most common methods for monitoring hemostasis during
PPH, with the advantage of well-regulated quality control [12]. Their main drawback is that

Goals Value

Arterial blood pressure 90-100 mmHg
Cardiac frequency <100 hb
Central venous pressure >6 mmHg
Cardiac index >2.5 1/min/m?
Serum lactate <2 mmol/l

pH >7.20

Table 4. Hemodynamic and analytic goals in resuscitation.
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Immediate venepuncture for cross-match, full blood count, coagulation screen (and fibrinogen), renal and function
liver for baseline

Monitor temperature every 15 min

Continuous pulse, blood pressure recording, and respiratory rate
Foley catheter to monitor urine output

Two peripheral cannulae (14G)

Consider arterial line monitoring

Consider transfer to a intensive therapy unit

Documentation of fluid balance, blood, blood products, and procedures

Table 5. Protocol for monitoring in major PPH.

they are too slow to be clinically useful in an acute and evolving situation. In addition, PT/
aPTT ratios have limited sensitivity to a developing coagulopathy associated with PPH, and
are often normal, despite very large volumes of blood loss [13]. If laboratory-based tests are
used, a Clauss fibrinogen must be measured rather than a PT-derived fibrinogen level.

Based on recent studies, point-of-care (POC) testing of coagulation using thromboelastogra-
phy or thromboelastometry (TEG® and ROTEM®) can provide early feedback to care provid-
ers about key changes in the maternal hemostatic profile during PPH. POC testing can be
considered for rapid hemostatic assessment during PPH and these technologies have been
endorsed in guidelines from the Obstetric Anaesthetists Association (UK) [14], the European
Society of Anaesthesiology [15], and the American Society of Anaesthesiologists [16] (Table 5).

8. Fluid replacement

Fluid replacement is based on crystalloids and colloids. There have been no randomized con-
trolled trials comparing the use of colloids with other replacement fluids for resuscitation
of women with PPH. There is indirect evidence from a Cochrane review that evaluated 78
trials on the use of colloids in the resuscitation of critically ill patients who required volume
replacement secondary to trauma, burns, surgery, sepsis, and other critical conditions. No
evidence that resuscitation with colloids reduces the risk of death, compared to resuscitation
with crystalloids was found [17]. Furthermore, the use of hydroxyethyl starch might increase
mortality. And colloids are more expensive than crystalloids.

Based on the actual evidence, World Health Organization Guidelines recommend that intra-
venous fluid replacement in severe PPH must be with isotonic crystalloids in preference to
colloids [18].

Rapid administration and warming of the infusion are essential issues in fluid therapy in
severe PPH. But great amount of fluid replacement must be avoided because they can cause
hemodilution and can deteriorate coagulopathy.
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By consensus, total volume of 3.5 1 of clear fluids (up to 21 of warmed Hartmann's solution as
rapidly as possible, followed by up to a further 1.5 1 of warmed colloid if blood still not avail-
able) comprises the maximum that should be infused while awaiting compatible blood. The
woman needs to be kept warm using appropriate measures.

9. Blood transfusion

9.1. Red cell concentrates and fresh frozen plasma

Transfusion rates have been increasing during recent years, likely due to the increases in rates
of PPH [19]. Transfusion is an important indicator of severe obstetric morbidity and women
who received four or more units of blood products should be reviewed [20].

The objective of resuscitation is to maintain hemoglobin at 9-10 mg/dl [21]. Early and rapid
red cell concentrate (RCC) and fresh frozen plasma (FFP) transfusion in 1:1 rate (RCC: FFP)
is the most recommended at the moment to improve hemostasis in severe PPH refractory to
medical treatment [22].

If no hemostatic results are available and bleeding is continuing, then, after 4 units of red
blood cells, FFP should be infused at a dose of 12-15 ml/kg until hemostatic test results are
known [1].

The only strong recommendation on blood transfusion in PPH is that women receive RBCs as
soon as possible in case of massive PPH. Because cross-matched blood is not always available,
maternity units should have immediate access (within 5 min) to O-negative blood. If the need
is less pressing, group-specific blood can be made available more quickly than fully cross-
matched blood. Consequently, all maternity units should have their own reserve of blood
products if there is no blood bank on-site [23].

FFP is frequently issued as “shock packs” on an activation of major obstetric hemorrhage
protocol. The objective is to maintain thrombin generation and fibrinogen by the replace-
ment of coagulation factors as early as possible. The disadvantage is that most women will
have normal coagulation and platelets at the time of transfusion and will be receiving blood
products with fewer fibrinogen and other coagulation factors than they have been circulating.

If no hemostatic tests are available, early FFP should be considered for conditions with a
suspected coagulopathy, such as placental abruption or amniotic fluid embolism, or where
detection of PPH has been delayed [1].

9.2. Platelets

Guidelines recommend that the platelet count should be kept more than 50,000/mm?® during
active PPH and to achieve this, they should be infused when the count falls below 75,000/mm?
[24]. Except for placental abruption, amniotic fluid embolus, severe preeclampsia, or inherited
or immune thrombocytopenia, a platelet count less than 75,000/mm? is uncommon during PPH.
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9.3. Fibrinogen

The clinician should be aware that fibrinogen normally increases during pregnancy; thus,
normal ranges for nonpregnant adults often printed on hospital laboratory reports have little
relevance to obstetrics. While a fibrinogen level in the immediate postpartum period <4 g/l is
reassuring in terms of immediate clotting capacity, it is abnormal and should alert the clini-
cian to the presence of either significant blood loss or ongoing intravascular consumption.
A fibrinogen level <3 g/l in a bleeding post-partum patient calls for preparation of both red
cells and FFP or cryoprecipitate and, as outlined in this volume, a level of <2 g/l is generally
considered an indication for component replacement [25].

The fibrinogen plasma level has been demonstrated to be a good predictor of PPH severity
[26]. A fibrinogen plasma level of 2 g/l or less had a 100% positive predictive value for severe
PPH [27]. Therefore, a plasma fibrinogen level of greater than 2 g/l should be maintained dur-
ing ongoing PPH.

Increasing the fibrinogen level by 1 g/l requires about 60 mg/kg fibrinogen [28], although if
there is ongoing consumption or dilution, smaller increments would be expected [29]. The
guidelines recommend fibrinogen concentrate use when fibrinogen is <1 g/1. Nevertheless, in
an active bleeding is possible to start when fibrinogen is <1.5-2 g/I.

In the past, fibrinogen therapy was usually given as cryoprecipitate, but owing to the poten-
tial viral contamination and variable concentration of fibrinogen in cryoprecipitate, human
plasma-derived fibrinogen concentrates are now available in most countries but not every-
where. Similar clinical outcomes and increments in fibrinogen have been reported for cryo-
precipitate and fibrinogen concentrates, but these are based on limited data [30].

Fibrinogen concentrate significantly reduced the need for massive transfusion of RBCs,
plasma, and platelets [31]. Nevertheless, weak evidence supports the use of fibrinogen con-
centrate in bleeding patients [32] and there are currently some prospective, randomized stud-
ies investigating the role of fibrinogen concentrates in PPH [33, 34].

9.4. Prothrombin complex concentrate

Prothrombin complex concentrate contains clotting factors II, IX, and X + VII and occasionally
used off-label during PPH. Given the current lack of evidence to support their use in PPH, we
do not recommend their use outside patients under dicumarinic treatment or clinical trials,
because their side effects may outweigh their benefits.

9.5. Recombinant factor VIIa

Recombinant activated factor VII (rFVIla) was developed for the treatment of hemophilia. It
has been used off-label in life-threatening PPH or to prevent hysterectomy [35].

In a recent systematic review about the use of rFVIla in severe PPH refractory to uterotonics,
it was showed that rFVIla reduce the need for specific second-line therapies in about 1 in 3
patients, with the occurrence of nonfatal venous thrombotic events in 1 in 20 patients [36].
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The World Health Organization argues that it is not possible to reach meaningful conclusions
from current literature [18] and clinical trials are needed (Table 6).

Unfortunately, blood transfusion has its own adverse consequences. To decrease transfusion
exposure and to control the bleeding, pro-hemostatic agents are used more and more often in
women with PPH.

9.6. Tranexamic acid

Tranexamic acid (TXA) is an antifibrinolytic agent that inhibits the activation of plasminogen
into plasmin. It has been shown to reduce bleeding and transfusion requirement in massive
hemorrhage secondary to a number of nonobstetric causes and it seems that is also effective
in obstetric bleeding, decreasing the postpartum blood loss and preventing PPH and blood
transfusions [10].

There appeared to be no increased risk of venous thromboembolism and no difference in
length of hospital stay associated with TXA use. Although the prophylactic TXA administra-
tion may be associated with improved peripartum bleeding, existing evidence is insufficient
for any definitive recommendations secondary to the poor to moderate quality of the litera-
ture [37].

The double-blinded WOMAN study [38] aims to investigate the role of TXA in early PPH.
This study will provide valuable information on the role of early TXA in reducing progres-
sion from mild to severe PPH. There are other open studies to determinate the role of TXA
as a complementary treatment of third stage of labor, in addition to prophylactic uterotonic
drugs [39].

However, owing to its low cost and low rate of side effects, the use of TXA is currently recom-
mended by several academic societies. For example, the most recently updated PPH treat-
ment guidelines prepared by the World Health Organization state that TA (1 g over 5 min,
repeated within 30-60 min if necessary) is recommended for the treatment of PPH if oxytocin
and other uterotonics fail to stop bleeding or if it is thought that the bleeding may be partly
due to trauma (weak recommendation) [40].

TXA is a promising candidate drug, inexpensive, easy to administer, and simple to add to the
routine management of deliveries in hospitals.

Hemoglobin/hematocrit 9-10 g/dL/ 27-30%
Platelets >50,000
Fibrinogen 1.5-2 g/l

Ionic calcium Normocalcemia
Temperature >35°C

Table 6. Goals of transfusion for an obstetric patient.
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10. Etiologic treatment

10.1. Mechanical measures

The simple mechanical and physiological measures of ‘rubbing up the fundus’, bimanual uter-
ine compression, and emptying the bladder to stimulate uterine contraction represent the first-
line management of PPH. No published studies were identified to provide an evidence base
for these interventions; nevertheless, professional consensus supports their continued use.

10.2. Uterotonic drugs

The use of uterotonics has a central role in the treatment of PPH. Treatment must be accompa-
nied by careful clinical examination to ascertain that the uterus is indeed atonic and that other
sources of bleeding, such as genital tract lacerations or uterine inversion have been excluded.

10.2.1. Oxytocin

Intravenous oxytocin is the first-line uterotonic; this recommendation also covers women
who have already received this drug for PPH prophylaxis [40]. When given as an intravenous
bolus, the drug should be given slowly in a dose of not more than five units.

Easier methods for oxytocin administration have been developed for use in resource-poor set-
tings, but a systematic review fails to demonstrate that oxytocin administered by community
health officers reduces the incidence of severe PPH (>1000 ml), severe maternal morbidity, or
maternal deaths [41].

10.2.2. Ergometrine

In settings in which IV oxytocin is not available or if the bleeding does not respond to oxyto-
cin, ergometrine, oxytocin-ergometrine fixed dose, or a prostaglandin drug (including 800 pg
of sublingual misoprostol) is considered a valid alternative.

10.2.3. Prostaglandin: carboprost and misoprostol

Carboprost (15 methylprostaglandin F2) was more effective than oxytocin in preventing PPH
in high-risk patients undergoing cesarean delivery [42]. If the bleeding occurs at the time of
cesarean section, intramyometrial injection of carboprost may be used.

The recommended dose is 250 pg intramuscularly. This may be repeated every 15 min to a total
dose of 2 mg (eight doses). However, if significant atonic hemorrhage continues after a third
dose of carboprost, without significant improvement (i.e., 30 min or more after the first dose
was given), the team should consider transfer to the operating theater for examination under
anesthesia, with an awareness of the impending need for laparotomy and/or hysterectomy.

Misoprostol (prostaglandin E1) is appropriate if carboprost is not indicated, as asthma patients
or not available. A systematic review suggests that among women who received oxytocin for
the treatment of primary PPH, adjunctive use of misoprostol confers no added benefit [43].
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Misoprostol does not appear to increase or reduce severe morbidity (excluding hyperpyrexia)
when used to prevent or treat PPH, does not modify maternal mortality, but is associated
with an increased risk of pyrexia, particularly in dosages of 600 pug or more. Therefore, it is
recommended to use the lowest effective dose [44].

A study [45] of women in early pregnancy demonstrated that regardless of the route of
administration (vaginal, sublingual, or rectal), misoprostol took 1.0-2.5 h to increase uterine
tone. Clinicians should be aware of this delay in the clinical effect of misoprostol. Sublingual
administration is recommended by WHO guidelines [40] (Table 7).

10.3. Surgical treatments

If pharmacological measures fail to control hemorrhage, surgical interventions should be ini-
tiated sooner than later. The most appropriate choice of treatment will depend, in part, on the
team experience.

10.3.1. Uterine balloon tamponade

Intrauterine balloon tamponade has been suggested as an effective, easily administered mini-
mally invasive treatment option to control uterine bleeding while preserving the mother's
ability to bear additional children [46]. In terms of mechanism of action, the intrauterine bal-
loon is believed to act by exerting inward to outward pressure against the uterine wall, result-
ing in a reduction in persistent capillary and venous bleeding from the endometrium and the
myometrium [47].

Multiple types of balloons are available, including Bakri balloon, BT-cath balloon tamponade
catheter, Foley catheters, Rusch balloon, condom catheters, and the Sengstaken-Blakemore
tube. The Bakri postpartum balloon [48] and the BT-cath balloon tamponade catheter [49]
are specifically designed for postpartum intrauterine tamponade. However, in settings where
these are unavailable, other balloons can be used to achieve a similar effect.

Bakri balloon must be filled with 300-500 ml of sterile saline. There is no clear evidence on
how long the tamponade should be left in place, but its effects can be observed after 4-6 h
in most cases. In a small case series, success rates of uterine balloon catheters for controlling
hemorrhage ranged from 57% after cesarean delivery to 100% after vaginal delivery [50, 51].

Balloon tamponade also allows maternal stabilization, necessary for embolization or for
transfer to an intensive unit care.

10.3.2. Uterine hemostatic sutures

In recent years, uterine compression sutures, in particular B-Lynch suture, described in 1997
[52] and Hayman suture [53], have been developed for ease and rapidity even in less expert
hands. Both are considered easy-to-apply conservative techniques, regarding to reduce the
arrival of blood from the uterine vessels to the bleeding zone. Sutures are allocated around the
uterus with thick absorbable material causing contact and compression of the uterine anterior
and posterior walls.
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B-Lynch suture requires hysterotomy for its realization and in Hayman suture is not neces-
sary. Its overall efficacy ranged from 81 to 91.7% and gestations after its application have been
described [50, 54].

Main complications include ischemia and uterine infection, especially in transverse sutures,
because of difficulty to drain uterine contents, as in the case of the Cho technique. A risk of
intestinal strangulation in the space between the suture and the uterus after the uterine invo-
lution must be awarded. Therefore, absorbable sutures should be used.

10.3.3. Pelvic artery embolization (PAE)

The largest study with 251 patients treated with arterial embolization observed that this tech-
nique is safe and effective for managing primary PPH. However, patients with disseminated
intravascular coagulation and massive transfusion of more than 10 red blood cell units were
more likely to have failed embolization [55].

PAE is found to be a minimally invasive, highly successful, and safe technique for the man-
agement of PPH in a recent systematic review of 21 studies, being successful in 89.4% of cases.
The mortality rate was 0.9% and other major complications were uncommon (1.8%). It should
be considered in PPH refractory to initial treatment [56].

Another recent systematic review, including 28 small studies about procedures, as embolization
or uterine tamponade, or surgeries, arterial ligation or uterine compression sutures, concluded
that given the insufficient evidence, clinicians must continue to make individual care decisions
based on each woman's clinical situation and available management options [57]. Some studies
with longer term follow-up reported infertility in women undergoing embolization.

10.3.4. Artery ligation

Uterine artery ligation depends on gynecology expertise. It may include the terminal part of
the uterine branch, a second lower suture involving cervical branches or mass ligation of the
uterine arteries and veins, including part of the myometrium (O'Leary's suture) [58].

Effectiveness is between 40 and 100% can preserve the uterus and subsequent fertility and is
simpler than the ligation of hypogastric arteries, although it is associated with an increased
risk of ureteral injury.

Internal iliac artery ligation is technically more complicated. Opening of the peritoneum from
the bifurcation of the iliac vessels, identifying and separating the ureter medially are required
and then individualizing the internal iliac artery proceeding to the double ligation of its
branch (about 2-3 cm from the bifurcation) without sectioning the vessel [59].

The efficacy of the technique is similar to uterine artery ligation, although it may also be used
in cases of traumatic uterine injury or even after hysterectomy [60]. Possible complications are
uterine necrosis, vascular perforation, and ureteral injury.

It should be borne in mind that it may hinder further embolization. Its complications include
necrosis (rare), either uterine or other neighboring territories, vascular perforation (mainly
iliac vein), and ureteral lesion.
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A systematic review [61] of fertility outcomes following the surgical management of PPH con-
cluded that uterine devascularisation techniques, including internal iliac artery ligation, did
not adversely affect future fertility, although, the number of studies and quality of evidence
were limited.

10.3.5. Hysterectomy

Hysterectomy is the most radical therapeutic option and definitively compromises fertility.
The decision and procedure must be carried out by an experienced clinician and surgeon.
It should not be considered a first-choice technique except in some situations, as placenta
accreta or uterine rupture [62]. It is considered in case of failure of conservative techniques,
but an excessive delay has to be avoided.

11. Use of protocols

Protocols should provide a standardized approach to evaluate and monitor the patients, involv-
ing a multi-professional team. The protocols must be founded on literature review according
to evidence-based medicine. Each maternity unit should have its own protocol adapted to the
particularities of its organization. The protocol must be able to respond to cases of major hem-
orrhage. The multi-professional team together with hematology and blood bank staff should
update and test this protocol regularly. The protocol must be updated every few years with
recent publications.

Summarizing protocols in algorithms improve its application. Algorithms reflected in post-
ers must be located at critical points of obstetric spaces for easy reference. Some publications
[63, 64] show that the new application of a PPH protocol was associated with the resolution of
maternal bleeding at an earlier stage or the use of fewer blood products.

There is a growing awareness of the importance of a checklist for assisting healthcare pro-
viders during medical crises. Checklists together with simulation training improve multi-
professional team performance. It is recommended to use a checklist reader: a person who
reads out loud the checklist to the team leader. It has been observed that the checklist reader
can decrease task saturation experienced by the team leader thereby, increasing the likelihood
that all critical tasks are completed [65].

In obstetrics, the patient safety checklist has been promoted as an important tool for improving
perinatal care and reducing maternal and neonatal mortality. The World Health Organization
[66] has developed a 29-item checklist to promote the delivery of key maternal and perinatal
care practice. The use of checklist could be a prospective way to help to do things or using it
retrospectively, to verify if all points are done. However, it is necessary to standardize how
teams use checklists during obstetric crises.

Poor team organization and task assignment have also been reported in a simulation study
[67] of how physicians perform during simulated obstetric emergencies, including PPH. This
shows the importance of effective communication among care providers during obstetric cri-
ses. Mistakes in communication are recognized as the root cause of many sentinel events on
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the labor unit [68]. Accordingly, periodic training to improve and maintain effective commu-
nication between providers should be encouraged [69].

Goldhaber and Howard [70] proposed four elements for implementing a crisis checklist:
* To create or customize the checklist.

¢ To familiarize providers in using the checklist effectively.

* To use checklists in clinical practice.

* To integrate into a hospital safety culture.

Improving PPH recognition and response times along with improved team communica-
tion may significantly improve patient outcomes and decrease maternal mortality. The Joint
Commission (JC) [68] has recommended team training and clinical drills for high-risk events
including maternal hemorrhage. The JC report also emphasized the importance of team train-
ing and communication skills when it reported that communication issues were the root
cause of perinatal death or permanent infant disability in 72% of cases.

A systematic review of multi-professional team simulation training with integrated acute
obstetric training interventions in a simulation setting [71] is potentially effective in the pre-
vention of errors, thus improving patient safety in acute obstetric emergencies. Studies on its
effectiveness and cost-effectiveness are needed before team training can be implemented on
a broad scale.

In addition to a protocol and checklist, it is also useful to have a PPH emergency kit. This kit
should include emergency equipment, treatment algorithms, and medications required for
the immediate management of PPH.

Another tool that helps to early recognize bleeding is the modified early obstetric warning score
(MEOWS) charts. The modified early obstetric warning score (MEOWS) has been designed to
allow early recognition of physical deterioration in women by monitoring their physiologi-
cal parameters. MEOWS is a score attributed to these parameters and documented on the
MEOWS observation chart [72]. It is believed that small changes in the combined physiological
variables measured by MEOWS may pick up deterioration earlier than an obvious change in
an individual variable. Early detection will trigger subsequent prompt intervention that will
either reverse further physiological decline or facilitate timely referral to appropriate person-
nel. The use of an early warning score is also supported by NICE in the guideline ‘“Acutely ill
patients in hospital: recognition of and response to acute illness in adults in hospital’ [73].

12. Red code

PPH is a typical obstetric emergency that can develop rapidly and unexpectedly. In case of
need, it is imperative to adopt an obstetric hemorrhage massive transfusion protocol (red
protocol) for obstetric patients with massive hemorrhage and continued bleeding. This must
be able to respond to the need to have blood products as soon as possible. In the red code
activation, several key points are identified. Grating roles and developing an action algorithm
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known for all team members (obstetricians, anesthesiologists, midwives, auxiliary staff, and
laboratory blood bank staff) is the key to success.

The use of in situ simulation before the implementation of a new health care protocol can be
useful to facilitate finding previously not valued critical points, allowing make changes before
final application. Creation of PPH training drills has allowed identifying the most common
mistakes. Some of them are:

¢ Underestimate the blood loss.

¢ Delay in recognition of the severity of the bleeding until the patients become shocked.
¢ Failure to promptly recognize concealed bleeding.

* Delay in starting adequate fluid resuscitation.

¢ Ignorance about how to access blood products rapidly.

In the case of the red code protocol, the use of simulation allowed to change the shipping and
collecting sample circuit, improving time reception of first unit of blood. The active participa-
tion of the multidisciplinary team can provide point improvement in the proposed protocols
and, subsequently, it can generate greater compliance with them.

However, maternity wards have relatively few opportunities to train by self-experience and
to evaluate and discuss how previous cases have been managed. During any emergency situ-
ation, communication and organizing the process of care are difficult tasks. It has been rec-
ognized that in many cases there is no clear leadership [74], and poor teamwork has been
recognized as a major cause of poor outcome [75].

The team training based on a simulation is effective because it allows a deeper analysis of
knowledge, attitudes, and behavior in professional teams. This simulation methodology has
shown to improve patient safety in acute obstetric emergencies [76].
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Abstract

Uterine fibroids are quite common in women of the reproductive age group and as such
commonly encountered in pregnancy. Though majority of these cases are asymptomatic,
some are prone to developing complications and may end up having adverse outcomes
in pregnancy. Management of these women with uterine fibroids presents its own chal-
lenges, especially in low-resource setting as in sub-Saharan Africa, where the condition
is rife. Adequate management of these women, be it pregnant or nonpregnant, improves
their quality of life.

Keywords: uterine fibroids, pregnancy, challenges, low-resource setting

1. Introduction

Uterine leiomyomata, otherwise called uterine fibroids or leiomyomas, are the common-
est tumors of the human body and basically affect women of reproductive age; occurring
in 40-60% of women of this group by age 35 years [1]. It appears that ovarian steroids are
responsible for the growth of uterine fibroids. Women of the reproductive age group are
those, not unexpectedly, impacted mostly by the challenges of uterine fibroids and pregnancy.
Uterine fibroids can make it difficult for a woman to get pregnant and is a known cause of
infertility. Obstetric complications of co-existing uterine fibroids in pregnancy include mis-
carriages, preterm labor, antepartum hemorrhage, malpresentation, malposition, obstructed
labor, postpartum hemorrhage, uterine inversion and puerperal sepsis [2, 3]. As a result of the
uterine fibroids there is also an increase in operative deliveries [2]. These complications can
individually, or in combination, lead to maternal mortality if not properly managed.
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Pregnancy itself has wide ranging impacts on uterine fibroids, and these include an increase
in the size of the fibroids in 20-30% of cases, torsion of the uterine fibroids if pedunculated,
infection, red degeneration, expulsion (if pedunculated and submucous) and necrosis [2, 4-6].
These generally impact negatively on the pregnant woman, leading to increased morbidity,
and sometimes hospitalization [3]. This leads to increase in medications and the possible
effects of these drugs on the pregnant woman and the developing fetus could be adverse.

A common clinical feature of uterine fibroids is menorrhagia, which could lead to anemia. If a
woman with uterine fibroids and anemia becomes pregnant, the further impact of anemia in
pregnancy could be deleterious to the woman and the unborn child. However, some uterine
fibroids do cause polycythemia because of the elaboration of erythropoietin [7].

The focus of this chapter is with respect to the challenges of uterine fibroids in pregnancy;
with the peculiar problems associated with a low-resource setting, sub-Saharan Africa to be
specific. Uterine fibroids are rife in Blacks compared to other races, and so are quite common
in sub-Saharan Africa.

2. Challenges of management

Risk factors for uterine fibroids include age, nulliparity, family history, early menarche, dia-
betes mellitus, hypertension and obesity [3, 8-10]. All these factors are quite prevalent in sub-
Saharan Africa. With the high fertility rate and population growth, the population of women
in the reproductive age group is on the increase. Improved nutrition, sophistication, educa-
tion, and pursuit of careers have inevitably led to early menarche and delayed child-bearing,
thus increasing the likelihood of developing uterine fibroids. Being a Black woman generally
means because of the hereditary factors uterine fibroids are more likely to develop. Increased
intake of western diet has also led to an increase in obesity (which increases peripheral con-
version of androgens to estrogens by fat aromatization), diabetes mellitus and hypertension,
and their attendant consequences, including an increase in the risk to developing uterine
fibroids. Some studies have refuted any association between obesity and uterine fibroids [11].

The challenges of a low-resource setting are profound, and these range from poor health-seeking
behavior, low socio-economic status, illiteracy, ignorance, dearth of health professionals
(including brain drain of health professionals), adulterated/fake medicines, litany of quacks
in the health sector and faith-based homes extending their reach to providing unskilled care,
over-bearing reach of traditional birth attendants (TBAs) and traditional medicine practitio-
ners, run-down health infrastructure with respect to public health facilities (inclusive of blood
bank services), to general fear for surgical interventions amongst the populace (especially the
illiterate and ignorant); inclusive of procedures like abdominal myomectomy and cesarean
section. In addition, there is rejection of hysterectomy by lots of patients, including the well
educated, because of the need to preserve fertility.

Because of the highlighted problems, there is a tendency of late presentation of patients with
uterine fibroids in sub-Saharan Africa. As a result the fibroids are often large at presentation,
usually above 12 weeks gestational age, and the patients having anemia for those presenting
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with menorrhagia, or having fertility issues. Quite a number of such women have presented else-
where for care, and have used all sorts of medications before presenting. A few have been given
herbal concoctions to drink or insert vaginally as pessary, with the aim of shrinking or “dissolv-
ing” the uterine fibroids [12]. Some have, as a result, developed complications like renal failure
as a result of medications they drank, or surgical complications like acquired gynatresia (vagi-
nal stenosis) as a result of corrosive herbs applied vaginally, resulting in coital difficulties and
problems at vaginal delivery when they become pregnant as a result of dystocia from soft tissue
factors [12, 13]. Some patients have had multiple traditional surgical incisions carried out on their
abdominal walls with the aim of letting out “bad blood”, and believing the fibroids will melt
away; a medieval thinking. These incisions most times are carried out with unsterilized blades
and carry an additional risk of spread of infections like viral hepatitis and HIV/AIDS, which
become secondary issues later when these women become pregnant, I have as well come across
patients who have tried urine therapy and more bizarre and unbelievable forms of therapy that
may be considered as taboos to some people. Traditional healers are still well patronized [14].

The over-bearing influence of the clergy on health matters in sub-Saharan Africa cannot be over-
emphasized. Faith-based healing homes are strewn across the communities and some clerics
are known to advise patients against seeking care in hospitals or undergo surgery, but rather
encouraged to await their miraculous healing. This is further encouraged by terrestrial and
cable television evangelical healing programs that are often aired and widely viewed, and these
days via radio stations, the print and social media. Some patients, as a result of their low socio-
economic status, are unable to seek care in hospitals. As a result they present late and are proba-
bly only able to come to the hospital after financial help is gotten from family members, friends,
neighbors, faith-based organizations and non governmental organizations when their plight
has become very obvious and their conditions dire, with the uterine fibroids having become
very large. Health insurance is in its infancy in most sub-Saharan African countries. Faith-based
organizations can be an asset to the health profession if their efforts are properly channeled [15].

Despite the late presentation, most of these women, when they finally accept surgery and
have been able to raise the money for the surgery seek to have abdominal myomectomy
despite counseling and despite the risk associated with such a surgery instead of opting for
the less risky hysterectomy because of their desire to conserve their reproductive potential
[16, 17]. Extensive abdominal myomectomy is associated with prolonged anesthesia and sur-
gery times, increased risk of hemorrhage, sepsis, thromboembolism, uterine synechia, intra-
peritoneal adhesions and intestinal obstruction [3, 18-20]. Large uterine fibroids are a known
cause of deep venous thrombosis from their pressure effect and the potential risks need to
be managed. There is a potential risk as well of uterine necrosis during extensive myomec-
tomy because of devascularization of parts of the uterus from the multiple incisions made
on the uterus, especially if they were transverse. There is also the added risk in subsequent
pregnancy of uterine rupture antenatally or intrapartum, most especially with breach of the
endometrium and entry into its cavity during myomectomy [3]. Cases of utero-cutaneous and
enterouterine fistulae, cervical stenosis with hematometra and pyometra have been reported
following abdominal myomectomy [21, 22]. Recurrence of uterine fibroids, especially where
fertility concerns still persist, has necessitated repeat myomectomies and further multiplying
the possible complications [3].
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Assisted reproductive technology availability and increased successes recorded in vitro fertil-
ization (IVF) and intracytoplasmic sperm injection (ICSI) has also emboldened these women
to insist on having uterine conserving myomectomy. These reproductive centers are more
readily accessible even though majority of the women, because of their low socio-economic
status, cannot afford the services provided.

Another surgical option now more readily accessed by women of higher socio-economic class
is laparoscopic myomectomy. But despite being properly counseled on the recommenda-
tions for use of the laparoscopic method, especially with respect to the size of the uterine
fibroids, some patients despite having huge uterine fibroids are willing to risk undergoing
laparoscopic procedures solely because of the cosmetic appeal. It must be stressed that proper
patient selection and surgeon’s expertise play fundamental roles in the successful outcome of
the laparoscopic procedure. Concerns of power morcellation of uterine fibroids during lapa-
roscopic myomectomy, as to the risk of missing the diagnosis and disseminating leiomyosar-
coma, are often secondary in low-resource sub-Saharan African setting because the procedure
is not widely used in most of the countries.

Uterine artery embolization and high intensity focused ultrasound (HIFU) treatment options
for uterine fibroids, which probably would have been popular in societies like ours where
there is reluctance to undergo major surgery and blood bank services are suboptimal, are
often not available as they require expensive equipment and specialist manpower. Reports of
successful pregnancies following these treatment options have been reported.

3. Uterine fibroids and fertility concerns

Several countries in sub-Saharan Africa have high prevalence rates of infertility. Community-
based studies in Nigeria have reported infertility rates as high as 20% and 45% [23, 24].
Infertility in Africa is often stigmatized because of the high premium placed on child-bearing
and the infertile couple (often the female partner) is abused and ostracized from the society.
A World Health Organization (WHO) study showed a much higher rate of infertility in Africa
being infection-related compared to other regions of the world [25]. These infections are often
sexually transmitted, post-abortal and puerperal infections.

Uterine fibroids are commonly diagnosed in women being investigated for infertility in sub-
Saharan Africa [26]. It is said that the relationship between uterine fibroids and infertility is
either casual or causal, as it is often difficult to ascertain the independent contribution of fibroids
to infertility, since uterine fibroids are also found commonly in fertile and pregnant women
[26]. Uterine fibroids tend to cause infertility by distortion and elongation of the uterine cavity
and impaired uterine contractility leading to difficult sperm ascent, congestion of the endome-
trium leading to defective implantation, cornual occlusion and stretching of the Fallopian tube
over a large uterine fibroid [3, 26]. Because of likely co-morbid manifestation of uterine fibroids
and pelvic inflammatory disease (PID), which is not unusual in sub-Saharan Africa, infertil-
ity may result from extensive peritubal adhesions and interference with ovulation and ovum
pick-up. Submucous uterine fibroids are those that are likely to lead to infertility.
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4. Uterine fibroids and pregnancy

Women with uterine fibroids in pregnancy generally have concerns, with fear of adverse
outcome. However, these women generally have uneventful outcomes in pregnancy. Several
studies have reported inconsistent relationships between uterine fibroids and adverse obstet-
ric outcomes [2].

Uterine fibroids, especially multiple, intramural or submucous, are associated with increased
risk of early pregnancy loss when compared with control subjects (14% vs. 7.6%) [27, 28].
Spontaneous miscarriage is more likely to occur in women with fibroids located in the corpus
(body) than in the lower uterine segment [29]. Suggested events that lead to increased preg-
nancy loss when there is co-existing uterine fibroid include increase in uterine irritability and
contractility, the compressive effect of fibroids, and the compromise of blood supply to the
developing placenta and fetus [30].

The risk of threatened miscarriage, as reflected by painless vaginal bleeding early in preg-
nancy, is also increased when uterine fibroids are associated with pregnancy. The likelihood
of this happening is dependent on the location of the uterine fibroids, and is more when the
placenta implants close to a fibroid nodule [31].

For those women that end up having a miscarriage there is an added burden on the care
giver when the end result is an incomplete or a missed miscarriage, especially when there is
a huge cervical or lower uterine segment fibroid nodule which may obstruct access into the
uterine cavity to carry out an evacuation of the uterus. The use of flexible plastic cannulae has
in some ways overcome this hurdle; but some patients do end up having a hysterotomy for
uterine evacuation [32]. When uterine evacuation in mid trimester pregnancy loss fails there
is the potential for retained fetal bone as a result of distorted uterine anatomy caused by the
fibroids. A septic miscarriage carries the potential risk of a pyomyomata formation [33].

Incarceration of a gravid uterus co-existing with uterine fibroids in the mid trimester can
occur in the pelvis and happens if the uterus is trapped by the sacral promontory, usually if
retroverted or as a result of the fibroid nodule [34]. The symptoms are usually vague but often
reflect discomfort within the pelvis.

Studies have shown that in late pregnancy women with uterine fibroids tend to have a higher
risk of preterm labor and preterm delivery when compared with women without uterine
fibroids (16.1% vs. 8.7% and 16% vs. 10.8% respectively) [35]. It should be noted that uter-
ine fibroids do not appear to increase the risk of preterm premature rupture of membranes,
though some studies have contrary results [36].

Preterm labor and preterm delivery risks tend to increase the use of antenatal corticosteroids
for fetal lung maturity, and use of tocolytic medications for suppression of preterm labor.
Where facilities are available procedures like amniocentesis for fetal lung maturity testing
may need to be carried out prior to delivery of the baby if pregnancy is less than 34 weeks. The
problems of prematurity for the baby and need for neonatal intensive care unit hospitaliza-
tion brings its added strain on resources in resource-challenged settings.
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Placental abnormalities may also arise in pregnancy when uterine fibroids co-exist. Studies
have suggested a 3—fold increase in cases of abruption placentae in pregnant women with
uterine fibroids, especially if the fibroid nodules are submucous, retroplacental or have a
volume greater than 200 cm? [29, 35]. There is a 2-fold increase in the risk of having placenta
praevia in pregnant women with uterine fibroids [35, 37]. The added risk of morbid adher-
ence of the placenta should be borne in mind in these patients with placenta praevia, espe-
cially if they have had a previous cesarean section or previous myomectomy, which are
independent risk factors for placenta praevia. The presence of placenta praevia increases
the possibility of surgical intervention, and this further impacts on the lean resources in
low-resource settings.

Uterine fibroids in pregnancy do not appear to restrict fetal growth; however large fibroids
as a result of compression could lead to fetal deformities like dolichocephaly, torticollis and
limb reduction defects [2, 38-40].

5. Labor, delivery and puerperium

Fetal malpresentations and malpositions tend to make labor and delivery more difficult and
increase the risk of complications for the mother and the baby, with increased risk of oper-
ative interventions (cesarean section). Large fibroids, multiple fibroids and fibroids in the
lower uterine segment are independent risk factors for malpresentation [29, 37, 41].

Labor dystocia is increased 2-fold in pregnant women with uterine fibroids [35, 42]. On some
occasions large fibroids in the lower uterine segment or subserous and pedunculated get
impacted in the pelvis and have been mistaken for the fetal head during labor, and may lead
to unfavorable fetal outcome in the hands of the inexperienced accoucheur/midwife [32].

Complications of the third stage of labor and puerperal complications tend to be more in
women with uterine fibroids. Retained placenta occurs more commonly in women with
uterine fibroids [29, 35]. Because of the interference with myometrial contractility, women
with uterine fibroids during labor tend to have dysfunctional labors, and as a result are
more likely to have oxytocic use to co-ordinate the uterine contractions to ensure the labor
progresses in the right manner. This effect on myometrial contractility repeats itself after
the baby and placenta are delivered leading to uterine atony, which results in post partum
hemorrhage [35]. As a result interventional means like oxytocics use, manual removal of
the placenta, procedures for combating post partum hemorrhage (inclusive of puerperal
hysterectomy) and antibiotics use peripartum tend to be higher in parturients with uterine
fibroids [32, 35].

Post myomectomy (abdominal and laparoscopic) women in labor present peculiar problems
as well, most especially the possibility of intrapartum uterine rupture [43]. This risk of uterine
rupture is much less when the uterine cavity is not breached during myomectomy. They also
run the risk of having morbid placental adherence [44].
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6. Drug exposure in pregnant women with uterine fibroids

The management of pregnant women with uterine fibroids antenatally is usually not different
from those without uterine fibroids. However when complications arise they are managed
accordingly. A common complaint they have is fibroid pain as a result of red degeneration,
and this is usually managed conservatively by bed rest, hydration and analgesic use. Non
steroidal anti-inflammatory drugs (prostaglandin synthetase inhibitors) should be used
with caution, especially in the third trimester because of the potential for fetal and neonatal
adverse effects, including premature closure of fetal ductus arteriosus, pulmonary hyperten-
sion, necrotizing enterocolitis, intracranial hemorrhage and oligohydramnios [45]. Additional
pain management, especially opioid use, and on few occasions epidural analgesia and surgi-
cal management antenatally (myomectomy), may be employed when pain is intense [46, 47].

The use of antenatal corticosteroids and tocolytics for management of preterm labor in preg-
nant women with uterine fibroids was earlier highlighted in this chapter.

7. Surgery in pregnant women with uterine fibroids

The commonest surgery carried out in pregnant women with uterine fibroids is cesarean
section. This is often indicated if the fibroid is large and located in the lower uterine segment
where it is likely to cause malpresentation of the fetus or cause obstructed labor. It is gener-
ally advised that myomectomy should be avoided as much as possible during cesarean sec-
tion because of the substantiated risk of significant hemorrhage. However, reports abound
of successful myomectomies during cesarean section [48-50]. Myomectomies antenatally by
laparotomic or laparoscopic approach prior to fetal viability, most especially in the second
trimester of pregnancy, have been rarely carried out as a result of intractable pain from a
degenerating fibroid; especially if subserosal and pedunculated, large or rapidly growing,
or large fibroid (>5 cm) located in the lower uterine segment [2, 47, 51]. Women having myo-
mectomy antenatally are more likely to be delivered by cesarean section due to increased risk
of intrapartum uterine rupture, though some have successfully delivered vaginally [51-54].
There is an additional risk of infections, which may lead to intramural uterine abscess for-
mation (a rare clinical entity), as well as the loss of the pregnancy prior to fetal viability or
preterm labor [55].

Furthermore, incidental myomectomies have been carried out during surgery for ectopic ges-
tation, be it unruptured or ruptured ectopic gestation [56]. The probity of carrying out such
incidental surgeries has been questioned [57].

An unusual presentation of fibroids is disseminated leiomyomatosis peritonei, and this has
occasionally necessitated surgical intervention antenatally as a result of pain [58]. Making a
diagnosis has often been a conundrum, often only suspected at surgery and confirmed fol-
lowing histopathologic analysis of a biopsy specimen. It is occasionally encountered inciden-
tally during cesarean section for unrelated obstetric indications.
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Other surgeries related to uterine fibroids and pregnancies are uterine artery embolization,
uterine artery ligation and hysterectomy during cesarean section or puerperally as a result of
post partum hemorrhage. Bilateral uterine artery embolization has been performed by inter-
ventional radiologists to control post partum hemorrhage, and if performed immediately after
cesarean section in women with uterine fibroids may decrease post partum blood loss and
reduce the risk of a later myomectomy or hysterectomy by shrinking the fibroids. Bilateral
uterine artery ligation at cesarean section achieves similar results [59]. Successful pregnancy
outcome after uterine artery embolization for uterine fibroids has been reported [60].

8. Conclusion

Uterine fibroids are generally asymptomatic even when co-existing with pregnancy. Most
pregnant women with uterine fibroids have uneventful outcomes.

The fears of these women with uterine fibroids in pregnancy are founded when looking at the
well-substantiated risks. There is the need for training of healthcare professionals (especially
in resource—challenged settings) and providing standard health infrastructure/equipment to
properly manage uterine fibroids in pregnant and non pregnant women. These would gener-
ally improve their health and quality of life, and minimize the various health risks to which
they are exposed.
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Abstract

Pelvic floor muscle can be weakened by pregnancy and birth trauma and this contributes
to sagging of pelvic floor, and may lead to pelvic floor disorder (PFD). There are various
forms of pelvic floor support available in modern medicine, each has its own therapeutic
logic behind its use. The noninvasive mechanical device bowel aid provides conservative
support to supplement current obstetric management to improve outcome of manage-
ment of pregnancy related problem like hemorrhoid and anal fissure. With optimization
of the conservative pelvic floor support during pregnancy, it is very promising to prevent
PFD in later life of the women.

Keywords: pelvic floor, pelvic floor support, pelvic floor disorder, perineal support,
pregnancy

1. Introduction

This chapter aims to review the role of the pelvic floor in the promotion of optimal urinary,
reproductive, and defecatory function and examine various types of pelvic floor support
available and used in medical practice. The healthy pelvic floor support is greatly affected
by pregnancy and delivery. The healing of birth trauma is compromised by defecation,
predisposing women to complications of organ prolapse, urinary incontinence, obstructive
constipation, and sexual dysfunction due to stretch weakness of the supporting muscular
and connective tissue structures. The importance of natural healthy pelvic floor support for
normal functioning of urinary, reproductive, and intestinal systems is beyond doubt. The
weakened and sagged pelvic floor will lead to pelvic floor disorder (PFD). PFD has wide
spectrum of manifestations which include urinary and anal incontinence [1], pelvic organ
prolapse (POP) [2], obstructed defecation, frequent UTI, constipation, sexual dysfunction,
chronic pain syndromes, and associated problems like hemorrhoid [3-5]. PFD symptoms
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are strongly associated with female gender [6]. It was estimated that one in every three
women who delivered a baby experienced PFD and 50% over 50 years old will suffer POP
[7]. A total of 46.2% of women would have some major PFD in their life [6]. Based on the
logic, there are various type of artificial supports used in management of wide range of
medical problems associated with pelvic floor muscle weakness. These artificial supports
are not limited to reconstructive surgery of pelvic floor. Perineal support during vaginal
delivery is a good example of pelvic floor support with therapeutic role. Evidences also
show certain manual support and mechanical support on pelvic floor that have significant
therapeutic role deserve more attention in medical world.

2. Pelvis, pelvic floor, pelvic floor support, and pelvic floor related
disorder

2.1. Anatomy of pelvis

Pelvis is the lowest part of human trunk, below the abdomen. Pelvic bone is formed by a pair
of hip bone and a sacrum. Each hip bone consists of three sections, ilium, ischium, and pubis.
Anteriorly, the two hip bones are joined at pubic symphysis. Posteriorly, they are joined to
sacral bone by sacroiliac joints. The cavity bounded by these bones is called pelvic cavity.
Superiorly, the cavity opens to abdominal cavity. The combined cavity is referred to as abdom-
inopelvic cavity. Pelvic organs refer to the bladder, prostate, and bowel in men (Figure 1),
and bladder, bowel, and uterus in women (Figure 2). Because pelvic cavity is open to and
below abdominal cavity, part of small intestine, which is an intra-abdominal organ, is also

Rectum

Bladder \

,
%,

_~ Sacrum

Prostate
S ~ Coccyx
Pubic bone——.,
Urathra — 7 ™~ pebvic floor

Urogenital diaphragm

Figure 1. Pelvic anatomy in man (in standing position).
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_~ Sacrum

— Coceyx

" Pelvic floor

Urogénital diaphragm

Vagina
Figure 2. Pelvic anatomy in women (in standing position).

found in pelvic cavity. Inferiorly, pelvic cavity is closed with a diaphragm which is also called
pelvic floor. In reality, it forms the floor of the big abdominopelvic cavity.

2.2. Anatomy of pelvic floor

Pelvic floor is also commonly referred as “hammock” which stretches from the front to the
back. Superior to pelvic floor is pelvic cavity and inferior to it is perineum. Anterior part of the
pelvic floor is naturally reinforced with support by perineal membrane and muscles in perineal
pouch. The perineal membrane is a thick, triangular fascial sheet that fills the space between the
arms of the pubic arch, and has a free posterior border. The posterior part of pelvic floor does
not have the similar additional reinforcement.

Pelvic floor is a broad sling of muscles that stretch from pubic bone at the front of the body, to
the base of spine at the back. These muscles support the pelvic organs and span the bottom of
the pelvis. It is the lowest boundary of abdominopelvic cavity. Its largest component is formed
by levator ani muscles: two levator ani muscles which attach peripherally to the pelvic walls and
join each other at the midline by connective tissue raphe to form a funnel shape with diaphragm.
Posterior aspect of the diaphragm is completed by coccygeus muscles. Anteriorly, there is a “U”
shaped hiatus in the diaphragm named as levator hiatus. Through the hiatus, urinary, repro-
ductive, and bowel system open exteriorly. This is the largest hiatus in human body and at the
floor of the biggest cavity of human body. In healthy individual, the brim of hiatus is reinforced
with thicker puborectalis which is a common sphincter muscle for three systems. With the grip
of sphincter, the larger parts (bladder, uterus, and rectum) are well supported in their respec-
tive healthy position. Through this hiatus, baby is delivered and through the same hiatus sexual
intercourse, urination, defecation, and all the pelvic organs prolapse take place (Figure 3).
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Figure 3. Pelvic floor inferior view: right showing pelvic floor (levator ani) and left showing urogenital diaphragm and
part of pelvic floor.

2.3. Role of pelvic floor

A healthy pelvic floor support is essential for normal functioning of urinary and reproduc-
tive system as well as normal defecation function. When the support is weakened, the three
systems will malfunction and give rise to wide range of problems of PFD, such as descending
perineum syndrome, urinary incontinence, pelvic organs prolapse, constipation, etc.

The female pelvic floor serves multiple functions: pleasure and sexuality, parturition, urina-
tion and urinary continence, defecation and fecal continence, and keeping the pelvic organs
in position.

The functions of pelvic floor:

* Provide direct support to pelvic organs and indirect support to intra-abdominal contents.
¢ Continence function of urinary system.

* Sexual performance during sexual intercourse.

e Process of defecation and continence function of anus.
2.4. Nerve supply to pelvic floor

Pudendal nerve is the main nerve supply. It carries sensation from the perineum as well as
motor supply for the pelvic floor muscle. Pudendal nerve derives from nerve root S2—4 which
forms two cords before uniting to form the pudendal nerve. It crosses over the lateral part of
the sacrospinous ligament and reenters the pelvis running on lateral pelvic wall contained
in sheath of obturator fascia called pudendal canal. In the canal, it divides into inferior rectal
nerve and perineal nerve before comes out from the canal to continue with their separate
routes. Inferior rectal nerve supplies lower segment of rectum, anal canal, anal sphincter, and
sensory to adjacent skin. Perineal nerve supplies the genitalia of both male and female. Injury
of the nerves would lead to sensory and motor dysfunction of the affected area. When pelvic
floor sagged, pudendal nerve tends to be stretched because the part traveling horizontally
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in the canal has very restricted mobility. Depending on the nature and severity of the nerve
injury, the symptoms may include perineal pain to anal incontinence.

2.5. Comparison between male and female pelvis

Male and female pelvis differs in the following aspects (Table 1).

2.6. Pelvic floor support at different physiological circumstances

Pelvic floor support exposed to different severity of loading and challenges under different
circumstances.

2.6.1. During defecation

Pelvic floor descends during defecation even in healthy individual [8]. Pelvic floor muscle
relaxes which is part of normal reflex of defecation. With relaxation of puborectalis and
descend of pelvic floor, anorectal angle opens and creates a natural smooth passage for feces
to be easily pushed down by peristalsis and causes increase in intra-abdominal pressure by
straining. Feces in rectum is guided by smooth curvature of sacrococcyx bone, beyond which
the load is on anococcygeal part of pelvic floor. The load would be more in squatting posi-
tion, because of additional load contributed by the mechanism of squatting explained above
(Figure 4). Collectively, this challenges the pelvic floor support specifically on the posterior
aspect and contributes to obstructed defecation [9].

2.6.2. During standing positions

Lumbar verterbra in lordosis during standing position because of this, pelvic floor is not
directly under the load of abdominal contents (Figure 5)

Male Female
Pelvis Smaller Bigger (typically gynecoid pelvis)
Prostate Present (prevent over push Absent (most of the anterior anal fissure

of feces during defecation) sufferer are women)

Vaginal (the only parous opening: remain  Absent Present (important reason for pelvic
opened) (urethra and anus are only organs prolapse. Various organs prolapse
potential opening: normally remain closed) into vaginal canal:

i. Cystocele: bladder

ii. Urethrocele: urethra

iii. Uterus prolapse: uterus
iv. Rectocele: rectum

v. Enterocele: small intestine)

Risk of birth trauma No Yes (exposed to more medical problem in
pelvic area not limited to pelvic floor and
anorectal disorders)

Table 1. Comparison between male and female pelvis.
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Contracted Relax

Pelvic floor
(Puborectalis)
In sagittal plane

Pelvic floor
(Levator ani)
In coronal plane

Elevated pelvic floor Descend pelvic floor
Anal mucosa hidden Anal mucosa downward migration

Figure 4. Condition of pelvic floor, anorectal angle, and anal mucosa in sagittal and coronal plane during contraction
and relaxation.

7 <:{—___

(€

Figure 5. Condition of pelvic floor during standing, sitting, and squatting.

2.6.3. During sitting position

Forward flexion of spine in sitting position brings the pelvic floor directly under whole con-
tent of abdominopelvic cavity. This is the rational why one should not have habit sitting too
long on toilet seat (e.g., reading in toilet) and most in squatting position (Figure 5).
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2.6.4. During squatting position

In squatting position, abdominal cavity with the spine further flexed forward plus abdominal
wall is compressed by two thighs. This increases intra-abdominal pressure forcing the con-
tents downward. The pressure on rectal wall would help in process of bowel emptying but
the force on pelvic floor would progressively sag pelvic floor and predispose to pelvic organs
prolapse in later part of life (Figure 5).

2.6.5. Changes in perineum from standing to sitting and squatting position

In standing position, anus is hidden deep in intergluteal cleft, in between two thighs. As we
flex the thighs to sit and to squat, anus is tugged anteriorly by continuality of skin with that of
the two thighs. The gluteal maximus muscles or buttock displaced laterally to allow us to sit
with ischial tuberosities directly under the skin and fat. As a result of these, the perianal skin
is stretched anteriorly and laterally. Since skin is clearly tougher than the anal mucosa, the
stretches pull and expose anal mucosa and cause downward migration of even normal hem-
orrhoidal bed. The exposure of hemorrhoidal bed predisposes for pathological hemorrhoid
formation if there is chronic straining during defecation. This also contributes to the rationale
of increase of hemorrhoid among those with weak and sagged pelvic floor.

2.6.6. During pregnancy

As a result of progesterone hormone, pelvic floor relaxes as part of nature preparation
to enable vaginal delivery. With increase in intra-abdominal content and pressure, the
relaxed pelvic floor sags. Sagged pelvic floor bends terminal rectal passage and contributes
to obstructive defecation. Pregnancy increases incidence of constipation, urinary inconti-
nence, perineum pain, hemorrhoid, and also anal fissure similar to that of pelvic floor dis-
orders: pregnancy with relaxed and sagged pelvic floor, PFD with weakened and sagged
pelvic floor [10, 11].

Progesterone also relaxes smooth muscle in the wall of blood vessel to increase intravascular
capacity to accommodate 40-50% increase in blood volume. Due to the same, hemorrhoidal
veins also engorge.

Progesterone is widely associated as a cause of constipation. It may or may not be due to its
direct effect, but sagged pelvic floor due to progesterone also contributes to increased inci-
dence of constipation among pregnant women. Collectively, these clearly explained increased
incidence of constipation and hemorrhoid during pregnancy.

2.6.7. During straining in weight lifting and defecation

The main difference between straining during weight lifting and defecation is pelvic floor.
Pelvic floor is relaxed and descended as part of normal physiology of reflex defecation.
Straining during defecation, abdominal wall and diaphragm contracts increase intra-abdomi-
nal pressure with relaxed and descended pelvic floor and expose hemorrhoidal bed (Table 2).
This plays an important role in pathogenesis of hemorrhoid.
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Straining during weight lifting Straining during defecation
Diaphragm Contract Contract
Abdominal wall Contract Contract
Pelvic floor Contract Relax

Table 2. Pelvic floor changes during weight lifting and defecation.

During weight lifting, pelvic floor muscle contracts together with diaphragm and abdominal
wall. Without anal mucosa migration, hemorrhoidal bed is compressed in anal canal, strain-
ing would not allow engorgement of hemorrhoidal vein except in those with preexisting third
to fourth degree of hemorrhoid or weight lifting in extreme squatting position.

2.7. Factors contributing to weakening of pelvic floor support

i. Gender

ii. Aging

iii. Pregnancy

iv. Birth trauma

v. Obesity

vi. Constipation

vii. Chronic cough

viii. Position of defecation

ix. Lack of sexual activity

2.7.1. Gender

Women suffer from pelvic floor related disorders much higher than men. The main reason is
because of vaginal delivery. Even without delivery, women have a bigger hiatus with vaginal
passage on their pelvic floor. Severe constipation and urinary incontinence are more common
in elderly women, with rates of constipation two to three times higher than that of their male
counterparts [12-15].

2.7.2. Aging

With muscle dystrophy due to aging and accumulative effect from chronic constipation, the pelvic
floor support weaken and this may lead to increase in incidence of pelvic floor related disorders.

A population-based study reported that the cumulative incidence of chronic constipation
(CC) is higher in the elderly compared to a younger population [12].
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The proportion of women with one or more pelvic floor disorder dramatically increased from
6.3% (95% CI 5.0, 7.8) in women aged 20-29 to 31.6% (95% CI 28.3, 35.1) for women 50-59
years to 52.7% (95% CI 48.1, 57.2) for women aged 80 years and more [16].

2.7.3. Pregnancy

Pregnancy alone without birth trauma is an independent factor contributing to weaken pelvic
floor [17]. Prevalence of urinary incontinence (UI) in women with vagina delivery increases
by 100% (21% of vaginal delivery, compared to nulliparous, 10.1%) [18]. The same study also
revealed that prevalence of Ul among those who had caesarian section increases by 50% (15.9%
of caesarian section, compared to nulliparous, 10.1%) This clearly implies half of the weakening
of pelvic floor is not due to birth trauma but due to physiological changes in pregnancy which
remain as residual damage and contribute to PFD as delayed complications. Physiological weak-
ened pelvic floor with permanent damage manifests practically the same symptoms as found in
PFD, such as constipation, Ul haemorrhoid, anal fissure, and perineal pain.

2.7.4. Birth trauma

Pelvic floor is traumatized due to overstretching by newborn with or without episiotomy
wound. Objective evaluations of pelvic floor muscle strength revealed a significant decrease
after vaginal delivery compared to nulliparous patients [19]. Risk of urinary incontinence sig-
nificantly increases among those experiencing vaginal delivery [18]. First delivery is the most
significant and its prevalence increases with parity [20]. It is undeniable fact that birth trauma
is an important factor for pelvic floor damage. But if it is compared to bigger trauma to other
part of body (e.g., extensive laparotomy wound), birth trauma alone is not sufficient to give
rational explanation for the pathogenesis of chronic pelvic floor disorders and the reason why
pelvic floor which is very rich in neurovascular supply is not having satisfactory recovery
after birth trauma which is years apart.

2.7.5. Obesity

Overweight and obesity were the most common disorders affecting urogynecological patients
(72.6% overall). In a Chinese population-based, cross-sectional study conducted by Zhu et al.
[21] on a group of 5300 randomly selected female residents, obesity described by BMl is a strong
risk factor for all types of urinary incontinence in women. The associations of BMI and waist cir-
cumference with urinary incontinence were also evaluated in the Nurses” Health Study. Waist
circumference was associated with stress Ul suggesting that overweight and obesity results
in higher risk of that pathology. Increased body weight is also a predictor of severity of future
symptoms. Comparing women with BMI of 35 kg/m? or higher with lean women (BMI 21-22.9
kg/m?), the odds ratio (OR) for at least monthly incontinence was 2.11 (95% CI 1.84-2.42) [22].

2.7.6. Constipation

Pelvic floor muscle relaxes and descends during defecation; with straining, it descents fur-
ther. Perineal descent was first described by Parks in 1966 [23]. Chronic repetitive straining for
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constipation would accumulatively lead to descending perineum syndrome and pelvic organs
prolapse [23]. Further descent would result in stretching of pudendal nerve and lead to incon-
tinence. CT defecography showed pelvic floor not only descends but also the levator hiatus
opens during defecation [24]. Great majority of constipation is obstructive in nature secondary
to weakness in pelvic floor support, especially the posterior aspect and patients with pelvic
floor disorders usually present with constipation [3, 9, 25]. Collectively, these evidences clearly
show straining during defecation or constipation and damage of pelvic floor support forming
a vicious cycle and leading to various pelvic floor and constipation related disorders (Figure 6).

2.7.7. Chronic cough

Cough causes impulsive, sudden increase in intra-abdominal pressure and challenges the con-
tinence function of pelvic floor muscle and results in stress urinary incontinence. Chronic cough
accumulatively weakens pelvic floor support and leads to more PFD not limited to UI [26, 27].

2.7.8. Position of defecation

Refer to Section 2.6.1.

2.7.9. Lack of sexual activity

Sexual activity is an exercise for pelvic floor muscle just like Kegel’s exercise for pelvic floor
muscle. Refer Section 2.8.4.

2.8. Medical problems associated with weakened pelvic floor support

i. PFD—anterior, middle, and posterior
ii. Descending perineal syndrome

iii. Constipation and constipation related anorectal disorders (e.g., hemorrhoid and anal
fissure)

Constipation/ :
Cutlet obstmiction straining

Perineal descent

Pudendal nerve
stretchad

Incontinence

Figure 6. Constipation leading to descending perineum syndrome and incontinence.
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iv. Sexual dysfunction
v. Urinary incontinence
vi. Pudendal nerve stretching
vii. Pelvic organ prolapse
viii. Fecal incontinence

Academically, they are considered different from one another, but actually they are just
different descriptions of the partially or fully the same problem from various different
prospective.

2.8.1. PFD

Theoretically, pelvic floor is also divided into three compartments:
* Anterior compartment (bladder and urethra)

* Middle compartment (vagina and uterus)

¢ Posterior compartment (anus and rectum)

Since pelvic floor support is essentially for normal functioning of all the three compartments,
weakness of the pelvic floor would lead to malfunction and manifest with symptoms from
urinary system, reproductive, and also anorectal system [28].

Manifestations or symptoms of PFD:

¢ Constipation and related problems

¢ Urinary incontinence

* Recurrent urinary tract infection

¢ Perineal pain

¢ Pelvic organ prolapse

¢ Fecal incontinence

* Sexual dysfunction

Patient may present with symptom of one compartment but study show 95% of PFD patients

had abnormalities in all three compartments [28].

2.8.2. Descending perineum syndrome

Descending perineum syndrome (also known as levator plate sagging) refers to a condition
where the perineum "balloons" several centimeters below the bony outlet of pelvis dur-
ing strain, although this descent may happen without straining. The syndrome was first
described in 1966 by Parks et al. [23]. Study shows descend of pelvic floor by merely 1.5 cm
would increase frequency of all the functional troubles related to the perineum including
constipation [29].
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2.8.3. Constipation and related problems

Urinary incontinence (UI) is undoubtedly the most popular presentation of PFD but consti-
pation is actually the earliest and the commonest manifestation of PFD. Constipation is the
manifestation of posterior compartment in pelvic floor disorders. Even though posterior pel-
vic floor is complete compared to anterior part with levator hiatus, posterior pelvic floor does
not have secondary support like urogenital diaphragm which provides additional support to
pelvic floor muscle.

During defecation, feces guided by sacrococcyx bone beyond which it pushed down pelvic
floor and bend terminal passage of defecation contribute to obstructive defecation. Outlet
obstruction, secondary to pelvic floor dysfunction, accounts for 50% or more cases of con-
stipation in adults [25]. This explains why constipation is commonest manifestation of PFD
[3]. In another study in 786 women with urinary symptoms and/or genital prolapse, bowel
dysfunction correlates exclusively with posterior aspects of the pelvic floor support [9].

Anal fissure may be the associated problem. Anal mucosa tears occur when the anal mucosa

is overstretched by hard stool or even forceful diarrhea [30].

2.8.4. Sexual dysfunction

A strong pelvic floor is associated with higher rates of sexual activity as well as higher sexual
function scores [31]. In sexually active women, poorer sexual functioning was associated with
more symptom distress and with pelvic floor surgery [32].

2.8.5. Urinary incontinence

Urinary incontinence (UI) is involuntary leakage of urine. It is the manifestation of anterior
compartment in PFD. Worldwide over 200 million people have an incontinence problem,
which is encountered often in healthy persons, especially in women. Its prevalence is between
15 and 50% [33-35].

Theoretically, UI are divided into three types:

1. Stress Ul

2. Urge Ul or overactive bladder

3. Mixed type

Practically, they may not be clearly differentiated. Stress Ul constitutes most of the UL Stress
urinary incontinence refers to situation of leakage when there is extra pressure on bladder

on coughing or sneezing. It occurs due to weakness of pelvic floor support at the bladder
neck area.

Urge Ul or overactive bladder, as the name indicates, is due to overactivity of the urinary
bladder. Practically, it can be quite difficult to put blame on the weak sphincteric action as in
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stress Ul or overactive bladder or in urge UL One thing that is clear is with healthier strong
pelvic floor muscle it helps to reduce the incidence of mixed UI [36].

2.8.6. Recurrent urinary tract infection (UTI)

Like PFD, risk of recurrent UTI is associated with women, age, and constipation. With
weakened pelvic floor support, residual urine occurs. Constipation is also another prob-
lem associated with PFD. Constipation increases chances of Escherichia coli contamination
of the urinary system and logically contributes to increase incidence of UTI in those with
PFED [37].

2.8.7. Pudendal nerve stretching, perineal pain

Interstitial cystitis (IC) or bladder pain syndrome (BPS) is a chronic bladder health issue. It is
referred to as a feeling of pain and pressure in the bladder area or pelvic area. Along with this
pain are lower urinary tract symptoms which have lasted for more than 6 weeks, without hav-
ing an infection or other clear causes [38]. The exact cause is still considered unclear in medi-
cal world but obviously pudendal nerve would be stretched as PFD or perineum descend
leading to pain and incontinence depending on the severity [23].

2.8.8. Pelvic organ prolapse

In PFD, the pelvic floor not only descends, the sphincteric grip of puborectalis (thicken muscle
which forms the brim of levator hiatus) also relaxes and results in descend from their original
position and prolapse of the pelvic organs through the common levator hiatus and to exterior
usually to vagina orifice.

These organs are the uterus, vagina, bowel, and bladder.
Symptoms may include:

* a sensation of a bulge or something coming down or out of the vagina, which sometimes
needs to be pushed back,

¢ discomfort during sex,

* problems passing urine—such as slow stream, a feeling of not emptying the bladder ful-
ly, needing to urinate more often, and leaking a small amount of urine when you cough,
sneeze, or exercise (stress incontinence).

2.8.9. Fecal incontinence

Fecal incontinence could happen due to traumatized anal sphincter as in third degree peri-
neal tear or due to damage of its nerve supply as in descending perineal syndrome. There
is a 20-40% association between pelvic floor prolapse and fecal incontinence [4, 39, 40].
With weakened pelvic floor, descended anococcygeal part of pelvic floor constitutes to con-
stipation in PFD. The constipation may in turn contribute to fecal overflow incontinence,
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which is a very common type of fecal incontinence. When pelvic floor descends further, it
may cause stretching and damage nervous supply of the anal sphincter and lead to anal
incontinence [23].

2.9. Measurement of pelvic floor strength

Pelvic floor strength can be measured subjectively and objectively using different approaches.

2.9.1. Manual muscle testing

It is a subjective measurement [41]. Laycock developed the Modified Oxford Grading System
to evaluate the strength of the pelvic floor muscles by using vaginal palpation [42]. It con-
sists of a six-point scale: 0=no contraction, 1= flicker, 2 =weak, 3=moderate, 4=good (with
lift), and 5 =strong. This measurement scale is widely used by physiotherapists since it can
be used with vaginal palpation in the clinical evaluation. For its correct use, manual skill
of the physiotherapist is considered essential. All assessments should be carried out by the
same physiotherapist. It is an easy method to use and does not require expensive equipment
[43]. Inter-rater reliability for vaginal palpation was high (x = 0.33, 95% confidence interval
0.09-0.57) [44].

2.9.2. Perineometer

Perineometer or vaginal manaometer is an objective measurement of pelvic floor strength. It
is a pressure device inserted into vagina and connected to a pressure manometer [45].

2.9.3. Anal manometry

Similar to vaginal manometry or perineometer, manometry is performed to quantify muscle
tone and contractility of pelvic muscles using a pressure sensor inserted through the anal
sphincter [46].

2.9.4. Electromyography (EMG)

Electromyography is performed using an internal vaginal or rectal sensor and surface patch
electrodes to evaluate accessory muscle activity. Two EMG surface electrodes are placed on
the rectus abdominal muscle, two fingerbreadths apart and medial to the anterior superior
iliac spine (ASIS), and one ground electrode is placed on the hipbone. With the internal sen-
sor inserted, the patient is asked to repetitively contract and relax the pelvic floor muscles.
Measurements are recorded and analyzed in four phases: (1) initial baseline phase: 60-second
evaluation with the patient at rest to determine the initial resting baseline EMG; (2) rapid
contraction phase: recording of electrical activity while performing five phasic rapid contrac-
tions; (3) fonic contraction and endurance phase: recording of electrical activity of pelvic floor
and abdominal wall muscles following a total of five contractions of 10 seconds each, with a
resting interval time of 10 seconds; (4) late baseline phase: 60-second evaluation with the patient
at rest to determine the final resting baseline EMG activity [46].
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These tests include anal (or vaginal) manometry and electromyography (EMG). Manometry
is performed to quantify muscle tone and contractility of pelvic muscles using a pressure sen-
sor inserted through the anal sphincter. On verbal command, the patient is asked to volun-
tarily contract and relax the anal sphincter muscles. The series of contractions and relaxations
are repeated and the results are recorded over a specific time interval. Baseline manometric
results can identify altered pelvic muscle function and categorize the pelvic floor syndrome
into two broad categories: hypotonic and hypertonic.

2.10. Current management options for pelvic floor disorders and the associated medical
problems

Depending on severity and the compartment of pelvic floor involved. PFD manifests with
various symptoms and this may fall under the care of different specialists: urologist, gyne-
cologist or coloproctologist.

2.10.1. Conservative approach

Conservative options for pelvic floor disorders are practically the same, they are as follows:

1. Increase water and fiber intake to ease defecation.
2. Regular bowel habit.

3. Pelvic floor exercise—pelvic floor exercises are recommended for problems from urology,
sexual, gynecology, and also anorectal disorder for both genders.

4. Weight reduction.

Conservative approaches are generally targeted at their common etiological factors which are
to strengthen pelvic floor and to ease defecation. Even though the concepts behind the conser-
vative approaches are very logical, there is still lots of room to be explored before go to the next
level of management. Beyond common conservative options, treatment for PFD is mainly to
target at the manifestation. Medication has very limited role except for symptom relieving and
management of associated problem like urinary tract infection. Antibiotic for UTI would elimi-
nate the bacteria causing the infection but residual urine due to sagged bladder would pre-
dispose to similar infection again. Constipation associated with PFD is obstructive in nature
mainly due to sagging of posterior part of pelvic floor. Laxative just improves the peristalsis
in reflex of defecation but the rectal passage remains bent. Hemorrhoid may not be typically
pelvic floor disorders but it is strongly associated with PFD. Medication for haemorrhoid nor-
mally targets on the pathological site to help in tissue recovery and relieve symptoms, how-
ever if the reason for frequent straining uncorrected, the recurrence would be eminent.

2.10.2. Surgical approach

The individual problems of the three pelvic organs are actually just part of the manifesta-
tion of weakness of pelvic floor support. Practically, all surgical options are confined to a
system or a compartment out of the three compartments of pelvic floor and mainly target
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at the manifestation level. This should be the reason why prognosis of surgical treatment of
the problems in pelvic floor area is generally poor and also associated with higher risk of
complication.

Sling surgery for Ul in anterior pelvic floor to reconstruct the bladder neck support effectively
corrects the Ul but the associated posterior pelvic floor sagging is uncorrected. The associated
obstructed defecation due to sagged posterior pelvic floor exposes the patient to frequent
straining during defecation and overloading the surgical site and cause complication.

Hemorrhoid and anal fissure are indirectly related to sagged pelvic floor. Hemorrhoid sur-
gery just removes the diseased part but not the disease mechanism. Lateral sphincterotomy
for anal fissure may eliminate the ability of anal spasm and help constipation. With sagged
pelvic floor and the obstructed defecation, straining and overstretching of anal mucosa will
still happen and lead to recurrence of hemorrhoid and anal fissure, respectively.

In relation to surgically reconstructed support, sling surgery and mesh implantation are rec-
ommended as gold standard surgery to be effective in treating urinary incontinence and POP
symptoms. But, these surgeries are facing largest medical complications in medical world.
There are hundreds of thousands of such procedures performed in the USA so far and thou-
sands of them end up in complications and lawsuits [47, 48]. This has raised the concern for
public about the safety of surgical procedures in treating POP.

Why for sling surgery, an evidence based intervention can end up in such a big catastrophic
complication? Mesh or sling is a synthetic non-stretchable material that holds up the urethra
or pelvic organ to correct the UI or POP symptoms. During defecation while the rest of pel-
vic floor is descended during defecation, the surgical site is loaded more than what it can
hold. In early postoperative period, prognosis is usually good, but as time passed with aging
and straining due to constipation, the rest of pelvic floor descends to overload the surgical
site. The synthetic material does not fail to support but only the supported sites gradually
erode and migrate and cause excruciating pain when the synthetic material touches the nerve
plexus. This has led to world’s largest medical complications, involving billion dollar lawsuit.
The worse is yet to come, as urogynecologists are yet to find a reliable solution.

2.11. Various type of artificial pelvic floor supports and their roles, limitation, and
evidence

There are various forms of pelvic floor supports available in modern medicine. Individually,
they are widely accepted and used in clinical practice but probably they have never been
grouped together for their common synthetic therapeutic purpose for natural pelvic floor
support.

2.11.1. Exercise

In 1948, Dr. Arnold Kegel, an American gynecologist, published an article describing a non-
surgical method of toning the pelvic floor in order to help women control incontinence fol-
lowing childbirth. He explained that by exercising the pubococcygeus muscles (PC muscles)
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of the pelvic floor, women can reduce their likelihood of experiencing bladder problems after
pregnancy and birth.

Today, pelvic floor exercises are regarded as the first line of treatment for stress incontinence,
as recommended by the National Institute for Heath and Care Excellence (NICE). While peo-
ple usually associate Kegel’s with women, men can also benefit from these exercises. Another
great thing about Kegel’s is that they can improve sexual gratification for both men and
women. Studies also found pelvic floor exercises benefit constipation [49], sexual dysfunction
in both sexes (including erectile dysfunction) [50].

Vaginal cone and ball are also used to improve pelvic floor exercise performance [51]. Pelvic
floor exercises can also be done with passive stimulation directly onto pelvic floor or indi-
rectly through stimulation of sacral nerve (sacral neuromodulation) or peripheral nerve stim-
ulation of posterior tibial nerve. The stimulation can be done with electrical stimulation (e.g.,
transcutaneous electrical nerve stimulation (TENS)), electromagnetic wave, or acupuncture
needle stimulation. Pelvic floor is supplied by sacral nerves. Sacral nerve stimulation as in
sacral neuromodulation and peripheral nerve stimulation of posterior tibial nerve share the
same nerve roots that supply pelvic floor and are found to have therapeutic benefit to various
pelvic floor disorder and constipation.

2.11.2. Manual

i. Perineal support during labor

Perineal support is an important step routinely practiced during final stage of vaginal
delivery to minimize pelvic floor damage by vaginal delivery. Clinical intervention pro-
gram focusing on a manual protecting the perineum, the incidence of anal sphincter
ruptures has been successfully reduced from 4.1% to 2.3% [52].

ii. Manual pelvic floor support or massage during defecation

Manual perineal or pelvic floor splinting or support was found to significantly improve con-
stipation among women with defecatory dysfunctions [53].

2.11.3. Mechanical

Bowel aid is a generic name coined by the authors, refer to aids to facilitate defecation. Bowel
aid is a special toilet seat with additional supporting means (HPS = Hai’s Perianal support).

It is based on the rationale that majority of constipation or straining during defecation is
obstructive type due to sagging of pelvic floor, especially the posterior aspect. Also, repeated
downward stretching of pelvic floor accumulatively leads to weakening of pelvic floor support
as in PFD. And constipation and PFD in turn lead to multiple disorders in pelvic floor region.

Feces in its terminal passage in rectum are guided by strong sacrococcyx curvature. Beyond
the tip of coccyx, feces push down anococcygeal part of pelvic floor and contribute to obstruc-
tive defecation.

173



174  Obstetrics

HPSjust provides an external posterior perianal support to counter the pressure by the incom-
ing feces and descend of pelvic floor. It is easier to understand by just comparing to perineal
support during delivery (Table 3).

This conservative approach has being clinically proven to have multiple therapeutic poten-
tial. It is proven to successfully manage 100% of subject with chronic idiopathic posterior
anal fissure without any side effects, in a controlled study compared with lateral sphincter-
otomy in the controlled arm which was found to associate with anal incontinence in 17% of
the subjects [54].

Posterior anal fissure accounts for more than 90% of anal fissure, very promising to be resolved
with the HPS bowel aid [54]. For anterior anal fissure, based on the similar concept, anterior
perianal support manually is recommended.

Overstretching of anal mucosa is the cause of the ulcer initiation beyond doubt. Repeated
stretching with normal defecation, worse with overstretching as in chronic constipation
would interrupt normal healing of the ulcer leading to chronic anal fissure. HPS bowel aid by
just providing counter pressure adjacent to the fissure prevents repeated stretching, allowing
the fissure to heal naturally without interruption.

In another study, HPS bowel aid alone significantly managed hemorrhoid in pregnancy,
without reproductive risk as in oral or topical medication [55].

The same HPS bowel aid also reported to successfully manage pain complication associated
with sling surgery for urinary incontinence [56].

Mechanisms of actions of HPS bowel aid:

* Prevent downward descend of pelvic floor—smoothen defecation process, prevent anal
mucosa migration attributed to perineal descend, and minimize straining.

Perineal support Perianal support
Type of support Manual Mechanical or manual
Time of application Labor Defecation
Area to support Posterior to vaginal opening Posterior to anus
Facilitate passage of Baby Feces
Passing through Levator hiatus via vagina Levator hiatus via anal canal
Benefit: to protect Protect vaginal and pelvic floor ~Protect anus and pelvic floor
Frequency needed Few times in a life time Daily to few times a week
Likely location of tear if the support is not 6 o’clock position of vagina 6 o’clock position of anus

applied

Table 3. Comparison between perineal support and perianal support.
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* Enhance reflex of defecation by mechanically exaggerating stimuli of feces onto pressure
receptor in rectal wall (Figure 7).

* Prevent backward overstretching of anal mucosa which is responsible for majority of anal
fissure.

* As a supplementary pelvic floor support to prevent premature loading or overloading of
surgical site as in episiotomy and sling surgery, respectively.

2.11.4. Surgical

There are many surgical procedures developed for various circumstances and disorders in
pelvic floor area. The basic intention of the procedure mainly to repair, to reposition the pro-
lapse organs, or reconstruct the weaken support. The following are some of the commonly
performed surgical procedures in pelvic floor area:

1. Episiotomy wound repair

It is surgical cut made at perineum to widen vagina passage during last stage of childbirth.
The purpose of episiotomy is to facilitate easier, faster delivery of the baby and also prevent
irregular tear and rupture of tissue and allow better repair of perineum and better healing.
Quality of healing of pelvic floor muscle plays an important role in determining the risk of
pelvic floor disorders in later life.

2. Obliterative surgery

Obliterative surgery narrows or closes off the vagina to provide support and prevent pro-
lapse of the pelvic organs through vagina orifice. Sexual intercourse is not possible after this
procedure.

HPS of bowel aid

Bowel aided defecation:
Smoother defecation. Enhance
reflex of defecation

Obstructed defecation

Figure 7. Bowel aided defecation: smoother defecation and enhanced reflex of defecation.
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3. Reconstructive surgery for POP

Pelvic organ prolapse is a common disorder that affects urinary, bowel, and sexual functions
in women. The lifetime risk of surgery for pelvic organ prolapse and urinary incontinence is
estimated to be 11%, with a 29% rate of reoperation [57].

Reconstruction of pelvic floor may be just by repairing weakened tissue or with graft. The
graft use can be autologous (fascia) or synthetic (mesh or sling).

Followings are types of the reconstructive surgery for POP:

i. Fixation or suspension using patient’s own tissues (uterosacral ligament suspension and
sacrospinous fixation)—this procedure is performed through the vagina and may involve
less recovery time than those performed through the abdomen.

ii. Anterior and posterior colporrhaphy—repair of anterior and posterior part of lax vaginal
walls for situations like cytolecele and rectocele, respectively.

iii. Sacrocolpopexy and sacrohysteropexy—the tethering of a prolapsed uterus or vagina to its
proper anatomical position within the pelvis, typically with a support made of synthetic
surgical mesh.

iv. Levatorplasty is a reconstructive surgery to strengthen the general pelvic floor support.
In the procedure, both sites of the pelvic floor muscles (levator ani) are stitched together
to elevate and strengthen levator plate.

Surgery using vaginally placed mesh—mesh placed through the vagina has a significant risk
of complications, including mesh erosion, pain, and infection. Because of these risks, vagi-
nally placed mesh for pelvic organ prolapse usually is reserved for women in whom previous
surgery has not worked, who have a medical condition that makes abdominal surgery risky,
or whose own tissues are too weak to repair without mesh.

4. Sling surgery for urinary incontinence

The two most common types of bladder slings are the TOT sling (transobturator tape sling)
and the TVT sling (tension-free vaginal tape sling). Both based on the same basic principle is
to provide synthetic support to the urethra, lacking of which is the cause of urinary incon-
tinence. In TOT, the sling is placed through the two obturator foramen. In TVT, the sling is
placed behind pubic bone. These sling surgeries have almost wiped out every other surgical
incontinence procedures and became gold standard for UL One may be better than the other
but both associated with serious complications.

Except for levatoplasty, generally surgery in pelvic floor area has separate specific rea-
son. Sling surgery aims to reconstruct the support of the urethra specifically to correct
UL Cystocele and rectocele is corrected with anterior and posterior colporrhaphy, respec-
tively. Hemorrhoidectomy and lateral internal sphincterotomy may not be typically referred
to as pelvic floor surgery, but problems it meant for are closely associated with pelvic floor
disorders. Hemoorhoidectomy removed hemorrhoid. Lateral sphincterotomy means specific
for chronic anal fissure.
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On the other hand, therapeutic benefits of levatoplasty for descending perineal syndrome
are more general. Perineal descent of more than 1.5 cm significantly increases the fre-
quency of all the functional troubles related to the perineum. Retroanal levatorplasty leva-
tor plate myorrhapohy is a reconstructive surgery done at pelvic floor posterior anus but
benefits all the symptoms [58]. It facilitates easier defecation as well as manage anal incon-
tinence. The benefits not only confine to posterior compartment symptoms but also to that
of anterior and middle compartment pelvic floor disorders (stress urinary incontinence,
frequency, urgency, dysuria, anal incontinence, dyschesia, dyspareunia, perineodynia,
and prolapse).

2.11.5. Others: pessary

A vaginal pessary is a removable device placed into the vagina. It is designed to support areas
of pelvic organ prolapse. A variety of pessaries are available, including the ring, inflatable,
doughnut, and Gellhorn. Pessaries are conservative alternative to surgical repair for pelvic
organ prolapse (POP) as well as stress urinary incontinence. Difficulty with self-removal and
insertion may be limiting more widespread use of currently available pessaries.

2.12. Issue related to pelvic floor support

Three issues related to pelvic floor support are discussed:
i. Episiotomy—to cut or not to cut

ii. Interstitial cystitis

iii. Hemorrhoid during pregnancy

iv. Mesh surgery complication

2.12.1. Episiotomy: “to cut or not to cut”

Episiotomy is an incision on the female perineum that is performed just prior to crowning
of the fetal head to increase the diameter of pelvic outlet, thus expediting delivery of the
fetus [59]. It is one of the most common surgical procedures experienced by women [60].
Historically, episiotomy was introduced as a strategy to prevent fetal trauma and mater-
nal perineal injury and its routine use gained popularity as it was endorsed by prominent
obstetricians in the early 1900s [61, 62]. Early advocates of routine episiotomy argued that it
protects the mother’s perineum, resulting in better postpartum pelvic organ support [63, 64].
Recent evidence shows routine practice of episiotomy was not found to be protective against
urinary incontinence, fecal incontinence, prolapse, or decreased pelvic floor muscle strength
[65]. Researchers tried to look into every aspects not limited to position of episiotomy, sutur-
ing method, suture material, postpartum care and pelvic floor exercise. Till recently, there is
yet to have any conclusion and the role of episiotomy remains debatable and requires further
investigation.
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2.12.2. Interstitial cystitis (IC)

Interstitial cystitis (IC) or painful bladder syndrome (PBS) affects more than 1 million per-
sons in the USA [38]. This condition often affects women of child-bearing age. Its symptoms
include suprapubic pelvic and/or genital area pain, dyspareunia, urinary urgency and fre-
quency, and nocturia. The disease is still poorly understood in modern medicine and the
cause is unknown. The diagnosis is mainly by history and questionnaire. There is no specific
reliable test to confirm the diagnosis. It is important to exclude other organic causes before
coming to the diagnosis. Treatment options include oral medications, intravesical instilla-
tions, and dietary changes and supplements. Pentosan polysulfate sodium is the only oral
therapy and dimethyl sulfoxide is the only intravesical therapy with U.S. Food and Drug
Administration approval for the treatment of interstitial cystitis/painful bladder syndrome.
During pregnancy, medication should be avoided. To date the disease is poorly understood
naturally, the prognosis is still poor, modern medicine is still in the dark and evidence shows
no single treatment option with A level evidence (consistent, good-quality patient-oriented evi-
dence) available in the market [38].

2.12.3. Hemorrhoid during pregnancy

Pregnancy and vaginal delivery predisposes women to develop hemorrhoids because of hor-
monal changes and increased intra-abdominal pressure. It has been estimated that 25-35% of
pregnant women are affected by this condition [11, 66]. In certain populations, up to 85% of
pregnancies are affected by hemorrhoids in the third trimester [67].

Hemorrhoid and constipation are among the most common morbidities that can seriously affect
the quality of life of pregnant women. At present, there are no reproductive safety data available
for any of the compounds commonly used for hemorrhoids. Hemorrhoids in pregnancy should
be treated by increasing fiber content in the diet, administering stool softeners, increasing lig-
uid intake, and training in toilet habits. If these do not work, patients should receive topical
treatment. Situation can be so serious that certain percentage of cases will require a surgical
evaluation during pregnancy or after delivery. In short, hemorrhoid and constipation are very
common problems among pregnant women and the world is yet to have a satisfactory solution.

2.12.4. Mesh surgery complication: largest medical complication in history

Since the 1950s, surgical mesh has been used to patch the wall in abdominal hernias repair.
In the 1990s, gynecologists began using surgical mesh to patch the floor in surgical treatment
of stress urinary incontinence (SUI) and vaginal repair of POP. The use of mesh in SUI repair,
referred to as slings or tape became popular, in 1998, based on the work by Ulmsten and
colleagues which proved to cure up to 84% of stress urinary incontinence after up to 2 years
of follow up [68]. With these, the devices were approved through the FDA’s 510(k) process,
which allowed them to go to market without clinical testing.

The evidence only proved the effectiveness and safety of the product up to 2 years of implan-
tation but the device is meant to last lifelong in the women body. The reconstructive surgery
only corrects the part responsible for UI and POP while the obstructive constipation associated
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with posterior compartment on pelvic floor disorders was not attended effectively. The recon-
structed pelvic floor continues to expose to increasing challenge due to chronic straining dur-
ing defecation and aging. It is not logical to expect the same result and prognosis after decades.

From 2005 to 2008, American FDA receives over 1000 reports of transvaginal mesh injuries
[69].

2008: FDA issues its first vaginal mesh safety alert, advising doctors of the reports of compli-
cations associated with the implants, though the agency states that complications are “rare.”

July 2011: FDA issues warning about high rates of transvaginal mesh complications in treat-
ing POP. The agency reports a fivefold increase in vaginal mesh injuries from various models
of the devices.

September 2011: The Obstetrics and Gynecology Devices advisory panel to the FDA recom-
mends that transvaginal mesh be reclassified to a high risk device. Manufacturers will have
to undergo rigorous testing and get premarket approval studies for new transvaginal mesh
devices.

2014: FDA required manufacturer of transvaginal mesh for POP to provide clinical data for
premarket approval (PMA).

2016: FDA reclassifies transvaginal mesh products to treat POP only as Class III “High Risk
Devices.”

As of 17 January 2017, more than 100,000 lawsuits had been filed in the federal court system
claiming complications from vaginal mesh and bladder sling medical devices.

July 2018: Deadline for transvaginal mesh manufacturers to submit a PMA application for
their devices.

Mesh and sling surgery remain the useful solution for UI and POP which affect up to
one third of women population. Their prevalence actively increases with aging of global
population [70].

2.13. Common problem in management of PFD
2.13.1. Managing in different disciplines

There is still plenty of room for improvement in management of diseases or disorders in pel-
vic or perineum area. The diseases are named after the manifestation rather than the cause
and their managements are focused on the manifestation rather than the cause. In managing
uterus prolapse, hysterectomy only removes the uterus not the cause of uterus prolapse. Ul is
due to weakness of pelvic floor support system at urethra site. Sling surgery effectively sub-
stitutes the weakness of the urethra support. If chronic factor that continues to challenge the
pelvic floor support system is not managed properly, failure of the surgery and complication
logically will happen. Hemorrhoidectomy removed the disease site (pathologically dilated
vein) but if the disease causes (chronic straining for defecation) remain, recurrence of hemor-
rhoid is bound to happen.
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Normal healthy pelvic floor support is essential for normal functioning of urinary, sexual
and reproductive, and anorectal system. When the support weakens, it manifests like urinary
incontinence, sexual dysfunction, pelvic organs prolapse, constipation, and associated prob-
lem. These clearly imply that so-called diseases are actually manifestations that arise from
a common cause or factor. The causes of the pelvic floor damage are multifactorial, thus we
should focus on the factors that are common, and any changes implemented that may posi-
tively influence the outcome of the management.

Weakness of pelvic floor is common among all these PFD manifestation and PFD is closely
related with constipation. Majority of constipation is obstructive type due to sagged pel-
vic floor. PED commonly presents with constipation. Chronic straining due to constipation
would accumulatively damage the pelvic floor causing more descend in the pelvic floor. This
in turn worsens the severity of associated obstructed defecation. They form a vicious cycle to
worsen the situations.

2.13.2. Holistic understanding of the problem

When pelvic floor related problems are viewed holistically removing the boundary of
urology, gynecology, and coloproctology, the common factor in their etiopathology is
the vicious cycle (sagged pelvic floor —constipation —straining). For better understanding
and better management, the diseases should be named by the cause not manifestation.
Defecatory perineal disorders (DPD) refer to disorders of perineal region due to weakness
of pelvic floor support and chronic straining during defecation. With this understand-
ing, so-called diseases like urinary incontinence, pelvic organs prolapse, and hemorrhoid
are actually just manifestations of the disease called DPD. The terminology of DPD may
be used for the first time in second Eurasia Colorectal Technology Association Scientific
Meeting 2011 in Italy, but the basic concept can be traced back to 1966 by Parks who
was the first to describe descending perineal syndrome. Henry et al. explored the idea
that constant straining and the resulting perineal descent stretched the pudendal nerve
and lead to incontinence [71]. Study shows descend of pelvic floor by merely 1.5 cm that
would increase frequency of all the functional troubles related to the perineum including
constipation [72].

Birth trauma is widely blamed in etiopathogenesis of PFD. The rationale should be based
on the reason why birth trauma heals with so much of complication despite pelvic floor
and perineum is very rich in blood and nerve supply. With DFD, understanding the birth
trauma is just a popular triggering factor that causes the injury. Defecation loads the newly
repair episiotomy wound or birth trauma before healing takes place and compromised natu-
ral healing leading to clinical and subclinical wound dehiscence. With the defect, the pel-
vic descends and contributes to obstructive defecation (a posterior compartment problem
of PFD). Chronic straining due to the obstructive defecation, pelvic floor descend further
gradually stretches levator hiatus and loosens the sphincter function and gradually leads
to urinary incontinence and pelvic organs prolapse (anterior and middle compartmental
problem of PFD).
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To explain DFD in women with only lower segment cesarean section (LSCS), no vaginal deliv-
ery, the significant percentage of damage of pelvic floor actually started during pregnancy by
normal physiological changes (raised progesterone hormone and increase intra-abdominal
pressure) that sag the pelvic floor and constitute to obstructed defecation. Repeated straining
during defecation prevents proper remodeling and results in residual defect and ends up in
the same vicious cycle that may be with lesser severity. For those nulliparous, DPD can be
contributed by constipation of other causes. As a result of chronic straining for constipation
of whatever causes, the pelvic floor sags and enters into the same vicious cycle with relatively
lesser severity (Figure 8). Muscular dystrophy due to aging and menopause which is inde-
pendent factor contributes to worsen DPD.

2.14. General prevention and management of DPD

Break the vicious cycle.
1. Prevent constipation

Conservative measures like cultivate regular bowel habit, increase water and fiber intake
should be regularly practiced. Use of laxative to treat constipation should be avoided.
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Figure 8. Flow chart shows the interrelation of contributing factor to defecatory perineal disorders DPD and how the
manifestation is caused.
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2. Protect and enhance pelvic floor support holistically
i. Kegel's pelvic floor exercise
ii. Manual support or splint
iii. Mechanical support—bowel aid

iv. Surgical reconstruction—it has no role in pregnant women. For gynecological
cases, surgical option should also be kept as last option. Even if surgical option
is indicated, it should always be supplemented with other synthetic support like
manual and mechanical wherever possible.

3. Special recommendations:
i. Pelvic floor care during pregnancy

Evidence has showed pelvic floor damage responsible for PFD in later life that contributed
significantly by even normal physiological changes of pregnancy which cause sagged pelvic
floor and constipation. So, preventive measures should be started early during pregnancy
to support the pelvic floor and eliminate constipation by optimizing the conservative option
discussed above.

Since pregnancy increases the incidence of all major manifestations of PFD and anorectal dis-
orders, usage of drug should be avoided. Even though drugs may be used in desperate situ-
ation in management of hemorrhoid during pregnancy but actually there is no preparation
available in market with reproductive safety proven. So in this situation, conservative method
as mentioned above should be optimized. Instead of using drug to treat the engorged hemor-
rhoidal bed, it is better to correct the obstructed defecation that associated with constipation
during pregnancy.

ii. Management of hemorrhoid and constipation

Since reproductive risk is an important issue, conservative treatment with supplementary pel-
vic floor support with bowel aided defecation should be recommended in the management of
hemorrhoid and constipation besides pelvic floor protection.

iii. Episiotomy wound care

Even after a perfect method of repair and with the best suture material, the pelvic floor muscle
has to be protected. It is not sufficient by just abstaining from sex because pelvic floor is
challenged most during defecation, especially during constipation. Support of pelvic floor,
manual or with bowel aid should be strongly recommended right from first defecation after
episiotomy wound repair (Figure 9).

iv. Post-op care of mesh or sling surgery

Mesh or sling serves the purpose well to reconstruct the defective support but when it is repeat-
edly overloaded during defecation, the surgical site would ultimately fail. Supplementation
with all the measure recommended for prevention of DPD would enhance therapeutic out-
come. Bowel aid would protect the surgical site during defecation like how a walking aid or
crutches protect surgical site after orthopedic surgery of lower limp (Figure 10).
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Episiotomy wound dehiscence Episiotomy wound protected

Figure 9. Episiotomy wound is protected with pelvic floor support.

'
Overloading of surgical site/sling Protected surgical site/ sling

Figure 10. Protected surgical site/sling with pelvic floor support.

v. Interstitial cystitis (IC)/painful bladder syndrome (PBS)

Evidence shows muscle pain (myalgia and fibromyalgia) and constipation are associated with
IC/PBS [73]. Conservative management above includes bowel aided defecation which targets
on mechanisms to protect pelvic floor muscle and ease defecation which should serve some
therapeutic benefit to the IC/PBS. Bowel aid has helped patient with sling surgery complica-
tion pain by protecting the surgical site from being stretched, it should serve the purpose
on IC/PBS by preventing pudendal nerve stretching which is one of the mechanisms of the
perineum pain in IC/PBS. After all, it is just a conservative option without any predicted risk
or any reported complication since it was first used for anorectal condition in 2006.

3. Conclusions

Defecatory perineal disorders (DPD) include conventionally understood PFD and constipa-
tion related disorders in normal individuals and also similar problems in pregnant women.
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With this understanding, the complicated multidisciplinary problems became simple: the dis-
ease is DPD and the main etiopathological mechanism is a vicious cycle (constipation —strain-
ing—descend perineum); and lack of healthy pelvic floor support is the main component of
the vicious cycle. So, it is clear that the focus should be on how to improve, supplement, or
protect the pelvic floor support. In evidenced-based medicine, there is actually wide range of
synthetic pelvic support available, ranging from exercise, manual, and mechanical to surgical
reconstructed supports. Mesh surgery for Ul and POP is facing largest complication in his-
tory. They are actually base on a similar, logical concept too. The associated complication with
the surgery should not be interpreted as failure. Collective scientific evidences actually clearly
imply that the surgical support alone may not be sufficient. With chronic straining for defeca-
tion and aging, the surgical site is subjected to increasing load. Optimal supplementation with
other options, for instance, pelvic floor supports would improve prognosis of the manage-
ment. Conservative options like Kegel’s exercise, manual, and mechanical support should be
better explored before considering surgical option. For those indicated for surgery should be
properly educated about manual and supplementary pelvic floor support with bowel aid, to
prevent overloading of surgical site. For better outcome, the conservative approaches, includ-
ing bowel aid defecation should be emphasized and implemented early enough to minimize
harmful effects of physiology of pregnancy on pelvic floor and to facilitate optimal recovery
from birth trauma. Bowel aid defecation during pregnancy and during postpartum period
can be compared to preventive role of walking aid in prevention knee damage and supple-
mentary role in postoperative period in management of orthopedic problems of lower limbs.

In short, with better understanding (with DPD concept) and more holistic approach (opti-
mal pelvic floor supports), it is very promising to witness better prognosis in prevention and
management of otherwise complicated pelvic floor and constipation associated perineal dis-
orders. This approach is free of reproductive risk, thus suitable even for the relatively helpless
situation of antenatal period.
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Obstetrics is the field that deals with the well-being of the pregnant women as well as
the labor and delivery of a healthy baby. Obstetricians work closely as neonatologists
who deal with the care of the newborn baby to reduce chances of morbidity and
mortality. The objective of obstetrics is to deal with diagnosis and treatment of
pregnancy, antenatal care, and prevention of complication, collaborating with
midwives to monitor pregnant women in labor, facilitating delivery and performing
assisted procedures if needed as episiotomy, forceps delivery, vacuum extraction, and
Cesarean section if indicated.
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