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“To dear God, whose eternal blessing and divine presence 
helps us to fulfil all our goals”

This textbook is dedicated to my family and my patients.
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I have welcomed, with enthusiasm, the opportunity to edit this very first edi-
tion of the text “Labor Room Emergencies”. I have tried to provide a text to 
help undergraduates, postgraduates, and practitioners to clarify their doubts 
and to organize some of the intricacies regarding the subject.

I have assembled a group of contributors, nationally and internationally, 
with an exceptionally broad range of backgrounds and similar interests. All 
the contributors have emphasized the latest clinical management approaches 
with deep understanding. They have all contributed to the same goal; that is, 
to create a source of information that will help in the care of women in the last 
phase of pregnancy, during labor, and even after delivery.

This text deals with the medical, surgical, and gynecological complica-
tions that occur in a patient in the labor room. No two births are the same and 
no two mothers have the same changes during pregnancy, labor, and puerpe-
rium; therefore, it is important to have a text that deals with planning and 
anticipating any possible complications during these phases of a woman’s 
life.

I have tried my level best—employing a multi-disciplinary approach to the 
treatment of patients with various disorders—to cover all the relevant aspects 
pertaining to these phases where obstetricians may need guidance in decision 
making.

I hope that the aggregate of my efforts has resulted in a text that will be a 
worthy resource for those who want to care for pregnant women.

Mandi, Himachal Pradesh, India Alok Sharma 

Preface
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Labor Ward: An Introduction

Divya Yadav Sharma, Alok Sharma, 
and Spoorthi Prakash

1.1  Introduction

Reducing maternal and infant mortality is an 
integral part of national development. Globally, 
830 women die every day in childbirth [1], most 
being from poor and rural backgrounds in devel-
oping countries. A woman’s lifetime risk of 
maternal death is 1  in 4900  in developed coun-
tries and 1  in 180  in developing countries, and 
this difference is mainly due to inequities in 
access to health facilities. The global maternal 
mortality rate is 212/100,000 and in India the rate 
is 174/100,000 [1]. The infant mortality rate is 
32/1000 live births globally and in India the rate 
is 40.5/1000 live births [2]. With the global 
implementation of the World Health Organization 
millennium development goals, and with the 
implementation of various programs by the 
Indian National Government, the emphasis in 
childbirth is on institutional deliveries. In India, 
in rural areas and even in a few urban areas, tra-
ditional birth attendants still conduct deliveries at 
home, and the lack of sterile instruments and 
clean surroundings, as well as improper handling 
techniques, leads to sepsis, jeopardizing the 
health of both the mother and the baby. As health 

schemes have been emphasizing the need for 
100% institutional deliveries, it is important to 
know about the place where all these deliveries 
occur, i.e., the labor room. Not all rooms can be 
considered as labor rooms, as certain guidelines 
need to be followed for a labor room, e.g., for its 
layout, sterilization techniques, necessary equip-
ment and drugs, and waste management. These 
guidelines are discussed in this chapter.

1.1.1  The Labor Room

The labor room is a place equipped for conduct-
ing deliveries. It should be spacious, with cross 
ventilation. There are two concepts of a labor 
room, the preferable choice being a labor deliv-
ery recovery room, allowing the patient to stay 
from the beginning of labor to delivery and for 
4  h postdelivery for maternal recovery. But in 
developing countries, where there are large num-
bers of patients and few beds available for total 
admission, a conventional labor room concept is 
adopted, where the patient is placed on a delivery 
table on full dilatation of the cervix and moved 
back to the ward after delivery. Adequate light-
ing, a continuous power supply, a hand-washing 
station, an examination table, and a baby resusci-
tation area are essential requirements for such a 
labor room (Fig. 1.1).

Facility of neonatal intensive care unit with 
pediatrician availability is ideal for labor room.

D. Y. Sharma (*) · S. Prakash 
S N Medical College, Agra, India 
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The essential set of labor room (Fig. 1.1a, b) 
equipment for initial examination includes a 
stethoscope (Fig.  1.2), a sphygmomanometer 
(Fig.  1.3), a wall clock, a thermometer, and a 
measuring tape. For examining the fetal heart, a 
fetoscope or handheld Doppler device can be 
used. For high-risk patients in labor, a cardioto-
cography machine (Fig. 1.4) is used for initial or 
continuous fetal heart rate monitoring. A parto-
gram should be maintained. Urine dipsticks 

(Fig.  1.5) are used for initial diagnosis in pre-
eclamptic and eclamptic patients. A glucometer 
(Fig. 1.6) is required for testing maternal glucose 
levels (Figs. 1.7 and 1.8).

1.1.2  Neonatal Resuscitation

The following algorithm for neonatal resuscita-
tion shows new guidelines for the resuscitation 

Labor room

For baby

Delivery related

• Delivery table

• Headlight

• Autoclaved delivery tray

• disposable sterile gloves

• Disposable utility gloves

• Mops with stand

• Autoclave

• Sterilized swabs

• Universal precaution kit

Consumables like
syringes, dripsets,
thread needles

General

•     Stethoscope

• Fetoscope/handheld
fetal Doppler

• Protein urea test kit

•     Glucometer

•     Digital BP
instrument

•     Refrigerator

• Radiant warmer

•

•

•

•

Pediatric resuscitator
bag with masks

Baby weighing scale

Mucus extractor

Plastic cord clamp

a

b

Fig. 1.1 (a) Labor room. (b) Equipment and accessories required for a labor room

D. Y. Sharma et al.
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of, primarily, newborn infants transitioning from 
intrauterine to extrauterine life. The recommen-
dations are also applicable to neonates who have 
completed newborn transition and require resus-
citation during the first weeks after birth. Most of 
the neonatal resuscitation guidelines remain 
unchanged from 2010, but there is increasing 
focus on umbilical cord management, maintain-

Fig. 1.2 Cardiotocography machine

Fig. 1.3 Sphygmomanometer

Fig. 1.4 Stethoscope

Fig. 1.5 Urine dipstick with matching code on the box

Fig. 1.6 Glucometer

1 Labor Ward: An Introduction
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ing a normal temperature after birth, accurate 
determination of heart rate, and optimizing oxy-
gen use during resuscitation, while routine suc-
tioning for meconium in non-vigorous newborns 
is de-emphasized. The etiology of neonatal arrest 
is almost always asphyxia, and therefore the 
establishment of effective ventilation remains the 
most critical step [3, 4]. This should be displayed 
in the labor room for the education of all the staff.

1.2  Equipment for Delivery

A comfortable bed with a headlight should be 
available with mackintosh to calculate blood loss 
(Fig.  1.9b). The delivery tray should be auto-
claved and should contain a Sims speculum, epi-
siotomy scissors along with 1% xylocaine 
solution, sponge holding forceps for umbilical 
cord clamping, and sterile sponges. A tray with 
clean towels should be available for receiving the 
baby (Fig. 1.10).

It is essential for the labor room to be equipped 
with emergency drugs for the management of 
high-risk cases, as well as for the management of 
obstetrical emergencies (see Fig. 1.11).

Fig. 1.7 Radiant warmer: Even area for resuscitation

• Overhead warmer with Light source
• Mucus extractor
• Laryngoscope with Endotracheal (ET) tubes
• Suction catheter
• Infant feeding tube
• Cord clamp
• Baby Sheet
• Ambubag

Fig. 1.8 Instruments for infant? Resuscitation

D. Y. Sharma et al.
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a b

Fig. 1.9 (a) Episiotomy instrument. (b) Mackintosh usage for calculation of blood loss

Fig. 1.10 Labor table with headlight

Fig. 1.11 Drugs used in 
the labor room

1 Labor Ward: An Introduction
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1.3  Labor Room Staff, Ethics, 
and Record Maintenance

The labor room staff should consist of an obstet-
ric consultant for the management of high-risk 
cases, junior doctors for monitoring, staff nurses 
trained in JSSK and as skilled birth assistants for 
assisting deliveries, and workers for cleaning and 
maintenance of hygiene. The number of staff 
required depends on the number of beds and the 
facilities available. Ethics should be maintained 
in the labor room, including obtaining informed 
consent when necessary from the patient and her 
relatives; good behavior by staff and their encour-
agement of the patient are vital.

1.4  Record-Keeping

Admission records, birth records, and death 
records should be maintained.

1.5  Family Planning

Each patient should be counseled for birth spac-
ing and advised according to what has been 
termed the cafeteria method (i.e., anything that 
works). If the patient is willing, facilities for the 
insertion of a post-placental intrauterine contra-
ceptive device (IUCD) should be available; IUCD 
insertion records should be maintained.

1.6  Maintenance of Sanitation

Floors should be vacuum cleaned or washed with 
disinfectant; delivery instruments should be auto-
claved; furniture bed stands should be cleaned 
with detergent, phenol, or 2% lysol solution; and 
mattresses and pillows should be covered with 
water-impermeable covers and should be washed 
with detergent or disinfected with phenol when 
necessary. Trolley tops should be wiped with 

Drugs in
obstetrics

Inj magnesium 
sulfate
Inj labetalol
Inj hydralazine
Inj phenytoin
Inj diazepam

Preterm labor

Eclampsia and
preeclampsia 

Inj betamethasone
Tab nicardia 
Inj isoxsuprine

Inj oxytocin
Inj methylergometrine
Inj carboprost
Tab misoprostol

Postpartum hemorrhage 

Inj adrenaline
Inj atropine
Inj noradrenaline
Inj dopamine
Inj sodium bicarbonate

Inj ethamsylate
Inj vit k
Inj tranexamic acid Obstetric shock 

Hemorrhage

Inj ranitidine
Inj tramadol 
Inj ondansetron
Inj drotaverine
Inj buscopan

General

Fig. 1.11 (continued)

D. Y. Sharma et al.
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warm water and detergent to remove dust. Bowls 
should be autoclaved. The labor room should be 
cleaned after each delivery.

Hand-washing (Fig. 1.12) is very important as 
it pertains to getting rid of microorganisms and 
reduces the chances of sepsis.

Color-coded dustbins (Fig. 1.13) aid in waste 
management [5]. Human anatomical waste and 
soiled wastes, expired or discarded medicines, 
and chemical wastes have to be disposed of in 
yellow dustbins. Recyclable wastes generated 
from bottles, iv tubes and iv catheters, and 
gloves have to be disposed of in red dustbins; 
waste sharps are to be included in white translu-
cent bins; and broken glass, including medicine 
vials and ampoules, should be discarded in blue 
bins.

1.7  Conclusion

For a healthy baby and a healthy mother, it is 
essential to have a healthy, clean, and well- 
equipped labor room with skilled and well- 
behaved staff.

References
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Infection Prevention  
and Waste Disposal

Anuradha Sood, Tarun Sharma, 
and Aradhna Sharma

2.1  Introduction

Nosocomial infections (hospital-acquired 
infections, healthcare-associated infections) 
are a significant cause of morbidity and mortality. 
They are defined as those infections acquired by 
a person in a healthcare unit which are secondary 
to the patient’s original condition. These infec-
tions also include infections acquired by the 
patient but appearing after discharge. The symp-
toms usually appear after 48 h of admission. It is 
estimated that 5–10% of patients admitted for 
acute care and emergency procedures acquire 
healthcare-associated infections (HAI). Of more 
concern is that more than 70% of infections are 
due to antibiotic-resistant organisms.

Pregnant females and their foetuses are at an 
increased risk of acquiring HAIs. All labour 
rooms, obstetric emergency evaluation areas and 
operation theatres should have facilities for infec-
tion control as they can get puerperal sepsis, neo-
natal sepsis and other infections acquired during 
delivery. HAIs also include occupational injuries 
and infections which a healthcare worker (HCW) 

can get by virtue of his/her occupation. Needle- 
stick injuries and injuries from other sharps 
results in approximately 400,000 cases each year. 
So, infection control measures should be of top 
most priority for all HCW (doctors, nurses, mid-
wifes, safai karamcharis, etc.).

2.2  Importance of Infection 
Control in Obstetrics

India accounts for about 1/5 of all maternal 
deaths and 1/3 (approximately 30%) of all 
neonatal deaths. Puerperal sepsis is a fairly 
common entity especially in the rural and back-
ward areas of India. Most maternal and neonatal 
deaths occur in the first 7 days after delivery. It 
accounts for about 19.2% deaths, and it is the 
second leading cause of death in mothers after 
haemorrhage and anaemia. In the mother sepsis 
may lead to blood stream infections, endotoxic 
shock, peritonitis and abscess formation.

Infections in neonates include neonatal septi-
caemia, decreased Apgar score and pneumonia. 
Increased susceptibility of sepsis is more marked 
in low birth weight neonates (<2500 g) and very 
low birth neonates (<1500 g). This is due to their 
poor immune defences and weak cellular and 
humoral immunity. Vascular or urinary catheters, 
other indwelling lines or contact with care givers 
who have bacterial colonization are additional 
factors contributing to neonatal septicaemia.
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Neonatal sepsis is broadly divided into two 
main categories: early-onset septicaemia (EOS) 
and late-onset septicaemia (LOS). The main fea-
tures of the two are tabulated in Table 2.1.

2.3  General Measures to Prevent 
Spread of Infections 
in Emergency Obstretic Care

To reduce the spread of infections in both baby 
and the mother, the following have to be kept in 
mind:

 1. Infection control measures during admissions.
 2. Availability of clean environment, clean 

equipment and other supplies.
 3. Availability of trained and skilled staff.
 4. Hand washing.
 5. Biomedical waste management.
 6. Safety from sharps.
 7. Safe blood transfusion.
 8. Measures to prevent tetanus.
 9. Neonatal resuscitation facilities.

2.4  Infection Control Measures 
During Admissions

 1. Proper initial assessment of every patient 
should be done very carefully. If any patient is 
assessed to be suffering from contagious ill-
ness (measles, rubella, chicken pox, etc.), 

separate room for delivery should be made 
available. The staff of nursery/NICU (neona-
tal intensive care unit) should be notified 
simultaneously so that adequate neonatal 
facilities are arranged well in time.

 2. Isolation facilities are also necessary for both 
mothers and neonates suffering from puer-
peral sepsis, gastrointestinal infections, breast 
abscesses and skin sepsis.

 3. All the items which have been supplied/
bought by the patient should be marked 
carefully.

 4. Avoid overcrowding in labour rooms and 
other procedural rooms to reduce cross infec-
tion. Limit the visitors inside these areas.

2.5  Availability of Clean 
Environment, Equipment 
and Other Supplies

 1. Clean environment to be ensured by:
 (a) Operation theatres and labour rooms 

should ideally be cleaned after each oper-
ating session. Routine cleaning and mop-
ping with water and detergent is required. 
A disinfectant should be used after known 
contamination of floors with material 
from infected patients.

 (b) An interval of at least 10 min should be 
there between two patients.

 (c) It is the duty of every staff nurse in labour 
room to clean thoroughly the furniture 

Table 2.1 Differentiating features of EOS and LOS

Feature EOS LOS
Time of 
appearance

Infection within 72 h of birth Infection after 72 h of birth

Mode of 
transmission

Vertically from mother to infant 
before or at time of birth (i.e. 
HBV,HIV, TORCH)

At time of birth or during hospital stay

Microorganisms Includes organisms harboured in 
genital tract or which can cross the 
placenta (e.g. group B streptococcus,
E.coli, CONS, H. influenzae, Listeria 
monocytogenes)

Includes mainly organisms acquired from the 
environment (e.g. Staphylococcus aureus, CONS, 
E.coli, Klebsiella spp., Pseudomonas spp., Candida 
spp., Acinetobacter spp.)

HBV Hepatitis B virus, HIV human immunodeficiency virus, E. coli Escherichia coli, CONS coagulase-negative staphy-
lococcus, H. influenzae Haemophilus influenzae, TORCH Toxoplasma gondii, Rubella virus, Cytomegalovirus, Herpes 
virus

A. Sood et al.
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and other articles in labour room with a 
hospital-approved disinfectant.

 (d) For cleaning of all contaminated surfaces 
(labour table, procedure table, trolley sur-
face, Kelly’s pad or plastic sheet), use of 
0.5% chlorine solution after every proce-
dure should be undertaken.

 (e) Maintain a clean sterile field around the 
delivery/surgical site by placing sterile 
towels or drapes around the surgical/pro-
cedure site. The sterile field includes the 
PPE (personnel protective equipment) 
worn and that remains above the level of 
waist. The back of the gown and shoul-
ders and also the area below the waist are 
not considered sterile. The sterile opera-
tive field includes all sterile drapes above 
the level of operating table. To maintain a 
sterile field, only allow sterile items and 
personnel within the field. Hold the drapes 
by edges or from underneath surface for 
placing sterile drapes.

 (f) For putting instruments use either a sterile 
instrument container or sterile drapes.

 (g) Do not mix sterile items with contami-
nated items.

 2. Adequate availability of the equipment and 
the following supplies:
 (a) Soap, antiseptics, alcoholic scrubs and 

plenty of running water for proper hand 
hygiene should be available in emergency 
care area.

 (b) Hand washing basins should be placed in 
labour rooms, maternity wards and 
nurseries.

 (c) Sterile delivery packs, episiotomy sets, 
dressings, drapes and sterile sanitary pads 
should be freely available.

 (d) Equipment, containers and teats for pre-
paring special feeds should be sterilized 
by central sterile supply department 
(CSSD). In case of equipment (e.g. tub-
ings, resuscitation apparatus) which do 
not withstand sterilization, high-level dis-
infection should be considered.

 (e) Sterile disposable aprons, gloves, caps, 
face masks and shoe covers collectively 

called as personal protective equipment 
(PPE) should be available in plenty.

 (f) Availability of following drugs to be 
insured.
 (i) Antibiotics to prevent puerperal sep-

sis and neonatal sepsis.
 (ii) Anticonvulsants for treatment of 

preeclampsia and eclampsia.
 (iii) Uterotonic drugs for postpartum 

haemorrhage.

2.6  Availability of Skilled Staff

Highly skilled and adequate doctors, nurses and 
birth attendants should be there who are capable 
of dealing with any kind of emergency especially 
manual removal of placenta, removal of retained 
products following miscarriage or abortion, 
assisted vaginal delivery and basic neonatal 
resuscitation care. Also they should have the 
capability of performing caesarean section and 
blood transfusion. All staff should be screened 
for MRSA (methicillin-resistant Staphylococcus 
aureus), herpes and candida paronychia initially 
before induction and from time to time.

2.7  Hand Washing

It is the single most important procedure which 
can help in reducing the spread of infection in 
healthcare settings. There are mainly three types 
of hand washing:

 (a) Simple hand washing.
 (b) Hygienic hand washing.
 (c) Surgical hand washing.

These have been summarized in Table 2.2.

2.7.1  When Is Hand Washing 
Recommended?

World Health Organization (WHO) has advo-
cated use of hand washing in certain circum-
stances and these are known as “5 moments of 

2 Infection Prevention and Waste Disposal
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Hand Hygiene”. It is mandatory that hand 
hygiene is performed in all patients:

 1. Before undertaking any aseptic procedure in 
the patient.

 2. Before touching any patient.
 3. After examining the patient.
 4. After contact with patient surrounding.
 5. After body fluid exposure.

In case of emergency procedures in an obstet-
ric patient, if there is no time for hand washing, 
gloves should be worn in all circumstances.

2.8  Management of Needle- 
Stick Injuries (NSI)

 1. Advice to staff or attendant with NSI regard-
less of the source of injection should be taken 
seriously with the hospital providing access to 
advice 24 h.

 2. First aid involves immediate washing of the 
injury site with plenty of soap and water.

 3. Both the patient from whom NSI has been got 
and the healthcare workers should undergo 
baseline tests, namely, for HBV, HCV and 
HIV.

 4. In case of suspected HIV infection, postexpo-
sure prophylaxis (PEP) should be started 
immediately and not later than 72 h. Monitor 
for drug side effects. HIV antibody testing 
should be done at baseline, 6 weeks, 3 months 
and 6 months.

There are two regimes for PEP: Basic two- 
drug and expanded three-drug regime depend-
ing upon the severity of exposure.

 5. For management of HBV exposure, the fol-
lowing is to be done:

Wounds and skin sites which have come in 
contact with blood or body fluids should be 
washed with soap and water. Mucus mem-
branes should be flushed with water (Table 2.3).

 6. For management of hepatitis C virus follow 
these things:

No PEP is available.
Management includes early identification 

and treatment.

Table 2.2 Types of hand washing

Type of hand 
washing Indication Agents used for hand washing Time

Areas to be 
included

Simple Routine procedures Soap and water 10 s Only hands
Hygienic Handling of infectious 

patients, nurseries, outbreak
60–70% alcoholic rub, 5–7.5% 
povidone iodine, 2–4% chlorhexidine

30 s Hands and 
wrists

Surgical Before minor and major 
surgery

Same as hygienic hand washing 3–5 min Up to 
elbows

Simple hand washing is usually adequate in dealing with obstetric patients; use hygienic hand washing when dealing 
with premature and low birth babies or during outbreaks and surgical hand washing before any surgical procedure is 
done. In case of emergency stabilization procedures, a rapid scrubbing technique lasting for 1–2 min focusing on fin-
gertips and hands is acceptable

Table 2.3 Management of HBV exposure

Vaccine status Source HBV positive
Source HBV 
negative

Source 
unknown

Unvaccinated HBIG 0.06 mL/im vaccine for HBV initiation Vaccine 
initiation

Vaccine 
initiation

Previously vaccinated (written 
documentation of three or 
more doses)

Check for anti-HBs antibody titre. If above 10 IU/
mL, no vaccine/booster is required; otherwise give 
HBIG 0.06 mL/im vaccine for HBV initiation

No 
treatment

No 
treatment

HBIG hepatitis B immunoglobulin
Infants borne to HBV-infected mothers should receive hepatitis B vaccine and hepatitis B immunoglobulin within 12 h 
of birth

A. Sood et al.
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If source is HCV positive, baseline testing 
for anti-HCV, liver function tests and subse-
quently follow-up at 4–6 months by ELISA/
PCR for HCV RNA are done.

 7. Refrain all individuals of NSI from positive 
sources of HIV, HBV and HCV from donating 
blood, organ donation, tissue donation and 
semen donation.

2.9  Blood Transfusion

2.9.1  Remember: Right Patient, 
Right Blood, Right Time,  
Right Place

Blood transfusion is essential in the management 
of life-threatening blood loss due to PPH and 
anaemia.

 1. Avoid unnecessary and inappropriate blood 
transfusion. Rational use of blood transfusion 
and other blood products to be established by 
clinical and laboratory assessment. The obste-
trician and anaesthetist should be careful 
enough to decide which patient needs 
transfusion.

 2. Both the donors of blood and the blood of the 
patient should be tested for blood type (ABO 
group) and Rh type (+ or −) followed by 
cross-matching of the two. The identity check 
between blood of patient and donated blood is 
the crucial final step necessary to avoid fatal 
mistransfusions.

 3. All donated blood to be screened for at least 
HIV, HBV, HCV, Treponema pallidum and 
Plasmodium. A safe supply of blood and 
blood products should be ensured by the blood 
bank concerned.

 4. All transfusion should be completed within 4 
hours of receiving the blood unit from blood 
banks ambient temperature for storage.

 5. Monitor the patient for pulse, blood pressure, 
temperature and respiratory rate at start of 
blood transfusion, after 15 min and not more 
than 60 min, after transfusion is complete.

2.10  Safety from Sharps

 1. Whenever possible use safer needle devices 
with built-in safety control or needleless 
devices.

 2. Never recap/bend or remove contaminated 
needles and other sharps.

 3. Never shear or break sharps which are 
contaminated.

 4. Always make needle cutters/containers avail-
able near areas where needles may be found.

 5. Discard contaminated sharps immediately 
into appropriate containers.

 6. Use puncture-resistant and leakproof contain-
ers for sharp disposal. Dispose the containers 
when 3/4 full.

 7. Whenever razors have to be used, use dispos-
able razors.

2.11  Infection Control Measures 
to Prevent Tetanus

 1. All mothers should have received two doses 
of tetanus toxoid (TT) 0.5  mL im at least 
2 weeks apart.

 2. In cases where proper sterilization and disin-
fection facilities are not available, a booster 
dose (0.5  mL) im to the mother (who has 
already received two doses) should be given. 
If the mother has got no previous dose of vac-
cine, give anti-tetanus serum 1500 U im dur-
ing delivery, and another shot of tetanus 
toxoid 0.5 mL im after 4 weeks is required.

2.12  Appropriate Use 
of Antibiotics

Use prophylactic broad-spectrum antibiotics 
especially before or during the procedure.

Do not indiscriminately use antibiotics in 
every patient. Use prophylactic antibiotics in the 
following circumstances:

In all immunocompromised patients.
After any invasive procedure is undertaken.

2 Infection Prevention and Waste Disposal
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After any intrauterine procedures where con-
tamination by vaginal flora is unavoidable like 
manual removal of placenta, bimanual compres-
sion of uterus caesarean section, etc.

2.13  Management of Spills

Spills by blood and body fluids should be done 
immediately. Wear gloves, masks, gowns and 
shoe covers. Put sodium hypochlorite (5–6.5%) 
1 in 100 dilution for 15–20 min, and cover with 
an absorbent cloth/cotton/paper. Finally mop the 
floor.

2.14  Biomedical Waste 
Management Rules, 2016

Definition: “Biomedical waste” means any 
waste, which is generated during the diagnosis, 
treatment or immunization of human beings or 
animals or research activities pertaining thereto 
or in the production or testing of biological or in 
health camps.

These rules shall apply to all persons who 
generate, collect, receive, store, transport, treat, 
dispose or handle biomedical waste in any form.

These rules shall not apply to:

 (a) Radioactive wastes.
 (b) Hazardous chemicals.
 (c) Solid wastes covered under the municipal 

solid waste.
 (d) The lead acid batteries.
 (e) Hazardous wastes covered under the 

hazardous.
 (f) E-waste,
 (g) Genetically engineered microorganisms.

The salient features of these rules are:

 1. No untreated biomedical waste shall be mixed 
with other wastes.

 2. The biomedical waste shall be segregated into 
containers or bags at the point of generation.

 3. The containers or bags shall be labelled.
 4. Bar code and global positioning system shall 

be added by the occupier and common bio-
medical waste treatment facility in 1 year time.

 5. Untreated human anatomical waste, animal 
anatomical waste, soiled waste and biotech-
nology waste shall not be stored beyond a 
period of 40–80 h.

 6. Microbiology waste and all other clinical labo-
ratory waste shall be pretreated by sterilization.

A. Sood et al.
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Schedule I

Colour and type of
bag or container

Yellow-coloured
non-chlorinated
plastic bags or
containers

Red-coloured
non-chlorinated
plastic bags or
containers

White (translucent)
puncture-proof,
leakproof, tamper-
proof containers

Blue cardboard
boxes with
blue-coloured
marking cardboard
boxes with
blue-coloured
marking

Disinfection (by soaking the washed
glass waste after cleaning with
detergent and sodium hypochlorite
treatment) or through autoclaving or
microwaving or hydroclaving and then
sent for recycling

(a) Glassware:
Broken or discarded and contaminated
glass including medicine vials and
ampoules except those contaminated with
cytotoxic wastes.

(b) Metallic body implants

Autoclaving or dry heat sterilization
followed by shredding or mutilation or
encapsulation in metal container or
cement concrete; combination of 
shredding cum autoclaving; and sent
for final disposal to iron foundries or
sanitary landfill or designated concrete
waste sharp pit

Waste sharps including metals:
Needles, syringes with fixed needles,
needles from needle tip cutter or burner,
scalpels, blades or any other contaminated
sharp object that may cause puncture
and cuts

Autoclaving or microwaving/hydroclaving
followed by shredding or mutilation or 
combination of sterilization and shredding

Contaminated waste (recyclable)
(a) Wastes generated from disposable
items such as tubing bottles, intravenous
tubes and sets, catheters, urine bags,
syringes (without needles and fixed needle
syringes) and vacutainers with their
needles cut) and gloves

1. Human anatomical waste

2. Animal anatomical waste

3. Soiled waste

4. Expired or discarded medicines

5. Chemical waste

6. Chemical liquid waste

7. Discarded contaminated linen,
    mattresses and beddings

8. Microbiology, biotechnology and
    other clinical laboratory wastes

Incineration or plasma pyrolysis
or deep buriala

In the absence of above facilities, 
autoclaving or microwaving
Expired cytotoxic drugs and items
contaminated with cytotoxic drugs to be
returned back to the manufacturer or
supplier for incineration
Bags containing residual or discarded 
blood and blood components to be 
hydroclaving followed by shredding or 
mutilation or combination of sterilization
and shredding

Category/type of waste Treatment and disposal options

aDisposal by deep burial is permitted only in rural or remote areas where there is no access to common
biomedical waste treatment facility
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Delays Recognized  
in Maternal Mortality

Lubna Hassan and Lauren Woodbury

3.1  Introduction

If you want to judge a country, see how it treats 
women—Abdul Ghaffar Khan.

A version of this quote has been attributed to 
many sources; regardless of the source, it is very 
relevant because it strikes at the heart of the issue 
of maternal mortality. The status of women in a 
given country is inextricably linked to their 
health, and the reason women die giving birth is 
no mystery. We know why over 800 women, pri-
marily from the developing world, die every day. 
They die because they have no or limited access 
to quality health care. The majority of maternal 
deaths occur due to direct obstetric causes—
hemorrhage, preeclampsia, eclampsia, obstructed 
labor, sepsis, and unsafe/incomplete abortions or 
miscarriages. Importantly, deaths from these 
complications are preventable as treatments are 
well known and relatively inexpensive [1]. If all 
women had access to appropriate care, it is esti-
mated that 80–74% of maternal deaths could be 
averted [2].

This is a crucial moment in the global effort to 
reduce maternal mortality since it is a time of 

transition from the Millennium Development 
Goals (MDGs) to the Sustainable Development 
Goals (SDGs). Whether countries can implement 
lessons learned from the MDGs will determine if 
they succeed in saving women’s lives. Achieving 
the goals laid out in SDG 3.1 and the WHO’s 
elimination of preventable maternal mortality 
(EPMM) initiative will require national level 
commitments and the combined efforts of all 
stakeholders including governments, the relevant 
UN agencies, national and international NGOs, 
and the OB/GYN community [3]. The OB/GYN 
community in South Asia, led by the South Asian 
Federation of Obstetrics and Gynecology 
(SAFOG), has tremendous power to be in the 
vanguard by directly addressing shortfalls in the 
strategies to eliminate preventable maternal 
deaths and by helping to overcome the “three 
delays” in accessing care. The first delay: delay 
in seeking care results from the low status of 
women, lack of awareness of complications and 
risk factors, and/or financial limitations. The sec-
ond delay: delay in reaching care is usually due 
to issues around accessibility including distance 
from a health facility, prohibitive cost of health 
care, lack of transportation, and poor infrastruc-
ture. The third delay: delay in receiving care 
results from quality of care issues including poor 
facilities or lack of supplies/equipment, poorly 
trained personnel, or an inadequate referral sys-
tem for complicated cases [4].

In the short term, medical causes must be 
addressed, primarily through emphasizing  quality 
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throughout the continuum of care. In the longer 
term, the contributing social, cultural, and eco-
nomic factors must also be addressed. 
Importantly, one must understand that a high rate 
of maternal death is not an isolated phenomenon. 
It extends from a lifetime of marginalization 
experienced by women and girls including poor 
health and malnutrition in childhood, which con-
tinues through adolescence and pregnancy result-
ing in anemia and other complications. Frequent 
and inadequately spaced pregnancies and socio-
economic factors like poverty, illiteracy, and lack 
of empowerment all contribute to high maternal 
mortality rates.

3.2  Background: The Global 
Response

The story of the neglected tragedy of maternal 
mortality is well documented. After the publi-
cation of the now famous article “Where is the 
M in MCH?” [5] and the introduction of the 
Safe Motherhood Initiative in 1987, maternal 
mortality reduction has gradually gained 
worldwide attention. A global consensus on 
what must be done and an increased commit-
ment in many countries rose from this enhanced 
awareness. In 1999 a joint statement from the 
WHO, UNFPA, UNICEF, and the World Bank 
called on countries to “ensure that all women 
and newborns have skilled care during preg-
nancy, childbirth and the immediate postnatal 
period” [6].

In 2000, the UN adopted the UN Millennium 
Declaration. This historic agreement included 
eight critical goals—the MDGs—for combating 
poverty and accelerating human development to 
be achieved by 2015. MDG 5 (Improve Maternal 
Health) had two targets:

 (a) All countries reduce maternal mortality by 
75% from the 1990 maternal mortality ratio.

 (b) Achieve universal access to reproductive 
health.1

1 This goal was added in 2007.

Thanks to efforts toward MDG 5 globally, a 
44% reduction in the maternal mortality rate 
(MMR) occurred from 385 per 100,000 live 
births in 1990 to an estimated 216 in 2015. The 
annual number of maternal deaths decreased by 
43% from 532,000  in 1990 to an estimated 
303,000  in 2015. The approximate global life-
time risk of maternal death fell from 1 in 73 to 
1  in 180. These figures indicate a substantial 
reduction, but it is far short of the goal of 75% [7, 
8]. Between 1990 and 2015, estimated MMR 
declined across all MDG regions. However, there 
is considerable variation in the amount of the 
reduction between regions and income groups. 
The estimated lifetime risk of maternal mortality 
in low-income countries is 1 in 41 which is vastly 
worse than high-income countries (1  in 3300). 
Today developing regions accounted for approxi-
mately 99% of the global maternal deaths. The 
worst performing regions are sub-Saharan Africa 
which alone accounts for roughly 66% of deaths 
followed by South Asia [9, 10].

3.2.1  The Sustainable  
Development Goals

Building on the experience gained from efforts to 
achieve MDG 5, the SDGs establish an enhanced 
and more comprehensive agenda for maternal 
health. The aim of SDG 3.1 is to reduce the global 
MMR to less than 70 per 100,000 live births by 
2030 and to have no country with an MMR above 
140. This is significantly below the current global 
MMR of 216. Achieving the SDG target will 
require reducing global MMR by an average of 
7.5% every year. This is more than three times 
the annual rate of reduction (2.3%) from 1990 
to 2015 [10].

The SDGs provides a more holistic frame-
work that emphasizes the need for universal 
health coverage [11] and a focus on equity. 
MNCH has been expanded to Reproductive, 
Maternal, Neonatal, Child and Adolescent Health 
(RMNCAH). The UN Secretary-General released 
the Global Strategy for Women’s, Children’s and 
Adolescents’ Health 2016–2030 at the same 
time as the adoption of the SDG declaration. 
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It  provides a broad multi-stakeholder framework 
for the implementation, follow-up, and review of 
progress toward the goals. The UN Secretary- 
General’s strategy is complimented by the 
WHO’s elimination of preventable maternal mor-
tality initiative [3].

3.2.2  Emphasizing Quality of Care

Importantly, new global efforts have refocused 
from simply increasing coverage to highlighting 
the importance of quality of care. This came about 
due to the realization that merely increasing the 
quantity of interventions has not been enough to 
reduce maternal mortality to target levels. A likely 
explanation for this discrepancy is the poor quality 
of care in many health facilities [12]. To address 
this issue, a core set of indicators for improving and 
reporting on quality of care in facilities providing 
maternal, newborn, and child health services has 
been developed by the WHO and the Partnership 
for Maternal, Newborn and Child Health [13]. The 
emphasis is on the following areas:

 1. Routine care during childbirth, including 
monitoring of labor and newborn care at birth 
and during the first week.

 2. Management of preeclampsia, eclampsia, and 
its complications.

 3. Management of difficult labor with safe, 
appropriate medical techniques.

 4. Management of postpartum hemorrhage.
 5. Newborn resuscitation.
 6. Management of preterm labor and birth and 

appropriate care for preterm and small babies.
 7. Management of maternal and newborn infec-

tions [14].

3.2.3  Importance of Data

Measuring maternal mortality remains an 
immense challenge, and new global efforts high-
light the importance of accurate data. Measuring 
progress requires robust, internationally compa-
rable civil registration systems. However, the 
very countries that have a high MMR also have 

poor data collection systems. Globally 60% of 
countries do not have accurate data on maternal 
deaths [15]. Instead, they rely on estimates, and 
under-reporting continues to be a major issue. 
Those countries that have reduced their maternal 
mortality now need to focus on comprehensive 
maternal death registration to ensure no cases are 
missed. Importantly, data must also be disaggre-
gated below the national level. If it is not, the 
average decrease at country level masks pockets 
of high mortality within countries. Among those 
countries with low overall maternal mortality, the 
next challenge is measuring and rectifying ineq-
uities among their populations.

Importantly while accurate data is useful for 
tracking progress toward national goals, alone it 
does not provide information on the causes of 
and circumstances that lead or contribute to 
maternal deaths. This type of detailed informa-
tion must also be collected as it is crucial for 
designing effective interventions. Detailed infor-
mation can only be obtained through maternal 
death reviews (MDR) or audits [16] which ide-
ally would be conducted as part of a complete, 
national Maternal Death Surveillance and 
Response (MDSR) system. MDSR is a system 
that measures and investigates maternal deaths in 
real time to help stakeholders including the gov-
ernment, donor agencies, NGOs, and health-care 
workers at all levels understand the underlying 
factors contributing to the deaths. The primary 
goal is to eliminate preventable maternal mortal-
ity by obtaining and strategically using informa-
tion to guide public health actions and monitor 
their impact. Emphasizing response is what 
makes MDSR more effective than other 
approaches which gather information but don’t 
necessarily lead to action [17].

Performance of MDR (a key component of 
MDSR) is one of the WHO’s core indicators on a 
country’s progress in reducing maternal mortal-
ity. Use of these indicators in monitoring quality 
of care along with the implementation of the 
MDSR approach will contribute to greater 
accountability for maternal health and more effi-
cacious coverage of lifesaving interventions, 
thereby contributing to the end of preventable 
maternal mortality [17].

3 Delays Recognized in Maternal Mortality
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3.3  South Asia Current Trends 
and Remaining Challenges

South Asia is home to 1.6 billion people across 
eight countries: Afghanistan, Bangladesh, 
Bhutan, India, Maldives, Nepal, Pakistan, and Sri 
Lanka. The reduction in the MMR in the region 
has been substantial from 550 in 1990 to 190 in 
2013. This is a reduction of 65%, the highest rate 
globally. However, even with this reduction, 
South Asia still has the second highest rate of 
maternal deaths, accounting for roughly 24% of 
global maternal deaths [9]. The table above dis-
plays the trends in maternal mortality of South 
Asian countries from 1990 to 2015 (Fig. 3.1)2.

There are similarities as well as disparities 
between and within the South Asian countries. At 
one end of the spectrum is Sri Lanka, which has 

2 Graph derived from data in WHO 2015. Trends in mater-
nal mortality 1990 to 2015. Estimates by WHO, UNICEF, 
UNFPA, World Bank Group, and the United Nations 
Population Division.

health statistics that is nearly comparable to 
developed countries. The graph shows Sri 
Lanka’s extremely low level of MMR compared 
to the rest of the region. However, Sri Lanka did 
not technically achieve MDG 5 because it was 
unable to reduce its maternal mortality by 75%. 
This paradox illustrates a gap in the MDGs which 
dealt in averages and wanted a fixed decrease 
regardless of the starting point. This shortcoming 
has been resolved in the SDGs [18]. Like most 
South Asian countries, Sri Lanka has limited 
resources and has had its share of disturbances 
including a civil war. Nonetheless, it still man-
aged to develop its social sector. Successful 
implementation of MDR and a commitment to 
universal access are credited with Sri Lanka’s 
low MMR [16]. This is a lesson for other  countries 
in terms of what can be achieved if priorities are 
set correctly.

Bhutan and the Maldives have also done 
exceptionally well and were the two countries in 
the region that achieved MDG 5 with declines of 
84 and 90%, respectively. Afghanistan and 
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Nepal also made significant progress falling just 
short of MDG 5 with declines of 70 and 71%. 
Nevertheless, Afghanistan’s progress notwith-
standing it still remains one of the world’s 
“high- MMR” countries at over 400 per 100,000 
live births. The three most populace countries, 
Bangladesh, India, and Pakistan, all made prog-
ress but failed to achieve MDG 5 [10]. However, 
given that their populations combine to account 
for roughly half of all South Asia, the progress 
they did make contributed the most to the over-
all region-wide decline in the total number of 
maternal deaths: India (74.1%), Bangladesh 
(12%), and Pakistan (7.6%).Within India, three 
states, Uttar Pradesh/Uttaranchal, Bihar/
Jharkhand, and Rajasthan, contributed more 
than 50% of the total of India’s decline in mater-
nal deaths, while other states lagged behind [9]. 
Notably, Pakistan started out in 1990 with the 
second lowest MMR in the region after Sri 
Lanka, but given its very slow rate of progress, 
it now has a higher MMR than most countries in 
the region. In 2015 Pakistan’s estimated MMR 
stood at 178 which is higher than Bangladesh 
(176), India (174), Bhutan (148), Maldives (68), 
and Sri Lanka (30) [10].

The gender inequality that persists in every 
domain of South Asian societies underpins the 
factors hindering further reductions in 
MMR.  These include high fertility rates, high 
rates of early marriage and pregnancy, lack of 
access to family planning, inequity in access to 
maternal health services, and malnutrition (a fre-
quent underlying cause of maternal deaths) [19].

Moreover, with a few notable exceptions, 
national and provincial/state governments have 
failed to follow through on stated commitments. 
Conspicuously absent in most cases is the neces-
sary budget allocations. The result is short-term 
or ad hoc interventions rather than comprehen-
sive health system improvements. In addition to 
an overall funding gap for maternal health at the 
national level, there are large disparities in the 
targeting of donor funding and country needs. 
Some very poor countries with high MMRs have 
gotten comparatively little funding, while some 
wealthier countries have gotten more funds [20]. 
Similarly, progress is undermined by inadequate 

oversight and coordination of projects leading to 
wasted resources, duplication of effort, and cor-
ruption. Lack of laws or insufficient enforcement 
of laws to protect women and girls including a 
failure to prevent child marriage have also hin-
dered efforts to reduce maternal mortality.

Finally, as mentioned earlier, a lack of com-
plete data hampers the ability to design effective 
interventions and to track progress. With the 
exception of Sri Lanka, South Asian countries 
rely on estimates derived from limited surveys 
and extrapolations of piecemeal facility-based 
data. In most countries representative community- 
based data on maternal deaths is almost totally 
lacking. The WHO estimates that the MMR is 
underestimated by 30% globally and by up to 
70% in some countries [21]. The figure below 
displays the range in in maternal mortality esti-
mates for South Asian countries (Fig. 3.2)3.

3.4  The Health-Care Needs 
of Pregnant Women 
and Newborns

To ensure optimum outcomes for themselves and 
their newborns, women need a continuum of 
care throughout their entire reproductive lives. 
The continuum starts at home and includes self- 
care and prevention through things like proper 
diet. The next step in the continuum is antenatal 
care which is the key preventive measure. 
Approximately 15% of pregnant women will get 
complications [22]; however, which individuals 
will experience complications cannot be reliably 
predicted. All women, therefore, must receive 
antenatal care from qualified skilled birth 
 attendants (SBAs)4 in or near a health center with 

3 Graph derived from data in WHO 2015. Trends in mater-
nal mortality 1990 to 2015. Estimates by WHO, UNICEF, 
UNFPA, World Bank Group, and the United Nations 
Population Division.
4 “Skilled care” refers to an appropriately trained, accred-
ited, and competent health-care provider. Since skilled 
care can be provided by a range of health professionals, 
whose titles may vary in different countries, it has been 
agreed to refer to this health-care provider as the “skilled 
birth attendant” (SBA), to avoid confusion over titles.
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adequate facilities for EmOC.  Antenatal care 
(ANC) involves a birth plan during a woman’s 
pregnancy including place of delivery. The place 
of delivery may be the first level where the provi-
sion of high-quality midwifery is ensured. In 
cases that remain free of complications, care can 
continue at this level. In case of complications, 
referral systems must be in place for a seamless 
transfer to a secondary or tertiary level facility, 
depending on the severity of the complication.

Within the continuum ANC visits provide a 
window of opportunity for important preventa-
tive measures including screening for and diag-
nosis of complications and diseases. Timely and 
evidence-based ANC cannot only save lives, but 
antenatal visits also provide the chance to edu-
cate and support women, families, and communi-
ties. The WHO explains that “these 
communication and support functions of ANC 
are key, not only to saving lives, but to improving 
lives, health-care utilization, and quality of care. 
Women’s positive experiences during ANC and 
childbirth can create the foundations for healthy 
motherhood” [23].

To facilitate the continuum of care from the 
home or the basic level to a higher level, it is 

imperative to have a fully functioning health sys-
tem including adequate transportation and con-
tinuous, effective collaboration between those 
responsible for providing care at every level. The 
“SBA is the ‘lynch pin’ in this entire process.” 
However, the mere presence of a skilled provider 
alone is not enough to protect women. The SBA 
must have the necessary equipment and must 
have formal linkages with higher levels of care 
[6]. Unfortunately there is a gap at this level in 
most countries, and the disconnection between 
the specialist obstetrician and the community 
SBA sometimes causes fatal delays in the provi-
sion of care [24].

3.5  The Three Delays Model 
as a Framework for Eliminating 
Preventable Maternal Deaths

Factors leading to death may be examined along 
the Three Delays Model which examines the 
interrelated set of delays that prevent a pregnant 
woman from accessing the health care she needs. 
In 1994, Sereen Thaddeus and Deborah Maine 
linked causes of maternal mortality to “three 
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delays.” They are defined chronologically, as 
delays in:

 1. The decision to access care.
 2. The identification of or transport to a medical 

facility.
 3. The receipt of adequate and appropriate treat-

ment [25].

Socioeconomic and cultural factors, accessi-
bility of facilities, and quality of care may affect 
the lengths of these delays [26]. Figure 3.3 below 
illustrates how these factors lead to the delays.

3.5.1  The First Delay: Recognizing 
the Need and Making 
the Decision to Seek Care

The first step is for a woman or her family to rec-
ognize the need to seek care and then make the 
decision to do so. Why would a woman or her 
family not access health care during pregnancy? 
The following factors often coalesce to delay the 
decision to seek care [25]:

• Poor education/low literacy (especially of 
women).

• Lack of access to information and gender 
inequality.

• Lack of access to health information and 
education.

• Lack of access to affordable and physically 
accessible health care.

• The low status of women.
• Previous poor experience of health care.
• Acceptance of maternal death.

These constraints are often compounded by 
risk factors including age (either too young or too 
old is a concern), frequent pregnancies, or pre- 
existing health concerns including anemia, 
malaria, HIV/AIDs, diabetes, hypertension, and 
obesity. The way the first delay functions was 
explored in-depth in a seminal study in Haiti with 
a sample of 12 maternal deaths that occurred in a 
longitudinal cohort of pregnant women. In 8 of 
the 12 cases, researchers found a delayed deci-
sion to see medical care. Interviews with family 
and friends suggested that a lack of confidence 
in available medical options was a crucial 

Socioeconomic and cultural
characteristics

Accessibility of health facilities

Quality of care

Delay 1: deciding to seek care

Delay 2: identifying and reaching
health facility

Delay 3: receiving adequate and
appropriate treatment

Factors affecting service utilization and outcome Delays

Fig. 3.3 Contributing factors and the three delays

3 Delays Recognized in Maternal Mortality



26

factor in a delayed or never made decisions to 
seek care [4]. Notably, this finding is prevalent in 
other high-MMR countries as well.

3.5.2  The Second Delay: Delay 
in Arrival at a Health Facility

Socioeconomic divisions within countries often 
mean unequal access to health facilities. The WHO 
reports “delivery care… is strongly associated 
with one’s income, whether they live in a rural or 
urban area, and their level of education” [9, 10].

Those living in rural areas face the major 
obstacle of distance from health-care facilities. In 
developing nations weak infrastructure often 
means poor roads and slow transportation meth-
ods which can further delay a woman’s arrival at 
a health facility [25].

The delay in reaching an appropriate facility is 
attributed to the following factors:

• Distance to health centers and hospitals.
• Lack of availability of and cost of 

transportation.
• Poor roads and infrastructure.
• Geography, e.g., mountainous terrain and 

rivers.
• The lack of a robust referral network among 

community providers, such as SBAs/mid-
wives, and health facilities at the basic, sec-
ondary, and tertiary levels can also cause or 
contribute to this delay.

3.5.3  The Third Delay: Delay 
in Receiving Adequate  
Health Care

The third delay derives primarily from quality of 
care issues, and this is where the OB/GYN com-
munity has direct power to have an immediate 
impact. As countries make progress on the first 
two delays and more deliveries occur in facilities, 
the third delay will assume greater importance. If 
facilities prove unable or unwilling to accommo-
date higher demand, the reduction in maternal 
deaths will stall. This has been shown in South 

India where earlier delays have largely been 
addressed, but facilities are struggling to meet 
increased demand and thus have not been able to 
get the MMR below 80 per 100,000 live births.

Delay in receiving adequate care when a facil-
ity is reached results from [25]:

• Lack of 24/7 EmOC services, especially in 
peripheral hospitals.

• Attitude of the staff: culture of blame and 
shame. It is common for patients/women to be 
shamed for coming late and/or for SBAs to be 
blamed for the complications.

• Shortages in staff.
• Insufficient or inappropriate training.
• Facility is ill equipped (most commonly lack 

of electricity, water, or medical supplies).
• VIP culture (especially prevalent in South 

Asia) exacerbates this delay since poor (and 
thus usually higher risk) patients are often 
treated poorly or ignored by medical staff in 
favor of more affluent patients.

Because maternal deaths occur both in the 
facilities and communities, delays one and two can 
lead to a woman never reaching a facility or arriv-
ing in critical condition. Facility data from across 
South Asia shows that many deaths occur shortly 
after arrival at hospitals that do provide appropri-
ate EmOC. These deaths are often associated with 
a late referral. Figure  3.4 below  displays back-
ground factors contributing to the three delays.

3.6  Solutions Moving Forward

The elimination of preventable maternal mortal-
ity in developing countries is a long-term under-
taking that will require commitment from 
stakeholders at all levels. As the preeminent 
experts, OB/GYNs can lead advocacy efforts 
with their governments on which policies are 
needed to improve availability and quality of 
maternal care. The OB/GYN community has an 
essential role to play that begins with ensuring 
adequate and equitable care is provided in their 
facilities as well as pointing out where shortfalls 
exist. Crucially, the OB/GYN community has the 
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ability to have an immediate and direct impact in 
addressing quality of care issues contributing to 
the third delay even without substantial govern-
ment or donor support. Facilities must be pre-
pared for the increase in demand, in terms of 
properly trained human resource, ICU facilities, 
emergency teams, blood and components, antibi-
otics, etc., and in short adequately trained staff 
with appropriate equipment and supplies.

It is also paramount that facilities are accessi-
ble to the poor and vulnerable. Even the best 
equipped facility will not by itself save lives. The 
OB/GYN community can begin advocating with 
the government to ensure the first and second 
delays are addressed. Similarly, recognizing the 
crucial role of the community SBA in the OB/
GYN bodies of each country, individually and 
through SAFOG, is central to positively chang-
ing the attitudes of its members toward SBAs.

Overall what are needed are specific and 
implementable actions based on proven strate-
gies and lessons learned. What follows are the 
key activities identified by the World Bank’s 
Reproductive Health Action Plan (RHAP),5 

5 RHAP emphasizes 57 priority countries including with 
high maternal mortality and/or high fertility and moderate 
to high levels of sexually transmitted infections. 
Reproductive health profiles were developed for all prior-
ity countries. Five South Asian countries (India, Nepal, 
Pakistan, Bangladesh, and Afghanistan) are identified as 
priorities, and the actions specified above are common to 
each country.

lessons learned from MDG 5, and the author’s 
recommendations. The OB/GYN community 
ideally must be directly involved in designing 
and/or implementing many of these to maximize 
efficacy [27–31].

• Better data: One of the most important les-
sons learned from MDG 5 was the gap in vital 
statistics. Registering each maternal death and 
determining not just the medical cause but the 
associated socioeconomic-cultural reasons 
through an MDSR program will lead to a more 
robust understanding of the household 
decision- making. This ensures stakeholders 
can implement the right policies and programs 
to change attitudes and behavior.
 – All South Asian countries should move to 

implement an MDSR program using a repre-
sentative sample of facility and community- 
based reviews to ensure a complete 
understanding of the on-ground reality.

 – Similarly, efforts to build the capacity of 
health staff to implement MDRs and to 
respond to findings are needed.

• Address misconceptions about reproduc-
tive health: Educating women and relatives 
on reproductive health is essential to combat-
ing harmful perceptions and to ensuring 
obstetric complications/risk factors are recog-
nized in a timely manner.
 – The more efficient strategy of preventing 

pregnancy complications through regular 

Background factors:
women’s autonomy & education; general 

reproductive health; laws, and cultural
norms 

Delay 1: Individual & Family determinants
due to lack of awareness

Delay 2: Community determinants
lack of servises or socioeconomic barriers

Delay 3: Health System determinants
lack of quality care at the hospital

Fig. 3.4 Background factors contributing to delays
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ANC must take precedence over simply 
focusing on treating complications once 
they occur.

 – This will require a combination of behavior 
change communication (BCC) programs 
via mass media and community outreach as 
well as deploying properly trained SBAs.

• Promote institutional delivery: Through 
education and outreach and provider incen-
tives to generate demand for the service.
 – During ANC visits educate pregnant women 

about the importance of delivery with 
skilled health personnel and getting postna-
tal checks. Encourage and promote com-
munity participation in the care for pregnant 
women and their children, and address the 
issue of women wanting someone to accom-
pany them to the health facility.

 – Provide vouchers to poor women to cover 
cost of delivery services.

• Transport arrangements: Make transport 
arrangements, or provide transport vouchers 
to women in hard-to-reach areas. Emphasize 
transportation initiatives where it is most 
needed in rural/remote areas.

• Emphasize reaching poor women in hard- 
to- reach rural areas in the provision of basic 
and comprehensive emergency obstetric care.
 – Renovate and equip health facilities that 

serve these areas.
• Address the inadequate human resources 

for health by training more skilled birth atten-
dants and deploying them to the poorest or 
hard-to-reach areas.
 – Multiskilling of health professionals at all 

levels including training of general physi-
cians in anesthesia and cesarean sections 
for providing comprehensive EmOC.

• Strengthen the referral system: Simple 
changes in practice and attitude can save many 
lives.
 – Ensure the continuum of care throughout 

pregnancy and postnatally from home to a 
referral hospital.

 – Institute emergency transport systems 
training health personnel in appropriate 

referral procedures (referral protocols and 
recording of transfers).

 – Establish a culture of referral as part of the 
birth plan. The crucial link between the 
community and the hospital and between 
the SBA and the obstetrician must be 
acknowledged and strengthened through 
the institutionalization of the referral sys-
tem and in continued medical education 
imparted as a team.

• Improve quality of services (basic and com-
prehensive obstetric care) by introducing and 
using evidence-based treatment protocols and 
guidelines (best practices) to be used by 
skilled attendants at birth at all levels.
 – All women must be attended by a skilled 

birth attendant with a birth plan which 
includes such information as: who will 
accompany the woman, transport, where 
she will be referred, and baseline emer-
gency treatment including iv fluids and a 
shock garment.

• Community workers: Utilize services of 
newly introduced village level workers for 
improving access to quality antenatal services 
and nutrition and management of anemia 
among pregnant women and improving access 
to home level postnatal and neonatal care.

• Public/private partnerships: Build capacity 
in public sector and engage with the private 
sector to fill gaps and provide quality services, 
especially to poor women.

• Address emerging challenges and indirect 
maternal deaths: The increasing importance 
of the infectious and chronic noncommunica-
ble diseases (NCD) that contribute directly and 
indirectly to maternal mortality is a matter for 
concern. As countries reduce the MMR, there is 
a need to strengthen the recognition and man-
agement of indirect causes of maternal death 
and coordinate with other relevant sectors and 
health providers to address care for NCD. 
There is also a need to develop innovative edu-
cation, screening, and management approaches 
for these conditions, as well as appropriate 
clinical guidelines and protocols [3].
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3.7  Conclusion

It is tragically fitting that one of the world’s 
most famous sites, arguably the most famous in 
South Asia, is a monument to a woman who 
died in childbirth. The Taj Mahal was commis-
sioned by Shah Jahan in 1631 in the memory of 
his wife Mumtaz Mahal who died giving birth to 
their 14th child [32, 33]. Today tourists flock to 
it to marvel at its beauty and reflect on the grief 
of a powerful king who was helpless to save the 
woman he loved. Around the time the Taj was 
being built in India, schools for midwives were 
being established across Europe in response to 
the high numbers of women dying in childbirth 
there. Of course, at the time how to save a 
woman dying from childbirth was largely 
beyond medical knowledge, but nevertheless in 
Europe the seeds of modern midwifery were 
sowed. Today the vast majority of maternal 
deaths are preventable since the knowledge and 
technology to save mothers is well known. Yet 
the women of South Asia continue to pay the 
price of a lack of understanding, focus, or com-
mitment of their leaders. It is an outrage that in 
2017 every 2 min a young woman loses her life 
while bringing a new life into the world. The 
fact that so many women are dying of prevent-
able causes goes beyond a simple tragedy. It is 
one of the biggest public health scandals of our 
time.

I have been privileged for 34 years to work in 
the department of OB/GYN in government (pub-
lic sector) hospitals in the city of Peshawar, 
Pakistan. The women at these hospitals were usu-
ally poor, illiterate, and repressed. I witnessed 
personally the inequity of the care they received, 
but I also saw how resilient they were. I realized 
over my long association with these women that 
their marginalization is in itself a serious health 
hazard and that health of women is often compro-
mised not because of lack of medical knowledge 
or even services but because of infringements on 
their most basic rights. The world must recognize 
that repeated, often unwanted pregnancies and 
high rates of maternal death from preventable 
causes are not just a public health issue; they are 
violation of women’s human rights.

Fortunately, the OB/GYN community collec-
tively can achieve a great deal. As we develop our 
specialty, build state of the art hospitals, and pro-
vide cutting edge in scientific interventions, we 
must equally be in the vanguard of eradicating 
preventable maternal deaths. We must increase 
our advocacy armed with evidence of effective 
interventions. We must pursue culturally sensi-
tive approaches that respect the women we serve. 
We must not get side tracked by empty slogans or 
competing priorities. With the inclusion of 
Afghanistan last year, SAFOG now has all eight 
South Asian countries as members. It can there-
fore serve as a powerful, unified platform from 
which to advocate for women’s rights. As shown 
by the successes of some countries in our region 
and globally, with proper commitment and lead-
ership, especially from the OB/GYN community, 
even in resource poor countries, preventable 
maternal deaths can be eliminated.
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Preterm Labor

Poonam Varma Shivkumar, Preeti Priyadarshani, 
and Namit Choksi

4.1  Definition

Preterm labor is defined as regular rhythmic uter-
ine contractions resulting in cervical changes that 
start before 37  weeks of a viable pregnancy. 
Changes in the cervix include effacement (the 
cervix thins out) and dilation (the cervix opens so 
that the fetus can enter the birth canal) [1].

4.2  Introduction

Preterm birth is a global concern. Every year, an 
estimated 15 million babies are born preterm, and 
this number is rising [2]. In the year 2010, almost 
24% of the total world’s preterm babies were 
born in India [3].

Preterm birth is the leading cause of neonatal 
deaths and the second leading cause of death 
after pneumonia in children under 5 years [2].

The prognosis for individual preterm infants 
depends primarily on gestational age at birth. 
Mortality rates vary from about 2% for newborns 
born at or after 32 weeks to more than 90% for 
those born at 23  weeks. Many survivors face a 

lifetime of handicap, including learning disabili-
ties and visual and hearing problems.

4.3  Classification of Preterm 
Births

Preterm births are classified into three subgroups 
according to gestational age at birth:

• Extremely preterm (<28 weeks).
• Very preterm (28–<32 weeks).
• Moderate to late preterm (32–<37 weeks).

The problems of preterm babies vary accord-
ing to the degree of prematurity, with the maxi-
mum burden of difficulty being faced by the 
extremely preterm ones.

4.4  Etiology of Preterm Births

Preterm labor is a heterogeneous process. Multiple 
variables may simultaneously be responsible for 
the onset of preterm labor, hence the observed 
relatively low predictive value of any given vari-
able. Most preterm births happen spontaneously, 
but some are iatrogenic, whether for medical or 
non-medical reasons. Genetics may also play a 
role in the etiology. Comprehending the causes 
and mechanisms associated with preterm births 
will help in the development of solutions to pre-
vent preterm birth.
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4.4.1  Risk Factors for Preterm Birth

Factors that increase the risk of preterm birth 
include the following:

• Socioeconomic factors: Stressful pregnancy for 
various reasons such as low socioeconomic sta-
tus, unwed mothers or lack of family support, 
low pre-pregnancy weight, smoking, alcohol, 
and substance abuse during pregnancy.

• Infections: Intrauterine infection either as 
ascending genital tract infection, including 
bacterial vaginosis, or as a part of systemic 
infection leading to chorioamnionitis.

• Anatomic abnormalities of the uterus and cer-
vix, either congenital (unicornuate, bicornu-
ate, arcuate, or septate uterus) or acquired 
(following cervical conization or LEEP or 
DES exposure in utero).

• History of previous preterm births or recurrent 
abortions.

• Multiple pregnancies.
• Trauma.
• Iatrogenic: Antepartum hemorrhage, diabetes 

mellitus, hypertensive disorders of pregnancy, 
renal diseases, and immunological disorders.

• Idiopathic: Accounts for about 30% of pre-
term births.

The two strongest risk factors for idiopathic 
preterm labor are low socioeconomic status and 
previous preterm delivery. However, a history of 
prior preterm birth is not useful in the nulliparous 
patients who make up nearly one half of all 
patients experiencing preterm birth.

Around 25% of preterm deliveries are elective 
due to either maternal factors such as pre- 
eclampsia or fetal factors such as extreme growth 
restriction.

4.4.2  Infection

Intrauterine infection is a chronic process 
accounting for 25–40% of preterm births. Preterm 
labor is triggered by the activation of the innate 
immune system. However, the role of infections 
in causing preterm births decreases as the gesta-
tional age advances.

Decidual colonization by microorganisms can 
occur by several ways: ascending, hematoge-
neous, iatrogenic by procedures such as amnio-
centesis, or retrograde through the Fallopian 
tubes. From the decidua, infection may reach the 
space between the amnion and chorion, the amni-
otic fluid, and the fetus.

Asymptomatic colonization of the decidua 
occurs in up to 70% of women at term, only few of 
these experience preterm labor pains. Gardnerella 
vaginalis, Fusobacterium, Mycoplasma hominis, 
Ureaplasma urealyticum, Mycoplasma genital-
ium, and severe untreated Candida infection are 
associated with increased risk of preterm birth.

Endotoxins released by microorganisms and 
cytokines stimulate decidual responses includ-
ing the release of prostaglandins which stimulate 
uterine contractions. The decidua can also 
release matrix-degrading enzymes that weaken 
fetal membranes leading to premature rupture. 
Bacterial vaginosis before or during pregnancy 
can aggravate the decidual inflammatory 
responses, and prophylactic antibiotic therapy is 
associated with decreased preterm birth inci-
dence and complications.

Chorioamnionitis can lead to maternal and 
fetal sepsis and significant long-term fetal 
sequelae including cerebral palsy.

4.5  Diagnosis

Initial symptoms of preterm labor can be con-
fused with the discomfort associated with gravid-
ity. Hence, many women experiencing preterm 
labor present only in the late stages, while many 
healthy women may have multiple prenatal visits 
with similar complaints. A confirmatory diagno-
sis of preterm labor is made only in the presence 
of cervical changes, either on clinical examina-
tion or ultrasonography.

4.5.1  Symptoms and Signs 
of Preterm Labor

• Increase in the amount of vaginal discharge.
• Change in type of vaginal discharge (watery, 

mucus, or bloody).
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• Pelvic or lower abdominal pressure.
• Constant low, dull backache.
• Mild abdominal cramps, with or without 

diarrhea.
• Regular or frequent uterine contractions, often 

painless.
• Ruptured membranes (amniotic membrane 

breaks with a gush or a trickle of fluid comes 
out).

• Vaginal spotting or bleeding.

Essential History
• Length of time since onset of symptoms.
• Interval between contractions and duration of 

each contraction.
• Bleeding or leaking per vaginum.
• Previous history of preterm deliveries.
• History of infections, bleeding, pain, and 

single or multiple fetuses in the current 
pregnancy.

• History of smoking.

Examination
• General examination may reveal pallor, high 

BP, edema feet as per the case.
• Systemic examination findings may be as per 

the case or may be normal.
• Abdominal examination reveals uterine 

contractions.
• Speculum examination may reveal dilatation 

or effacement of the cervix and/or amniotic 
fluid leak through the cervix.

• Pelvic examination:
 – This should be deferred if a history of vagi-

nal leak is present, to avoid risk of ascend-
ing infections.

 – If the membranes have not ruptured, how-
ever, cervical assessment should be per-
formed for assessing the onset of premature 
labor.

4.5.2  Investigations Specific 
for Preterm Labor

Transvaginal ultrasound examination may be 
done to measure the length of the cervix and its 

dilatation. A cervical length of less than 25 mm at 
or before 24 weeks of gestational age is used as a 
predictor of preterm labor. The risk of preterm 
birth increases as the cervical length decreases.

High vaginal swab and cervical swab should 
be taken in all women with possible premature 
labor, for Gram staining and culture, as this will 
detect the infection and allow appropriate antibi-
otic therapy to be given.

Fetal fibronectin (fFN), an important bio-
marker, is measured in the vaginal discharge by 
taking a cervicovaginal swab prior to a vaginal 
examination. The presence of this glycoprotein in 
the cervical or vaginal secretions indicates a dis-
ruption of the choreo-decidual interface. A posi-
tive test (>50 ng/mL) indicates an increased risk 
of preterm birth, and a negative test has a high 
predictive value.

Maturity amniocentesis is a prenatal screening 
procedure involving sampling of amniotic fluid 
to determine lung maturity. Lecithin- 
sphingomyelin ratio of 2.4 or more confirms lung 
maturity. The technique can also be used to detect 
an infection in the amniotic fluid.

Placental alpha microglobulin-1 (PAMG- 1), 
commercially known as the PartoSure test, is an 
excellent predictor of imminent spontaneous 
delivery within 7 days in a woman with preterm 
labor, with a better positive predictive value than 
either fFN or cervical length.

4.6  Prevention of Preterm Birth

Primary prevention aimed at reducing or elimi-
nating the risk factors in the general population is 
a limited strategy which involves public educa-
tion, improving socioeconomic status of family, 
smoking cessation, early and regular prenatal vis-
its, and avoidance of late preterm births. Also, 
due diligence is required when using assisted 
reproductive technology (ART) as risk of preterm 
labor increases with multiple pregnancies.

Secondary prevention focuses on women with 
a prior history of preterm birth which is the most 
recognizable risk factor. Preventive strategies 
include cervical cerclage, progesterone, and ded-
icated clinics [4].
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4.6.1  Progesterone

Progesterone, given in the form of 
17- hydroxyprogesterone caproate 500 mg intra-
muscularly weekly or oral dydrogesterone 
10–20 mg daily or oral or vaginal natural micron-
ized progesterone 200 mg daily, relaxes the myo-
metrium, maintains cervical length, and has 
anti-inflammatory properties. Its usefulness has 
been demonstrated in women with history of 
recurrent preterm births, as also in women dis-
covered to have a short cervical length. However, 
the same may not be true of multiple gestations.

4.6.2  Cervical Cerclage

In women with documented cervical incompe-
tence, the cervix is stitched closed with strong 
sutures. The sutures are removed at term, or ear-
lier if the woman goes in labor. Cervical cerclage 
is recommended if woman is less than 24 weeks 
pregnant and either has a history of early prema-
ture birth or an ultrasound shows cervical length 
less than 25 millimeters.

4.7  Management

Defining an ideal management protocol for pre-
term labor has been an elusive goal. It is managed 
based on the fact that delay in delivery will give a 
better chance for the fetus to survive. Certain 
medications may be given to delay the delivery 
and improve neonatal outcome. These medica-
tions include corticosteroids, magnesium sulfate, 
and tocolytics.

4.7.1  Corticosteroids

Corticosteroids given to the mother cross the pla-
centa and help in faster maturity of the fetal 
lungs, brain, and digestive organs. Maximum 
benefit is observed when they are given 
between 24 weeks of pregnancy and 34 weeks 
of pregnancy. As per GOI guidelines, injection 

dexamethasone is given 6  mg intramuscular 12 
hourly four doses for lung maturation [5]. This 
therapy also gives protection from necrotizing 
enterocolitis and intraventricular hemorrhage. 
Injection betamethasone 12  mg intramuscular 
two doses 24 hours apart may also be given as an 
alternative. Repeated doses or rescue therapy is 
not recommended at present. Steroids are contra-
indicated in chorioamnionitis, maternal tubercu-
losis, porphyria, and maternal or fetal infections. 
Maternal diabetes is a relative contraindication.

4.7.2  Magnesium Sulfate

Magnesium sulfate is recommended in women 
going to deliver very preterm to extremely pre-
term infant within the next 24 hours [6]. A load-
ing dose of 4  g is given as a single slow 
intravenous bolus followed by an infusion of 
1 g/h over 24 hours or until delivery, whichever 
is sooner [4]. Monitoring is required for signs 
of maternal magnesium toxicity. If used as 
described, magnesium sulfate has a limited 
tocolytic as well as neuroprotective role by 
decreasing the incidence of cerebral palsy in 
the preterm neonates.

4.7.3  Tocolytics

Tocolytics are used to decrease uterine activity 
for a short time (up to 48 hours) in women with 
uncomplicated pregnancies. This gives time for 
action of corticosteroids or magnesium sulfate 
or for arranging transfer of women to institu-
tions with specialty care centers for preterm 
infants.

Nifedipine: It is a calcium channel blocker 
that inhibits the entry of calcium through chan-
nels in the cell membrane and causes smooth 
muscle relaxation. It is the tocolytic of choice; 
however, concomitant administration of nife-
dipine and magnesium sulfate should be 
avoided.

Atosiban: Atosiban is an oxytocin analog 
that acts as a competitive antagonist of 
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oxytocin- induced contractions. Atosiban is 
offered to women in whom nifedipine is 
contraindicated.

Beta adrenergic receptor agonists: These 
drugs react with β-adrenergic receptors to reduce 
intracellular ionized calcium levels and prevent 
activation of myometrial contractile proteins. 
However, they are no longer recommended for 
this purpose due to the associated side effects 
such as pulmonary edema. Examples are terbuta-
line and ritodrine.

Indomethacin: This drug inhibits the synthesis 
of prostaglandin by blocking the enzyme prosta-
glandin synthase. Though it is effective in delay-
ing preterm birth, associated side effects like 
oligohydramnios, patent ductus arteriosus, nec-
rotizing enterocolitis, and intraventricular hem-
orrhage limit its use.

Using multiple tocolytic drugs appears to be 
associated with a higher risk of adverse effects 
and so should be avoided.

4.7.4  Antibiotics

Studies examining the use of antibiotics have 
provided mixed results [7]. Antibiotics may be 
useful in preventing preterm labor in women with 
bacterial vaginosis. Erythromycin is recom-
mended in women with preterm prelabor rupture 
of membranes [8]. However, once chorioamnion-
itis sets in, antibiotics cannot ameliorate the need 
for early delivery, and expediting delivery of the 
baby is of utmost importance.

4.7.5  Emergency Cervical Cerclage

Emergency or “rescue” cervical cerclage is 
offered to women between 16 and 34 weeks with 
cervical changes and exposed unruptured fetal 
membranes. It is not recommended in women 
with signs of infection, bleeding, or true uterine 
contractions.

The role of bed rest, hydration, and sedation 
of the patient is debatable in the present 
scenario.

4.8  Delivery

• Most preterm babies with cephalic presenta-
tion are safely delivered vaginally, with 
Caesarean section being done for other obstet-
ric indications.

• Elective Caesarean section to avoid the risk of 
intracranial hemorrhage is not routinely 
indicated.

• Caesarean section is the preferred mode of 
delivery in preterm infants with breech 
presentations.

• Prophylactic forceps delivery to protect the 
soft preterm head during delivery is not 
indicated.

• Fetal heart rate monitoringduring labor is rec-
ommended and can be done with either a 
stethoscope or ultrasound Doppler. Continuous 
monitoring has not proven superior to inter-
mittent auscultations.

• Invasive methods of fetal monitoring such as 
fetal scalp electrodes and fetal blood sampling 
are not recommended below 34  weeks of 
gestation.

4.9  Neonatal Care

After delivery, general principles of neonatal 
resuscitation are applicable. Plastic wraps or 
warm blankets are useful during transport of 
babies to prevent hypothermia. Where facilities 
are available, preterm infants are cared for in a 
NICU (Neonatal Intensive Care Unit) on SNCU 
(Sick Newborn Care Unit), with special emphasis 
on preventing infection and hypothermia by 
using radiant warmers and incubators. 
Management also includes parenteral nutrition 
and ventilator support if required. Surfactant 
therapy may be given if required.

In resource-poor settings, simple cost- effective 
measures such as exclusive breastfeeding, kan-
garoo mother care (KMC), and precautions for 
infection prevention such as frequent handwashing 
go a long way in decreasing preterm morbidity and 
mortality. Survival rates of infants differ widely 
depending on the center providing postnatal care.
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4.9.1  Complications

One or more organ systems of the preterm infants 
may be affected, including but not limited to the 
complications mentioned below:

• CNS: hypoxic ischemic encephalopathy (HIE), 
cerebral palsy, and intraventricular hemorrhage.

• Respiratory system: respiratory distress syn-
drome (RDS), bronchopulmonary dysplasia, 
and pneumonia.

• Cerebrovascular system: patent ductus arteri-
osus (PDA).

• Ophthalmological: retinopathy of prematurity 
(ROP).

• Gastrointestinal system: necrotizing enteroco-
litis, feeding difficulties, and inguinal hernia.

• Metabolic: neonatal hypoglycemia, hypocal-
cemia, and rickets of prematurity.

• Hematological system: anemia of prematurity, 
sepsis, and hyperbilirubinemia which can lead 
to kernicterus.
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Prelabor Rupture of Membranes

Parneet Kaur and Surbhi Saini

5.1  Introduction

Prelabor rupture of membranes (PROM) remains 
a subject of great clinical relevance and a prob-
lem encountered by each and every obstetrician 
in day-to-day practice. Preterm prelabor rupture 
of membranes (PPROM) is rupture of mem-
branes prior to 37 weeks of gestation, but before 
the onset of labor. PPROM is far more difficult to 
manage than PROM at term. Several issues need 
to be considered in formulating a plan of man-
agement. While intra-amniotic infection and its 
sequelae are the primary maternal risks, prematu-
rity is the principal risk to the fetus which can 
lead to increased neonatal morbidity and 
mortality.

5.2  Definition [1, 2]

5.2.1  Prelabor Rupture 
of Membranes (PROM)

Prelabor rupture of membranes is defined as rup-
ture of membranes before the onset of labor.

5.2.2  Term Prelabor Rupture 
of Membranes (TPROM)

When the rupture of membranes occurs beyond 
37 weeks but before the onset of labor, it is called 
term prelabor rupture of membranes.

5.2.3  Preterm Prelabor Rupture 
of Membranes (PPROM)

When the rupture of membranes occurs before 37 
completed weeks but before the onset of labor, it 
is called preterm prelabor rupture of 
membranes.

5.2.4  Prolonged Rupture 
of Membranes

Rupture of membranes for >24 h before delivery 
is called prolonged rupture of membranes.

5.3  Incidence [3–5]

PROM occurs in approximately 10% of all preg-
nancies, and in 70% of these cases, it occurs in 
pregnancies at term.

PPROM occurs in 3% of all pregnancies and 
is responsible for approximately 30% of all pre-
term deliveries.P. Kaur (*) · S. Saini 
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5.4  Etiology [5–7]

Multiple factors predispose patients to PPROM 
like:

• Subclinical intrauterine infection is a major 
predisposing factor, especially at early 
gestation.

• Women with PPROM in previous pregnancy 
are at increased risk for recurrence in next 
pregnancy.

• Prior preterm labor in the current pregnancy.
• Low socioeconomic status.
• Body mass index ≤19.8.
• Nutritional deficiencies.
• Smoking.
• Sexually transmitted infections (STIs) in 

female.
• Cervical conization in the past.
• Uterine distention (e.g., multiple pregnancy, 

hydramnios).
• Cervical cerclage done for cervical 

incompetence.
• Vaginal bleeding during pregnancy.
• Presence of a short cervix (< 25 mm by TVS).
• Invasive procedures during pregnancy (e.g., 

amniocentesis, chorionic villi sampling).

Though there are so many of these known 
risk factors, still none could be identified in most 
cases of preterm labor.

The underlying pathophysiology in PROM is 
considered to be collagen degradation in the fetal 
membranes caused by increased metalloprotein-
ases. Also in pregnancies complicated by PPROM, 
amnion also exhibits a higher degree of cell death 
and apoptosis regulated by bacterial endotoxin, 
interleukin-1, and tumor necrosis factor-α. These 
all result in a weakened amnion [6].

5.5  Result of PROM [4]

If managed expectantly, half of the women with 
TPROM deliver within 5 h and 95% within 28 h. 
Also, whatsoever may be the clinical presenta-
tion or obstetric management, delivery occurs 
within 1 week of rupture of membranes in 50% 
of cases with PPROM.

5.6  Diagnosis

Diagnosis of rupture of membranes is important 
for three reasons:

• To decide for gestational age-specific obstet-
ric management.

• There is increased possibility of cord prolapse 
and cord compression if the presenting part is 
not fixed.

• If delivery is delayed after rupture of mem-
branes, intrauterine infection is more likely as 
time interval increases.

Diagnosis is made by:

• History.
• Sterile speculum examination.
• Ultrasonography.

5.6.1  History

Patient gives typical history of sudden gush of 
liquor. At times patient gives history of inter-
mittent leaking, continuous leaking of small 
amount of fluid, or just a feeling of wetness. 
Thus detailed history of amount, color, and 
smell of liquor should be elicited. History of 
time of rupture of membranes should be taken. 
History of perception of fetal movements 
should also be taken.

5.6.2  Sterile Speculum Examination

The vulva is cleansed with sterile saline. 
Antiseptic should not be used as it may interfere 
with bacteriological assessment. On per specu-
lum examination:

• There will be presence of pool of amniotic 
fluid in posterior fornix also known as 
amniorrhexis.

• Clear fluid may be seen coming out from cer-
vical canal.

• If no fluid is seen, we can ask the patient to 
cough as this may cause liquor to drain.

P. Kaur and S. Saini
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By doing per speculum examination, we can 
also estimate cervical dilatation, exclude cord 
prolapse, and take cultures [4].

In doubtful cases with a strong history of leak-
ing, patient may be asked to wear a sterile sani-
tary pad for 30–60 min and observed.

If in doubt from history and clinical examina-
tion, the following tests can be performed [6, 8, 9]:

 1. Nitrazine test: The pH of vaginal secretions is 
acidic and normally ranges from 4.5 to 5.5, 
whereas the amniotic fluid pH is 7.0–7.5. The 
use of nitrazine indicator is simple and fairly 
reliable method. The test papers are impreg-
nated with dye and are used to test the vaginal 
fluid while doing per speculum examination. 
The color of the reaction between these paper 
strips and vaginal fluids is seen and inter-
preted by comparing with a standard color 
chart. A pH above 6.5 indicates ruptured 
membranes. The presence of blood, semen, or 
bacterial vaginosis may give false-positive 
test. Also false-negative test may be obtained 
when amniotic fluid is less.

 2. Ferning pattern: Microscopic examination of 
vaginal fluid shows characteristic arborization 
or ferning. Amniotic fluid when dried on a 
glass slide crystallizes to form a fern-like pat-
tern due to the presence of sodium chloride, 
protein, and carbohydrate.

The above two tests have shown the best 
results with a sensitivity of 90% [8].

 3. Lanugo hair: The presence of fetal lanugo 
hair in vaginal fluid when examined micro-
scopically was considered indisputable evi-
dence of membrane rupture. However, 
because of limited amounts of fetal lanugo 
hair in amniotic fluid and also because of the 
fact that such hairs were present in amniotic 
fluid only in later weeks of pregnancy, this 
method never became popular.

 4. Cytologic diagnosis: These tests were based 
on cytologic inspection for fetal squamous 
cells in the vagina, using various stains includ-
ing Masson stain, Sudan III stain, Papanicolaou 
stain, Pinacyanole stain, acridine orange stain, 
and the most popular Nile blue sulfate stain. 

Although fetal cell-staining techniques were 
considered rapid, simple, and durable, con-
cerns about their accuracy emerged. They 
were also time-consuming, needed trained 
cytologists, were not effective before 32 weeks 
of gestation, and did not provide certain diag-
nosis of membrane rupture.

Digital examination (P/V) should not be done 
unless the woman is in active labor. There are 
two reasons for this:

• We may transfer the microorganisms from the 
vagina into the cervix while examining, and 
this may lead to intrauterine infection, release 
of prostaglandins, and preterm labor.

• Also digital examination adds little to the 
information available with speculum exami-
nation [2, 8].

5.6.3  Ultrasonography

Ultrasonographic evaluation of amniotic fluid vol-
ume does help in documenting oligohydramnios, 
but is not diagnostic for PROM.  If after proper 
evaluation the diagnosis still remains unclear, then 
we can instill indigo carmine dye (1 mL in 9 mL of 
sterile normal saline) transabdominally under the 
guidance of ultrasound. We can then observe the 
passage of blue fluid into the vagina which can be 
confirmed by a stained vulval pad [2, 5]. We 
should not use methylene blue dye for this test 
because it has been associated with hyperbilirubi-
nemia and hemolytic anemia in infants. Though 
ultrasonography is not necessary to confirm 
PROM, it does help in determining the gestational 
age and position of the fetus, localization of the 
placenta, residual amniotic fluid volume, esti-
mated fetal weight, and presence of any abnormal-
ities in the fetus [ 10]. A low initial amniotic fluid 
index has been shown to be associated with shorter 
latency period and an increased risk of chorioam-
nionitis. However, amniotic fluid volume assess-
ment does not accurately predict the time of 
delivery, and thus should not be used alone to 
decide regarding conservative management.

5 Prelabor Rupture of Membranes
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5.6.4  Newer Biochemical Tests

• IGFBP-1 (Actim PROM) test: It is a rapid 
test that specifically detects insulin-like 
growth factor-binding protein-1 (IGFBP-1) 
in the vaginal fluid. It is a simple bedside 
test and can be used as a complimentary test 
to confirm the clinical diagnosis of PROM 
[11, 12].

• PAMG-1 (AmniSure®) test: It is a rapid immu-
noassay test which detects placental alpha- 
microglobulin- 1 (PAMG-1) and is found to be 
reliable in the diagnosis of PROM.  The test 
has a sensitivity and specificity of 98.9 and 
100%, respectively [7, 8, 11, 13].
 – It is FDA approved.
 – Simple and easy to perform.
 – Does not require a speculum examination.
 – Has no gestational age limitation.

5.6.5  Role of Amniocentesis

Intrauterine infection can be diagnosed by posi-
tive amniotic fluid cultures in 36% of women 
with PPROM.  Most infections are subclinical 
with no obvious signs and symptoms of chorio-
amnionitis. Current evidence also tells us that 
infection is a cause of rupture of membranes 
rather than its result. Although by going for 
amniocentesis we can detect subclinical infection 
before clinical picture of chorioamnionitis devel-
ops and also before the onset of fetal infection, 
the evidence at present is not sufficient to recom-
mend amniocentesis for the diagnosis of intra-
uterine infection [8].

If we want a favorable obstetric outcome, a 
timely and accurate diagnosis of prelabor rup-
ture of membranes is critical. A false-positive 
diagnosis of PROM especially preterm PROM 
may lead to unnecessary obstetric interventions 
and delivery of a preterm baby thus increasing 
perinatal morbidity and mortality. Thus every 
effort should be made to reach at a correct 
diagnosis.

5.7  Complications

The fetal membranes act as a barrier to ascending 
infection. Once the membranes rupture, both the 
mother and fetus are at risk of infection and other 
complications.

5.7.1  Neonatal Complications [2, 7]

These are related mainly to prematurity. PPROM 
is associated with increase in perinatal mortality 
and neonatal morbidity.

• Respiratory distress syndrome (RDS) occurs 
in 10–40% cases of PPROM and causes 
40–70% of neonatal deaths.
Despite initial suggestions, subsequent obser-
vations do not support association of acceler-
ated pulmonary maturation with PPROM [14].

• Neonatal infections.
• Intraventricular hemorrhage (IVH).
• Necrotizing enterocolitis (NEC).
• Increased risk of neurodevelopmental 

impairment.
• Fetal pulmonary hypoplasia occurs in 26% of 

PPROM before 22 weeks.
• Skeletal deformities.
• Severe oligohydramnios may lead to an 

increased incidence of cord compression and 
abnormal fetal heart pattern in labor.

• Infections and cord accident contribute to 
1–2% risk of antenatal fetal demise.

5.7.2  Maternal Complications [4, 7]

• Clinically evident intra-amniotic infection 
occurs in 15–25% and is seen more frequently 
with prolonged PPROM, severe oligohydram-
nios, and repeated vaginal examinations.

• Postpartum infections occur in 15–20%, with 
incidence higher at early gestation.

• Abruptio placentae in 2–5%.
• As more fetuses with PPROM present with 

malpresentation, thus there is increased risk of 

P. Kaur and S. Saini



43

cesarean delivery with its attendant complica-
tions as compared with term deliveries.

5.8  Management

5.8.1  Confirmation of the Diagnosis 
of PROM and Its Importance

Early and correct diagnosis of PPROM would 
allow the obstetrician to plan for management 
according to gestational age for a better perina-
tal outcome and minimal complications. On the 
other hand, a false-positive diagnosis of 
PPROM may lead to unnecessary obstetric 
interventions [7].

We should do the following in all cases of 
PROM [4]:

• Confirm gestational age and fetal presenta-
tion, and assess fetal well-being by subjecting 
all patients to electronic fetal monitoring 
(EFM) during the initial period of observation 
to assess any abnormality of fetal heart rate 
(FHR) and uterine activity.

• If FHR tracings are abnormal or there is evi-
dence of chorioamnionitis, one should pro-
ceed for delivery.

• Vaginal bleeding should raise suspicion of 
placental abruption, and delivery should be 
considered.

5.9  Gestational Age-Specific 
Management

5.9.1  Term Prelabor Rupture 
of Membranes (TPROM)

In these cases delivery should be planned and 
intrapartum group B streptococcal (GBS) pro-
phylaxis given if indicated [4].

The three main things to consider are:

• Timing of delivery.
• Method of induction.
• Role of antibiotics.

5.9.1.1  Timing of Delivery
A Cochrane review [15] found that induction of 
labor (IOL) reduced induction delivery interval 
and incidence of chorioamnionitis. There was no 
increase in rates of cesarean sections, operative 
vaginal delivery, or NICU admission. A large trial 
also found that women accepted IOL more posi-
tively than expectant management [16]. ACOG 
also recommends that when patient presents with 
PROM at ≥ 37 weeks of gestation, induction of 
labor should be done if there are no contraindica-
tions [4], whereas according to NICE guidelines, 
women with TPROM should be offered a choice 
of IOL or expectant management, and IOL is 
appropriate after 24  h [17]. Since planned and 
expectant management may not be very different, 
women should be properly counseled so that they 
can make informed choices.

5.9.1.2  Method of Induction
Oxytocin should be used for IOL as prostaglan-
dins and mechanical methods of induction (e.g., 
Foley catheter) are associated with higher rates of 
intrauterine infection [4].

When IOL is done with oxytocin, we should 
allow a sufficient period of adequate contrac-
tions (at least 12 h) for the latent phase of labor 
to progress before diagnosing failure of induc-
tion and deciding in favor of operative delivery 
[18, 19].

5.9.1.3  Role of Antibiotics
There are studies which show that use of antibiot-
ics resulted in a statistically significant reduction 
in chorioamnionitis and neonatal infection [20–
22], but according to ACOG, evidence is not suf-
ficient to justify the routine use of prophylactic 
antibiotics with TPROM [4].

5.9.2  Preterm Prelabor Rupture 
of Membranes (PPROM)

The time period from rupture of membranes to 
delivery is called “latency.” [5, 23] Following 
rupture of membranes, delivery is recommended 
when the risk of ascending infection exceeds the 
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risk of prematurity. During evaluation of a case, 
contraindications to expectant management 
should be ruled out. Absolute contraindications 
are [10]:

• Intra-amniotic infection, i.e., chorioamnionitis.
• Non-reassuring fetal testing.
• Placental abruption.
• Active labor.

The diagnosis of chorioamnionitis [6, 8, 10] is 
mainly clinical by observing:

• Maternal pyrexia (≥100.4 °F).
• Fetal tachycardia.
• Maternal tachycardia.
• Uterine tenderness.
• Offensive vaginal discharge.

(Maternal temperature, pulse, and FHR aus-
cultation should be checked between 4 and 8 
hourly interval.)

Other tests recommended are maternal 
full blood count, C-reactive protein, and high 
vaginal swab, but the sensitivity of these tests 
in detection of intrauterine infection is less. 
Cardiotocography is useful, and fetal tachycar-
dia is also used in the definition of clinical cho-
rioamnionitis [8]. Clinical chorioamnionitis is 
present on admission in 1–2% of women who 
present with PPROM and subsequently develops 
in 3–8% [23].

At 340/7 weeks of gestation or greater, deliv-
ery is recommended for all women with rupture 
of membranes. If expectant management is con-
tinued beyond 340/7 weeks of gestation, the ben-
efit and risk should be carefully considered and 
discussed with the patient (ACOG, RCOG) [4, 8].

At 370/7 weeks of gestation or greater, 
expectant management has no role, and delivery 
should be done in all cases of PROM.

Before 340/7 weeks of gestation, expectant 
management should be done after ruling out con-
traindications (ACOG) [4].

Between 34 and 37  weeks of gestation, 
management of cases of PPROM remains a 
controversial issue. Those favoring delivery at 
34 weeks argue that because of the lack of sig-
nificant neonatal benefit with prolongation of 

the pregnancy until 37  weeks, early delivery is 
justified to reduce the risk of chorioamnionitis. 
A Cochrane review of planned early birth versus 
expectant management for women with PPROM 
before 37  weeks of gestation concluded that 
there was insufficient evidence to guide clinical 
practice on the benefits and harms of immediate 
delivery compared with expectant management 
[24]. The results of recent PPROMT trial says 
that women with PPROM between 34 and 366/7 
weeks, in the absence of overt signs of infection 
or fetal compromise, be managed expectantly 
with appropriate surveillance (Lancet 2016) [25]. 
Also after the recently published Antenatal Late 
Preterm Steroids (ALPS) [26] trial demonstrated 
that administration of betamethasone to women 
at risk for late preterm delivery significantly 
reduced the rate of neonatal respiratory com-
plications, ACOG issued practice advisory [27] 
that administration of betamethasone may be 
 considered in women with a singleton pregnancy 
between 340/7 and 366/7 weeks of gestation at 
imminent risk of preterm birth. ACOG now rec-
ommends a single course of corticosteroids for 
pregnant women between 340/7 weeks and 366/7 
weeks of gestation at risk of preterm birth who 
have not received a previous course of antenatal 
corticosteroids [28, 29].

Expectant management is recommended 
for pregnancies between 240/7 and 336/7 weeks 
of gestation and generally consists of hospi-
tal admission and complete pelvic rest. Patients 
should be assessed at regular intervals for evi-
dence of infection, abruptio placentae, umbilical 
cord compression, fetal well-being, and initiation 
of labor [2]. There is no consensus on the meth-
ods [30] and optimal frequency of fetal assess-
ment, but an acceptable strategy would include 
periodic ultrasonographic monitoring of fetal 
growth and FHR [4]. The two most common test-
ing modalities are nonstress test and the biophys-
ical profile [23].

Any deterioration in health of the mother or 
fetus is an indication for delivery and abandon-
ing of expectant management.

Women presenting with previable PROM 
(<24  weeks) should be counseled regarding the 
risk and benefit of expectant management. They 
should be offered immediate delivery [4] because 
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of high perinatal mortality (50%) and serious mor-
bidity (40%) in those who survive [31]. In case 
the patient decides in favor of expectant manage-
ment and is clinically stable with no evidence of 
infection, she can be managed on outpatient basis 
and should be admitted to the hospital once the 
pregnancy reaches the period of viability.

5.9.3  Management of Prelabor 
Rupture of Membranes 
(ACOG) [4]

5.9.3.1  Early Term and Term  
(370/7 Weeks or More)

• Deliver.
• GBS prophylaxis if indicated.

5.9.3.2  Late Preterm (340/7–366/7 Weeks)
• Same as for early term and term.

5.9.3.3  Preterm (240/7–336/7 Weeks)
• Expectant management is recommended.
• Antibiotics recommended to prolong latency 

if there are no contraindications.
• Single-course corticosteroids.
• GBS prophylaxis if indicated.
• Magnesium sulfate for neuroprotection should 

be administered in active labor.

5.9.3.4  Less than 24 Weeks 
of Gestation

• Meticulous patient counseling.
• Expectant management or induction of labor.
• Antibiotics may be given as early as 200/7 

weeks.
• GBS prophylaxis is not recommended.
• Corticosteroids are not recommended.
• Tocolysis is not recommended.
• Magnesium sulfate for neuroprotection is not 

recommended.

5.10  Expectant Management

5.10.1  Antibiotics

The use of antibiotics following PPROM 
increases the latency and is associated with a sta-
tistically significant reduction in chorioamnion-

itis and neonatal morbidity and should be given 
to women with PPROM before 340/7 weeks 
(ACOG, NICE, SOGC) [4, 8, 32].

The two most well-studied regimens [33, 34] 
used in the largest PPROM randomized con-
trolled trials are:

 1. Inj Ampicillin 2 G 6 hourly intravenously and 
Inj Erythromycin 250 mg 6 hourly intrave-
nously X 48 hours – followed by Tab 
Amoxycillin 250 mg TDS orally and Tab 
Erythromycin 333 mg TDS orally X 5 days.

 2. Tab Erythromycin 250  mg orally QID X 
10 days.

Amoxicillin/clavulanic acid should not be 
used because they have been reported to increase 
the risk of necrotizing enterocolitis in neonates 
[32, 34].

Women presenting with PPROM should be 
screened for urinary tract infections, sexually 
transmitted infections, and Group B streptococ-
cus carriage and treated with appropriate antibi-
otics if positive [32].

Latency antibiotics should be continued till 
the onset of labor or until the completion of ther-
apy. Studies show that women treated with anti-
biotics are more likely to remain pregnant up to 
3 weeks after randomization, suggesting that the 
therapy successfully treated subclinical infection 
rather than just suppressing it [5].

5.10.2  Antenatal Corticosteroids  
[4, 35–37]

Antenatal corticosteroid administration after 
PPROM has been evaluated in many clinical tri-
als and has been shown to reduce RDS (34%), 
IVH (46%), NEC (54%), and neonatal mortality 
(31%).

They should be administered between 24 and 
34 weeks of gestation.

• A single course is recommended.
• Current evidence suggests corticosteroids 

when administered in antenatal period are not 
associated with increased risks of maternal or 
neonatal infection.
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• The maximum effect occurs if the fetus is 
delivered 24  h after the last dose and up to 
7 days thereafter.

• Antenatal corticosteroid therapy should be 
started even when the completion of a full 
course before preterm birth is uncertain. 
Partial effect is evident and is worth it.

5.10.2.1  Dose and Route 
of Administration

• Betamethasone 12 mg intramuscularly in two 
doses 24 h apart.

• Dexamethasone 6 mg intramuscularly in four 
doses 12 h apart.

Corticosteroids may be considered for preg-
nant women as early as 230/7 weeks of gestation 
who are at risk of preterm delivery [28]. Weekly 
administration of corticosteroids is associated 
with a reduction in birth weight and head circum-
ference of neonates and so not recommended. 
Also ACOG does not recommend administration 
of a rescue course of corticosteroids in patients 
with PROM [4].

Government of India (GoI) [34] recommends 
single course of dexamethasone injection to be 
administered between 24 and 34 weeks of gesta-
tion at all levels of health facilities.

Why Is Dexamethasone Injection 
Recommended by GoI?
Dexamethasone sodium phosphate and beta-
methasone acetate + phosphate are the only two 
efficacious and safe corticosteroids to be used 
during antenatal period. Both these drugs are 
identical in biologic activity and readily cross the 
placenta.

Dexamethasone: It is listed in the WHO essen-
tial medicines list, inexpensive, and widely avail-
able in facilities for multiple indications.

Betamethasone: The salt betamethasone ace-
tate + phosphate, which requires only two doses, 
is not available in India. Here the salt available 
is betamethasone phosphate which is short act-
ing and requires more frequent administration. 
Hence, the dosage schedule of betamethasone 

phosphate is similar to that of the dexamethasone 
and has no added advantage over dexamethasone. 
Betamethasone is also more costly and less stable 
than dexamethasone at high temperatures. Thus 
GoI recommends that, in individual cases where 
dexamethasone injection is not available, the ser-
vice provider may use betamethasone phosphate 
injection to give the advantage of corticosteroids 
to the newborn.

Dexamethasone is thus a more appropriate 
option and recommended by the Government of 
India.

5.10.3  Group B Streptococcus (GBS) 
Chemoprophylaxis

Group B streptococcus (Streptococcus agalac-
tiae) is an important cause of maternal and neo-
natal morbidity and mortality. Asymptomatic 
colonization of the vagina and rectum with GBS 
is common in pregnancy. Vertical transmission of 
this organism from the mother to fetus during 
labor or delivery may result in invasive infection 
in the newborn during the first week of life, 
known as early-onset Group B streptococcal 
infection. Intrapartum use of antibiotics in these 
women has led to a decrease in the rate of early- 
onset but not late-onset GBS disease. 
Identification of women with GBS is the key fac-
tor in the prevention of perinatal GBS disease. In 
India, the mortality and morbidity associated 
with the GBS disease remains an under- 
recognized problem, and there are no guidelines 
at present for its management, [38] whereas CDC 
[39] in collaboration with ACOG [40] have for-
mulated national guidelines that are revised from 
time to time. Approximately 10–30% of pregnant 
women are colonized with GBS in the vagina or 
rectum in the USA. Intrapartum GBS chemopro-
phylaxis has been shown to significantly decrease 
the incidence of early onset neonatal GBS infec-
tion and mortality. The new guidelines provide 
updated algorithm for screening for GBS and 
intrapartum antibiotic prophylaxis for women 
with PROM (Figs. 5.1 and 5.2).
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Patient admitted with PROM

Vaginal-rectal cultures within previous 5 weeks

Not available Available

Start GBS prophylaxis #
Send vaginal-rectal swab for 

culture 

Negative Positive

In labor Not in labor

Continue GBS
prophylaxis till 

delivery  

Continue GBS prophylaxis 
for 48 hours and obtain 

culture result 

Positive Negative

No
GBS prophylaxis 

Start GBS
prophylaxis 

Start GBS prophylaxis 
at onset of labor 

No
GBS prophylaxis

Continue GBS
prophylaxis till delivery 

In labor Not in labor

Stop GBS prophylaxis
after 48 hours and
restart at onset of 

labor   

Repeat vaginal-rectal 
swabs at 35-37 weeks 

if undelivered  

Fig. 5.1 Algorithm for screening for GBS [40]

•   Penicillin G, 5 million units IV as initial dose, then 2.5–3 million units every 4 hours until delivery 
    or Ampicillin, 2 g IV as initial dose, then 1 g IV every 4 hours until delivery

•   In Penicillin-allergic patients give: Cefazolin, 2 g IV as initial dose, then 1 g IV every 8 hours until delivery
    or Vancomycin, 1 g IV every 12 hours until delivery
    or Clindamycin 900 mg IV every 8 hours until delivery

•   Antibiotics given for latency in the setting of PPROM that include ampicillin are adequate for GBS prophylaxis.
    If other regimens are used, GBS prophylaxis should be initiated in addition

•   Erythromycin should not be given.

•   No intramuscular or oral regime has been shown to be effective.

•   A negative GBS screen result is considered valid for 5 weeks. If  a patient with history of preterm labor is 
    readmitted with signs and symptoms of preterm labor and had a negative screen result more than 5 weeks 
    prior, she should be rescreened and managed accordingly

Fig. 5.2 Intrapartum intravenous antibiotic prophylaxis for GBS [40]
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5.10.4  Magnesium Sulfate 
for Neuroprotection

Women with PPROM before 320/7 weeks who are 
thought to be at risk of imminent delivery should 
be considered candidates for fetal neuroprotec-
tive treatment with magnesium sulfate (ACOG) 
[4]. Use of magnesium sulfate for fetal neuropro-
tection when birth is anticipated has shown to 
reduce the risk of cerebral palsy in surviving 
infants [41, 42]. Physicians electing to use mag-
nesium sulfate for fetal neuroprotection should 
develop specific guidelines [41].

A recommended dose of magnesium sulfate 
according to NICE [11] is 4 g intravenous bolus 
over 15  min, followed by an intravenous infu-
sion of 1 g/h until birth or for 24 h (whichever 
is sooner).

5.10.5  Tocolysis

There are no recommendations for starting toco-
lytic therapy in women with PPROM [8, 43]. 
When women with PPROM go into labor, thera-
peutic tocolysis is not recommended [4, 8].

5.11  Indications to Stop Expectant 
Management

The following are the indications to stop conser-
vative management:

• If gestational age reaches 34 weeks.
• There is evidence of chorioamnionitis.
• Pulmonary maturity is achieved.

5.11.1  Transport to Tertiary Care 
Referral Facility

To achieve better perinatal outcomes, delivery of 
preterm infants should occur at facilities capable 
of providing the appropriate level of neonatal 
resuscitative and supportive care according to 
gestational age. Thus if a good NICU is not avail-

able, the mother should be transferred to higher 
center after initiating treatment.

5.11.2  Reseal of Ruptured 
Membranes

If amniocentesis results in PPROM, the mem-
branes usually reseal with restoration of normal 
amniotic fluid volume, whereas in women with 
spontaneous PPROM, resealing of the mem-
branes and restoration of normal amniotic fluid 
volume occur rarely (estimated at 2.8–13%) [7].

5.11.3 Home Care

ACOG does not recommend home care in cases 
of PPROM [4]. The women should be admitted to 
the hospital and under constant supervision for 
promptly diagnosing evidence of infection and 
for fetal well-being.

5.11.4  Cervical Cerclage in Cases 
of PPROM [4]

There are no recommendations whether a cervi-
cal cerclage stitch if already applied should be 
removed after PPROM and decision should be 
individualized.

5.11.5 Amnioinfusion

Amnioinfusion is neither recommended in 
women with PROM during labor nor in very pre-
term PROM as a method to prevent pulmonary 
hypoplasia [8].

5.11.6  Human Immunodeficiency 
Virus (HIV) Infection 
and PPROM

In all cases of HIV-positive patients and PPROM, 
standard antepartum and intrapartum treatment 
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guidelines should be followed. Earlier it was said 
that the more the duration of membrane rupture 
in labor, the higher the risk of transmission to the 
newborn. The recent evidence suggests that the 
duration of membrane rupture is not correlated 
with risk of vertical transmission in patients who 
are on highly active antiretroviral therapy as they 
have a low viral load. The management should be 
decided on individual basis after full discussion 
with the patient depending on gestational age, 
viral load, and duration since the patient is on 
antiretroviral therapy [4].

5.11.7 Role of Fibrin Glue

There is no recommendation regarding the use of 
fibrin sealants for second-trimester oligohydram-
nios caused by PPROM.

5.11.8 Future Pregnancy (ACOG) [4]

Women with a single gestation and history of 
prior spontaneous preterm birth due to PPROM 

should be offered progesterone supplementation 
starting at 16 weeks to 24 weeks.

5.12  Conclusion

PPROM is a major cause of perinatal morbid-
ity and mortality. Prognosis mainly depends 
on gestational age at presentation. A timely 
and accurate diagnosis of PROM along with a 
good NICU is very important for a favorable 
pregnancy outcome. Once the diagnosis is 
confirmed, management includes admission 
to hospital, administration of antenatal corti-
costeroids, and latency antibiotics. Utmost 
aseptic precautions should be taken for the 
sake of the mother and fetus. Per vaginum 
examination should be done only when indi-
cated. Careful observation should be made for 
any clinical evidence of developing chorio-
amnionitis and other complications and termi-
nation of pregnancy decided accordingly. 
Otherwise delivery should be accomplished 
once a favorable gestational age of 34 weeks 
is reached.

5 Prelabor Rupture of Membranes
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Prelabor rupture of membranes

History of leaking

Sterile speculum examination

•

•

Pooling of fluid in post. fornix 

Nitrazine test

Ferning test

Avoid Digital Examination

If in doubt, go for 
ancillary tests

Term (≥37 weeks) Preterm (<37 0/7 weeks)¥

Antibiotics
As per institute

protocol 

Intrapartum
GBS prophylaxis$

IOL 
(IV oxytocin
 preferred) 

340/7 to 366/7 weeks 240/7 to 336/7 weeks <24 weeks

• Antenatal
corticosteroids# 

• Intrapartum GBS
prophylaxis  $

• Proceed to delivery 

W

Start treatment and Refer
if NICU care not available   

Expectant 

management

• Latency antibiotics*

• Antenatal 
corticosteroids#

• Intrapartum GBS
prophylaxis  $

• Magnesium sulfate¶

• Tocolysis?

• Patient counseling
regarding 
Expectant 
management  or 
IOL  

•    Latency
antibiotics  **

Following not 

recommended  before 

viability

• GBS prophylaxis

• Antenatal
corticosteroids 

• Tocolysis

• Magnesium sulfate

With maternal-fetal surveillance

PROM confirmed £

Ultrasonography    Or

Newer biochemical tests (if available)  

• IGABP -1

• PAMG -1

•

•

LABUOR ROOM PROTOCOL FOR MANAGEMENT OF PROM
BASED ON VARIOUS RECOMMENDATIONS

£ Deliver if evidence of intra-amniotic infection, non reassuring fetal heart tracing, significant abruption, 
  cord  prolapse or active labor

¥ Terminate pregnancy if signs of chorioamnionitis appear or fetal lung maturity achieved

* IV Ampicillin 2g x 6hrly + IV  Erythromycin  250mg x 6hrly for 48 hr followed by 
  Oral Amoxycillin  250mg x 8hrly + Erythromycin 333mg x 8hrly for 5 days     
  OR Oral Erythromycin 250mg x 6hrly for 10 days
** may be considered as early as 200/7 weeks

$ Refer Fig. 5.2
 
# Inj Dexamethasone 6mg I/M x 4 doses, 12 hrs apart
  Inj Betamethasone 12mg I/M x 2 doses, 24 hrs apart

  May be managed expectantly PPROMT trial25

¶ If imminent delivery before 32 weeks

W
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Foetal Growth Restriction as IUGR 
is Obsolete

Manju Puri and Anuradha Singh

6.1  Introduction

Foetal growth restriction (FGR) refers to a 
pathological condition in which the foetus is 
unable to grow to its genetically determined bio-
logical potential and is below the tenth percentile 
of the estimated foetal weight for that gestational 
age. The term FGR needs to be differentiated 
from the term small for gestational age (SGA) for 
a foetus in utero. Small for gestational age foetus 
refers to a foetus with an estimated weight less 
than tenth percentile on ultrasound. These foe-
tuses may or may not be growth restricted. 
Majority of SGA foetuses (50–70%) are not 
growth restricted but are constitutionally small 
but are healthy and appropriate for the maternal 
height, weight, ethnic origin and foetal sex [1]. 
Small mothers give birth to small babies. Of the 
remaining, 10–15% are small due to inherent 
defect in the foetus, and the remaining 20–35% 
are due to chronic placental insufficiency. 
Physiological SGA babies or constitutionally 
small babies are healthy and have perinatal mor-
bidity and mortality comparable to appropriate 
for gestational age babies, whereas FGR babies 
have higher perinatal mortality and morbidity 
[2]. Foetal growth restriction is more common in 
neonates with severe SGA that have a weight 
below the third percentile [3]. However, average 

for gestational age AGA foetuses may be growth 
restricted sometimes. Inspite of being above tenth 
percentile these foetuses have evident signs of 
chronic placental insufficiency and foetal com-
promise such as reduced abdominal circumfer-
ence, oligohydramnios and abnormal Doppler 
studies in utero that often result in intrapartum 
stillbirth. The placenta in these cases is smaller 
than normal, calcified and meconium stained. 
These are often missed during antenatal 
examination.

The challenge to the obstetrician managing 
foetal growth restriction is to differentiate growth 
restricted foetuses from constitutionally small 
healthy foetuses and to monitor and optimally 
time the delivery of growth restricted foetuses 
and at the same time avoid inadvertent harm to 
the healthy foetuses by premature intervention. 
The aim is to minimize adverse sequelae in 
growth restricted foetuses due to suboptimal 
intrauterine environment and balance it against 
the risks of prematurity.

6.2  Aetiopathogenesis

Foetal growth restriction can be placental medi-
ated or non-placental mediated. The placental- 
mediated growth restriction is secondary to 
conditions like hypertensive disorders of preg-
nancy, antiphospholipid syndrome and diabetes 
mellitus with vasculopathy. Non-placental- 
mediated growth restriction is due to intrinsic 
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defects in the foetus like chromosomal abnormal-
ities, structural anomalies, metabolic disorders or 
intrauterine foetal infections like cytomegalovi-
rus, toxoplasma, malaria, syphilis, etc.

In placental-mediated causes, there is chronic 
placental insufficiency due to poor placentation 
and/or thrombosis compromising the blood flow 
and supply of nutrients and oxygen to the foetus. 
Conditions affecting the oxygen-carrying capac-
ity of blood in the mother like haemoglobinopa-
thies, cyanotic heart disease, high altitude, 
smoking, etc. can also result in foetal growth 
restriction.

The various causes of foetal growth restriction 
can be divided into maternal, placental and foetal 
(Table 6.1).

6.3  Diagnosis and Differential 
Diagnosis (Flow Chart 1)

The condition is suspected on clinical or ultra-
sound screening. On clinical examination the 
symphysiofundal height in centimetres corre-
sponds to the period of gestation from 24 to 
36  weeks, and a disparity or lag of more than 
three between measurement of symphysiofundal 
height (SFH) in cm and period of gestation in 
weeks justifies an evaluation for FGR [4]. SFH 
should be recorded on customized charts. A sin-
gle measurement of symphysiofundal height 
below the tenth centile or a static growth across 

all centiles is an indication for ultrasound evalua-
tion for foetal biometry and foetal weight. 
However, in women who are obese or have mul-
tiple pregnancies, hydramnios or fibroids SFH 
measurement is not a reliable tool for suspecting 
FGR or assessing foetal growth [5].

FGR is also suspected on ultrasonographic 
examination by a lag in foetal biometry that is 
BPD, HC, AC, FL and estimated foetal weight for 
that gestational age. Of these parameters, foetal 
abdominal circumference (AC) or EFW of less 
than tenth percentile is the most reliable for diag-
nosis of SGA foetus [5]. Foetal abdominal circum-
ference is the first to get affected due to depletion 
of liver glycogen and loss of subcutaneous fat in a 
foetus deprived of nourishment. However, it is 
important to have an accurate assessment of gesta-
tional age preferably by crown-rump length (CRL) 
in a first trimester ultrasound. Serial assessment of 
AC and/or EFW for growth velocity should be 
done at least 3  weeks apart to differentiate nor-
mally growing constitutionally small foetuses 
from growth restricted foetuses with reduced foe-
tal growth velocity [5]. A detailed anatomical sur-
vey of the foetus to rule out any structural anomaly 
should be done in all foetuses with growth below 
the tenth centile.

The presence of advanced placental maturity 
or grading and reduced liquor suggests chronic 
placental insufficiency and foetal growth restric-
tion [6]. Doppler flow studies are effective in 
diagnosing placental cause of foetal growth 

Table 6.1 Causes of foetal growth restriction

Maternal Placental Foetal
• Smoking
•  Substance abuse: tobacco, 

alcohol cocaine, narcotics
• Protein calorie malnutrition
• Uterine malformation
•  Hypertensive disorders of 

pregnancy
• Renal disease
•  Pre-gestational diabetes mellitus 

with vasculopathy
• Cyanotic heart disease
•  Autoimmune disorders: SLE
• Thrombophilia
• Haemoglobinopathies

•  Placental abnormalities: 
circumvallate placenta, 
chorioangioma

• Placenta previa
•  Chronic placental abruption
•  Abnormal cord insertion: 

marginal or velamentous

•  Multiple pregnancy: twin-to-twin 
transfusion syndrome, discordant twins

• Structural anomalies: gastroschisis
•  Chromosomal/genetic anomalies: trisomy 

13, 18
•  Intrauterine infections: Cytomegalovirus, 

toxoplasma, rubella, malaria, syphilis
• Inborn errors of metabolism
•  Exposure to teratogens like warfarin, 

valproic acid
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restriction. Umbilical artery Doppler flow study 
is done initially and is followed by middle cere-
bral artery and venous Doppler studies if required. 
As the pregnancy advances, the diastolic flow in 
umbilical artery increases with resultant decrease 
in the systolic to diastolic (S/D) flow ratio. 
Normally S/D ratio is less than three after 
30 weeks of gestation. In patients with placental 
cause of FGR, this increase in flow is compro-
mised and is reflected progressively as an 
increased S/D ratio, absent end-diastolic flow and 
reversed end-diastolic flow.

In women with evidence of chronic placental 
insufficiency, further workup for the cause should 

be initiated. The woman should be followed up 
for development of preeclampsia, subjected to 
investigations for the diagnosis of antiphospho-
lipid syndrome, namely, antiphospholipid anti-
bodies, anticardiolipin antibodies, lupus 
anticoagulant and anti-beta-2 glycoprotein 1 anti-
bodies. The woman is screened for autoimmune 
disorders like systemic lupus erythematosus by 
testing for antinuclear antibodies or any infec-
tions caused by VDRL and TORCH profile.

In foetuses with normal Doppler flow studies 
and normal liquor amnii, serial ultrasound 
 examinations are carried out to see the growth 
velocity, and if found normal, the foetus is likely 

Detailed anatomical survey for any malformations 
Umbilical artery Doppler (UAD) flow studies
Assessment of amniotic fluid and placental grading

Abnormal UAD flow;
�S/D ratio, AEDF, REDF
Reduced liquor amnii 
Advanced placental grading
FGR (Placental cause)   

Normal UAD flow
Normal liquor amnii
Normal placental maturity  

Constitutionally small fetus

Normal UAD flow
Normal or increased liquor amnii
Normal placental grading
AC and or EFW < 3   percentile
FGR (Non placental cause)   

rd

Screening
SFH in cm < 3 compared to POG in weeks

AC or EFW < 10th centile on Ultrasound
SUSPECT SGA  

Serial assessment of AC and or
EFW over 2-3 weeks period and
Repeat Doppler 

Normal

Constitutionally small
healthy fetus  

Static /              

abnormal Doppler

FGR

Invasive testing: Amniocentesis 
for chromosomal or gene
studies, intrauterine infections
CMV, rubella,TORCH, VDRL    

Follow for development of 
preeclampsia
Investigate for 
Autoimmune disorders; SLE,
antiphospholipid syndrome   

Flow chart 1 Approach to a woman suspected with SGA foetus
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to be constitutionally small. If the EFW or AC is 
less than third centile, it is suggestive of severe 
SGA and is likely to be FGR.  Inherent foetal 
defects and chromosomal or genetic or intrauter-
ine infections should be suspected in these 
women. Invasive testing in the form of amniocen-
tesis for karyotyping or gene analysis may be 
offered in women with severe and/or early FGR, 
presence of normal or excessive liquor, structural 
anomalies and normal Doppler flow. It is not 
indicated in women with FGR due to chronic pla-
cental insufficiency.

6.4  Complications

Growth restricted foetuses are at an increased 
risk of stillbirth and neonatal mortality and mor-
bidity. The risk is directly proportional to the 
severity of growth restriction and prematurity. 
The neonate is at an increased risk of hypogly-
caemia, hypothermia, hyperbilirubinemia, respi-
ratory distress syndrome, intraventricular 
haemorrhage, necrotizing enterocolitis, sepsis, 
seizures, NICU admission and neonatal death. 
These babies are also predisposed to long-term 
morbidity in the form of cognitive defects and 
diseases like type 2 diabetes mellitus, obesity, 
coronary heart disease, etc.

6.5  Management

6.5.1  Antepartum

6.5.1.1  Risk Assessment for Foetal 
Growth Restriction (Table 6.2)

All women should be screened by a detailed his-
tory and examination to identify those at high 
risk of FGR at the time of booking. The various 
risk factors to be elicited on history are maternal 
age >35 years, smoking, substance use, maternal 
diseases like diabetes mellitus with vascular 
involvement, hypertension, renal disease, auto-
immune diseases such as antiphospholipid 

syndrome, systemic lupus erythematosus and 
cyanotic heart disease. Past history of pre-
eclampsia, stillbirth or FGR baby is obtained. A 
detailed examination identifies risk factors like 
low BMI <18 or high BMI >30 and poor nutri-
tion. Certain conditions may be detected or 
develop during the course of pregnancy like 
PAPP A <0.4 MOM on first trimester screening, 
threatened abortion, echogenic bowel on ultra-
sound, unexplained antepartum haemorrhage, 
hypertensive disorder of pregnancy, abruptio 
placentae, poor weight gain, oligohydramnios, 
postdated pregnancy, etc. which may increase 
the risk of FGR in the foetus [4].

Table 6.2 Risk factors for FGR

History
Maternal age > 35 yrs
Smoker
Substance use
Hypertensive
Diabetic with vasculopathy
Renal disease
Autoimmune disorder SLE, APS
Cyanotic heart disease
Past history of preeclampsia, still birth,  FGR
History of dryg intake like valproic acid, warfarin
History of either parent been born SGA
New factors detected or developing during course 
of pregnancy
Multiple pregnancies
Threatened abortion
Unexplained antepartum haemorrhage
Poor weight gain
Hypertensive disorders of pregnancy: preeclampsia, 
severe hypertension
Oligohydramnios
Postdated pregnancy
Examination
BMI< 18 or >30
Malnutrition
SFH less than POG
Reduced liquor
Multiple pregnancy
Investigations
First trimester PAPP A <0.4 MOM
Abnormal Doppler flow studies of uterine artery 
20–24 weeks
Echogenic bowel
Lag in abdominal circumference on ultrasound
Oligohydramnios

M. Puri and A. Singh



57

6.5.1.2  Antepartum Monitoring 
and Management of At-Risk 
Pregnancies (Flow Chart 2)

Women with previous history of chronic placen-
tal insufficiency syndromes like preeclampsia or 
APS can be started on low-dose aspirin 
60–100 mg daily from 12 to 16 weeks of preg-
nancy till 36  weeks of gestation [7]. At-risk 
women are encouraged to stop smoking and sub-
stance use. Malnourished women are advised to 
improve their diet.

All women at risk of growth restricted foetus 
should be offered screening with uterine artery 

Doppler flow study at 20–24 weeks of gestation. 
In normal pregnancies, the blood flow in uterine 
arteries increases with disappearance of notch 
due to decrease in resistance consequent to tro-
phoblastic invasion of myometrial uterine spiral 
arteries. However, if the flow is abnormal, that is, 
pulsatility index is more than 95th percentile, 
and/or notching persists, the woman should be 
offered serial ultrasound assessment for foetal 
biometry, estimated foetal weight and umbilical 
artery Doppler flow studies from 26 to 28 weeks 
onwards. If it is normal, then she is offered one 
scan in the third trimester for foetal biometry and 

Pregnancy at risk of FGR
on history and examination 

Uterine artery Doppler
flow study at 20-24 weeks 

Normal flow

Low pulsatility index

Notches absent 

Abnormal flow 

Pulsatility > 95th percentile

Notch present

Serial SFH from 24 weeks
onwards every 2-3 weeks

Serial USG for fetal growth AC
& EFW and umbilical artery
Doppler flow studies every 
2-3 weeks     

Serial SFH from 24 weeks
onwards every 2-3 weeks

USG for fetal growth AC & EFW
and umbilical artery Doppler flow
studies once in third trimester or
serial if any new risk factor
develops       

Flow chart 2 Monitoring of a pregnancy at risk of  FGR
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umbilical artery Doppler flow. If she develops 
any new high risk factor like preeclampsia during 
the course of pregnancy, serial ultrasonographic 
examinations for early detection of growth 
restriction are advised. Careful abdominal palpa-
tion of fundal height and measurement of sym-
physiofundal height (SFH) are recommended at 
each antenatal visit from 24 weeks onwards for 
early detection of any lag in growth.

6.5.1.3  Antepartum Management 
of Pregnancies Diagnosed 
with Foetal Growth Restriction

Management of pregnancies diagnosed with 
foetal growth restriction depends on the cause of 
FGR whether placental or non- placental, period 
of gestation and the severity of umbilical artery 
Doppler flow abnormality. Umbilical artery 
Doppler is the primary tool for surveillance, and 
if normal, it is repeated every 2  weeks, but if 
abnormal, the management depends on the 

severity of abnormality. Nonstress test and 
venous Doppler compliment the umbilical artery 
Doppler in monitoring and often help in deciding 
the time to trigger the delivery in preterm foe-
tuses with increasing severity of umbilical artery 
Doppler changes.
End-Diastolic Flow Present (Raised SD Ratio): 
Flow Chart 3.

These women are usually hospitalized but can 
be monitored on outpatient basis. If the period of 
gestation is ≥37 weeks, consider delivery of the 
baby. If it is <37 weeks, the woman is subjected 
to twice-weekly umbilical artery and middle 
cerebral artery Doppler and modified biophysical 
profile (nonstress test and assessment of amniotic 
fluid volume) till 37 weeks. Presence of beat-to- 
beat variability is the most important finding on 
nonstress test, and assessment of amniotic fluid is 
best based on the single deepest vertical pocket. 
Single course of antenatal corticosteroids is 
administered if abnormality is detected at 

Umbilical artery flow abnormal
S/D ratio > 3

POG ≥ 37 weeks
POG < 37 weeks

Middle cerebral artery flow

NST/ AFI 
Deliver

MCA
increased 

and/or 
AFI ≤ 5 cm    

MCA
normal

AFI > 5 cm 

Deliver if ≥ 34 weeks or 
give steroid cover
Monitor twice a week with
UAD, MCA Doppler
and NST + AFI deliver at
34 weeks      

Monitor twice a week
with
UAD, MCA Doppler
and NST + AFI
Deliver at 37 weeks   

Flow chart 3  
Management of an FGR 
pregnancy with end-
diastolic flow present
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<34 weeks of gestation. The woman is asked to 
keep daily foetal kick count and report if the foe-
tal movements are <10/12 h. Weekly symphysio-
fundal height and abdominal girth charting is 
done along with foetal biometry on ultrasound to 
assess for the growth of the foetus. Delivery is 
considered if there is no growth or it plateaus.
Absent or Reversed End-Diastolic Flow 
(AEDF or REDF) (Flow Chart 4).

These women are hospitalized. If the period 
of gestation is ≥34 weeks, consider delivery of 
the baby. If <34 weeks but ≥32 weeks, give ante-
natal steroid cover and deliver. Careful and close 
monitoring of the foetus is desirable for 48  h 
while waiting for the steroid cover to be effec-
tive. The woman is subjected to venous Doppler 
(ductus venosus and umbilical vein) and NST 
once or twice a day, and earlier intervention is 
indicated if ductus venous Doppler becomes 

abnormal, that is, there is intermittent absent or 
reversed flow velocity or there is loss of beat-to-
beat variability or presence of decelerations on 
NST.  The aim is to deliver the hypoxic foetus 
before it becomes acidotic. In women with 
period of gestation of <32 weeks, the woman is 
closely observed after administering steroid 
cover till changes in venous Doppler or NST are 
indicative of delivery. The expectant manage-
ment can extend up to 2 weeks in some cases. 
The aim is to gain maturity to improve the sur-
vival of the neonate. Magnesium sulphate is con-
sidered for neuroprotection during labour if the 
delivery is envisaged before 32 weeks [8].

Pregnancies with AEDF or REDF in umbilical 
artery Doppler are preferably terminated by 
caesarean section; however, those with end-
diastolic flow present that is raised S/D ratio can 
be induced.

Abnormal Umbilical
artery Doppler flow

AEDF/REDF 

POG ≥ 34 weeks POG ≥ 32 <34 weeks POG < 32 weeks

Deliver Give steroid cover and
Neuroprotection with Mg So4 

Monitor with venous Doppler
(ductus venosus and umbilical
vein) and NST 2-3 times a day for
48 hrs   

Deliver earlier if venous Doppler
abnormal or loss of beat to beat
variability and presence of
repeated decelerations on NST   

Give steroid cover 

Monitor with venous Doppler
(ductus venosus and umbilical
vein) and NST 2-3 times a day   

Deliver if venous Doppler
abnormal or loss of beat to beat
variability and presence of
repeated decelerations on NST or
POG ≥ 32 weeks    

Give neuroprotection with Mg So4 

Flow chart 4 Management of FGR pregnancies with AEDF or REDF
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6.6  Intrapartum Management

The delivery should be conducted at a place 
where facilities for doing an emergency caesar-
ean section and advanced neonatal care are avail-
able; otherwise in utero transfer of the foetus to a 
higher centre is offered. Continuous foetal heart 
rate monitoring is desirable in the intrapartum 
period. If it is not available, early ARM and close 
monitoring of foetal heart rate by intermittent 
auscultation post contraction every 15–30 min in 
the first stage and after every contraction in the 
second stage is indicated. The rate of emergency 
caesarean section is high. Foetuses with a  reactive 
NST, good beat-to-beat variability and a DVP of 
>1 cm prior to induction of labour do better.

6.7  Care of the Newborn

By virtue of chronic placental insufficiency and 
resultant malnutrition and preferential redistri-
bution of blood to the brain, growth restricted 
neonates are predisposed to complications like 
hypothermia, hypoglycaemia, hyperbilirubine-
mia, polycythaemia, hyperviscosity, necrotizing 
enterocolitis and sepsis. Prematurity further 
adds to the magnitude of these complications 
and predisposes them to respiratory distress syn-
drome and intraventricular haemorrhage. Care 
has to be taken to prevent these complications by 
maintaining temperature, normoglycaemia, 
asepsis and slow initiation of feeds.

These babies need long-term follow-up, as 
suboptimal intrauterine environment and growth 
restriction have been associated with cognitive 
and behavioural problems like attention deficit 
hyperactivity disorder and short-term memory 
difficulties and metabolic syndrome later 
in life [9].

6.8  Summary

Foetal growth restriction is associated with 
increased morbidity and mortality of the foetus 
either due to inherent structural, chromosomal or 

metabolic defect in the foetus or due to subopti-
mal intrauterine environment consequent to 
defective placentation or due to infections, drugs 
or toxins. Growth restricted foetuses need to be 
differentiated from healthy constitutionally small 
SGA foetuses as these foetuses are not at 
increased risk of morbidity and mortality. 
Abdominal circumference and estimated foetal 
weight of less than tenth percentile on ultrasound 
are reliable parameters for the diagnosis of  
FGR. However, serial growth scans help in dif-
ferentiating healthy from growth restricted foe-
tuses. Umbilical artery Doppler flow is a primary 
surveillance tool to diagnose and monitor the 
severity of placental insufficiency. Term growth 
restricted foetuses can be delivered, but in pre-
term growth restricted foetuses, there is a need to 
balance the adverse effects of growth restriction 
with the risks of prematurity. Loss of beat-to-beat 
variability in NST and ductus venous Doppler 
studies help in deciding the trigger to deliver a 
premature growth restricted foetus. These deliv-
eries should be carried out at facilities with 
advanced neonatal intensive care units and 
trained manpower to manage growth restricted 
babies. The mode of delivery is decided based on 
the cause, severity, Bishop’s score and other 
patient characteristics. Due to long-term morbid-
ities in these babies, a long-term follow- up is 
required.
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Hypertensive Disorders:  
Delivery Management

Girija Wagh and Rohan Wagh

7.1  Introduction

Hypertensive disorders in pregnancy (HDPs) are 
on the rise and significantly seen to contribute to 
maternal morbidity and mortality [1, 2]. 
Delivering these patients is an additional chal-
lenge due to the dynamic nature of the delivery 
process, compromised maternal fetal unit, and 
sensitive and hyperresponsive nature of the 
maternal vascular responses which may suddenly 
cause an apparently mild HDP mother go into a 
tumultuous course. Pain, fluids, and alterations in 
the hemodynamic parameters are significant con-
tributors to such a course. Additionally one has to 
try and fathom the systemic involvements due to 
widespread endothelial dysfunction, assess the 
coagulation system, and remember that every 
mother with hypertension has a potential risk of 
developing complications such as placental 
abruption, postpartum hemorrhage, disseminated 
intravascular coagulation (DIC), eclampsia, acute 
renal failure, respiratory distress, cardiomyopa-
thy, and sometimes death. In addition one has to 
remember that every apparently normotensive 
woman has a risk of developing hypertension 

during labor and entails vigilance during the pro-
cesses of delivery. Preeclampsia is a misnomer 
and should ideally be called as Gestosis which 
means disordered pregnancy associated with 
multisystem involvement [3].

7.2  Background of HDP Context 
Delivery

It is important to understand some basic physio-
logical changes leading to clinical situation in a 
hypertensive mother to better understand the 
management during delivery. Blood pressure 
measurement that equals 150/100 mm of Hg or 
more should be considered as severe hyperten-
sion in Indian context. The reason being it has 
been observed that low-risk mothers typically 
record blood pressure reading of 110/70 mm of 
Hg when assessed antenatally. Therefore wisdom 
lies in to starting antihypertensive medications at 
150/100 mm of Hg. Rise of blood pressure is the 
sign which appears at the end of the pathogenesis 
of the disease process. This therefore mandates 
investigations and evaluation of the mother care-
fully. Also sometimes women may be normoten-
sive but still have all the features of HDP, and 
these can be atypical presentations many times 
resulting in grave consequences.
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7.2.1  Classification

HDPs are clinically classified as chronic hyper-
tension (CHT) which means that the mother has 
evidence of hypertension recorded before com-
pletion of 20 weeks of gestation or has hyperten-
sion after 6  weeks of delivery. CHT is not 
associated with proteinuria. Women of CHT 
diagnosed antenatally are at risk of developing 
cerebrovascular accidents and myocardial infarc-
tions and can convert into proteinuric hyperten-
sion eventually, during intranatal and postnatal 
period. Such an occurrence of proteinuria in 
already hypertensive mother is called as superim-
posed preeclampsia. Gestational hypertension is 
raised blood pressure which initiates after 
20 weeks duration of pregnancy without protein-
uria, and this reverts back to normal after delivery 
usually immediately or within a month. 
Preeclampsia is proteinuric hypertension pre-
senting after 20 weeks of gestation and usually 
normalized by delivery within a week. Eclampsia 
is presence of seizures along with proteinuric 
hypertension. Preeclampsia can rarely occur ear-
lier to 20 weeks of gestation in conditions such as 
gestational trophoblastic disease in both partial 
as well as complete mole [4] and multiple gesta-
tions. Medical conditions especially certain auto-
immune disorders if preexisting can worsen or be 
unveiled during pregnancy, viz., Hughes’s syn-
drome (APS), thrombocytopenic purpura, sys-
temic lupus erythematosus (SLE), and hemolytic 
uremic syndrome (HUS), or disorders character-
ized by microangiopathic thrombosis or hemoly-
sis are known to be associated with proteinuric 

hypertension before 20  weeks of gestation [5] 
(Table 7.1).

Categorizing HDP thus is important to help in 
predicting complications and therapy, but increas-
ingly it has been identified to be one disease pro-
cess. The fundamental difference between 
gestational hypertension and preeclampsia is pro-
teinuria, and this in some way seems to cause 
more delirious effects. The above classification is 
adapted from the National High Blood Pressure 
Education Program Working Group classification 
and has better clinical utility. Clinical classifica-
tion of preeclampsia is useful in predicting com-
plications and thus planning appropriate clinical 
approach. Proteinuric hypertension before 
34 weeks of gestation is called as early-onset pre-
eclampsia (EPE) and is disease of feto-placental 
origin and associated with severe complications 
while late-onset preeclampsia (LPE) is disease 
which is a result of underlying maternal disease 
or abnormalities in maternal adaptation to 
pregnancy.

7.2.2  Pathology and Pathogenesis

The basic pathological features involve endothe-
lial dysfunction, vasoconstriction, and platelet 
aggregation. These three elementary pathologies 
are responsible for all the widespread multi- 
systemic involvements giving rise to various 
complications pertaining to each system 
(Table 7.2).

Clinical and laboratory assessments should 
focus on identifying these abnormalities.

Table 7.1 Classification of Hypertension in Pregnancy (ISHDP)

Gestational hypertension Hypertension that develops after completion of 20 weeks 
pregnancy, returns to normal within or by 6 weeks, and is not 
associated with any other features of preeclampsia

6–7% of all 
pregnancies

Preeclampsia/eclampsia Hypertension occurs after 20 weeks of pregnancy with significant 
urinary proteins
When associated with fits, it is called eclampsia

5–7% of all 
pregnancies

Chronic hypertension Blood pressure reading of ≤140/90 mm Hg present before 
pregnancy or before 20th week of pregnancy or recorded during 
6 weeks postpartum

1–5% of all 
pregnancies

Preeclampsia 
superimposed on chronic 
hypertension

Occurrence of urinary proteins or any other features of 
preeclampsia in mothers with CHT

20–25% of all 
CHTs
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7.2.3  Hemodynamic Changes

The underlying hemodynamic changes of preg-
nancy and the ones contributed by the abovemen-
tioned complications need to be understood 
especially in the context of dynamism of deliv-
ery. Vasoconstriction is a result of raised arterial 
tone and stiffness and is a well-known character-
istic of preeclampsia. Vasoconstriction leads to 
arterial resistance. Abnormal uterine artery 
notching and increased pulsatility index on color 
Doppler assessment are due to uterine artery 
resistance a reflection of vasoconstriction [6]. In 
addition the cardiac adaptation of mothers with 
preeclampsia is identified to be different from the 
mothers with uncomplicated pregnancy [7–10]. 
Venous hemodynamic dysfunction has been 
identified in women with preeclampsia [11]. This 
venous dysfunction is present for a longer period 
and much precedes the disease in early-onset pre-
eclampsia (EPE) and is not seen preceding late- 
onset preeclampsia. The raised blood pressure is 
a composite result of raised cardiac output as 
well as raised peripheral resistance due to 
 vasoconstriction with some studies attributing 
this more to raised cardiac output. Due to endo-
thelial dysfunction, it is observed that the resul-
tant intravascular volume of the mother is reduced 
considerably as the plasma is pushed the third 
compartments such as interstitial spaces, perito-
neal cavity, etc. Vasoconstriction also is respon-

sible for generalized hypoxia and poor tissue 
perfusion. In addition the vascular system is 
highly sensitive to medications, and therefore 
antihypertensive medications have to be carefully 
administered. Cerebral vasculature autoregula-
tion system is altered, and there can be hyperre-
sponsiveness due to micro hemorrhages and 
possibilities of vessel aneurysms in case of moth-
ers with chronic long-standing hypertension.

During delivery there are major alterations in 
the cardiovascular and hemodynamic systems, 
and these have to be correlated with the back-
ground changes in women with hypertension. 
Uterine contractions cause considerable rise in 
left ventricular stroke volume and cardiac output. 
Birthing pain causes phenomenal increase in 
heart rate and cardiac output. All these contribute 
to nearly 20% rise in blood pressure, and this 
may be further augmented during the end of sec-
ond stage when baby is being expelled especially 
due to the Valsalva maneuver. In addition there is 
increased oxygen consumption during delivery 
processes and may lead to acidosis in severe pre-
eclampsia and eclampsia which are conditions 
characterized by hypoxia.

Placental perfusion is deficient in hyperten-
sive pregnancies leading to growth restriction. 
Delivery may be induced in severe early-onset 
preeclampsia before term and the fetus is prema-
ture. Growth restricted babies and preterm babies 
have a higher possibility of suffering birth 
asphyxia, intrapartum death, and need of neona-
tal intensive care. Close fetal monitoring usually 
during active labor is mandatory and correct 
interpretation of CTG (cardiotocography) is 
important as these neonates may not withstand 
the placental perfusion alterations during uterine 
contraction, placental abruption, or seizure.

7.3  Clinical Assessment

The abovementioned underlying pathophysio-
logical mechanisms need thorough clinical evalu-
ation and laboratory assessment. The only 
obvious clinical sign many a times could be 
raised blood pressure. Important historical points 
need to be noted carefully whenever HDP patients 

Table 7.2 Systemic involvements associated with 
preeclampsia

System Affliction
Cardiovascular Cardiac failure, hypertension, 

thrombocytopenia coagulation failure
Renal Oliguria, renal failure, tubular, and/or 

cortical necrosis
Respiratory Acute respiratory distress syndrome 

(ARDS), pulmonary edema
CNS PRES (posterior reversible 

encephalopathy syndrome, seizures, 
encephalopathy retinal detachment, 
cerebral edema, infarction, 
hemorrhage, cortical blindness

Liver HELLP, failure or dysfunction, 
subcapsular hematoma, hepatic 
rupture

7 Hypertensive Disorders: Delivery Management
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present to the labor room. Careful documentation 
of their past obstetric history is vital and impor-
tant. Previous obstetric outcome associated with 
hypertensive disorder should be carefully 
inquired into with respect to its time of occur-
rence, complications, and outcome. Gestational 
diabetes and obesity, prepregnancy hypertension, 
and autoimmune diseases such as SLE, APLA, 
nephropathy, etc. should be investigated. Mothers 
presenting with seizures in pregnancy should 
always be primarily considered to have eclamp-
sia, and a differential of cerebral malaria, epi-
lepsy, and other causes should be kept in mind 
after stabilization with loading dose of magne-
sium sulfate. Causes of seizures are mentioned in 
the table below (Table 7.3).

Correct establishment of the gestational age 
and records of antenatal investigations, scans, 
and clinical examinations should be done. Sudden 
or excessive weight gain, gross edema, treatment 
with antihypertensive medications, blood pres-
sure records, hematocrits, drop in platelet counts, 
growth restriction, and any pregnancy hemor-
rhage all should be carefully documented as are 
associated with HDP. Preeclampsia many a times 
has nonspecific symptoms, but as a clinical ritual, 
specific symptoms such as feeling sick, nausea, 

vomiting, visual disturbances, headaches, epigas-
tric or any abdominal pain, and suddenly risen 
edema should be asked for.

Clinical examination includes quick assess-
ment of blood pressure preferably with a mercury 
sphygmomanometer in a sitting position or if 
patient is admitted then in left lateral position is 
important as the gravid uterus pressing onto the 
vena cava can cause wrong recording. Muffling 
of the Korotkoff’s sound can be taken as diastolic 
blood pressure in case the sounds don’t disappear 
due to hyperdynamic circulation. All interna-
tional guidelines accept systolic blood pressure 
(SBP) of 140 mm of Hg and diastolic blood pres-
sure (DBP) of 90 mm of Hg as a cutoff to identify 
hypertension in pregnancy. Severity classifica-
tion varies in different guidelines, but the FOGSI 
Gestosis expert group has accepted 150  mm of 
Hg systolic and 100 mm of Hg diastolic as severe 
hypertension and when associated with protein-
uria to be considered as severe preeclampsia. 
SBP and DBP values during labor are higher than 
those observed in the antepartum period. An SBP 
equal to or higher than 150 mmHg or DBP equal 
to or higher than 90 mmHg is associated with an 
increased risk of early postpartum preeclampsia 
(Table  7.4). The ACOG defines severe pre-
eclampsia as blood pressure of ≥160 mmHg sys-
tolic and/or ≥110  mmHg diastolic (on two 
occasions at least 4 h apart in a rested mother and 
with proteinuria, fetal growth restriction, and evi-
dence of systemic involvements as mentioned in 
Table 7.2.

All these parameters should be assessed and 
looked for in mothers presenting with hyperten-
sion. Complications and seizures can occur even 
in the absence of high blood pressure which now 
is identified as atypical preeclampsia. Therefore 

Table 7.3 Causes of seizures in pregnancy and during 
delivery

Eclampsia
Cerebral vein thrombosis
Thrombotic thrombocytopenic purpura
Cerebral infarction
Drug and alcohol withdrawal
Hypoglycemia
Infection
Antiphospholipid syndrome

Table 7.4 ACOG severity classification based on blood pressure along with signs and systemic involvement

Mild to moderate SBP ≥140–159 and/or DBP ≥90–109 mm of Hg
Severe (any two if 
present)

SBP ≥160 and/or DBP ≥110 mm of Hg rechecked in a rested patient
Proteinuria ≥2+ on dipstick (can be done on 2 samples 4 h apart) or ≥5 g in a 24 h sample
Oliguria <500 mL/24 h
Headache, scotoma, or other vision issues
Pulmonary edema or reduced oxygen saturation, breathlessness
Abdominal pain especially in the epigastrium or retrosternal
Elevated liver enzymes, evidence of subcapsular hematoma, infarctions reduced platelets
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presence of any of the other parameters 
 mentioned above in the absence of hypertension 
should be identified as preeclampsia. 
Hyperreflexia should be assessed by brisk knee 
jerks or ankle clonus and is suggestive of cere-
bral irritability and needs prophylactic magne-
sium sulfate to be given. Quick obstetric 
assessment should be done to assess the size of 
the uterus, presence of uterine contractions, ten-
derness with hardened uterus typically a sign of 
abruption, fetal cardiac activity, and preferably 
admission CTG which can help in identifying 
fetal well- being. Cervical dilatation, fetal pre-
sentation should also be assessed. Systemic 
assessment for cardiovascular abnormalities 
such as valvular heart diseases and respiratory 
abnormalities such as crepitations and reduced 
air entry should be assessed.

Oxygen saturation by pulse oximetry is an 
important risk assessment tool at admission 
which can help in immediate identification of 
mothers at risk of complications, and if found to 
be less than 97%, the mother should be taken care 
of in obstetric ICU (intensive care unit) or HDU 
(high dependency unit). Careful evaluation of the 
cardiovascular system to rule out any preexisting 
cardiac disease should be done; also the respira-
tory assessment of the rate and presence of basal 
crepitations should be done in all mothers pre-
senting to labor wards.

Fundoscopic examination reveals severe arte-
riolar spasm resulting in corkscrew appearance of 
the retinal vessels or a beaded pearl necklace like 
appearance. Other fundoscopic (Table  7.5) fea-
tures include arteriovenous anomalies, exudates, 
hemorrhages, and edema [12, 13].

7.4  Laboratory Assessment

All the complications are essentially identified by 
laboratory assessment as they reflect systemic 
involvements. The mandatory investigations to 
be sent are the complete blood count which 
reveals anemia if hemoglobin is <11 g/dL, hemo-
concentration if PCV is more than 40, and throm-
bocytopenia if platelets are less than 1,00,000/ 
cmm. Additionally liver enzymes and renal func-
tion tests are to be done (Table 7.5). In case of a 

clinical suspected coagulopathy or presence of 
thrombocytopenia, coagulation profile needs to 
be sent. Proteinuria by dipstick is reliable enough 
and more than 1+ is taken as significant.

The American Task Force of 2013 has pro-
posed certain modifications in diagnosis of 
hypertension taking into account the syndromic 
nature of preeclampsia. For this they have 
decided to eliminate presence of proteinuria as 
essential parameter for diagnosis and have sug-
gested that presence of thrombocytopenia, ele-
vated liver enzymes, pulmonary edema, visual 
disturbances, and renal insufficiency along with 
hypertension has to be considered as 
preeclampsia.

7.5  Fetal Assessment

Fetal assessment clinically should be done by 
assessing the heart rate of the fetus by stetho-
scope or electronic handheld Doppler, and the 
admission CTG assesses oxygenation status of 
the fetus. CTG documents the fetal heart rate 
and presence of variability and responses to 
altered placental perfusion due to uterine con-
traction. It helps in deciding the route of deliv-
ery suitable for better outcome. While 
interpreting the CTG, it should be remembered 
that mothers on alpha-methyldopa and/or mag-
nesium sulphate therapy may have reduced 
baseline variability on CTG and in preterm 
babies between 32 and 37 weeks the baseline 
heart rate may be in the range of 150–160 bpm. 
Presence of accelerations in response to move-
ments and uterine contractions are reassuring. 
Decelerations and occurrence of sudden brady-
cardia can be ominous signs and may reflect 
fetal jeopardy and are to be interpreted in con-
text of labor stage and maternal condition. 
Bradycardia with sinusoidal pattern and uter-
ine contractions with seesaw pattern are signs 
of placental abruption which can occur intra-
partum in HDP (Fig. 7.2). Sonography helps in 
correctly estimating the fetal weight and well- 
being by assessing the amniotic fluid index. 
Placental location and placental bed assess-
ment for abruption are other valuable informa-
tion. Color Doppler helps assessment of 
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placental perfusion, and feto-maternal circula-
tion helps in identifying fetal hypoxia. End-
diastolic flow in the umbilical artery is 
examined and if absent (AEDF) or reversed 
(REDF) is a sign suggesting quick delivery in 
the fetal interest (Table 7.6).

7.6  Decision to Deliver

HDP patients are either electively chosen for 
delivery or may present spontaneously. All 
severe preeclampsia patients are delivered by 

34  weeks of gestation or whenever diagnosed 
after 34 weeks. Mild preeclampsia can be taken 
till 37  weeks of gestation while gestational 
hypertension up to 40  weeks but not beyond 
that duration. Any association of fetal or mater-
nal complication necessitates delivery.

Induction of labor can be considered after 
stabilizing the maternal condition and assess-
ment of fetal well-being. Dinoprostone gel 
instillation can be considered in absence of 
favorable cervix. Remote from term pregnancy, 
misoprostol intravaginal 25 μg every 3 h can be 
given with close monitoring and till achieve-

Table 7.5 Clinical and laboratory assessment interpretation

Investigation for 
diagnosis Values Significance/inference
Proteinuria Dipstick: ≥1+ on dipstick on a 24 h urine 

sample: ≥0.3 g/d protein creatinine ratio: ≥30 
mg/mmol

Preeclampsia: proteinuria is due to glomerular 
endotheliosis

Oxygen 
saturation: 
pulse oximetry

SpO2 < 97% Immediate risk categorization as a critical patient 
with possibilities of complications

CBC and blood 
smear
PBS
WBCs
Platelets

Hemoglobin <11 g/dL is anemia
Red cell fragmentation
More than 12,000/cmm
< 150,000–400,000/(μL)
Less than 1,00,000/μL

This can be misleading anemia and can also be 
due to hemolysis. PCV more than 40 is a sign of 
hemoconcentration
Hemolysis
Inflammatory process
Thrombocytopenia /HELLP
Do coagulation tests

Liver tests SGOT/AST > 45 IU/L
SGPT/ALT >45 IU/L
SAP >17–88 (first trim), 25–126 (second trim), 
38–229 IU/L (third trim)
LDH > 600 U/L
Bilirubin>0.1–1.0 mg/dL
Albumin <3.5–5 g/dL

Liver cells are damaged or dying, ALT and AST 
leak into the bloodstream
Levels are high due to increased placental 
production in third trimester
Hemolysis and liver dysfunction
Liver dysfunction and red cell destruction
Albumin is produced in the liver. Other causes 
also may exist for deficiency

Renal 
functional tests

Uric acid >6.5 mg/dL
Creatinine 0.57–1.10 mg/dL
BUN >13 mg/dL

Renal parenchymal disease and placental 
apoptosis
Renal failure
Reduced glomerular filtration

Coagulation 
tests

APTT >9.5–13.8 s
PT INR > 9.5–13.8 s
Fibrinogen<244–510 (first trim)
291–538 (second trim) 373–619 (third trim)
FDP (nonspecific)
D-dimer: >1500 μg/L

DIC
Liver dysfunction leading to deficient production 
of clotting factors
Exaggerated inflammatory response and 
endothelial
Increased intravascular coagulation increased in 
fibrinolytic activity
DIC

Funduscopic 
examination
3 stages

Spastic stage: spasm of retinal arterioles
Stage of sclerosis: superimposed changes in the 
vessels
Stage of retinopathy: cotton wool spots, 
microaneurysms, flame shaped and splinter 
hemorrhages, hard exudates, disc edema, etc.

Vasoconstriction
Chronic hypertension
Severe hypertension
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ment of cervical change. The uterine contrac-
tion is further augmented by concentrated drips 
of oxytocin  (infusion pump (Fig. 7.1) or diluted 
in 100  mL NS) to avoid fluid overload. 
Concurrent mechanical dilatation by Foley’s 
catheter or special dilators has been used suc-
cessfully and helps in reducing the misoprostol 
dose required for induction of labor. Induction 
should be aggressive achieving delivery within 
24 h. Magnesium sulfate should be started pre-
induction and continued 24 h post- delivery. Safe 
interval of at least 6  h should be maintained 
before using oxytocin after the last PG (prosta-
glandin) dose to avoid hyperstimulation and its 
serious consequences.

7.7  Management 
of Hypertensive Mother 
During Labor

7.7.1  Determination of Level 
of Care

The patients of preeclampsia should be delivered 
in a multidisciplinary setting. This is necessary to 
be able to offer immediate help if needed in situa-
tions such as respiratory distress, postpartum hem-
orrhage, seizures, assisted vaginal delivery, and 
neonatal resuscitation. Hemodynamics change in 
response to uterine contractions during labor. 
These changes can further get aggravated by 

Table 7.6 Indication of delivery in pregnancy with hypertension

Maternal Fetal
Uncontrolled hypertension
Eclampsia
Labor/PROM
Oliguria
Abnormal renal/hepatic tests
Thrombocytopenia
Neurological complications
Pulmonary edema
Abruption
HELLP
DIC

AEDF/REDF on color Doppler assessment
Variable decelerations
Reduced fetal movements and BPP <4
Severe FGR <fifth percentile
AFI <5
GA ≥34 weeks and severe preeclampsia
GA ≥37 weeks mild preeclampsia
GA ≥40 weeks in gestational hypertension
Intrauterine fetal demise

Fig. 7.1 Infusion pump to monitor the delivery of fluids, 
magnesium sulfate, labetalol, and oxytocics. Also it is 
convenient to administer loading dose of magnesium sul-

fate in 100 mL NS safely especially in a prophylactic regi-
men in severe preeclampsia
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maternal response to pain. This can lead to increase 
blood pressure, pulse rate, and increased oxygen 
consumption. Its good practice to follow a prein-
duction checklist to ensure optimum care and 
safety (Table 7.7).

Care offered can be classified in four levels as 
mentioned below:

7.7.2  Transferring a Sick Mother

All mothers with hypertension are better deliv-
ered in a tertiary care center with well-equipped 
critical care and neonatal care facility; expert 
obstetrician, anesthesiologist, and nursing team; 
and an access to blood bank or component stor-
age facility. All delivery rooms should be well 
armed to manage immediate obstetric complica-
tions such as hemorrhage, seizures, and neonatal 
resuscitation facility to deliver mothers with 
hypertension. In case of a severely ill mother, it is 
better to transfer her to a well-equipped facility. 
Before transferring, magnesium sulfate loading 
dose, capsule nifedipine or labetalol, and steroids 
in case of HELLP syndrome and prematurity 
should be administered. It is a good practice to 
refer the patient with all the necessary clinical 
and medication details and inform the center in 
advance for prompt and better care.

7.7.3  First Stage of Labor

During first stage of labor when uterine contrac-
tions are gradually increasing in intensity and 
duration, careful vigilance to monitor the mother 
and the fetus is essential. Partograph gives an 
instant comparable overview of progress of 
delivery and should be documented every half 
an hour. Continuous fetal monitoring is a good 
practice point, but intermittent frequent moni-
toring with Doppler/stethoscope too is suffi-
cient. Maternal monitoring during labor includes  
half-hourly assessment of pulse, and tempera-
ture and respiratory rate should be monitored 
and documented. Tachycardia can imply abrup-
tion of placenta and should be looked for during 
the first stage of labor (Fig. 7.2).

7.7.4  Vigilance for Placental 
Abruption

Contractions of longer duration and higher 
intensity with tonic hard uterus or sudden gush 
of bleeding per-vaginal or sudden tachycardia, 
bradycardia, or decelerations on the CTG trace 
are important signs of placental abruption [2]. 
Amniotomy (artificial rupture of membranes, 

• Level 0: Can be managed in a regular 
obstetric ward. Mild preeclampsia or 
gestational hypertension with mild FGR 
and no systematic involvement with 
normal laboratory parameters.

• Level 1: Mothers at risk of deterioration 
whose needs can be met on an emer-
gency or critical care team available to 
help. These are mothers who need addi-
tional monitoring after delivery or con-
tinuance of magnesium sulfate therapy 
or ongoing laboratory evaluation but do 
not need a dependency unit.

• Level 2: Mothers needing close monitor-
ing with a single system failure such as 
HELLP, thrombocytopenia, or seizures. 
This can be undertaken in an HDU.

• Level 3: Mothers needing advanced 
support such as inotropes, respiratory 
assistance, or have two or more systems 
involved. This needs a well-equipped 
critical care unit.

Table 7.7 Checklist before induction of labor and when 
a mother of severe hypertension is in labor

 •  Maternal and fetal condition reassessed (appropriate 
lab reports, radiology, and CTG/NST)

 •  Patient and relatives counselled indication/
complications/need for NICU/ICU admission/CS/
blood component therapy

 • Informed consent obtained
 •  Blood grouped cross matched and blood group 

noted: crossmatch 2 PCVs and keep 4 FFP ready
 • Ensure the eclampsia kit and contents
 •  Equipment: Pulse oximeter/multipara monitor/

suction/crash trolley/emergency tray/EFM
 •  Ensure PPH kit/fluids (RL, Isolyte E, no 5% 

dextrose)
 •  Vaginal delivery/CS delivery/instrumental delivery 

preparedness
•  Neonatal resuscitation preparation
•  Inform anesthesiologist/neonatologist/operation 

theater/blood bank
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ARM) should be done immediately to reduce 
the intrauterine pressure which aids in reduc-
ing the stretch on the retroplacental space and 
release of thromboplastin in circulation which 
may initiate the cascade of DIC. In addition it 
may reduce the possibility or severity of couve-
laire uterus which occurs due to dissipating 
blood causing myometrial dissection which 
can result in atonic uterus after delivery or 
necessitate obstetric hysterectomy for intrac-
table bleeding. Quick assessment of this condi-
tion prophylactic fluids (but rationally to avoid 
pulmonary edema), fresh frozen plasma, and 
delivery within 6–8 h of occurrence of placen-
tal abruption can prevent morbidity and 
mortality.

7.7.5  Seizure Control and Blood 
Pressure Stabilization

Seizure prevention and control and hypertension 
stabilization are important measures to be under-
taken. During labor blood pressure is known to 
rise in apparently normotensive mothers. This can 
further be exaggerated in hypertensive subjects. 
This blood pressure rise has been attributed to 
increased cardiac output due to increased blood 
pushed through the uterine sinuses with increasing 
contractions and labor pains. In normotensive 

women, rise in blood pressure during labor is con-
sidered as a strong predictor of severe postpartum 
preeclampsia especially if it is recorded to be more 
than 150/100 mm of Hg [14]. Close blood pressure 
monitoring and stepping up of dosages may be 
needed. Nifedipine and labetalol are found to be 
useful antihypertensive medications with estab-
lished safety, efficacy, and fast duration of action. 
Hypertensive emergency is a hallmark of HDP 
intranatally as well as postnatally and is character-
ized by sudden onset of severe hypertension of 
160/110 mm Hg or more which lasts or heightens 
for more than 15 min. Risk of intracerebral injury 
in the form of hemorrhage or infarct is associated. 
Severity of SBP is a predictor of such an occur-
rence than the DBP.  Martin et  al. have studied 
patients suffering from stroke and observed that 
54% of these patients had SBP of more than 
160 mm Hg while 13% had a rise in DBP equal or 
more than 110 mm Hg [15]. Nonpregnant women 
are also at risk of stroke with SBP of 160 mmHg or 
more. Thus 160 mmHg SBP is the threshold of the 
cerebral circulation autoregulation and when 
failed results in hemorrhage or seizures. Blood 
pressure restoration should be in the range of 140–
150  mm Hg SBP and 90–100  mm Hg DBP in 
order to maintain the placental, cerebrovascular, 
cardiac, and renal perfusion and can help reverse 
part of the pathology initiated. But the risk of 
stroke may still prevail after the BP is lowered. 
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Fig. 7.2 CTG demonstrating reduced baseline variability and onset of prolonged bradycardia due to abruption in a 
36 weeks 5 days gestation gravida 2 para 0 mother with severe preeclampsia
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The blood pressure should be lowered promptly 
but gradually as sudden drop may adversely affect 
the mother as well as the baby.

7.7.5.1  Hypertensive Crisis
In a crisis situation, the blood pressure should be 
lowered gradually by 20–30% primarily and 
then gradually reached to the goal of 
140/90 mmHg. Nifedipine is a calcium channel 
blocker and has fast onset of action and should 
always be given orally and never sublingually. 
Sublingual administration leads to erratic 
absorption and sudden drop in blood pressure 
which is harmful both to the mother and the 
fetus. Oral administration is possible only in 
women who are conscious, and this is its limita-
tion. Onset of action is 15–20 min, and the dose 
has to be monitored with continuous titration of 
blood pressure record every 15mins till the req-
uisite control is achieved. Starting with 10  mg 
nifedipine, further 5–10 mg can be administered 
based on the response. Up to 40–60 mg can be 
given in 24 h and 40 mg within the first 1 h. Once 
stabilized the nifedipine can be administered 
8–12 h, and it is better to use the slow release 
formulation for the same. Nifedipine is contrain-
dicated in the presence of tachycardia and has 
been identified as a useful antihypertensive even 
in the settings of severe hypertension.

Mothers, who are unconscious, have tachycar-
dia and are refractory to nifedipine; parenteral 
labetalol should be used. Labetalol can also be a 
primary drug of choice in hypertensive crisis. It is 
a beta-adrenergic antagonist is cardioprotective 
due to its anti-alpha activity and therefore is a 
good choice. It is better than pure beta-blockers 
due to its effects on systemic vascular resistance 
(decreased leading to vasodilation), afterload 
(reduced), cardiac contractility (reduced), and 
heart rate (reduced), and it optimally maintains 
cardiac output. It is contraindicated in congestive 
cardiac failure, asthma, diabetes mellitus, and bra-
dycardia (both maternal and fetal). Labetalol is 
administered intravenously either as small ali-
quots. The dose is 10–20 mg intravenously, fol-
lowed by 20–80 mg every 20–30 min with a 
maximum of 300 mg (infusion pump administra-
tion   is ideal) (Fig. 7.1) which delivers 1–2 mg/
min dose. Duration of action is 3–6 h. Advantage 
of this drug is that it is safe, easy to administer, and 

fast acting and does not cause sudden hypotension. 
Hydralazine is currently available in India and is 
also used by many workers effectively. 
Hydralazine is a rapid-acting antihypertensive 
that can be given in low-dose increments. It acts 
by achieving smooth muscle relaxation in the 
arterioles leading to peripheral vasodilation with-
out reducing uteroplacental perfusion.

7.7.6  Fluid Management

Fluid infusion in preeclampsia requires intricate 
balance in maintaining perfusion and preventing 
shock and fluid overload. Endothelial dysfunc-
tion leads to increased capillary permeability and 
increased capillary wedge pressure which is typi-
cally understood as “capillary leaky syndrome.” 
Excessive fluids can lead to pulmonary edema 
and maternal death. Fluids should be restricted 
and administered at the rate of 80 mL/h or 1 ml/ 
kg/h [16]. This has to be titrated against urinary 
output, and 700 mL can be added in 24 h for non-
sensical losses. Fluid expansion should not be 
done, and crystalloids are better with Ringer’s 
lactate as the first choice.

7.7.7  Oxytocics for Augmentation

Labor may have to be augmented to expedite the 
delivery or to overcome uterine inertia due to 
generalized hypoxia and magnesium sulfate. 
Oxytocin only and no prostaglandin should be 
used for augmentation. Prostaglandin should be 
stopped once cervical changes occur. 
Concentrated drips of oxytocin and delivery 
through an infusion pump (Fig.  7.1) are good 
practice points to avoid fluid overload and opti-
mum delivery of oxytocin. An interval of at least 
6 h should be maintained between the last dose of 
prostaglandin and the initiation of oxytocin.

7.7.8  Second Stage of Labor

Continuous maternal and fetal monitoring is neces-
sary during the second stage of labor. Reassess the 
maternal condition for hypertension and complica-
tions of hypertension such as pulmonary edema, 
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altered sensorium, and evidence of abruption of the 
placenta. Oliguria may be temporary and should 
not provoke increased intravenous infusion. 
Controlled intravenous fluids, antihypertensive 
medications, and magnesium sulfate if necessary 
should be administered. Increase intrauterine pres-
sure and preload on the heart can precipitate a sei-
zure or intracranial accident due to sudden rise in 
blood pressure. Recheck the availability of instru-
mental delivery equipment and neonatal resuscita-
tion facilities. Continuous electronic fetal 
monitoring is desired if possible. Fetal heart assess-
ment after every uterine contraction is equally vali-
dated and should be done. Assisted vaginal delivery 
may be essential to shorten the second stage. 
Possibilities of  hematomas should be kept in mind 
in cases of compromised coagulation profile.

7.7.9  Third Stage of Labor

Active management of third stage of labor to be 
practiced with the use of oxytocin 10 IU adminis-
tered intramuscularly after the delivery of the 
baby. In case of thrombocytopenia, intravenous 
oxytocin diluted can be administered. Injectable 
prostaglandin can be used, but intramuscular 
injection can cause hematoma in low platelets. 
Prophylactic misoprostol 600 μg can be adminis-
tered by the rectal route effectively. Women with 
hypertension have less intravascular fluid volume 
and therefore may have hemodynamic jeopardy 
even with a smaller amount of blood loss, and 
therefore close monitoring is essential. 
Thrombocytopenia can contribute to further blood 
loss. Careful examination for genital tract injuries, 
hematomas, and uterine retraction should be made 
and the mother carefully monitored in the labor 
room for at least 2 h post-delivery. Injection meth-
ylergometrine is contraindicated as it causes sud-
den hypertension leading to intracranial accidents, 
myocardial infarctions, and cardiac arrhythmias.

7.8  Blood and Blood 
Components

It’s a good practice to reserve two packed cell 
volumes and notify the blood bank for need of 
blood products in case of hemorrhage or DIC. In 

case of thrombocytopenia, prophylactic fresh 
frozen plasma may be administered to avoid 
bleeding and DIC.  Blood loss if any to be 
promptly replaced by packed cell volumes. 
Platelet transfusion is to be used if platelet 
counts are less than 20,000 per mm. Coagulation 
assessment whenever necessary must be under-
taken and component therapy planned in 
accordance.

7.9  Labor Analgesia 
and Positioning

Epidural analgesia has many benefits to offer 
along with pain relief, improved placental perfu-
sion, and ease of conversion to anesthesia if 
cesarean section, assisted vaginal delivery, or 
exploration of the genital tract becomes neces-
sary. Narcotics can be administered for the same 
but may alter the mother’s sensorium. Left lateral 
or propped-up position is preferred to avoid the 
gravid uterus compressing on the inferior vena 
cava.

7.10  Fourth Stage of Labor

Monitoring of the vital parameters continue 
after delivery as there is always a risk of post-
partum eclampsia, postpartum hemorrhage, or 
fear of sudden collapse. Vigilance continues, 
and if necessary antihypertensive medications 
are administered. Look for adequate urinary 
output, control of per-vaginal bleeding, and 
retracted uterus. Continue the magnesium sul-
fate regimen if already started for 24  h post-
delivery or initiate anew if rise in blood pressure 
is observed.

7.11  Eclampsia Kit

Always update the eclampsia kit in the delivery 
rooms mentioned under. This is sourced from the 
FOGSI ICOG National Eclampsia Registry 
(Fig. 7.3).

7 Hypertensive Disorders: Delivery Management



74

The National Eclampsia Registry: FOGSI—ICOG—The Eclampsia Kit

Sr.no Item Specifications No Additional/tick
1. Mouth gag Disposable if possible 1
2. IV set Infusion pump (Fig. 7.1) preferred 2
3. Intracath No 20 /21 2
4. Scalp No 18/20 2
5. Three-way Preferred 2
6. Syringes 20 cc/10 cc/5 cc 2/5/5
7. Uribag Urometer preferred 1
8. Inj MgSO4 50/25% 20/20
9. Cap nifedipine 5 mg/10 mg/20 mg/20R 5/5
10. Inj labetalol 2
11 Hammer 1
12. Torch – 1
13. Foley’s catheter No 16/18
14. Uristicks Protein estimation 2
15 Needles 20 G: 2 in./11/2in. 10
16 Ryle’s tube 14 1
17 Bulbs Plain/Hemogram/platelet/prothrombin/fluoride 

bulbs/EDTA bulb
1 each

18 Inj calcium gluconate 10 mL 10% 2
19 Inj distilled water 5 mL/10 mL/20 mL 10/10/10
20 Intravenous fluids RL/Isolyte E /DNS 2/2/2
21 Misoprostol tablets 25 mcg /50 mcg/100/200 4/4/4/4
22 Oxytocin ampoules 5 IU 25
23 Inj PGF2ɑ 250mcg 2

24 Inj Phenergan 50 2
25 Eclampsia management 

protocol
1 copy displayed

26 Emergency drugs tray Labeled and updated

Fig. 7.3 Well-equipped eclampsia room, newborn corner, and the always ready loading dose magnesium sulfate
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7.12  Conclusions

Delivery of hypertensive mothers need multidis-
ciplinary approach and tertiary level care. 
Vigilance and proper decision-making are essen-
tial. Dynamics of labor may precipitate compli-
cations of preeclampsia, and these should be 
prevented, detected early, and treated promptly. 
Zero tolerance for eclampsia (enroll as reporter at 
the National Eclampsia Registry: Fig. 7.4) should 
be the dictum, and therefore magnesium sulfate 
should be used liberally.
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Heart Disease

Vanita Suri and Pooja Sikka

8.1  Introduction

Cardiac disease complicating pregnancy is seen 
in about 1–4% women. Due to effective treat-
ment during childhood, the incidence of women 
with heart disease presenting during pregnancy is 
increasing. In developing countries like India, 
rheumatic heart disease still predominates, 
accounting for 60–80% of cardiac lesions in 
pregnancy. Congenital heart diseases are by far 
the commonest conditions in the west forming 
over 75% of heart diseases seen in pregnancy [1]. 
Pregnancy poses additional problem in women 
with underlying cardiac disease. A normal heart 
can adapt well to the hemodynamic alterations of 
pregnancy, whereas a diseased heart may not be 
able to do so and decompensate leading to heart 
failure. Ideally counseling and management of 
women of childbearing age with cardiac disease 
should start before pregnancy occurs. High-risk 
patients should be managed in specialized cen-
ters where multidisciplinary care is available. 
Diagnostic procedures and interventions should 
ideally be performed prior to pregnancy. 
Unfortunately in India, many women still are 
diagnosed to be having cardiac disease for the 
first time during pregnancy. This increases the 
morbidity and mortality associated with these 
disorders.

8.2  Hemodynamic Alterations 
During Pregnancy

Pregnancy induces many changes in the cardio-
vascular system of the woman [1]. It is important 
to understand physiological changes in the car-
diovascular system which occur during preg-
nancy and puerperium in order to be able to 
manage the patient during pregnancy and labor.

This includes increase in blood volume and 
cardiac output (CO) and reductions in systemic 
vascular resistance and blood pressure (BP). A 
30–50% increase in CO occurs in normal preg-
nancy. It has been shown in various studies that 
the cardiac output rises early in first trimester 
and there is further rise during second trimester. 
In the third trimester, the cardiac output may 
rise, fall, or plateau [2]. In the postpartum 
period, there is rapid fall of cardiac output, and 
the maximum decrease is in the first 2  weeks 
after delivery [3].

Heart rate starts rising at 20 weeks and peaks 
at 32  weeks, there after it plateaus and falls to 
normal within 1 week of delivery. Plasma volume 
reaches a maximum of 40% above baseline at 
24 weeks gestation. Blood pressure falls during 
first and second trimester due to vasodilatation. 
The diastolic blood pressure may rise in third tri-
mester and normalizes during early postpartum 
period.

Pregnancy leads to increase in concentration 
of fibrinogen, platelet adhesiveness, and other 
coagulation factors, thus increasing the risk of 
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thromboembolism in pregnancy. These physio-
logical adaptations influence the evaluation and 
interpretation of cardiac function and clinical 
status.

There are additional changes in the hemody-
namics during labor and postpartum period due 
to positioning of patient, pain, anxiety, and other 
complications of labor. Choice of analgesia and 
anesthesia is limited by these changes. SBP and 
DBP also increase, during uterine contractions. 
CO increases by 15% in early labor, by 25% dur-
ing stage 1, and by 50% during expulsive effort 
[4]. These changes become more rapid and abrupt 
during labor and delivery. Major threat to the 
pregnant lady is during labor and delivery. Labor 
produces rapid and severe hemodynamic changes. 
Thus labor may become very complex, so these 
women should preferably be delivered in an insti-
tute where multidisciplinary care is available. 
The team should comprise of obstetrician trained 
in managing these cases, anesthetist, cardiolo-
gist, and neonatologist.

8.3  Diagnosis of Heart Disease

History of dyspnea is important in identifying the 
clinical status. As a general rule, asymptomatic 
patients will have a good pregnancy outcome. 
Many of the normal symptoms of pregnancy, 
such as dyspnea on exertion, orthopnea, palpita-
tions, giddiness, and ankle edema, are also symp-
toms of cardiac decompensation. However, chest 
pain, dyspnea at rest, and paroxysmal nocturnal 
dyspnea are not commonly seen with pregnancy, 
and patient should be evaluated for heart disease 
[5]. However relatively asymptomatic patients 
with conditions like primary pulmonary hyper-
tension, Eisenmenger’s syndrome, or stenotic 
lesions of valves may have an acute deterioration 
also in the form of varied symptoms. On exami-
nation, patient may have jugular venous disten-
sion, prominent apical impulses, and presence of 
third heart sound and murmurs. Diastolic mur-
murs are rare in normal pregnancy [6]. Detailed 
physical and cardiovascular examination is 
needed in case of systolic murmurs of more than 
2/6 intensity or continuous murmurs. Presence of 

heart failure or cyanosis suggests a high-risk 
pregnancy. ECG and chest x-ray complement the 
diagnosis and can diagnose complications like 
heart blocks and heart failure. Echocardiography 
forms the mainstay of diagnosis and should be 
carried out in all pregnant women with suspected 
heart disease. Cardiac catheterization is usually 
avoided in pregnant women due to the risks asso-
ciated with radiation exposure. However it may 
be carried out in patients with suspected coronary 
artery disease and as part of therapeutic proce-
dures like balloon mitral valvotomy.

8.4  Prepregnancy Counseling

Prepregnancy counseling should be carried out 
by a joint obstetrics and cardiology team. The 
maternal risk depends on the underlying condi-
tion. According to the Task Force recommenda-
tions, maternal risk assessment should be carried 
out according to the modified World Health 
Organization (WHO) risk classification [7]. This 
risk classification is based on the underlying 
heart disease and any other comorbidity. It also 
includes contraindications for pregnancy where 
medical termination of pregnancy is advised. 
CARPREG and ZAHARA risk scores/predictors 
are also used by many physicians for predicting 
maternal cardiovascular complications during 
pregnancy and neonatal outcome [8, 9]. 
Conditions that are very high risk include pri-
mary pulmonary hypertension; Eisenmenger’s 
syndrome; dilated cardiomyopathy with left ven-
tricular ejection fraction <40%; symptomatic 
obstructive lesions like aortic stenosis, mitral ste-
nosis, pulmonary stenosis, and coarctation of the 
aorta; Marfan syndrome with aortic root diameter 
>40  mm; cyanotic lesions; and women with 
mechanical prosthetic valves [1]. In contrast, 
patients with regurgitant lesions like mitral and 
aortic regurgitation who have normal left ven-
tricular functions, left to right shunt lesions like 
atrial and ventricular septal defects, hypertrophic 
cardiomyopathy, surgically corrected congenital 
heart disease, and mild stenotic lesions have rela-
tively uncomplicated pregnancies [1, 10–15]. 
Diseases affecting the aorta like Takayasu  arteritis 

V. Suri and P. Sikka



79

are usually well tolerated unless there is severe 
aortic obstruction, coronary involvement, or aor-
tic regurgitation [16]. Patients with heart block 
may need pacemaker implantation. In patients 
who already have an implanted pacemaker, inter-
rogation of pacemaker should be carried out by 
the cardiologist to confirm the parameters [17]. 
Girls with congenital heart disease should be 
referred to a joint cardiac/obstetric/gynecological 
clinic for advice about contraception and need 
for preconception counseling once they decide to 
plan pregnancy [18].

8.5  Risk Classification 
in Pregnancy and Heart 
Disease

Various criteria for risk stratification have been 
described. Most commonly used is the modified 
World Health Organization (WHO) risk classifi-
cation [7, 19]. This risk classification includes all 
maternal cardiovascular lesions. According to 
this, very low-risk patients fall in WHO class I 
and need only 1–2 cardiology visits during preg-
nancy. Low- and moderate-risk patients fall in 
WHO class II and cardiology consultation should 
be carried out in each trimester. High-risk women 
fall in WHO class III. Monthly or bimonthly car-
diology visits are recommended. Women in 
WHO class IV are at very high risk and should be 
advised against pregnancy. In case they present 
early in pregnancy, medical termination of preg-
nancy should be advised.

The conditions which are considered high risk 
for the mother and fetus are mitral stenosis with 
NYHA class II, III, or IV symptoms; mitral 
regurgitation with NYHA class III or IV symp-
toms; severe aortic stenosis with or without 
symptoms; aortic valve disease, mitral valve dis-
ease, or both resulting in pulmonary hyperten-
sion; aortic valve disease, mitral valve disease, or 
both with left ventricular ejection fraction less 
than 40%; Eisenmenger’s syndrome; Marfan 
syndrome; primary pulmonary hypertension and 
maternal cyanosis.

Asymptomatic aortic stenosis; aortic regurgi-
tation with NYHA class I or II symptoms and 

normal left ventricular systolic function; mitral 
regurgitation with NYHA class I or II symptoms 
and normal left ventricular systolic function; 
mitral valve prolapsed, with no regurgitation or 
with mild-to-moderate regurgitation and normal 
left ventricular systolic function; mild-to- 
moderate mitral stenosis; and mild-to-moderate 
pulmonary valve stenosis are better tolerated dur-
ing pregnancy and are considered low risk [1].

8.6  Antenatal Care

Antenatal care should involve a multidisciplinary 
team including senior obstetrician, cardiologist, 
and anesthetist. High-risk patients should be 
identified by using different risk scores (WHO 
score is recommended) and all aspects of their 
management including optimization of drug ther-
apy, anticoagulation, timing and mode of deliv-
ery, and use of analgesia during labor should be 
decided before she goes into labor. Every antena-
tal checkup should include a detailed maternal 
obstetric, cardiovascular, and fetal assessment. A 
plan of management for mode of delivery, timing 
of delivery, and intrapartum care including need 
for invasive monitoring, cutting short second 
stage of labor, and need of oxytocics should be 
made at 34–36  weeks of pregnancy. The plan 
should also include postpartum care including 
need for thrombosis prophylaxis wherever 
required [18].

8.7  Timing and Mode of Delivery

Labor may precipitate decompensation in any 
type of heart lesion. There is a standard cardiac 
care which must be provided to all patients. 
Generally the mode of delivery is based on 
obstetrical indications only. However there are a 
few indications for elective cesarean in women 
with heart disease. These are aortic root diameter 
>4.5 cm, severe aortic stenosis, aortic dissection, 
and recent myocardial infarction [1]. Timing of 
delivery depends upon primary heart lesion, 
associated comorbid conditions, and other com-
plications of pregnancy. Induction of labor is not 
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contraindicated. Use of PGE2, mechanical dila-
tors, and PGE1 is not contraindicated but should 
be used with caution. We prefer to plan the deliv-
ery at around 39 weeks in uncomplicated preg-
nancies in order to ensure optimum perinatal and 
maternal outcome.

8.8  Care During Labor

Maintenance of hemodynamic stability should be 
the main aim. Each cardiac condition needs spe-
cific considerations to achieve this aim.

General principles: Propped-up position and 
oxygen supplementation help in women who are 
breathless. Fluid intake should be restricted and 
should not be more than 70 mL/h. Pain relief dur-
ing labor is essential to prevent tachycardia, and 
drugs like morphine and tramadol can be admin-
istered. Epidural analgesia can be provided with 
special care to prevent hypotension.

Artificial rupture of membranes should be 
avoided to augment labor. Infective endocarditis 
prophylaxis is not recommended for any genito-
urinary procedure anymore. However, when 
endocarditis occurs during pregnancy, maternal 
and fetal mortality rates are 22 and 25%, and 
variable incidence of bacteremia has been 
reported by various authors. The incidence can 
vary from 5 to 19% [20–22].

The ACC/AHA guidelines recommend against 
prophylaxis in cesarean and vaginal deliveries, 
but due to paucity of data from India and as such 
high incidence of infection, individualized deci-
sion should be taken by the consultant in charge 
after assessing the need for it. However it is rec-
ommended during vaginal delivery/cesarean in 
women with prosthetic heart valves and cyanotic 
heart disease and in those with previous history 
of infective endocarditis [23, 24]. The cost of 
treatment, morbidity, and mortality of infective 
endocarditis to the patient is so high that rou-
tinely giving prophylaxis to every woman in 
labor is not that unjustified especially in our set-
tings. Prophylaxis consists of antibiotics using 
the AHA guidelines of ampicillin 2.0 g IM or IV 
plus gentamicin 1.5 mg/kg (not to exceed 120 mg) 
given at initiation of labor or within 30 min of a 
cesarean delivery, followed by ampicillin 1 g IM 

or IV or amoxicillin 1  g orally 6  h later. 
Vancomycin 1.0 g IV over 1–2 h is recommended 
for penicillin-sensitive patients.

Second stage of labor puts additional stress on 
mother’s heart, so bearing down efforts should be 
avoided, and instrumental delivery to cut down 
second stage of labor is recommended. Active 
management of third stage of labor should be 
done. Ergotamine is contraindicated as it produces 
severe peripheral vasoconstriction. Oxytocin 10 U 
IM or 25 U in 500 mL of normal saline can be 
given. Blood pressure, pulse rate, and oxygen satu-
ration should be continuously monitored. Chest 
auscultation for crepitations should be frequently 
carried out. This gives a quick idea of deterioration 
of cardiac status, blood loss, and overzealous use 
of diuretic and oxytocin.

8.9  Postpartum Care

Low-dose oxytocin infusion (10 U in 500 mL of 
normal saline) that avoids hypotension should be 
administered after placental delivery to prevent 
hemorrhage. Prostaglandin F analogues are use-
ful to treat postpartum hemorrhage, unless an 
increase in pulmonary artery pressure is undesir-
able. Early ambulation and elastic stockings 
reduce the risk of deep vein thrombosis. Heart 
failure can develop in the first day after delivery 
due to rapid fluid shifts and hemodynamic 
stresses. Close monitoring should be continued 
for at least 24 h after delivery.

8.10  Special Situations

Mitral stenosis: Fluid overload should be pre-
vented in mitral stenosis. Regular monitoring of 
respiratory rate, auscultation of chest, use of con-
centrated, titrated doses of Pitocin, and maintain-
ing an input-output record are essential. 
Tachycardia can precipitate pulmonary edema and 
atrial fibrillation. Diuretic administration after 
delivery of the baby reduces the excess preload to 
the left atrium which it cannot handle in presence 
of mitral stenosis [10, 15]. In symptomatic 
patients with severe mitral stenosis, balloon mitral 
valvotomy or closed mitral valvotomy provides 
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immediate relief [25]. It is however associated 
with risk of precipitating preterm labor.

Aortic and mitral regurgitant lesions: They 
are generally well tolerated and may not require 
aggressive monitoring unless there is left ven-
tricular dysfunction or pulmonary hypertension.

Congenital heart disease: Patients with severe 
aortic stenosis, primary pulmonary hypertension, 
Eisenmenger’s syndrome, cyanotic congenital 
heart diseases like tetralogy of Fallot, and Ebstein’s 
anomaly are at high risk and should be closely 
monitored [26]. The main aim during labor is to 
prevent hypotension. Maternal and perinatal out-
come is better in patients who have been success-
fully operated in childhood [13].Prosthetic heart 
valves: Patients with mechanical prosthetic heart 
valves are at risk for complications like valve 
thrombosis, thromboembolism, and bleeding due 
to anticoagulation. Bioprosthetic valves on the 
other hand are associated with the risk of valve 
failure during pregnancy. Both types of valves lead 
to increased risk of endocarditis. The major issue 
with prosthetic valves in pregnant women is the 
risk of thrombosis as pregnancy is a hypercoagu-
lable state. Therefore pregnant women with pros-
thetic heart valves need careful planning and 
counseling about anticoagulant usage. The pre-
ferred treatment for adequate anticoagulation is in 
the form of vitamin K antagonists (e.g., warfarin) 
which are associated with risk of warfarin embry-
opathy when used in the first trimester. A reason-
able option is to use unfractionated heparin/low 
molecular weight heparin in the first trimester and 
then switch over to warfarin till the 36th week [1, 
27–29]. Warfarin should be switched back again to 
unfractionated heparin from the 36th week since 
the anticoagulant effect of heparin can be rapidly 
reversed. Unfractionated heparin should be dis-
continued 4–6  h before planned delivery and 
restarted 4–6 h after delivery if there are no bleed-
ing complications. If urgent delivery is needed for 
a patient on unfractionated heparin, protamine 
may be used to reverse the anticoagulant effect. If 
urgent delivery is needed in a patient who is on 
warfarin; cesarean delivery is preferred to reduce 
risk of intracranial hemorrhage in an anticoagu-
lated fetus. Fresh frozen plasma may be used 
prior to cesarean delivery to achieve a target INR 
of ≤2.4. The guidelines recommend use of low 

molecular weight heparin also instead of unfrac-
tionated heparin. With the use of low molecular 
weight heparin, it is mandatory to measure anti-
factor Xa activity [1]. If this investigation is not 
available in our setting, low molecular weight 
heparin should not be used. In patients who 
develop stuck valve doe to thrombus formation, 
thrombolysis is a reasonable alternative to redo 
valve surgery [30].

Cardiomyopathies: Cardiomyopathies, though 
rare disorders, commonly affect young people 
and are thus encountered in pregnancy. Of these 
dilated, peripartum and restrictive cardiomyopa-
thies may cause severe complications in preg-
nancy, while hypertrophic cardiomyopathy is 
usually well tolerated even in the presence of left 
ventricular outflow tract obstruction [14, 31, 32]. 
Peripartum cardiomyopathy is a unique cardio-
myopathy that usually occurs in the last month of 
pregnancy or the early postpartum period. The 
mainstay of treatment of dilated and peripartum 
cardiomyopathies is drug therapy with beta- 
blockers, angiotensin-converting enzyme inhibi-
tors, aldosterone antagonists, and loop diuretics. 
Out of these angiotensin-converting enzyme 
inhibitors and aldosterone antagonists are contra-
indicated during pregnancy and can only be 
started postpartum. In case of acute deterioration, 
these patients have to be managed on lines of 
acute heart failure with propped-up position, 
oxygen, loop diuretics, digoxin, inotropes in case 
of hypotension or low cardiac output, and in 
severe cases mechanical supportive therapy [15].

8.11  Contraception

Care of women with heart disease is incomplete 
without providing adequate contraception advice. 
Risks of contraceptive use should be weighed 
against the risk of pregnancy. Barrier contracep-
tive is the safest for the woman but is associated 
with high risk of failure. A copper-containing 
intrauterine device can be inserted either post- 
placentally or after 6 weeks. Under aseptic pre-
cautions, the risk of infective endocarditis is very 
low [33]. Risks of excessive bleeding during 
menstruation should be explained especially to 
women on anticoagulants [1].
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Levonorgestrel releasing intrauterine device is 
the safest and most effective contraceptive in 
women with complex heart lesions including cya-
notic congenital heart disease and pulmonary 
hypertension. Low-dose oral contraceptives con-
taining 20 mg of ethinyl estradiol are safe in women 
with a low thrombotic risk, but not in women at 
high risk for thrombotic complications, and gener-
ally they should be avoided. Monthly injectables 
containing medroxyprogesterone acetate should 
not be used in women with heart failure. This is due 
to fluid retention that they may cause. Tubal liga-
tion is usually safe, even in relatively high-risk 
women. Vasectomy should be discussed with 
patients who have completed their family [34].

8.12  Conclusion

Pregnant women with heart disease pose chal-
lenges in cardiac and maternal-fetal management. 
Successful pregnancies can be achieved with good 
prenatal counseling, adequate antenatal care, and 
intensive monitoring during labor by cardio-
obstetric team. Close collaboration between the 
obstetrician and cardiologist is required for opti-
mal management of women with heart disease.

8.13  Points to Ponder
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Anaemia in Pregnancy

Reeti Mehra and Jyotsna Rani

Anaemia in pregnancy is one of the most com-
mon medical conditions worldwide. The WHO 
has defined anaemia in pregnancy if haemoglobin 
(Hb) is <11 g/dL at any stage of antenatal period 
[1]. According to NICE guideline and CDC rec-
ommendation, the haemoglobin cut-off to define 
anaemia in pregnancy is <10.5 g/dL in the second 
and third trimesters and <10 g/dL in the postpar-
tum period [2, 3].

9.1  Incidence and Prevalence 
of Anaemia in Pregnancy

Anaemia in pregnancy is one of the commonest 
health problems worldwide especially in devel-
oping countries. Despite all efforts of national 
health programmes to provide optimum antenatal 
care to all pregnant women, and recommendation 
of screening for anaemia on their first antenatal 
visit, more than half of the pregnant women in 
the world are suffering from this condition [4]. In 
developed countries, incidence of anaemia in 
pregnant women is only 15%, whereas relatively 
higher prevalence (33–75%) has been reported in 
developing countries [5, 6]. Anaemia in preg-
nancy has a major impact on nation’s health and 
its economy. It is a major contributing factor in 
maternal mortality and morbidity and also affects 

foetal outcome by causing preterm delivery, low 
birth weight and lower infant Apgar score, 
thereby adding to the economic burden of health-
care as well [7, 8].

9.2  Grading of Severity 
of Anaemia in Pregnancy  
by the WHO

Mild 10.0–10.9 g/dL
Moderate 7.0– 9.9 g/dL
Severe <7.0 g/dL

9.3  Classification of Anaemia 
and Their Causes Based 
on Absolute Reticulocyte 
Count, RBC Indices 
and Morphology

9.3.1  Low or Normal Reticulocyte 
Count (<75,000/cmm), i.e. 
Hypoproliferative Anaemia

9.3.1.1  Microcytic, Hypochromic 
(MCV < 80 fL)

• Iron deficiency anaemia
• Thalassemia syndromes
• Sideroblastic anaemia
• Transferrin deficiency
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9.3.1.2  Macrocytic (MCV > 100 fL)
• Megaloblastic anaemias
• (Folic acid/vitamin B12 deficiency)
• Liver disease
• Reticulocytosis
• Bone marrow failure syndromes
• Drugs (zidovudine, trimethoprim sulphate)

9.3.1.3  Normocytic (MCV 80–100 fL) 
with Normal Morphology

• Anaemia of renal disease
• Aplastic anaemia
• Infections (malaria, tuberculosis)
• Chronic disease

9.3.2  Increased Reticulocyte count 
(>100,000/cmm), i.e. 
Hyperproliferative Anaemia 
Because of Excessive 
Haemolysis

9.3.2.1  Normocytic (MCV 80–100 fL), 
Abnormal Morphology

• Hemoglobinopathies (SS, SC, CC)
• Hereditary spherocytosis
• Autoimmune haemolytic anaemia
• Some enzymatic deficiencies

9.3.2.2  Acute Haemorrhage
Effect of pregnancy on anaemia: The maternal 
haematological system undergoes dramatic 
changes during pregnancy. There is an expansion 
of maternal plasma volume by approximately 
40–50%, with increase in red blood cell (RBC) 
mass also but by 30% only, leading to hemodilu-
tion [9]. This may lead to fall in maternal haemo-
globin and haematocrit value. Henceforth women 
who are already anaemic in pre-pregnant state, 
their Hb falls, and anaemia worsens progres-
sively as the period of gestation advances, if not 
started on iron therapy. Conversely non-anaemic 
women in pre-pregnant state achieve normal Hb 
till the end of 6 weeks of puerperium, if no his-
tory of significant obstetric haemorrhage is there.

Approach towards anaemia in pregnancy: 
Proper history taking includes inquiry about sup-
plementation of iron and folic acid during preg-

nancy, history of menorrhagia prior to conception, 
any episode of obstetric haemorrhage, history of 
pica, worm infestation, hematemesis, melena, 
hematuria, chronic illness, easy bruising, or family 
history suggestive of haemoglobinopathies etc. On 
physical examination, one should look for pallor, 
icterus, oedema, koilonychia, increased jugular 
venous pressure, hepatomegaly and splenomegaly. 
In severe anaemia, there may be presence of soft 
systolic murmur in the heart (may be physiologi-
cal) and sometimes basal crepitations denoting 
lung congestion. Severe anaemia may present with 
features of congestive cardiac failure.

9.4  Laboratory Investigation

9.4.1  Haemoglobin Concentration

Reduction in Hb value less than 11 g/dL in first 
trimester and <10.5 g/dL in second and third tri-
mester is the simplest method of diagnosing 
anaemia. Though decrease in Hb is preceded by 
depletion of iron store first in cases of iron defi-
ciency anaemia followed by defective erythro-
poiesis and finally anaemia becomes evident.

9.4.2  Peripheral Blood Picture (PBF)

In iron deficiency anaemia, there is microcytic, 
hypochromic picture in peripheral blood film 
along with anisocytosis and poikilocytosis. In mild 
anaemia or concomitant vitamin B12 or folate 
deficiency, normocytic picture may be present in 
lieu of microcytic picture. Macrocytic picture is a 
characteristic feature of vitamin B12 or folate defi-
ciency. PBF is also looked for WBC differential 
count, platelet count and their morphology, evi-
dence of haemolysis and malarial parasite.

9.4.3  Red Blood Cell Indices

Impaired haemoglobin synthesis may affect all or 
any value of MCV, MCH or MCHC. RBC indices 
help in typing of anaemia. Normal range of MCV 
is 80–100  fL, of MCH is 27–31  pg/cell and of 
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MCHC is 32–36 g/dL. Red blood cell distribu-
tion width (RDW) along with MCV may help in 
determination of possible cause of anaemia.

9.4.4  Reticulocyte Count

Increased or decreased reticulocyte count seen in 
peripheral blood film indicates hypercellular or 
hypocellular bone marrow, respectively, and 
cause of anaemia can be predicted with support 
of other investigations.

9.4.5  Electrophoresis

Electrophoresis is an important test to detect the 
qualitative or quantitative abnormality of haemo-
globin and help in diagnosis of haemoglobinopa-
thies like thalassaemia and sickle cell anaemia.

9.4.6  ESR

Although ESR is raised in anaemia, this is a non-
specific indicator.

Other investigations that may help to establish 
the cause of anaemia are serum bilirubin; serum 
LDH; renal function test; urinalysis (routine 
examination including urinary protein, bilirubin 
and urobilinogen and microscopy); stool test for 
occult blood, ova and cyst; X-ray chest PA view; 
and USG whole abdomen.

Iron deficiency anaemia: Iron deficiency 
anaemia is the most common cause of anaemia in 
pregnancy and responsible for about 70–95% of 
cases [10].

9.5  Physiology and Iron 
Metabolism

The total iron requirement over the course of 
pregnancy is approximately 900 mg (range 700–
1400 mg), 450 mg of which is consumed in red 
blood cell expansion [11]. Around 350 mg of iron 
is used in foetus and placenta. The blood loss in 
delivery causes loss of 190 mg of iron, and the 

same amount of iron is consumed in lactational 
period (1  mg/day). At the same time, amenor-
rhoea during pregnancy saves approximately 
256 mg of iron. Henceforth, at the end of preg-
nancy followed by postpartum, the woman is left 
with total iron deficit of approximately 580 mg. 
Therefore even in iron-replete woman, there is 
increased iron demand as 4–6  mg/day and 
6–8  mg in second and third trimester, respec-
tively [12].

The increased requirement of iron during 
pregnancy cannot be met by diet alone but is 
derived partly from maternal reserve. In a well- 
nourished woman, about half of the total iron 
requirement get fulfilled from iron store. When 
the iron reserve already is low due to malnutrition 
and/or frequent pregnancy, iron deficiency anae-
mia results.

Foetal iron metabolism: During pregnancy, 
following absorption of iron from maternal gas-
trointestinal tract, its transportation occurs to foe-
tal circulation from maternal circulation against 
the gradient, in contrast to non-pregnant state 
where it goes to the bone marrow. The transferrin- 
bound iron from maternal circulation reaches to 
placenta where several transferrin receptor 1 
(TfR1) are present on apical membrane of syncy-
tiotrophoblast. The bivalent iron transferrin com-
plex is internalized after binding with the TfR1 
by process of endocytosis, and change in pH 
leads to release of iron in cytoplasm [13, 14]. 
Foetal heptacidin has important role in foetal iron 
metabolism. The overall mechanism is aimed to 
supply maximum iron to the foetus despite mater-
nal anaemia.

Clinical signs and symptoms: Iron defi-
ciency anaemia in pregnancy can be asymptom-
atic, and its detection occurs first time during 
routine antenatal screening. The signs and symp-
toms are often nonspecific with fatigueness being 
the commonest complaint. She may complain of 
weakness, exhaustion, giddiness, palpitations, 
dyspnoea, hair loss and reduced work perfor-
mance and swelling of the lower limb or ana-
sarca. Pregnancy with severe anaemia is at risk to 
have recurrent infection and also associated with 
increased risk of pre-eclampsia [15, 16]. Few 
patients with severe anaemia may present with 
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heart failure during pregnancy (mostly at 
32 weeks) or following delivery because of car-
diac overload. Anaemic mothers are also at risk 
to have PPH following delivery. Literature reports 
high maternal mortality rate in developing 
 countries (varying from 27 to 194 per 100,000 
live birth) due to severe anaemia [17]. They may 
develop lactation failure and postpartum depres-
sion in puerperium.

Maternal anaemia causes placentomegaly and 
affects foetus leading to preterm delivery, low 
birth weight and its consequences and henceforth 
increases foetal and neonatal morbidities [18–
20]. Literature suggests increased risk of preterm 
premature rupture of membranes if anaemia 
develops early in pregnancy, while anaemia later 
in pregnancy is associated with preterm labor 
[21]. Maternal anaemia is also associated with 
risk of birth asphyxia and poor infant Apgar 
score. Positive correlation has been found 
between maternal iron supplementation and 
improvement of Apgar score [22]. Subsequent to 
preterm labour and low birth weight, associated 
short-term and long-term outcomes are cerebral 
palsy, blindness, deafness and hypertension. Mild 
to moderate anaemia during pregnancy is also a 
risk factor for iron deficiency anaemia in infant, 
especially between 6 and 12 months of age [23].

Laboratory diagnosis of iron deficiency: 
Besides routine test for anaemia, few specific 
tests are recommended to establish the definite 
diagnosis of iron deficiency anaemia.

Red blood cell indices: MCV < 75 fl, MCH 
<25 pg and MCHC<30 g/dL are typical of iron 
deficiency anaemia. Any or all values of MCV, 
MCH and MCHC are reduced in iron deficiency 
anaemia.

Reticulocyte count: Reticulocyte count is 
decreased in iron deficiency anaemia because of 
impaired erythropoiesis. On commencing iron ther-
apy, the first sign of improvement seen is increase in 
reticulocyte count appearing after 7–10 days.

Peripheral blood picture: In iron deficiency 
anaemia, there is microcytic, hypochromic pic-
ture characterized by plenty of pale staining cells 
different in sizes (anisocytosis) and shape (poi-
kilocytosis) present in peripheral blood film. In 
mild anaemia or concomitant vitamin B12 or 

folate deficiency, normocytic picture may be 
present in lieu of microcytic picture.

Serum ferritin: Serum ferritin is a stable, 
high molecular weight glycoprotein, and its nor-
mal level in serum varies from 50 to 150 ng/mL. 
This provides an accurate estimation of iron 
stores. Its serum level can be assayed by ELISA, 
and the value is not affected by recent ingestion 
of iron except inflammatory states. Decreased 
serum ferritin (<30 ng/mL) is the first abnormal 
sign of iron deficiency anaemia before decline in 
Hb concentration.

Serum transferrin receptor: This is a newer 
and reliable method for assessing tissue iron sta-
tus, and its value increases > threefold in response 
of iron deficiency anaemia (normal 4–9 mg/L). It 
provides an early and accurate estimation of the 
iron deficit between the point of iron store deple-
tion and appearance of iron deficiency anaemia 
before the MCV gets affected.

Serum iron studies: This includes estimation 
of serum iron and total iron binding capacity 
(TIBC); both can help in estimating serum trans-
ferrin saturation. Serum iron, transferrin satura-
tion and soluble transferrin receptor are 
decreased, and TIBC is raised in iron deficiency 
anaemia, while in chronic disease, serum iron 
and TIBC both are decreased with normal value 
of soluble transferrin receptor.

Erythrocyte Zn protoporphyrin concentra-
tion: This is a nonspecific indicator because of 
ineffective erythropoiesis in iron deficiency anae-
mia. The value is raised >40 mumol/mol haem.

Bone marrow examination: The absence of 
stainable iron (hemosiderin) in normoblast pres-
ent in bone marrow is diagnostic of iron defi-
ciency anaemia. This is an invasive test and 
reserved for cases of severe anaemia where the 
cause is not established or they are not respond-
ing to hematinic.

Prevention and management of iron defi-
ciency anaemia: The WHO recommends 60 mg/
day of oral iron supplementation to all antenatal 
mothers throughout the pregnancy and continued 
till 3 months of postpartum [24, 25]. Apart from 
supplementary iron therapy, easily accessible 
protein- and iron-rich diet should be advised. 
Common causative agents responsible for anae-
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mia like malaria, hookworm or urinary tract 
infections are also get treated simultaneously. 
After delivery, women should be advised contra-
ception to avoid early and frequent pregnancy 
because even non-anaemic woman takes a 
 minimum of 2 years to replenish her iron store 
which is exhausted in pregnancy and delivery.

Management of iron deficiency anaemia 
includes correction of the cause of anaemia along 
with iron therapy. Iron can be administered by 
oral or parenteral route; decision depends upon 
the period of gestation at which anaemia is diag-
nosed and the remaining time available for antici-
pated delivery.

Oral iron therapy: Oral iron therapy is of 
choice and recommended ideally when anaemia 
is not severe and gestation-delivery interval is at 
least 10 weeks. Oral iron formulations are safe, 
cheap and effective measures to correct the hae-
moglobin and replenish the iron store. The current 
guidelines for iron deficiency anaemia recom-
mend a dose of 100–200 mg of elemental iron per 
day for a minimum duration of 3  months [27]. 
Iron preparations are ideally taken on an empty 
stomach or 1 h before food, as dietary factors may 
interfere with its absorption or may cause iron 
chelation making it less bioavailable. Tea and ant-
acids interfere with its absorption, while vitamin 
C and vitamin A facilitate its absorption. Oral iron 
preparations are notorious to cause gastric irrita-
tion. Henceforth low elemental dose of iron to 
start with or taking it even in conjunction with 
meals is advisable for patient having iron intoler-
ance to improve its compliance. Later on, dose is 
titrated gradually till the recommended dose with 
growing compliance of the patient. Shifting to dif-
ferent iron formulations or iron syrups may be of 
help in such group of patients. As iron syrups may 

cause staining of teeth, taking such preparations 
with straw is advisable.

Several oral iron preparations are available as 
capsule, tablet or syrup form, containing varied 
strengths of elemental iron (Table  9.1). Chiefly 
bivalent iron formulations like ferrous sulphate, 
ferrous fumarate and ferrous gluconate are in use. 
They are different in terms of their absorption 
and bioavailability as well as cost. Enteric-coated 
iron formulations are also available but should be 
avoided [26]. Few trivalent iron compounds such 
as iron protein succinylate and iron polymaltose 
complex are also available, and these formula-
tions score over the bivalent preparations in being 
more tolerant and friendly for the gastrointestinal 
tract. However trivalent iron preparations have 
less bioavailability, they need multiple dosing 
and are expensive.

Side effects of oral iron preparations are nau-
sea, epigastric discomfort and constipation, and 
few patients may have gastrointestinal intoler-
ance for the same.

When oral iron therapy has been started for 
established anaemia in pregnancy, response is 
assessed by getting repeat haemoglobin 2 weeks 
after commencement of the treatment. The 
expected increment in haemoglobin is 1 g/dL in 
2  weeks. The first sign of improvement in 
response to iron therapy is increase in reticulo-
cyte count in peripheral blood film, which appears 
7–10 days after starting of treatment.

During antenatal visit pregnant women who 
are not responding to oral iron dosing should be 
inquired about the colour of stool, thus checking 
her for compliance. Women, compliant for taking 
iron, give history of passage of black coloured 
stool. Other responsible factors are also to look 
for nonresponders to oral iron therapy.

Table 9.1 Oral iron preparations available over the counter

Iron preparation
Available elemental 
iron (mg)

Total strength of 
tablet (mg)

Prophylactic dose 
(tablets/day)

Therapeutic dose 
(tablets/day)

Ferrous sulphate 60 300 1 2–3
Ferrous sulphate 
dried

65 200 1 2–3

Ferrous fumarate 65 200 1 2–3
Ferrous 
gluconate

35 300 2 3–5
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Iron stores need to be replenished by continu-
ing the iron for 3  months and minimum of 
6  weeks in postpartum mothers in the dose as 
being given after attaining the normal serum hae-
moglobin concentration.

Parenteral iron therapy: Routine antenatal 
screening for anaemia and regular and contin-
ued supplementation of oral iron formulations 
throughout pregnancy make parenteral iron less 
commonly to be advised and used in antenatal 
mothers. Women who have iron intolerance or 
are nonresponders to oral hematinic because of 
malabsorption or noncompliance are candidates 
for parenteral iron therapy. It scores its advan-
tage over oral therapy in its certainty of admin-
istration. It increases the Hb at faster rate than 
oral iron, thus saving the critical time if severe 
anaemia is detected late in pregnancy, i.e. 
within 8  weeks of expected delivery. IV iron 
increases the Hb and replenishes the iron store 
at faster rate [27]. Parenteral iron can be admin-
istered by intramuscular route or by intrave-
nous route, either as injection or infusion. 
Iron-carbohydrate complexes like iron dextran 
or iron sucrose and iron gluconate are formula-
tions commonly available in the market. 
Parenteral iron formulations are depicted in 
detail in Table 9.2. Before administration of the 
parenteral iron, serum ferritin estimation is to 
be done to assess the iron reserve, thus avoiding 
risk of iron overload.

The total requirement of iron to correct Hb as 
well to replenish iron store is calculated as 
follows:

 

Total dose mg of Iron Hbdeficit g dL
lean body weight lb

( ) = ( )
´ ( )

/
++1000

 

The Hb deficit for woman is estimated as 
12-blood Hb concentration.

Parenteral iron needs administration under 
medical supervision, preferably in hospital set-
tings because the risk of anaphylactoid reaction is 
associated with it. Hence, a test dose of 0.5 mL is 
given to the recipient prior to the administration 
of recommended dose. The emergency drugs like 
injection adrenaline, antihistamines, corticoste-
roids, etc. should be available and ready to com-
bat anaphylactoid reactions.

Intramuscular route: Iron formulations most 
commonly used for intramuscular route are iron 
dextran and iron sorbitol complex. Iron dextran is 
ferric hydroxide with dextran containing iron 
50 mg/mL, which can be given intramuscularly 
or intravenously.

Iron sorbitol complex are smaller molecule 
and used for intramuscular route only. Its absorp-
tion is rapid from injection site within 10 days in 
contrast to iron dextran which remains there for 
3–4 weeks. Iron injection should be given deep in 
upper and outer quadrant of gluteal muscle, with 
20–22 gauze needle using Z technique on daily 
basis or with injection folinic acid on alternate 
day.

Disadvantages of intramuscular route: 
Injections are painful; may cause discoloration of 
the skin, abscess formation or sarcomatous reac-
tion at injection site; and rarely produce anaphy-
lactoid reaction.

Table 9.2 Detail of parenteral iron preparation

Route of 
administration Iron formulation

Concentration of iron 
(mg/mL)

Test dose 
required

Maximum dose (mg) permissible 
in single setting

IM iron Iron dextran 50 Yes 100 mg
Iron sorbitol 
complex

50 Yes 100 mg

IV iron Iron dextran 50 Yes 100 mg
Iron sucrose 20 Yes 200 mg
Iron gluconate 12.5 No 125 mg
Ferumoxytol 30 No 510 mg
Iron isomaltoside 100 No 20 mg/kg
Iron 
carboxymaltose

50 No 1000 mg
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Intravenous route: Low-molecular iron dex-
tran and iron sucrose are safe and common iron 
preparations used intravenously during preg-
nancy. Newer formulations like ferumoxytol, 
iron carboxymaltose and ferric isomaltoside are 
also available now. They can be administered as 
single-dose infusion and can be infused fast, and 
no test dose is required. Experience with these 
newer preparations are chiefly in patients of 
chronic kidney disease. These iron preparations 
should be used in second and third trimester only. 
Except few studies, their safety and recommen-
dation in obstetric patients in antepartum period 
need large trial to be conducted in future [28, 29].

Disadvantage of intravenous iron: Local phle-
bitis, sensitivity reaction, not suitable in patients 
presenting late in pregnancy the appearance of 
response seen as rise of Hb requires minimum 
4–9 weeks.

Erythropoietin: Recombinant human erythro-
poietin is chiefly indicated in chronic kidney 
patients, but it has find its use in resistant cases of 
severe anaemia in pregnancy during antepartum as 
well as postpartum states including anaemia due to 
haematological disorder like thalassaemia and 
sickle cell anaemia. It may be administered in con-
junction with parenteral iron. It acts by stimulating 
maternal erythropoiesis and many a times may 
obviate the need of blood transfusion. Recombinant 
human erythropoietin is a high molecular weight 
protein, cannot cross the placental barrier and 
henceforth is safe in pregnancy.

Management of Labour and Delivery: Early 
screening for anaemia is recommended at first 
antenatal visit and recheck of haemoglobin con-
centration at 28 weeks to be done. Daily oral iron 
supplementation in antenatal period effectively 
corrects the anaemia, and its occurrence in late 
pregnancy is usually avoided...If severe anaemia 
presents in late pregnancy, it indicates the lacu-
nae in implementation of recommendation and 
provision of national health-care policy and 
scheme to provide antenatal care to all pregnant 
women.

Specific recommendations regarding manage-
ment of iron deficiency anaemia in labour are 
lacking in literature. Delivery should be con-
ducted in obstetrician-led team. IV access, cross 

match of blood and screen on admission are the 
necessary steps along with all the measures taken 
to minimize the obstetric haemorrhage as less as 
possible.

9.6  Indications of Blood 
Transfusion

Women with Hb less than 6 g/dL, presenting in 
labour or in late pregnancy after 36 weeks, should 
be managed with adequate blood transfusions 
with the aim to raise their haemoglobin level to at 
least 8 g/dL [30].

In labouring women with Hb 7 g/dL, plan of 
management has to be individualized based on 
their symptoms, medical history and clinical 
assessment, accordingly decision to transfuse the 
blood to be taken. Indications of transfusion with 
Hb of 7 g/dL are cases of antepartum haemorrhage 
with continued bleeding or at risk of further epi-
sode of significant haemorrhage or those present-
ing with cardiac decompensation. Packed cell 
should be transfused under cover of intravenous 
furosemide to avoid the cardiac overload. Severe 
anaemia in congestive failure may need a venae 
section or central line for cardiac monitoring. 
Prophylactic blood transfusion in asymptomatic 
patients carries risk of alloimmunization, increases 
number of hospitalizations and adds to the eco-
nomic burden. Henceforth the decision to trans-
fuse must be individualized and carefully assessed 
based on patient’s clinical presentation, associated 
complication in conjunction with the Hb level.

The role of exchange transfusion is sparsely 
documented in literature and that too only in 
decompensated severe anaemia.

Along with blood transfusion, other measures 
must be taken to support her maintaining vitals 
and oxygen saturation (like propped up position, 
oxygen supplementation by venturi mask) and 
restricted use of intravenous fluid. Cutting short 
of second stage of labour using vacuum or for-
ceps is an individualized decision based on clini-
cal situation to reduce the stress over the heart 
due to bearing down effort in second stage of 
labour, although no firm recommendation is there 
in support of the same.
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Restricted use of episiotomy and early and 
meticulous closure of the same, active manage-
ment of third stage of labour may reduce obstet-
ric haemorrhage. Judicious use of oxytocin and 
misoprostol is advocated. Ergometrine is avoided 
in severe anaemia and in those with cardiac 
failure.

Role of antibiotics: Women with severe anae-
mia are prone to develop superimposed infec-
tions in antennal period as well as in postnatal 
period. Henceforth they should have adequate 
coverage of broad-spectrum antibiotics while in 
labour and also in immediate postpartum period.

9.7  Hemoglobinopathies

Hemoglobinopathies are genetically inherited 
disorder owing to either the qualitative or quanti-
tative abnormality of the globin chain of haemo-
globin. This includes thalassaemia syndrome 
which is a quantitative disorder and sickle cell 
disease, a qualitative disorder of haemoglobin. 
Sickle cell disease and thalassaemia have differ-
ent predisposition to occurrence based on 
regional and ethnic distribution. At-risk popula-
tion along with their partners need screening by 
electrophoresis, identification of carrier in couple 
and affected neonates and preconceptional coun-
selling. The care and management demands mul-
tidisciplinary approach involving obstetrician 
and haematologist.

Sickle cell syndromes: The maternal and foe-
tal risk in sickle cell syndromes are due to 
increased blood viscosity and occlusion of micro-
circulation by sickled red blood cell resulting in 
tissue hypoxia. The patients are prone to develop 
anaemic crisis and vaso-occlusive crisis causing 
painful crisis or organ damage. Increased risk of 
pre-eclampsia, recurrent urinary tract infection, 
pyelonephritis and thromboembolism is seen 
with it. Foetal complications include increased 
risk of miscarriage, intrauterine growth retarda-
tion and preterm delivery.

Sickle cell syndromes demand combined mul-
tidisciplinary approach including obstetrician, 
haematologist, anaesthetist and paediatrician and 
need close supervision in labour. The key points 

in management of such patients include labour 
analgesia, adequate hydration and oxygenation to 
avoid hypoxia and acidosis as a result of stress of 
labour and continuous intrapartum foetal moni-
toring. The timing and mode of delivery are 
affected by obstetric factors. The role of blood 
transfusion if Hb is <8  g/dL is documented in 
literature, and the need of thromboprophylaxis 
should be assessed individually. Following the 
delivery of the foetus, cord blood is to be sent for 
haemoglobinopathy screening.

Thalassaemia: Thalassaemia is characterized 
by low concentration of normal HbA with com-
pensatory rise in HbF or HbA2. It can be thalassae-
mia minor if it involves single locus of globin 
chain, while in thalassaemia major, synthesis of 
both globin chains is affected resulting in severe 
anaemia due to chronic haemolysis and subse-
quently iron accumulation and multiorgan 
damage.

Thalassaemia minor resembles with iron defi-
ciency anaemia though serum iron studies may 
be the differentiating feature. These patients may 
be given oral iron supplementation only if serum 
ferritin level is reduced. Parenteral iron therapy is 
contraindicated.

Pregnancy with thalassaemia major needs 
high level of care and close supervision involving 
multidisciplinary approach since preconception. 
The oral medication with desferrioxamine in pre- 
pregnancy period is discontinued once the preg-
nancy is confirmed. These patients develop 
severe anaemia and need multiple blood transfu-
sions and are at high risk to develop cardiac fail-
ure. Obstetric complications are like increased 
association with pre-eclampsia and intrauterine 
growth retardation and have higher rate of caesar-
ean section.

Management of thalassaemia major during 
labour is similar as that of woman with severe 
anaemia in labour.

9.8  Megaloblastic Anaemia

Folate deficiency is the most common cause of 
megaloblastic anaemia during pregnancy, while 
vitamin B12 deficiency is rarely responsible for 
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it. Poor supply in diet, hyperemesis gravidarum, 
tropical sprue causing impaired folate absorp-
tion, multiple pregnancy or frequent pregnancy, 
alcohol consumption and smoking, etc. are the 
predisposing factors responsible for causing 
folate deficiency.

Women with folate deficiency are at high risk 
to have complications like miscarriage, preterm 
labour and abruption placentae. There is increased 
risk of congenital malformations like cleft lip, 
cleft palate and neural tube defect. There is also 
its association seen with hyperhomocysteinae-
mia. Full-blown megaloblastic anaemia is at 
greater risk for maternal mortality than iron defi-
ciency anaemia.

Women with megaloblastic anaemia do not 
respond to iron therapy alone. Clinical features 
may vary like nausea, vomiting, atrophic glossitis 
and purpuric spots. Vitamin B12 deficiency may 
be responsible for neurological symptoms. 
Severe cases of megaloblastic anaemia may pres-
ent with congestive cardiac failure.

9.9  Specific Laboratory 
Investigation

Peripheral blood picture shows macrocytes, 
hypersegmented neutrophils, Howell-Jolly bod-
ies and pancytopenia. The diagnosis can be 
made by reduced fasting serum folate level 
<3  ng/mL and the erythrocyte folate level 
<20 ng/mL.

Management: Oral folic acid supplementa-
tion in dose of 5 mg/day is recommended since 
preconception till several weeks postpartum if 
diagnosis is made prenatally. Vitamin B12 defi-
ciency is treated with cyanocobalamine or 
hydroxocobalamin given by parenteral route as 
megaloblastic changes in intestine impair its 
absorption. The dose is 1 mg of hydroxocobala-
min or cyanocobalamine on alternate day for 
2 weeks.

There is no specific recommendation for man-
agement of such women in labour. Indication of 
blood transfusion is severe anaemia, the associ-
ated complication of antepartum haemorrhage 
and hemodynamic instability.
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Diabetes

K. Aparna Sharma and Gunjan Rai

10.1  Definition

Historically, gestational diabetes mellitus (GDM) 
is defined as any degree of glucose intolerance with 
onset or first recognition during pregnancy [1].

Increasingly, it has been seen that diabetes in 
pregnancy may either be a manifestation of 
pregnancy- induced resistance to insulin (GDM) 
or may result from the unmasking of the previ-
ously undiagnosed diabetes (overt diabetes or 
diabetes mellitus). It is vital to distinguish 
between the two entities as their effects on the 

maternal and fetal outcomes vary considerably. 
Table 10.1 shows the summary of the definitions 
currently being used to differentiate them.

10.2  Intrapartum Issues 
in Women with Diabetes

Good glycemic control remains important in the 
intrapartum period because maternal hyperglyce-
mia during labor increases the risk of fetal acide-
mia and neonatal hypoglycemia. Intrapartum 
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Table 10.1 Defining diabetes in pregnancy

Fasting  
mg/dL

1 h  
mg/dL

2 h (75-g OGTT) 
mg/dL HbA1C Random

ADA [2, 3]
  DM/overt diabetes (any 

one criteria)
>126 200 >6.5% 200 mg/dL with symptoms of 

hyperglycemia
IADPSG (GDM)

92 mg/dL 180 153 mg/dL
WHO/IADPSG [4, 5]
  DM ≥126 ≥200 ≥6.5
  Impaired fasting 110–126 6.0–

6.4
  Impaired glucose 

tolerance
≥140 6.0–

6.4

ADA American Diabetes Association, DM diabetes mellitus, IADPSG International Association of Diabetes in Pregnancy 
Study Group, WHO World Health Organization, OGTT oral glucose tolerance test 75 g glucose load
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maternal normoglycemia will not reduce the risk 
of neonatal hypoglycemia in women with poor 
antepartum glycemic control, since fetal pancre-
atic hyperplasia and excessive in utero insulin 
secretion have been established in response to 
prolonged exposure to hyperglycemia.

10.2.1  Key Targets

During labor and delivery, the goal is to maintain 
normoglycemia, that is, blood glucose level 
between 70 and 126 mg/dL to prevent neonatal 
hypoglycemia [6, 7]. Intrapartum euglycemia is 
also important for preventing fetal hyperglyce-
mia. If intrapartum hyperglycemia occurs on a 
background of chronically poor maternal meta-
bolic control (high glycated hemoglobin [A1C]), 
this is an increased risk of fetal hypoxemia and 
acidosis.

10.2.2  Glucose Monitoring

The frequency of intrapartum glucose monitoring 
would depend on the type of diabetes and the 
antenatal control of blood sugar. Table 10.2 gives 
the overview of glucose monitoring.

10.2.3  Intrapartum Insulin 
Administration

Insulin can be administered as either subcuta-
neous intermittent rapid-acting insulin dosages 
or as intravenous infusion as shown in 
Table 10.3.

10.2.4  Emergencies

Three emergency situations encountered during 
pregnancy in a diabetic mother are:

• Diabetic ketoacidosis.
• Hypoglycemia.
• Hyperosmolar hyperglycemic state.

10.2.4.1  Diabetic Ketoacidosis (DKA)
Diabetic ketoacidosis (DKA) occurs in about 
0.5–3% of diabetic pregnant women [8]. 
Physiological changes in pregnancy predispose 

Table 10.2 Frequency of intrapartum blood sugar 
monitoring

Gestational diabetes 
on diet/medical 
therapy

At admission; 
4–6 h

Type 1 diabetes
Type 2 diabetes

Latent phase
2–4 h

Active 
phase
1–2 h
1 h if insulin 
infusion

Table 10.3 Intrapartum insulin administration protocols

Maternal plasma 
glucose mg/dL

Subcutaneous 
insulin (units)

Insulin 
infusion 
(units/h)

Rotating fluids protocol (only in women with GDM and not 
type 1 or type 2 diabetes)
mg/dL Fluid
<100 5%DNS

<120 0 0 100–140 RL/NS
121–140 1 1
141–160 2 2 >140 RL/NS with short  or rapid acting 

insulin infusion to achieve a blood 
glucose of 100 mg/dL

161–180 3 3
181–200 4 4
>200 4 plus IV regular 

insulin
4 plus IV 
regular 
insulin

Glucose 
monitoring

2 hourly 1 hourly
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to the development of DKA in pregnancy as 
shown in Fig.  10.1. DKA occurs more com-
monly in women with new onset type 1 diabe-
tes and less frequently with type 2 diabetes and 
rarely with gestational diabetes. Fetal mortal-
ity [9, 10] in DKA is related to the maternal 
decompensation and is now reported to be 
10%.

Factors Predisposing to DKA
The factors predisposing to DKA include:

• Infection
• Vomiting
• Steroids
• Drugs, e.g., betamimetics

Physiological Adaptation in Pregnancy
Figure 10.1 shows the various changes that 
predispose to DKA in a diabetic pregnant 
woman.

Pathophysiology of DKA
DKA results in hyperglycemia with metabolic 
acidosis resulting from decreased effective insu-
lin and increased insulin counter-regulatory hor-
mones as shown in Fig. 10.2.

Diagnosis
In a diabetic pregnant woman on insulin, DKA 
should be suspected if there is a complaint of nausea 
and vomiting with persistent moderate hyperglyce-
mia. The classic triad has been often described as:

• D—Dehydration
• K—Ketosis
• A—Acidosis

Patients can present with tachypnea (Kussmaul 
breathing), tachycardia, abdominal pain, “fruity” 
acetone odor, and mild neurologic signs/symp-
toms like drowsiness, lethargy, and even coma. 
The diagnosis can be confirmed by laboratory 
findings in Table 10.4.

-compensated respiratory alkalosis

-Reduced Bicarbonate

-Prone to metabolic acidosis 

In a diabetic woman, requirement for
exogenous insulin increases with advancing
gestation

Normal pregnancy is a diabetogenic state 

-relative insulin resistance

-enhanced lipolysis

-elevated free fatty acids

-ketogenesis

If Insulin dose adjustments do not keep
pace with requirements : leads to
increased chance of ketoacidosis in 
2nd and 3rd trimester   

Adaptation to
Pregnancy

 

Fig. 10.1 Physiological adaptations in pregnancy predisposing to diabetic ketoacidosis
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Treatment
Diabetic ketoacidosis is an acute emergency. Its 
management requires intensive treatment by a 
multidisciplinary team of obstetricians and endo-
crinologists. The principles of management are 
judicious fluid replacement to correct dehydra-
tion, insulin replacement, and correction of 
dyselectrolytemia.

Table 10.5 summarizes the management of 
DKA.

10.2.4.2  Hyperglycemic 
Hyperosmolar State (HHS)

This acute emergency is far less commonly 
encountered as compared to DKA. This is char-
acterized by hyperglycemia which leads to 

Pathophysiology of
DKA

Decreased circulating insulin
Increased Counter

Regulatory Hormones

Muscle Liver Adipose

Decreased Glucose
utilisation

Increased
Glucose production

Increased
Ketogenesis

Hyperglycemia Ketosis

Osmotic diuresis Metabolic acidosis,
vomiting

Hyperglycemia

Fig. 10.2 Pathophysiology of DKA
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profound osmotic diuresis, dehydration, and 
hyperosmolality. Coma can occur if osmolality 
exceeds 320–330  mOsm/kg. The laboratory 
changes as compared to DKA have been shown 
in Table 10.4.

HHS is also precipitated by infection, therapy 
with glucocorticoids or recent operation. As with 
DKA the management principles are correcting 
acidosis and dehydration.

10.2.4.3  Hypoglycemia

Definition
Hypoglycemia can be defined as “any abnor-
mally low plasma glucose concentration that 
exposes the subject to potential harm” with a 
proposed threshold plasma glucose value 
<70 mg/dL [11].

Signs and Symptoms
The manifestations of hypoglycemia can either 
be autonomic or neuroglycopenic.

Autonomous Symptoms
Sweating, tremor, anxiety, pallor, palpitations, 
tachycardia

Neuroglycopenic Symptoms
Confusion, drowsiness, inappropriate behavior, 
perioral and peripheral tingling, diplopia, slurred 

Table 10.4 Laboratory diagnosis of DKA and HHS

DKA HHS
1 Hyperglycemia >250 mg/dL >600 mg/dL
2 Acidosis < pH 7.3 >7.3
3 Anion gap >12 mEq/L Variable
4 Bicarbonate <15 mEq/L >18 mEq/L
5 Ketonemia >1:2 dilution Small
6 Serum osmolality 

(mOsm/kg)
Variable >320

Table 10.5 Management of DKA

Management principles

Acidosis
Treat dehydration Monitor fetus Treat underlying 

cause
Monitor ABG and anion gap 2 hours monitor 
S. Glucose and ketones every 2 h

Monitor output
Renal functions

 •  Fetal 
monitoring.

 •  Transient fetal 
heart rate 
abnormalities 
can occur

 •  Mother should 
be stabilized 
before 
intervention for 
fetal indication

 •  Screen for 
infections

 •  Antibiotics 
as 
appropriate

 1. Insulin therapy
  – Initiate therapy with
   0.1 U/kg bolus followed by
   0.1 U/kg/h till acidosis resolves and
   Ketones clear
    –  Mix 50 U regular insulin in 500 mL NS 

(10 mL = 1 unit)
   –  Serum glucose should decreased at the 

rate of 60–75 mg/dL/h
   –  At a blood glucose levels of 250 mg/dL, 

dextrose should be added to prevent 
hypoglycemia

Fluid therapy
  Fluid deficit of 100 mL/kg
  Correct 75% of estimated 

fluid deficit over first 24 h
  Initial 24 h: Use isotonic 

saline (0.9% NS)
  First hour: 1 L NS
  Second hour: 0.5–1 L NS
 Third hour: 0.5 L NS
  For 24 h: 0.25 L/h 0.45% NS 

until 75% deficit corrected
  Continue hydration for 

24–48 h till acidosis resolves 
and ketones clear

 2. Electrolyte replacement
Monitor S. Electrolytes every 2 hours
2.1 Potassium
    Anticipate deficit of 5–10 mEq/kg. With 

maintain urine output (0.5 mL/kg/h). 
Maintain serum K level at 4–5 mEq/L

   >5 mEq/L: No treatment
  4–5 mEq/L: 20 mEq/L replacement
 3–4 mEq/L: 30–40 mEq/L replacement
  3 mEq/L: 40–60 mEq/L replacement
2.2 Phosphate: Not usually required
2.3 Bicarbonate: Not usually required
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speech, headache, unsteady gait, aggressive 
behavior, convulsions coma.

Severity
The classification of severity of hypoglycemia is 
as follows (Table 10.6):

Causes
Hypoglycemia results from an imbalance of the 
delicate glucose and insulin homeostasis. The 
common causes are

• Skipped meals
• Vigorous exercise
• Excess insulin
• Stress
• Oscillating blood glucose levels
• Impaired hypoglycemia awareness [12]

Consequences
Hypoglycemia has deleterious effects on both the 
mother and the fetus. It can cause sudden cardiac 
death and also have long-term consequences on 
the intellectual function. It can also result in sud-
den intrauterine fetal death

Treatment of Hypoglycemia
Asymptomatic hypoglycemia or mild hypoglyce-
mia can be treated usually by women. However 
severe hypoglycemia requires urgent management 
with intravenous glucose as shown in Fig. 10.3.

10.2.5  Timing of Delivery

Women with gestational diabetes controlled on 
diet can continue pregnancy up to term (40 weeks) 

unless there are other indications for an early 
delivery like preeclampsia. In women who have 
type 1 or type 2 diabetes or those on insulin or 
hypoglycemics orally, delivery should be planned 
after 38 weeks.

10.2.6  Special Situations

10.2.6.1  Scheduled Caesarean 
Delivery

In women on insulin, the caesarean delivery 
should be planned early in the morning. The 
pregnant woman should maintain her usual night-
time dose of intermediate acting insulin, short  or 
rapid acting insulin, and oral antidiabetic medica-
tion until admission to the hospital. However, if a 
long acting insulin is used at night, the dose is 
decreased by 50% or switched to NPH insulin, 
and one third of the long acting nightly dose is 
given.

The morning dose of insulin or oral antidia-
betic agent is held, and the patient is kept nil 
orally. If the caesarean is delayed, basal insulin 
(about one third of the morning dose of 
intermediate  or long acting insulin) is given with 
a 5% dextrose infusion to avoid ketosis. Glucose 
levels should be monitored frequently, every 
1–3 h.

10.2.6.2  Induction of Labor
Ideally, induction is scheduled for early morning. 
The patient should maintain her usual nighttime 
dose of intermediate acting insulin, short  or rapid-
acting insulin, oral antihyperglycemic medica-
tion. If she uses a long acting insulin at night, the 
dose needs to be decreased by 50% or switched 
to intermediate acting at one third of the long-
acting nightly dose.

The woman should eat a light breakfast 
(half of her usual breakfast intake) and reduce 
her insulin dose (intermediate- and short-act-
ing insulin) by 50%. Continued oral intake (at 
50% of daily intake, 1000–1200  kcal) is per-
mitted during cervical ripening/latent phase 
when this period is anticipated to exceed 
8–12 h.

Table 10.6 Severity of hypoglycemia

Mild 70 mg/dL  – Autonomic symptoms
 – Able to self-treat

Moderate 55 mg/dL  –  autonomic and 
neuroglycopenic 
symptoms

 – Able to self-treat
Severe 40 mg/dL  – Unconsciousness

 –  Require assistance for 
treatment

K. A. Sharma and G. Rai
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Management of Hypoglycemia

If patient is
conscious

If patient is unconscious
or unwilling to take orally

Taking orally
oral administration of 15-20
grams of carbohydrate
(4 teaspoons of sugar or glucose
or any fast acting carbohydrate e.g
soft drink, honey, sweet biscuits)

1. Call for help
2. If Glucagon available; can be
    given as intramuscular injection
3. Give Intravenous 50% glucose,
    50mL
4. Maintain lv Access for 4-6 hours

Repeat Blood Glucose levels
In 2 hours or earlier
(Repeat if Low)

Repeat Blood Glucose levels
In 30 min
(Repeat dose in 1 hour if Low)

Follow up:
1. Follow up with a longer
    acting carbohydrate e.g
    snack/meal
2. Repeat Blood sugar level in 
    2 hours
3. Look for the cause of

After the woman is conscious:
1.  Follow up with a longer acting
     carbohydrate e.g snack/meal
2.  Repeat Blood sugar level in 
     2 hours
3.  Look for the cause of
     Hypoglycemia

Fig. 10.3 Management of hypoglycemia
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Bronchial Asthma in Pregnancy

Priti Kumar, Sanjay Kumar, 
and Malavika Chaturvadi

Asthma is reportedly the most common poten-
tially serious yet treatable medical problem to 
complicate pregnancy occurring in about 3–8% 
of pregnant women.

The control of maternal asthma is directly pro-
portional to better outcomes in both maternal and 
fetal.

Large recent studies seem to point to us that 
asthma follows a rule of thirds during preg-
nancy—1/third of the pregnant women get better, 
1/third of the pregnant women remain the same, 
and in 1/third of the pregnant women, the symp-
toms worsen.

It has also been noted that in most pregnant 
asthmatic women, the same disease course dur-
ing the first pregnancy is followed during the lat-
est pregnancies.

In a large study, most acute exacerbations of 
asthma occur between 24th and 36th weeks of 
gestation, and such acute flare-ups are rare during 
the last month of gestation.

Ninety percent of pregnant women with ade-
quately controlled asthma have no symptoms 
during labor, delivery, and puerperium, and most 
of them will go back to their prepregnancy status 
within 12 weeks.

11.1  Pregnancy-Induced 
Physiological Changes

Alterations of the cardiorespiratory physiology 
that occur during pregnancy contribute to the 
exacerbation of many respiratory problems in 
women during their pregnancy.

11.1.1  Respiratory System Changes

11.1.1.1  Anatomical Changes
 1. Changes in chest wall conformation.
 2. Elevation of the diaphragm.
 3. Respiratory center stimulation due to the 

effect of progesterone.

11.1.1.2  Physiological Changes
 1. Increase in tidal volume and minute volume.
 2. Lung volumes and capacities:

 (a) Inspiratory capacity and tidal volume 
increased (due to progesterone).

 (b) FRC, ERV, and RV decrease (due to ele-
vation of diaphragm).

FRC functional residual capacity
ERV expiratory reserve vol

,
, uume

RV residual volume,

é

ë

ê
ê
ê

ù

û

ú
ú
ú

 (c) TLC (total lung capacity)—mild decrease 
or unchanged.
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11.1.1.3  ABG
Because of increased minute ventilation, alveolar 
ventilation is increased leading to respiratory 
alkalosis. This gets partially compensated by a 
metabolic acidosis generated by the kidney.

As a result of this, the gravida’s normal ABG 
may appear abnormal, i.e., show features s/o 
respiratory alkalosis. Therefore we must keep 
in mind that for a pregnant woman:

11.1.2  Cardiovascular System 
Changes

 1. Increased blood volume (20–100% above pre-
conception levels) due to increased plasma 
volume and increased red cell mass.

 2. Cardiac output rises by 30–60%.
 3. Heart rate rises by 10–20 bpm.
 4. Decreased vascular resistance (progesterone- 

induced relaxation of smooth muscles) leads 
to a minor fall in both diastolic blood pressure 
and systolic blood pressure.

11.2  Effects of Asthma 
on Pregnancy

Poorly controlled maternal asthma raises the risk of:

 1. Preterm birth.
 2. Small for gestational age infants.
 3. Intrauterine growth restriction.
 4. Stillbirth.
 5. Congenital malformations (e.g., spina bifida, 

VSD and ASD (ventricular/atrial septal defects).
 6. Chorioamnionitis.

 7. Gestational diabetes.
 8. Low APGAR scores.

Fetal hypoxia as a result of poor asthmatic con-
trol of the gravida can even lead to neonatal respira-
tory difficulties, fetal brain ischemia, and cerebral 
palsy. In contrast if asthma is well controlled 
throughout pregnancy, there is little or no increased 
risk of adverse maternal and fetal outcomes.

Therefore pregnancy should call for optimizing 
therapy and maximizing lung function in order to 
decrease the possibility of acute exacerbation.

11.3  Effects of Pregnancy 
on Asthma

• Worsening of asthma during pregnancy may 
be due to multiple contributory factors—aller-
gen exposure; upper respiratory tract infec-
tion, especially rhinitis; gastroesophageal 
reflux poor compliance of medication, con-
tinue smoking illicit drug use; etc.

• High-risk patients are those who have history 
of severe preconception asthma and those 
whose asthma has worsened in earlier preg-
nancies (Table 11.1).

Table 11.1 Risk factors and triggers involved in asthma

Endogenous factors Environmental factors
Genetic predisposition Indoor allergens
Atopy Outdoor allergens
Airway hyperresponsiveness Occupational 

sensitizers
Gender Passive smoking
Ethnicity Respiratory infections
Obesity Diet
Early viral infections Acetaminophen 

(paracetamol)
Triggers
Allergens
Upper respiratory tract viral 
infections
Exercise and hyperventilation
Cold air
Sulfur dioxide and irritant gases
Drugs (β blockers, aspirin) 
stress
Irritants (household sprays, 
paint fumes)

In summary, though pulmonary functions 
are altered in pregnancy, it only induces 
stress on respiratory function of the 
pregnant women in the presence of any 
respiratory disease like asthma.

Normal pH: 7.4–7.47.
Normal pCO2: 25 mm of Hg–32 mm of Hg.
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Apart from these factors, in pregnancy GERD 
(gastroesophageal reflux disease) and allergic 
rhinitis are common triggers.

11.4  Differential Diagnosis 
for Acute Dyspnea 
in Pregnancy

• Physiological dyspnea of pregnancy which is 
a benign symptom.

• Pulmonary edema.
• Pulmonary embolism.
• Pneumothorax.
• Pneumonia.
• Worsening asthma.
• Severe asthma.
• Pregnant patients can also suffer from various 

hematological and cardiac diseases which can 
produce anemia and lead to dyspnea.

• Airway obstruction.
• Amniotic fluid embolism.
• Acute congestive heart failure (CHF).

11.4.1  Management of the Asthmatic 
Gravida

The goals of successful asthma management 
are:

 1. Prevention of chronic day and night 
symptoms.

 2. Maintenance of optimal pulmonary function 
and normal activities using therapies with 
minimal or no adverse side effects.

 3. Maintain fetal oxygenation by preventing epi-
sodes of maternal hypoxia (Table 11.2).

The best way to achieve these goals is by a 
multidisciplinary approach that incorporates reg-
ular monitoring of clinical symptoms, self- 
management education, and the correct use of 
pharmacotherapies.

The British Thoracic Society (BTS) and 
Global Initiative for Asthma (GINA) recommend 
continuing pregnant women on the same asthma 
therapy used prior to the pregnancy, if their 
asthma is well controlled.

11.5  Clinical Presentation

Patients, both pregnant and nonpregnant, can 
present with the following symptoms:

• Cough.
• Shortness of breath.
• Tightness in the chest.
• Noisy, sometimes shallow, breathing.
• Nocturnal awakenings.
• Recurrent episodes of symptom complex.
• Exacerbations possibly provoked by nonspe-

cific stimuli.
• Personal or family history of other atopic dis-

ease (like hay fever, eczema).

General physical examination findings may 
include the following:

• Tachypnea.
• Retraction of the accessory muscles of respi-

ration (sternomastoid, abdominal, pectoralis 
muscles).

• Agitation—usually a sign of hypoxia or respi-
ratory distress.

• Pulsus paradoxus (>20 mm Hg).

Table 11.2 Asthma control

Characteristic
Controlled (all of  
the following) Partly controlled Uncontrolled

Daytime symptoms None (≤2/week) >2/week Three or more features 
of partly controlled

Limitation of activities None Any
Nocturnal symptoms/awakening None Any
Need for reliever/rescue treatment None (≤2/week) >2/week
Lung function (PEF or FEV1) Normal 80% Predicted

Abbreviations: FEV1 forced expiratory volume in 1 s, PEF peak expiratory flow
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Pulmonary findings are as follows:

• Diffuse wheezes—Long, high-pitched sounds 
on expiration and, occasionally, on inspiration.

• Diffuse rhonchi—Short, high- or low-pitched 
squeaks or gurgles on inspiration and/or 
expiration.

• Bronchovesicular sounds.
• Expiratory phase of respiration equal to or more 

prominent than inspiratory phase (Table 11.3).

Signs of fatigue and near-respiratory arrest are 
as follows:

• Altered levels of consciousness, such as lethargy, 
which is a sign of respiratory acidosis and fatigue.

• Abdominal breathing.

• Inability to speak in complete sentences.

Signs of complicated asthma are as follows:

• Equality of breath sounds: Check for equality 
of breath sounds (pneumonia, mucous plugs, 
barotrauma). The amount of wheezing does 
not always correlate with the severity of the 
attack. A silent chest in someone in distress is 
more worrisome.

• Jugular venous distention from increased 
intrathoracic pressure (from a coexistent 
pneumothorax).

• Hypotension and tachycardia (think tension 
pneumothorax).

• Fever, a sign of upper or lower respiratory 
infections.

Table 11.3 Initial clinical assessment of severity in acute asthma

Findings Mild Moderate Severe
Speaking in … Sentences Phrases Words
Heart rate <100 beats/min 100–120 beats/min >120 beats/min
Peak Flow/FEV1 (% predicted) >75% 50%–75% <50%
Pulse oximetry >95% 92%–95% <92%

Mild respiratory
alkalosis

Respiratory
alkalosis

Danger zone

Respiratory failure

Continuing airway
obstruction

Ventilatory failure

Ventilatory failure

FEV1 ~65–80%
PO2 NORMAL
PCO2 decreased

FEV1 ~50–65%
PO2 slightly decreased
PCO2 decreased

FEV1 ~35–50%
PO2 decreased
PCO2 NORMAL

FEV1 < 35%
PO2 decreased
PCO2 HIGH
Acidosis
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11.6  Adjustments 
to Pharmacologic Therapy 
in Pregnancy

The general principles of pharmacologic therapy 
for asthma during pregnancy are similar to those 

in nonpregnant patients and involve a stepwise 
approach to achieve and maintain asthma control, 
as recommended by national and international 
guidelines.

Stepwise approach for managing asthma in youths ≥12 years of age and adults

Intermittent
asthma

Persistent asthma: Daily medication
Consult with asthma specialist if step 4 care or higher is required.

Consider consultation at step 3.

Step 1

Step 2

Step 3

Step 5

Step 6

Step 4

Preferred:
SABA PRN

Preferred:
Low-dose
inhaled
glucocorticoids

Preferred:
Low-dose
inhaled
glucocorticoids
+ LABA
        OR
Medium-dose
inhaled
glucocorticoids

Alternative:
Cromolyn*,
LTRA,
or
theophylline

Alternative:
Low-dose
inhaled
glucocorticoids
+ either
LTRA,
theophylline,
or zileuton

Preferred:
Medium-dose
inhaled
glucocorticoids
+ LABA

Alternative:
Medium-dose
inhaled
glucocorticoids
+ either
LTRA,
theophylline,
or zileuton

Preferred:
High-dose
inhaled
glucocorticoids
+ LABA

      AND

Consider
ornalizumab
for patients
who have
allergies

Preferred:
High-dose
inhaled
glucocorticoids
+ LABA +
oral systemic
glucocorticoids

      AND

Consider
ornalizumab
for patients
who have
allergies

Step up if
needed

(first, check
adherence,
environmental
control,and 
comorbid
conditions)

Assess
control

Step down if
possible

(and asthma is
well-controlled
at least
three months)Each step: Patient education, environmental control, and management of comorbidities.

Steps 2 to 4: Consider subcutaneous allergen immunotherapy for patients who have allergic
asthma (see footnotes).

Quick-relief medication for all patients
SABA as needed for symptoms. Intensity of treatment depends on severity of symptoms:
Up to three treatments at 20-minute intervals as needed. Short course of oral systemic
glucocorticoids may be needed.
Use of SABA >2 days a week for symptom relief (not prevention of EIB) generally indicates
inadequate control and the need to step up treatment.

∑

∑

Preferred pharmacologic step therapy of asthma during pregnancy: NAEPP update 2004

Category Step therapy
Mild intermittent Inhaled short-acting beta2 agonista as needed (for all categories)
Mild persistent Low dose inhaled glucocorticoidb

Moderate persistent Medium dose inhaled glucocorticoidb

OR
Low dose inhaled glucocorticoidb plus long-acting beta agonistc

OR
Medium dose inhaled glucocorticoidb plus long-acting beta agonistc, if needed

Severe persistent High dose inhaled glucocorticoidb plus long-acting beta agonistc

Prednisone if needed

Based on data from: Quick Reference. NAEPP Expert Panel Report Managing Asthma During Pregnancy: 
Recommendations for Pharmacologic Treatment-Update 2004. US Dept of Health and Human Services, Bethesda, 
MD. NIH Publication No. 04-5246, March, 2004
aAlbuterol is preferred inhaled short acting beta2 agonist during pregnancy
bBudesonide is preferred inhaled corticosteroid during pregnancy
cSalmeterol is preferred long-acting beta agonist during pregnancy
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Long-acting bronchodilators: Implications for pregnancy and lactation

Agent Human data
Adverse events in 
animal studies Crosses placenta

Excreted in 
human milk

Long-acting beta agonistsa

Salmeterol Limited data 
suggest safety

Observed in some 
studies

Unknown

Formoterol Limited data 
suggest safety

Observed in some 
studies

Unknown

Indacaterolb No Unknown
Olodaterolb Yes Unknown, but 

likely
Vilanterolc No Unknown
Long-acting anticholinergic agents
Aclidiniumb Yes Not known Probable
Glycopyrrolateb Yes Small amounts Yes
Tiotropium Yes Not known Not known
Umeclidiniumb Negligible systemic absorption 

following oral inhalation
Not known

Current guidelines emphasize the following 
points:

• Albuterol is recommended as the short acting 
beta-agonist of choice.

• For patients with mild persistent or more severe 
asthma, inhaled glucocorticoids reduce exacer-
bations during pregnancy, and cessation of 
inhaled glucocorticoids during pregnancy 
increases the risk of an exacerbation. Budesonide 
is the preferred inhaled glucocorticoid for use 
during pregnancy, as more published gestational 
human data are available for that medication. 
However, other inhaled glucocorticoids could 
be continued if the patient was well controlled 
on one of these medications prior to pregnancy, 
and data for fluticasone have been reassuring 
regarding low birth weight (<2500 grams), 
small for gestational age (<10% of expected for 
gestational age), preterm birth (<37 weeks), and 
major congenital malformations.

• Salmeterol has been recommended as the 
inhaled long acting beta-agonist of choice in 

the United States due to the longer duration of 
clinical experience with this agent compared 
with formoterol. However, retrospective 
cohort studies provide reassuring data for both 
salmeterol and formoterol.

• Montelukast or zafirlukast could be consid-
ered as alternative but not preferred therapy 
for mild persistent asthma or as add on ther-
apy to inhaled glucocorticoids, especially for 
patients who have shown a uniquely favorable 
response prior to pregnancy. More pregnancy 
data are available for montelukast than 
zafirlukast.

11.7  Safety of Specific 
Medications

Experience with many of the medications used to 
treat asthma suggests minimal or no known 
adverse effects for their use during pregnancy. 
Most drugs used in the treatment of asthma fall 
into categories B or C.
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Drug ratings in pregnancy (US Food and Drug 
Administration)

Category Interpretation
A Controlled human studies show no risk

 Controlled studies in pregnant women 
fail to demonstrate a risk to the fetus in 
the first trimester with no evidence of 
risk in later trimesters. The possibility of 
fetal harm appears remote.

B No evidence of risk in studies
 Either animal reproduction studies have 
not demonstrated a fetal risk but there 
are no controlled studies in pregnant 
women or animal reproduction studies 
have shown an adverse effect (other 
than a decrease in fertility) that was not 
confirmed in controlled studies in 
women in the first trimester and there is 
no evidence of a risk in later trimesters.

C Risk cannot be ruled out
 Either studies in animals have revealed 
adverse effects on the fetus (teratogenic 
or embryocidal effects or other) and 
there are no controlled studies in women 
or studies in women and animals are not 
available. Drugs should be given only if 
the potential benefits justify the potential 
risk to the fetus.

D Positive evidence of risk
 There is positive evidence of human 
fetal risk, but the benefits from use in 
pregnant women may be acceptable 
despite the risk (eg, if the drug is needed 
in a life-threatening situation or for a 
serious disease for which safer drugs 
cannot be used or are ineffective).

X Contraindicated in pregnancy
 Studies in animals or human beings have 
demonstrated fetal abnormalities or there 
is evidence of fetal risk based on human 
experience, or both, and the risk of the 
use of the drug in pregnant women 
clearly outweighs any possible benefit. 
The drug is contraindicated in women 
who are or may become pregnant.

• Short acting beta adrenergic agonists: The 
short acting, selective beta 2 adrenergic bron-
chodilators (SABAs) are used to provide 
quick relief of asthma symptoms and appear 
to be relatively safe during pregnancy. 
However, some case control studies have sug-
gested a slight increase in risk of certain infant 
abnormalities, viz., gastroschisis, cleft palate, 
cardiac defects, and autism.

One problem with assessing the conse-
quences of bronchodilator use in pregnancy is 
confounding introduced by indication; SABA 
use is a marker for poorly controlled asthma 
and more frequent exacerbations, which may 
independently contribute to the development 
of congenital anomalies. Furthermore, some 
studies only have access to data about pre-
scriptions filled and not the frequency of 
actual use. Even if the statistical associations 
for relative risk are valid, the anomalies men-
tioned above are infrequent. Therefore, the 
absolute increase in risk is very small and, as 
noted earlier, less than the risk of poorly con-
trolled maternal asthma.

• Long acting beta adrenergic agents: Clinical 
experience with inhalation of the long acting, 
selective beta 2 adrenergic bronchodilators 
(LABAs) during pregnancy is less extensive 
than with the SABAs. Salmeterol is not 
expected to increase the risk of congenital 
anomalies, based on data from animal studies 
and limited human experience. Animal studies 
are also reassuring for formoterol, although 
data from human pregnancies are limited.

Human safety data for newer LABAs, such 
as indacaterol, olodaterol, and vilanterol are 
lacking.

When comparing a combination LABA plus 
inhaled glucocorticoid versus monotherapy 
with a higher dose of the inhaled glucocorticoid, 
the risk of congenital malformations appears 
similar. In a study of 1302 pregnant women with 
asthma, the odds ratio for a major congenital 
malformation was not increased (OR 1.1, 95% 
CI 0.6–1.9) when a LABA plus low-dose 
inhaled glucocorticoid was compared with a 
medium-dose inhaled glucocorticoid or when a 
LABA plus medium dose inhaled glucocorticoid 
was compared with a high dose inhaled gluco-
corticoid (OR 1.2, 95% CI 0.5–2.7).

• Oral/systemic glucocorticoids: Systemic glu-
cocorticoids have been used fairly extensively 
during pregnancy to treat asthma exacerba-
tions and rarely for control of severe asthma. 
For each pregnant woman, the potential risks 
of gestational oral glucocorticoids must be 
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balanced against the risks to the mother or 
infant of inadequately treated asthma. As the 
risks of severe uncontrolled asthma include 
maternal or fetal mortality, these risks are con-
sidered to be greater than the potential risk of 
systemic glucocorticoids. Thus, oral glucocor-
ticoids should be used during pregnancy when 
indicated for the management of severe asthma.

The potential areas of concern that have 
been raised with systemic glucocorticoids are 
congenital malformations (primarily cleft pal-
ate), preeclampsia, gestational diabetes, low 
birth weight, a slightly increased risk of pre-
maturity, and neonatal adrenal insufficiency.

Congenital malformations: Data from ani-
mal studies in several species suggest that 
high- dose systemic glucocorticoids may lead 
to cleft palate. Palatal closure is usually com-
plete by the 12th week of pregnancy, so poten-
tial risk would be limited to administration 
during the first trimester. Human studies are 
less concerning, but a possible effect cannot 
be dismissed.

Neonatal adrenal insufficiency following 
maternal administration of glucocorticoids is 
distinctly unusual, probably because the non-
halogenated glucocorticoids are largely 
metabolized to inactive metabolites by the 
placenta.

• Inhaled glucocorticoids: In contrast to oral/
systemic glucocorticoids, the safety data on 
inhaled glucocorticoids are reassuring includ-
ing many population-based studies.

• Anticholinergic agents: (also known as anti-
muscarinic agents), such as ipratropium, gly-
copyrrolate, and tiotropium, are not generally 
used as a primary form of therapy for asthma. 
However, questions may arise about their 
safety during pregnancy.

Fetal tachycardia can occur with the sys-
temic administration of atropine to the mother; 
however, the minimal chronotropic effect of 
inhaled ipratropium in the mother suggests 
that the inhaled preparation should have negli-
gible chronotropic effects on the fetus. 
Gestational animal studies are also reassuring 
for ipratropium. Consequently, inhaled 

ipratropium, the most commonly used drug in 
this category, is felt to be safe during 
pregnancy.

The safety of inhaled tiotropium, aclidin-
ium, glycopyrrolate, and umeclidinium during 
pregnancy is uncertain as adverse effects were 
reported in animal studies, and human fetal 
outcomes have not been reported.

• Leukotriene modifiers: Zafirlukast and monte-
lukast (leukotriene receptor antagonists) and 
zileuton (a 5 lipoxygenase inhibitor) are agents 
that affect leukotriene synthesis or action. We 
suggest use of montelukast or zafirlukast, in 
preference to zileuton, and would reserve these 
agents for add on therapy to inhaled glucocorti-
coids, especially in patients who had a good 
response to this medication prior to pregnancy.

Accumulating evidence for montelukast 
and zafirlukast is reassuring, although 
limited.

• Anti immunoglobulin E: Omalizumab is a 
humanized, recombinant IgG1, monoclonal 
anti immunoglobulin E antibody approved for 
add on therapy in patients with moderate to 
severe asthma that is inadequately controlled 
despite appropriate use of inhaled glucocorti-
coids. Studies of the safety of omalizumab in 
pregnancy are limited, although available data 
are reassuring. Immunoglobulin G molecules, 
such as omalizumab, are known to cross the 
placenta.

The initiation of omalizumab during preg-
nancy is not recommended, although if a 
woman becomes pregnant while receiving 
omalizumab, it is suggested that therapy can 
be continued if the benefits are estimated to 
outweigh the potential harms.

• Rarely used medications: Methylxanthines 
and cromoglycates are rarely used in the man-
agement of asthma due to the availability of 
alternative agents with greater effectiveness 
and ease of use.

Methylxanthines: The clinical use of meth-
ylxanthines (theophylline, aminophylline) 
during pregnancy is limited because of the 
potential for altered metabolism during preg-
nancy, the need for drug level monitoring, and 
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the potential for fetal tachycardia and irritabil-
ity at the time of delivery. Moreover, inhaled 
glucocorticoids have been shown to be more 
effective than theophylline for persistent 
asthma in nonpregnant patients and at least as 
effective as theophylline with fewer side 
effects. Extensive clinical experience suggests 
that theophylline does not increase the risk of 
fetal anomalies.

Methylxanthine binding to albumin and 
hepatic clearance are altered during preg-
nancy, necessitating careful assessment of 
serum levels and adjustments to dosing over 
the course of pregnancy.

Methylxanthines are transferred across the 
placenta, leading to theophylline concentra-
tions in neonatal and cord blood that are simi-
lar to those in maternal blood. Transient 
tachycardia and irritability have been reported 
in some neonates of mothers receiving 
methylxanthines.

Cromoglycates: The availability of the cro-
molyn sodium and nedocromil is limited and 
varies from one country to another.

Animal and limited human data on use dur-
ing pregnancy have not demonstrated an 
increase in fetal malformations or other 
adverse effects with cromolyn sodium.

Nonpharmacologic Treatments: The main 
nonpharmacologic interventions to maintain 
asthma control during pregnancy are patient edu-
cation, avoidance of irritant (e.g., cigarette 
smoke), and control of allergenic triggers of 
asthma.

11.8  Acute Exacerbations

Acute asthma exacerbations are common during 
pregnancy and increase the risk of preeclampsia, 
gestational diabetes, placental abruption, and pla-
centa previa. The recommended pharmacother-
apy of acute asthma during pregnancy does not 
differ substantially from the management in non-
pregnant patients. Intensive monitoring of both 
mother and fetus is essential.

• Maternal monitoring:
 – Continuous measurement of oxygen satu-

ration by pulse oximetry (SpO2) is prudent, 
aiming for a SpO2 ≥95%.

 – Measurement of expiratory airflow with a 
peak flow meter (or spirometer) is the best 
method for objective assessment of the 
severity of an asthma attack.

 – (PaCO2) >35 mmHg or an arterial oxygen 
tension (PaO2) <70 mmHg associated with 
acute asthma represents more severe com-
promise during pregnancy than in the non-
gravid state.

• Fetal monitoring: Fetal heart rate monitoring 
is the best available method for determining 
whether the fetus is adequately oxygenated.

• Maternal positioning: In general, pregnant 
patients with acute asthma should rest in a 
seated or lateral position, rather than supine, 
particularly in the third trimester, to avoid aor-
tocaval compression by the gravid uterus.

• Hydration: Intravenous fluids are not neces-
sary unless the patient is unable to maintain 
oral hydration.

• Supplemental oxygen: Supplemental oxygen 
(initially 3–4 L/min by nasal cannula) should 
be administered, adjusting the fraction of 
inspired oxygen (FiO2) to maintain a PaO2 of 
at least 70 mmHg and/or oxygen saturation by 
pulse oximetry of 95% or greater.

• Respiratory infections: Most respiratory infec-
tions that trigger an exacerbation of asthma 
are viral rather than bacterial and do not 
require antibiotic therapy (Table 11.4).

11.9  Medications 
for Management of Acute 
Asthma Exacerbations

The recommended agents for management of acute 
asthma exacerbations in pregnant patients are the 
same as for asthma exacerbations in nonpregnant 
adults and adolescents. These agents include inhaled 
short acting beta-agonists, inhaled anticholinergic 
agents, oral or intravenous glucocorticoids, and, if 
appropriate, intravenous magnesium sulfate.
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• Systemic glucocorticoids: The indications for 
systemic glucocorticoids are the same for preg-
nant patients experiencing an asthma exacerba-
tion, as for nonpregnant patients. The benefits 
of oral glucocorticoids in preventing exacerba-
tions from becoming life threatening asthma 
outweigh any risk to the mother or fetus.

• Ipratropium: It is often used to treat severe 
acute asthma exacerbations as inhaled ipratro-
pium is felt to be safe during pregnancy.

• Intravenous magnesium sulfate: Intravenous 
magnesium sulfate may be beneficial in acute 
severe asthma as an adjunct to inhaled beta- 
agonists and intravenous glucocorticoids.

• Parenteral beta agonists: Parenteral beta-
agonists are rarely needed for asthma exacer-
bations. Due to theoretic concerns that the 
alpha-adrenergic effects of epinephrine 
might cause vasoconstriction in the uteropla-
cental circulation, the Working Group on 
Pregnancy and Asthma recommended that 
epinephrine generally be avoided during 
pregnancy except in the setting of anaphy-
laxis. For the rare patient who requires use of 
a systemic beta agonist to treat asthma, sub-
cutaneous administration of terbutaline is a 
reasonable choice.

• Intravenous aminophylline/theophylline is not 
generally recommended for use in the emer-
gency management of acute gestational 
asthma because aminophylline/theophylline 
provides no additional benefit to optimal 
inhaled beta-agonist and intravenous gluco-
corticoid therapy. In addition, when used in 
combination with intensive inhaled beta-
agonist therapy, intravenous aminophylline 
causes increased adverse side effects.

Pharmacologie management of acute asthma exacerba-
tions during pregnancy

 1.  Beta2-agonist bronchodilator (nebulized or 
metered-dose inhaler)

   Albuterol by MDI 4–8 puffs every 20 min up to 1 h, 
then every 1–4 h, as needed

   Albuterol by nebulizer 0.083% (2.5 mg/3 mL), 
2.5–5 mg every 20 min for 3 doses and then 
2.5–5 mg every 14 h, as needed

   Albuterol by continuous nebulization, administering 
10–15 mg/h

 2. Ipratropium
   By nebulizer, 500 mg every 20 min for 3 doses, then 

as needed. Can be given simultaneously with 
beta2-agonist.

   By MDI, 4–8 inhalations every 20 min for 3 doses, 
then as needed

 3.  Systemic glucocorticoids (for those with a poor 
response to treatment after one hour, or with initial 
therapy for patients on chronic oral glucocorticoids)

   For patients who can be managed at home: 
prednisone 40–60 mg/day in a single or divided 
dose

Table 11.4 Therapeutic options in acute asthma

Acute asthma medications
Oxygen Initially 100%, titrate to pulse 

oximetry > 93%
Beta-agonists Albuterol (inhaled)

Adults—0.5 mg every 20 min × 3
Children—0.15 mg/kg every 
20 min × 3
(Consider continuous nebulization 
if severe)

Corticosteroids Prednisone
Adults—60 mg orally
Children—1 mg/kg orally
(Consider 2mg/kg 
méthylprednisolone IV if severe)

Anticholinergics Ipratropium
Adults—0.5 mg every 30 min × 3
Children—0.25 mg every 30 min 
× 3

Additional therapeutic options for severe 
exacerbations
Epinephrine Adults—0.3 to 0.5 mg SQ every 

20mm × 3
Children—0.01 mg/kg SQ every 
20 min × 3
(Consider 0.1 mg IV every 30 min 
in near-arrest states)

Magnesium 
sulfate

Adults—2 g IV
Children—40 mg/kg IV

Xanthines Aminophylline
Adults—Loading dose 6 mg/kg 
IV, followed by infusion of 
0.9 mg/kg/h
Children—Loading dose of 
7.0 mg/kg IV, followed by 
0.5–0.8 mg/kg/h

Heliox 80% helium/20% oxygen, titrate 
up to 50% helium/50% oxygen to 
maintain pulse oximetry > 93%.

Anesthetics Ketamine
Adults/children—Loading dose 
0.2 mg/kg IV, followed by 
0.5 mg/ kg/h × 2 h
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   For patients who require hospitalization: prednisone 
40–80 mg daily in a single or divided dose (or the 
equivalent dose of methylprednisolone* 
intravenously) until peak flow reaches 70% of 
predicted or personal best, and then taperas patient 
improves

   For patients who have a life-threatening 
exacerbation, a higher initial dose of 
methylprednisolone*, 60–80 mg every 6–12 hours, 
may be given intravenously, and then tapered as the 
patient improves, as above

 4.  For patients not responding to above therapies, 
consider adjunct therapies

   Intravenous magnesium sulfate 2 g infused over 20 
min, in absence of renal insufficiency^

   Subcutaneous terbutaline 0.25 mg every 20 min for 
up to 3 doses

11.10  Care in Labor

• Oxytocin is the drug of choice for induction of 
labor and control of postpartum hemorrhage.

• Analogs of prostaglandin F2 alpha can cause 
bronchoconstriction and should not be used 
for termination of pregnancy, cervical ripen-
ing, induction of labor, or control of uterine 
hemorrhage.

• Prostaglandin E2 (in gel or suppository form) 
and prostaglandin E1 (misoprostol) have not 
been reported to cause bronchoconstriction 
and are safer analogs if prostaglandin treat-
ment is required.

• For peripartum pain control, butorphanol or 
fentanyl may be appropriate alternatives as 
morphine and meperidine should be avoided, 
if possible.

• Epidural anesthesia is preferred for the asth-
matic patient who opts for pain control during 
labor because it reduces oxygen consumption 
and minute ventilation in the first and second 
stage of labor and usually can provide ade-
quate anesthesia if cesarean delivery becomes 
necessary.

• In the absence of acute severe asthma, reserve 
cesarean section for the usual obstetric 
indications.

• If anesthesia is required, regional blockade is 
preferable to general anesthesia in women 
with asthma.

• If general anesthesia is required, ketamine 
and halogenated anesthetics are preferred, 
because they may have a bronchodilatory 
effect.

• Use of ergot derivatives for postpartum bleed-
ing or headache should be avoided because of 
their potential to cause bronchoconstriction.

• If high doses of SABA have been given during 
labor and delivery, blood glucose levels should 
be monitored in the baby (especially if pre-
term) for the first 24 h.

• Women receiving steroid tablets at a dose 
exceeding prednisolone 7.5 mg/day for more 
than 2 weeks prior to delivery should receive 
parenteral hydrocortisone 100 mg 6–8 h dur-
ing labor.

• A follow-up appointment 2–4 days fol-
lowing the emergency room visit is 
recommended.

• Consider referral to an asthma special-
ist; in addition, involvement of a multi-
disciplinary team that includes a 
pulmonologist, neonatologist, obstetri-
cian, and possibly an allergologist 
should be considered in the follow-up of 
a pregnant asthma woman.
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12Fever in Pregnancy

Reena Wani and Rashmi Jalvee

12.1  Introduction and Definitions

Fever in pregnancy refers to elevated temperature 
above the normal variation, often associated with 
other symptoms.

RCOG defines maternal pyrexia as tempera-
ture of 38.0 °C once or 37.5 °C on two occasions 
2 h apart [1].

Pyrexia is both a symptom and sign which 
should be taken seriously as it can have dire 
maternal and fetal consequences. Maternal fever 
in pregnancy or labor is primarily a cause for 
concern as we need to deal with two patients, 
mother and fetus [2]. The duration of fever, the 
time of occurrence during gestation, and the 
maximum temperature reached determine the 
fetal effects irrespective of the cause of fever.

Sepsis may be defined as infection plus sys-
temic manifestations of infection.

Septic shock is defined as the persistence of 
hypoperfusion despite adequate fluid replace-
ment therapy [3].

12.2  Causes of Fever

Type of infection Causes
Systemic infection
Viral Influenza, rubella, CMV, herpes
Bacterial GAS, E. coli, Streptococcus, 

Staphylococcus, toxic shock 
syndrome, Pseudomonas species

Protozoal Malaria, toxoplasmosis, 
amoebiasis

Organ-specific infection
UTI Cystitis, pyelonephritis
Respiratory Pneumonia, bronchitis, TB, 

influenza
Uterine Chorioamnionitis, STDs
Gastrointestinal Hepatitis, pancreatitis, enteritis, 

appendicitis
Cardiac Subacute bacterial endocarditis
Neurological Meningitis, malaria, amoebiasis
Noninfectious causes
Connective tissue 
disorders

Rheumatoid arthritis

Autoimmune 
disorders

SLE, inflammatory bowel disease

Drugs Procainamide, alpha-methyldopa, 
isoniazid

Sickle cell crisis Bone crisis, acute chest 
syndrome, abdominal crisis, joint 
crisis

Endocrine/
metabolic causes

Diabetic ketoacidosis, 
pheochromocytoma 
Hyperthyroidism

Thrombosis DVT, pulmonary embolism
Malignancy Leukemia, lymphoma
Pyrexia of 
unknown origin

(continued)
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Type of infection Causes
Postpartum causes
Genital tract 
infection

Endometritis, pelvic abscess

UTI Cystitis, pyelonephritis
Breast Engorgement, acute mastitis, 

breast abscess
Wound infection Caesarean section, episiotomy, 

perineal tear

Any acute or chronic infectious disease may be 
contracted during pregnancy, and conception 
may occur in women already suffering from 
infection.

12.3  Clinical Features

Fever may be accompanied by any of the follow-
ing symptoms which warrant further investiga-
tions as it may indicate an important disease 
which could leave an impact on both mother and 
fetus:

• Skin rash.
• Difficulty in breathing or shortness of breath.
• Persistent cough.
• Persistent diarrhea or vomiting.
• Jaundice.
• Bruising or unusual bleeding.
• Decreased consciousness.

Risk factors for maternal sepsis in pregnancy 
are [4]:

• Obesity.
• Impaired glucose tolerance/diabetes.
• Impaired immunity/immunosuppressant 

medication.
• Anemia.
• Vaginal discharge.
• History of pelvic infection.
• History of group B streptococcal infection.
• Amniocentesis and other invasive procedures.
• Cervical cerclage.
• Prolonged spontaneous rupture of membranes.
• GAS infection in close contacts/family 

members.
• Of black or other minority ethnic group origin.

12.4  Clinical Approach

The clinical approach to examination of pregnant 
women with fever should be directed toward:

• Assessing maternal condition and stability.
• Ascertaining fetal viability and well-being.
• Directing investigations based on clinical 

findings.

12.4.1  Assessing Maternal Condition 
and Stability

• Detailed history: about the degree of fever, 
pattern of fever, and progression of symptoms 
should be noted. The pattern of fever is typical 
in certain etiologies (e.g., quotidian, tertian, or 
quartan fever in malaria, evening rise of fever 
in tuberculosis, etc.) However, the typical pat-
terns may not always hold true if antipyretic or 
antibiotic use has been initiated before presen-
tation to the doctor.

• Clinical signs:
 – General well-being, sensorium, and higher 

functions.
 – Evidence of dehydration.
 – Pallor.
 – Oxygen saturation.
 – Pulse rate.
 – Blood pressure.
 – Respiratory rate.
 – Chest auscultation findings.
 – Abdominal findings: presence of tender-

ness, organomegaly.
 – Presence of rash.

• Clinical signs suggestive of sepsis include 
pyrexia, hypothermia, tachycardia, tachypnea, 
hypoxia, hypotension, oliguria, impaired con-
sciousness, and failure to respond to treat-
ment. These signs, including pyrexia, may not 
always be present and are not necessarily 
related to the severity of sepsis.

• Need for inpatient admission and intensive 
care should be based on the general condition 
and vital parameters, on the possible diagno-
sis, and on the basis of investigations.
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The following signs and symptoms should 
prompt indoor admission [4]:

 – Woman appears seriously unwell.
 – Pyrexia more than 38°.
 – Sustained tachycardia more than 90 beats/

min.
 – Breathlessness (respiratory rate more than 

20 breaths/min).
 – Abdominal or chest pain.
 – Diarrhea and/or vomiting.
 – Uterine or renal angle pain and tenderness.

• Determine if the patient has gone into labor 
based on history and assess for presence of 
uterine contractions, fetal heart rate, per vagi-
nal findings of cervical dilatation, descent, 
membranes, liquor, and meconium.

• Need for consultation with a physician, sur-
geon, or other specialists depending on the 
symptomatology and vital parameters.

12.4.2  Fetal Viability and Well-Being

Assessment of fetal well-being should be done as 
per the gestational age.

For patients in the third trimester presenting in 
the labor room, this includes:

• Assessment of uterine size, fundal height, lie and 
presentation, and presence of uterine activity.

• Auscultation of fetal heartbeat and electronic 
fetal monitoring.

• Ultrasound or confirming viability, fetal 
weight, liquor, and biophysical profile.
In most cases, the fetal status is not affected. 
However in vector-borne diseases like malaria 
and dengue, we have found sudden unex-
plained intrauterine demise occurring which 
could be related to hypoglycemia or metabolic 
disturbances. Hence for pregnancies at term, it 
is a challenge to determine whether to wait or 
to deliver the patient.

12.4.3  Investigations

Types of investigations to be performed are based 
on the history and clinical examination.

The aims of performing investigations are:

• To confirm the diagnosis.
• To monitor the response to treatment.

The basic investigations advised are:

• Complete blood count with differential 
count.

• Peripheral smear.
• RFT, LFT, serum electrolytes.
• C-reactive protein.
• Urine routine

These can often give us clues to the diagnosis, 
for example:
 – Urine pus cells and protein in UTI.
 – Falling platelet count in dengue fever.
 – Differential count suggesting neutrophilic 

leukocytosis (? bacterial) or lymphocytosis 
(? Kochs) and leucopenia in viral infections.

Depending upon the symptoms, signs, and the 
organ system involved, other investigations indi-
cated are the following:

• Swabs—high vaginal swab, wound, placenta 
(depending on the history).

• Tests for infections: malaria, dengue, hepati-
tis, etc.

• Other relevant samples—sputum, throat swab, 
stool.

• Blood cultures if temperature >38 C (chorio-
amnionitis, septicemia).

• Appropriate cultures should be obtained 
before initiating antibiotic therapy but should 
not prevent prompt administration of antimi-
crobial therapy.

• Chest X-ray (abdominal shield prior to deliv-
ery—high index of suspicion needed in India).

• Sputum for microscopy and culture.
• Urine for ketones.
• Blood gases (diabetic ketoacidosis, 

septicemia).
• Abdominal ultrasound—pelvic abscess, 

pyometra.
• Doppler—DVT (deep vein thrombosis not 

common but a specific treatable cause).
• Lumber puncture—meningitis, encephalitis.

12 Fever in Pregnancy
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12.5  Management [1]

Management of fever depends on the cause.

• To control temperature:
 – Fanning, sponging.
 – Antipyretics like paracetamol 1 g orally or 

intravenously may be used although the 
possibility of masking underlying sepsis 
should not be forgotten.

 – If temperature remains ≥38 C for 30 min, 
antibiotics should be started.

• Intravenous rehydration should be given if 
there is evidence of dehydration. Look for 
skin turgor, urine output, and presence of 
urine ketones.

• Isolation of patients in the presence of fever 
with rash (maculopapular rashes caused by 
rubella, parvovirus, and measles and vesicular 
rash caused by chicken pox), swine flu. 
Referral to infectious disease unit, steroids, or 
ICU care may be needed. Delivery is usually to 
be delayed till rash subsides or crusts over such 
that maternal IgG antibodies have come into 
circulation which are protective to the fetus.

• To treat infections:
 – Intravenous broad-spectrum antibiotics—

to be commenced as soon as possible.
 – Inj Co-amoxiclav 1.2  g/Inj cefuroxime 

1.5 g and Inj metronidazole 500 mg 8 h.
In cases of allergy to penicillin and cepha-
losporins, inj clindamycin 1.5  g 8 h/inj 
clarithromycin 500 mg 12 h until delivery, 
and inj gentamicin 3–5  mg/kg daily in 
divided doses.

 – Blood culture and other sample for culture 
and sensitivity should be taken before start-
ing antibiotics.

 – Intravenous antibiotics must be continued 
during labor and in the immediate postpar-
tum period.

 – After intravenous antibiotics, a maximum 
of 5  days of oral antibiotics is usually 
sufficient.

• Other infections should be managed based on 
the etiology (antimalarials, etc.)

• Delivery
 – Induction of labor can be considered in cer-

tain cases if fetal well-being is a concern; 
however maternal health and parameters 
are to be considered carefully.

 – Labor should be augmented when patient 
presents with established pains as pro-
longed labor and high maternal tempera-
ture have detrimental effects on the baby. 
Caesarean section is reserved for obstetric 
causes.

 – Continuous EFM is important to assess 
fetal well-being.

 – Pediatrician should be available to attend at 
delivery.

• Surgical treatment may be necessary in certain 
conditions as listed below. Senior consultant 
needs to be involved in decision-making, and 
appropriate multidisciplinary team involve-
ment may be necessary [1]
 – Retained placenta.
 – Adnexal accidents.
 – Pelvic abscess.
 – Breast abscess.
 – Acute appendicitis.

• Placenta swab for C & S and placenta for his-
tology should be sent to obtain the definitive 
diagnosis.

12.6  Summary

Common etiologies and clinical approach to 
diagnosis of fever in pregnancy [5]
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12.6.1  Principles of Management

• Attempt to find specific etiology and treat if 
possible.
Avoid hypoglycemia.

• Be vigilant for sudden changes in maternal 
status which can affect fetal well-being.

• Control of pyrexia.
• Deliver in the best way at the best time keep-

ing in mind maternal and fetal factors.
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Fever with obstetric features 
(amniotic fluid leak, 
long-standing fetal death, 
uterine pain, or tenderness) 
present

Fever with site- 
specific features 
predominating the 
clinical picture

Fever with systemic 
features 
predominating, 
general condition is 
affected

Fever in typical patterns (not 
commonly seen when 
treatments are initiated early, 
antipyretics are used)

Fever with 
rash

Chorioamnionitis Respiratory 
infections

Viral fever Malaria—tertian or 
quotidian

Measles

Puerperal sepsis Urinary infections Malaria TB—evening rise of 
temperature

Rubella

Gastroenteritis Dengue Typhoid—step ladder 
pattern

Chicken 
pox

Mastitis or breast 
abscess

Hepatitis Puerperal sepsis, iliac vein 
thrombophlebitis—hectic 
temperature patterns

Herpes 
simplex

Meningitis or 
cerebral malaria

Leptospirosis Parvovirus

Hepatitis
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Epilepsy

J. B. Sharma and Monica Gupta

13.1  Introduction

Epilepsy is one of the most common neurological 
complications of pregnancy with a prevalence of 
0.5–1% [1]. Epilepsy is a chronic disorder and is 
defined as one or more recurrent unprovoked sei-
zures. Pregnant women with known epilepsy are 
advised to continue anti-epileptic medication to 
avoid maternal and foetal complication due to 
seizure. The goal of treatment is optimal control 
of seizure and minimal exposure of foetus to anti- 
epileptic medication. Various physiological, 
endocrine and psychological changes contribute 
to increase in seizure frequency during preg-
nancy. Most crucial to management is determin-
ing exact aetiology. Prompt and stepwise 
management of these patients in a multidisci-
plinary team involving obstetrician, gynaecolo-
gist and neurologist can prevent fatal 
complications to mother and foetus.

Seizure for the first time during pregnancy can 
have multiple differentials listed in Table  13.1. 
Management of a pregnant women presenting 
with epileptic fit involves a detailed history, 
physical examination, appropriate investigation 
and prompt treatment for seizure control. History 
taking is the most important tool in diagnosing 
seizure and should focus on symptoms during 
and after the seizure episode. Other associated 

factors to be taken into account include previous 
history of seizure, brain tumour or trauma, stroke, 
precipitating events (alcohol or medications) and 
past obstetrical history. Symptoms during seizure 
are usually described by an eyewitness and 
include presence of aura, changes in respiration, 
altered consciousness, bowel/bladder dysfunc-
tion and generalised or focal tonic-clonic move-
ments. Seizure episode is usually followed by 
amnesia, weakness, headache, body aches and 
drowsiness. Physical examination includes pulse 
and blood pressure measurement and thorough 
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Table 13.1 Differential of first seizure during 
pregnancy

First trimester
Metabolic alterations (hypoglycaemia, hyponatraemia 
and hypocalcaemia)
Drug overdose or withdrawal
Second trimester
Pregnancy-related syncope (peripheral vasodilatation, 
fall in blood pressure)
Third trimester
Eclampsia
Posterior reversible encephalopathy syndrome
Stroke
All trimester
Mass lesion
Infection
Vascular malformation
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neurological examination including optic fundi. 
Ancillary investigations include electroencepha-
lography (EEG), imaging of the brain and labora-
tory studies. EEG is safe during pregnancy and is 
the recommended initial neurodiagnostic investi-
gation. It is found to be normal in 50% of cases, 
and abnormality indicates risk of seizure recur-
rence and helps guide therapy. The American 
Academy of Neurology and the American Society 
of Epilepsy recommend computed tomography 
(CT) and magnetic resonance imaging (MRI) of 
the brain as initial neurodiagnostic tests to help 
determine underlying aetiology [2]. CT of the 
brain delivers <1  rad to foetus, and exposure 
below 5 rad is not associated with increased risk 
of foetal anomalies or pregnancy loss [3]. MRI 
has no radiation exposure and is more sensitive 
than CT but is costly and not readily available. 
Laboratory studies include full blood count, 
serum urea and electrolytes, blood sugars and 
urine protein estimation and toxicology screen.

13.2  Classification

The International Classification of Epileptic 
Seizures categorises seizures into two broad 
groups (International League against Epilepsy 
[4]):

 1. Partial seizures are due to initial activation of 
neurons in one hemisphere. They can be fur-
ther subdivided into simple or complex:
 (a) Simple partial seizure: Consciousness 

maintained during ictal phase.
 (b) Complex partial seizure: Impaired con-

sciousness during seizure episode.
 2. Generalised seizures: Arise due to activation 

of neurons in both hemispheres:
 (a) Convulsive: Presence of motor move-

ments and impaired consciousness and 
can be myoclonic, clonic, tonic and tonic- 
clonic type.

 (b) Non-convulsive: Absence of motor 
concomitants.

13.3  Maternal and Foetal 
Complications

Epilepsy in pregnancy is a serious medical condi-
tion associated with both maternal and foetal 
complications enlisted in Table  13.2. Seizures 
especially status epilepticus during pregnancy 
and labour could be fatal for both foetus and 
mother. Pregnant women with epilepsy are 
advised to continue anti-epileptic medication to 
avoid serious maternal and foetal complications. 
The most important predictor of seizure during 
pregnancy is the occurrence of seizure prior to 
pregnancy. Women who had seizure in the month 
prior to pregnancy had a 15 times greater likeli-
hood of having seizure during pregnancy. If the 
woman is seizure free for 9 months to 1 year prior 
to conception, 92% will not have seizure in preg-
nancy [5]. Polytherapy also increases risk of sei-
zure during pregnancy [6]. Planned pregnancies 
have a lower likelihood of seizure during preg-
nancy as most of the women in this group are on 
monotherapy and not on valproate [7]. Various 
anti-epileptic drugs for particular seizure type are 
outlined in Table 13.3. Folic acid supplementa-
tion should be given to all women in reproductive 
age group to reduce risk of neural tube defects. 
Sodium valproate should be avoided in women of 

Table 13.2 Maternal and foetal complications in women 
with epilepsy

Maternal complications
Recurrent seizures
Status epilepticus
Seizures during labour
Gestational hypertension
Preeclampsia
Maternal injury
Maternal death
Foetal and neonatal complications
Congenital malformation (2–3 times normal)
Miscarriage (2 times normal)
Hypoxia
Low birth weight
Small for gestational age
Foetal injury
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reproductive age as it is associated with highest 
risk of congenital malformation up to 11% when 
given in pregnancy [8]. If other anti-epileptics 

have failed and seizure can be controlled only on 
valproate, lowest dose preferably less than 
700 mg should be used. Lamotrigine and leveti-
racetam are preferred over others because of least 
teratogenicity. Physiological changes in preg-
nancy can alter seizure frequency during preg-
nancy. Moreover hyperventilation of pregnancy, 
sleep deprivation and labour pains can lower sei-
zure threshold in pregnancy.

13.4  Management of Pregnant 
Women Presenting 
with Seizure

In the antenatal period, women should be regu-
larly assessed at each visit for triggers of seizure 
including fasting, sleep deprivation and stress. 
Prompt treatment of seizure if it occurs during 
pregnancy is essential to avoid maternal and foe-
tal risks. Neurologist should be consulted if there 
is deterioration in seizure control and dose adjust-
ments made accordingly.

Table 13.3 Various anti-epileptic drugs for seizure type

Seizure type
First-line anti-epileptic 
drugs

Generalised tonic-clonic Carbamazepine
Oxcarbazepine
Lamotrigine
Sodium valproate

Tonic or atonic Sodium valproate
Absence seizures Ethosuximide

Sodium valproate
Lamotrigine

Focal Carbamazepine
Levetiracetam
Lamotrigine
Oxcarbazepine
Sodium valproate

Convulsive status 
epilepticus

Intravenous lorazepam
Intravenous diazepam
Buccal midazolam

Refractory status 
epilepticus

Intravenous midazolam
Propofol
Thiopental sodium

Place women in left lateral decubitus position

(Facilitates fetal blood flow and prevents aspiration)

Protect airways and tongue bite by mouth gag, maternal restraints to prevent injury

(Prevent fall from bed)

Administer oxygen, intravenous fluids and glucose

If known epileptic and on anticonvulsant - additional dose of anticonvulsant administered 

Measure blood pressure and urine protein (suggestive of eclampsia)

Anti-hypertensives and magnesium

Convulsions in labour - phenytoin IV (<50 mg/min) or anticonvulsant rectally

Expedite delivery

Algorithm for management:
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13.5  Management of Seizure 
in Labour

Convulsive status epilepticus during labour is rare 
and affects around 1% of women with epilepsy [9]. 
It is a life-threatening condition; hence precipitat-
ing factors should be avoided. If patient is on anti-
epileptics, doses should not be missed during 
labour and delivery. Parenteral alternatives should 
be considered in case of excessive vomiting. One-
to-one support of labouring patient minimises 
stress of labour and ensures safety in the event of a 
seizure attack. Adequate hydration and pain relief 
with epidural will minimise risks of seizures in 
labour. Left lateral tilt with oxygenation and airway 
should be maintained at all times. Treatment should 
be initiated as soon as possible to terminate seizure 
and prevent maternal and foetal hypoxia and foetal 
acidosis. Benzodiazepines are the drug of choice 
for convulsive status with lorazepam being the pre-
ferred drug in doses as described below [10]. 
Tocolytics are administered for persistent uterine 
hypertonus. Continuous electronic foetal monitor-
ing is commenced once the mother is stabilised. If 
foetal heart rate deceleration persists beyond 5 min 

or seizures are refractory, then delivery should be 
expedited and caesarean performed if vaginal 
delivery is not imminent.

13.6  Status Epilepticus

Status epilepticus (SE) is the most serious labour 
room emergency in a patient with epilepsy. In 
this condition there is failure of normal mecha-
nisms that serve to terminate seizures. It can be of 
the following types:

 (a) Convulsive status epilepticus (CSE): 
Characterised by continuous convulsive sei-
zures lasting for more than 5 min or two or 
more seizures with loss of consciousness in 
between.

 (b) Non-convulsive status epilepticus (NCSE): 
Altered mental status from baseline lasting 
for at least 30 min and associated with EEG 
changes.

 (c) Refractory status epilepticus: Seizure activ-
ity that persists despite first- and second-line 
anti-epileptics.
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INITIAL STEPS

• Maintain ABC (Airway, breathing, circulation)

• Oxygen by mask, vitals, oxygen saturation, ECG

• Brief history, physical and neurological examination

• IV access and blood samples for glucose, urea and
electrolytes, kidney and liver function tests, anti-
epileptic drug levels  

• Injection Phenytoin (loading dose): 15-20 mg/kg IV, maximum
rate being 50 mg /minute (avoid glucose solution for dilution)
(Phenytoin contraindicated in second degree heart block and
severe hypotension)   

• Seizure persists 10 mins after loading dose-Phenytoin 5-10
mg/kg IV at a maximum rate of 50 mg/min 

Medication

• Injection Lorazepam 0.1 mg/kg (maximum, 4mg)
over 1 min or diazepam 0.2 mg/kg/iv (maximum
10 mg)  

• Repeat dose if seizure does not terminate after 
5 mins. 

• Once patient is stabilised perform Computed Tomography (CT)
scan of head and lumbar puncture  

• Neurological consultation 

Alternatives

• Sodium Valproate 25-35 mg/kg IV at a maximum rate of 
6 mg/kg/hr 

• Phenobarbitone 20 mg/kg IV at 60 mg/min 
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Refractory Status Epilepticus (Lasting more 
than 60 min)

• Admit patient to intensive care unit.
• EEG monitoring.
• Central venous access.
• Mechanical ventilation.
• Anaesthetic agent: Midazolam 0.2 mg/kg IV 

(maximum 10 mg) bolus over 2 min followed 
by 0.1–0.4  mg/kg/h continuous IV infusion. 
Alternatively propofol 2–5  mg/kg IV bolus 
followed by 5–10 mg/kg/h IV infusion can be 
administered.

• Pharmacologic treatment is continued for 12 h 
after last seizure to maintain comatose state 
with EEG monitoring.

• Anaesthetic infusion is reduced every 3 h with 
EEG monitoring during weaning phase.

13.6.1  Treatment After Control 
of Seizure

If patient is known case of epilepsy, anti- epileptic 
drugs are continued and dose adjusted according 
to serum levels. In patients presenting for the 
first time with seizures, phenytoin or valproate 
started to control status epilepticus should be 
continued.

13.7  Conclusion

The management of pregnant women with epi-
lepsy is a challenge for clinicians. The goal of 
treatment is adequate seizure control and mini-
mal exposure of foetus to anti-epileptic drugs. 
Most pregnant females with epilepsy will have a 
successful outcome of pregnancy, but pre- 
pregnancy planning is necessary for optimum 
control of epilepsy. Increased risk periods during 
pregnancy for seizure attack are intrapartum and 
postpartum. Prompt treatment and termination of 

seizure are paramount for maternal and foetal 
well-being. Multidisciplinary approach is 
required for successful outcome of pregnancy.
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Swine Flu and Pregnancy

Bindiya Gupta

14.1  H1N1/Swine Flu

The worldwide pandemic of swine flu (H1N1) 
was identified in Mexico in April 2009 and then 
spread to other parts of world [1]. The pandemic 
started in India in August 2009, and the index 
case was reported from Pune. It is referred to as 
the novel H1N1 influenza A infection, a term that 
reflects the unique genetic makeup of the virus. 
The new virus that emerged spread among people 
who hadn’t been near pigs. It was as a result of 
reassortment (genetic shift) of several swine 
strains, a human strain, and an avian strain limit-
ing the ability of the immune system to recognize 
and destroy the new virus giving rise to a 
pandemic- like situation [2].

It is like seasonal flu, but it can cause more 
serious health problems for some people like 
children, elderly, pregnant women, and immuno-
compromised individuals. Mode of spread is 
through droplet like any other flu. Patients are 
infective since 1 day before they have any symp-
toms till as many as 7 days after they get symp-
toms. Children can be contagious for as long as 
10 days.

The signs and symptoms range from mild 
infection, afebrile illness to severe complicated 
pneumonia. They include fever, headache, cough, 
body aches, sore throat, nasal stuffiness, and gas-

trointestinal symptoms like vomiting and diarrhea 
[1]. Signs of severe infection include tachypnea 
(RR  >  30), hypoxia (SpO2  <  92%), chest pain 
on breathing, tachycardia (HR  >  100), rigors, 
shock, dehydration and shock, purulent or 
blood-stained sputum, altered consciousness, 
or fever [3]. Severe infection warrants hospi-
talization and sometimes intensive care unit 
admission [3].

14.2  Pregnancy and Swine Flu

Pregnancy does not predispose women of acquir-
ing influenza infection, but epidemiological stud-
ies show that the pregnant women have increased 
mortality and morbidity to influenza infection. 
Pregnant women have higher rate of hospital 
admission, requirement of mechanical ventila-
tion, and higher mortality rate (up to seven times) 
especially in third trimester [4–7]. In a report by 
CDC, among 347 severely ill pregnant women, 
75 died from 2009 H1N1, and 272 were admitted 
to an intensive care unit (ICU) and survived. 
Most of the women who died (62%) had an 
underlying medical condition like asthma, gesta-
tional diabetes, obesity, immune suppression, 
chronic lung, autoimmune diseases, etc. [8]

Increased fetal morbidity and mortality is also 
reported during both seasonal and pandemic 
influenza outbreaks. According to the CDC 
Pregnancy Flu Line surveillance data 2009, of the 
168 pregnancy outcomes, 148 (88%) were live 
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births, 11 (7%) were spontaneous abortions, 7 
(4%) were fetal deaths, 1 was an ectopic preg-
nancy, 1 was a 15-week elective abortion second-
ary to intrauterine growth restriction live births, 
63.6% were born preterm or very preterm, 4.1% 
were small for gestational age, 43.8% had low 
birth weight, 69.4% were admitted to the neona-
tal intensive care unit, and 29.2% had a low 
5-minute Apgar score [8]. Changes in the 
immune, cardiac, and respiratory systems during 
pregnancy are responsible for increased severity 
of influenza infection [9].

Pregnancy-related complications of novel 
H1N1 infection are related to high-grade fever. 
These include nonreassuring fetal heart rate, fetal 
tachycardia, febrile morbidity, spontaneous abor-
tions, premature rupture of membranes, neonatal 
seizures, and intrauterine death [10].

14.3  Diagnosis

Samples for testing include throat and deep nose 
swabs, nasopharyngeal aspirates, tracheal aspi-
rates, bronchoalveolar lavage (BAL), and spu-
tum. A rapid influenza antigen test is used, but 
confirmation is done once the reverse transcrip-
tion polymerase chain reaction (RT-PCR) or a 
culture is positive [11]. However for suspected 
patients (probable case), treatment should not be 
delayed pending the reports.

14.4  General Preventive 
Precautions

Hygiene is the key to prevent flu in pregnancy. 
Pregnant women should not travel to places 
endemic to influenza and should avoid crowded 
places. The general steps recommended to pre-
vent infection are handwashing; avoiding contact 
with infected person; cough etiquette and hand 
hygiene; avoid touching the eyes, nose, and 
mouth; and carry alcohol-based hand rub [12]. 
Education of the pregnant woman and staff dur-
ing the influenza season is recommended. The 
women should be made aware of the early signs 

and symptoms and importance of early access to 
medical care.

Symptomatic patients should be placed on 
droplet precautions (including gowns, gloves, 
and N95 respirators). Fever should be treated 
immediately, and the drug of choice is 
acetaminophen.

Staff should be trained to isolate individuals 
with potential influenza infection, and during 
periods of increased community influenza activ-
ity, facilities should consider setting up triage sta-
tions that facilitate rapid screening of patients for 
symptoms of influenza and separation from other 
patients [13]. No special precautions are needed 
in disposal of waste or linen.

14.5  Antiviral Drugs in Influenza

Early institution of prevention and treatment with 
antiviral agents is associated with improved out-
comes for pregnant women. Oseltamivir 
(Tamiflu) is the most common antiviral drug used 
for prophylaxis and treatment of influenza in 
pregnancy. The mechanism of action is the com-
petitive inhibition of the neuraminidase enzyme 
of the virus that acts on the sialic acid residues of 
the host cells [14]. The treatment should be initi-
ated as soon as possible ideally within 48  h. 
Decisions to start antiviral treatment should not 
wait for laboratory confirmation of influenza 
because it delays treatment, and a negative rapid 
influenza diagnostic test result does not rule out 
influenza. Antiviral medications are approxi-
mately 70–90% effective in preventing influenza 
and are useful adjuncts to influenza vaccination. 
The recommended dose for prevention is 75 mg 
daily for 7  days, and in exposed individuals it 
reduces the rate of infection by 70–90% [15]. The 
recommended dose for treatment is 75 mg twice 
daily for 5  days. In a study, the percentage of 
pregnant women with severe illness increased 
significantly from 3% when the drug was given 
within 48 h to 44% once the drug was given more 
than 5  days after symptom onset [16]. 
Hospitalized patients with severe infections (such 
as those with prolonged infection or who require 
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intensive care unit admission) might require 
 longer treatment courses. Some experts have 
even advocated the use of increased (doubled) 
doses of oseltamivir for some severely ill patients, 
but limited data suggest that higher dosing may 
not provide additional clinical benefit.

Another drug zanamivir is an inhalational drug 
and has lesser effect on fetus as it does not cross 
the placenta. Antiviral drugs are not a cure, but 
can shorten the illness and reduce the risk of com-
plications, hasten recovery, and minimize chances 
of severe illness and hospitalization [17, 18].

Drugs safe for treatment of influenza in preg-
nancy are summarized in Table 14.1 [19].

14.6  Vaccination

The World Health Organization, Centers for 
Disease Control and Prevention (CDC) Advisory 
Committee on Immunization Practices (ACIP) 
since 2005 recommends the inactivated influenza 
vaccine for immunization of pregnant women 
especially during the influenza season irrespec-
tive of the period of gestation and that it should 
be administered as soon as it is available [20–22]. 
Both the trivalent (H1N1 + H3N2 + influenza B) 
and the quadrivalent (two strains each of influ-
enza A and B) formulations are safe for use in 
pregnancy according to ACIP [22, 23]. 
Vaccination with influenza vaccine not only pro-
tects pregnant women but also infants up to 
6 months of age due to transplacental transfer of 
antibodies [24].

The only contraindication to vaccination is 
severe protein or egg allergy or allergy to a previ-
ous dose. Thiomersal, the preservative in the 
multidose vials, is also considered safe for use in 
pregnancy [22].

The vaccine is safe, and long-term longitudi-
nal studies have shown that maternal influenza 

immunization did not increase the number of 
stillbirths, congenital malformations, malignan-
cies, or neurocognitive disabilities [25–28]. The 
results of a randomized trial in Bangladesh 
showed a decrease of 63% of laboratory- 
confirmed influenza, 29% reduction in febrile 
respiratory illness in infants, and 36% reduction 
in febrile respiratory illness in mothers [24]. It 
also showed that babies of vaccinated cohort 
weighed an average of 200 g more than babies 
born to unvaccinated mothers.

According to CDC persistent influenza vac-
cine efficacy rates of around 60–70% [29]. In a 
prospective, controlled, blinded trial, vaccine 
effectiveness of maternal influenza vaccine in 
their infants was 63% until at least 6 months of 
age. There was a 29 and 36% reduction in the 
rates of febrile respiratory illnesses in infants and 
mothers, respectively [24].

14.7  Newborn Care 
and Breastfeeding

Breastfeeding should continue as it provides pro-
tection from many infections through immunity 
from maternal antibodies. Breastfeeding is advis-
able if the woman has received flu vaccination or 
if she is on antiviral medication. Formula milk 
preparations should be discouraged, and 
expressed milk should be given if the mother is 
too sick to feed the baby or if she is on treatment 
for less than 48 h [30].

The newborn need not be isolated from the 
mother unless she is very sick or if the infant is 
premature with many comorbidities. All precau-
tions such as hand hygiene, the use of masks, 
cough etiquette, etc. must be used in order to 
minimize spread of infection.

To conclude, obstetric providers need to be 
prepared to provide the care necessary to address 

Table 14.1 Antiviral medication for H1N1 in pregnancy

Chemoprophylaxis Treatment Remarks
Oseltamivir 
(Tamiflu®)

75 mg once daily × 7 days 75 mg twice daily × 5 days Contraindicated in case of 
hypersensitivity

Zanamivir 
(Relenza®)

10 mg (two 5-mg inhalations) 
once daily × 7 days

10 mg (two 5-mg inhalations) 
twice daily × 5 days

Respiratory complications 
that may be associated
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the increased morbidity, mortality, and 
pregnancy- related complications during H1N1 
infection in pregnancy.

Key Points
• Patients with novel H1N1 typically present 

with mild symptoms such as fever, cough, 
sore throat, and rhinorrhea, but pregnant 
women are at high risk of complications and 
severe disease.

• There is no need of confirmation by laboratory 
testing, and treatment must be offered to all 
irrespective of the test.

• Oseltamivir is safe in pregnancy, and treatment 
must be initiated within 48 h of symptoms.

• Influenza vaccine is recommended for all 
pregnant women irrespective of gestation.

• Breastfeeding is recommended as it helps in 
strengthening the neonatal immune response.
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Thromboprophylaxis

Rashmi Bagga and Rimpi Singla

15.1  Introduction

Pregnancy and the puerperium are known to 
increase the risk of deep vein thrombosis (DVT) 
and venous thromboembolism (VTE) [1–3]. The 
incidence DVT is highest during the puerperium; 
hence all postpartum women should be instructed 
about the signs and symptoms and should be 
examined carefully for any evidence of 
VTE.  Thromboprophylaxis is offered to reduce 
the risk of VTE and may be in the form of 
mechanical methods (compression stockings or 
pneumatic compression devices) or pharmaco-
logic agents (anti-coagulating agents). Screening 
for and identification of such women who require 
thromboprophylaxis early during pregnancy or in 
the preconceptional period reduce the risk of sub-
sequent DVT and VTE [4]. These are women at 
high risk of VTE and women with prosthetic 
heart valves, atrial fibrillation, left ventricular 
dysfunction, cortical venous thrombosis and foe-
tal loss due to anti-phospholipid syndrome. Some 
factors which add to the risk of VTE are history 
of VTE in the past, hospitalization and bed rest, 
caesarean section (CS) and inherited thrombo-
philia [3–5]. It is possible that some situations 
develop during the course of pregnancy and puer-
perium which require thromboprophylaxis. 
Caesarean section (CS), especially emergency 

CS, is associated with a higher risk of VTE [4, 6]. 
Early ambulation and mechanical thrombopro-
phylaxis are usually sufficient to reduce the risk 
of VTE following CS, and pharmacologic pro-
phylaxis is required only if there are additional 
risk factors for VTE. Women already on antico-
agulant therapy (e.g. for a prosthetic valve) which 
is to be continued during pregnancy should be 
switched from oral anticoagulants to a heparin- 
based regimen as soon as pregnancy is diagnosed 
in order to avoid potential teratogenic effects of 
oral anticoagulants. Change from warfarin to 
LMWH can be done during attempted concep-
tion or can be done once pregnancy is confirmed, 
as long as this switchover is feasible before 
6 weeks of pregnancy.

15.2  Indications 
for Thromboprophylaxis

Women who require pharmacologic anticoagula-
tion during pregnancy and puerperium include 
those with prosthetic heart valves, atrial fibrilla-
tion, left ventricular dysfunction, foetal loss due to 
anti-phospholipid syndrome, and cortical venous 
thrombosis and women at high risk for VTE. Most 
of these indications are described in separate sec-
tions, and in the present chapter, the main focus is 
on thromboprophylaxis to prevent VTE. Pregnant 
women who have had a prior VTE which was 
related to a high oestrogen state (e.g. prior preg-
nancy or oestrogen-related VTE) are candidates 
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for pharmacologic thromboprophylaxis because 
these risk factors may result in recurrent VTE 
during pregnancy. In contrast, women who had a 
transient risk factor for prior VTE (like trauma, 
bed rest, surgery) have less likelihood of a recur-
rent VTE and require only surveillance, general 
measures to reduce the risk and mechanical 
thromboprophylaxis. Duration of thrombopro-
phylaxis in postpartum period is usually 6 weeks 
and up to 3  months in those at a higher risk. 
However when thromboprophylaxis is adminis-
tered during hospitalization due to an acute ill-
ness, it is usually continued until the patient is 
ambulatory. The American College of Chest 
Physicians [7] and the American College of 
Obstetricians and Gynecologists [8] guidelines 
for the indications for thromboprophylaxis dur-
ing pregnancy and puerperium to reduce the risk 
of VTE are summarized below [4, 7, 8]:

 1. Indications for pharmacologic thrombopro-
phylaxis during the puerperium only are:
 (a) No thrombophilia with prior one episode 

of VTE associated with a transient risk 
factor that is no longer present (surveil-
lance alone and no anticoagulation is 
acceptable).

 (b) Lower-risk thrombophilia with no previ-
ous VTE (heterozygous factor V Leiden 
(fVL) mutation; protein S or protein C 
deficiency; prothrombin (PT) G20210A 
heterozygous) with risks factors like obe-
sity/prolonged immobilization or family 
history of VTE in first-degree relative 
before age of 50 years.

 (c) Low-risk thrombophilia with one prior 
episode of VTE.

 (d) High-risk thrombophilia (antithrombin 
deficiency, homozygous fVL or pro-
thrombin G20210A homozygous, double 
heterozygous for prothrombin G20210A 
and fVL).

 (e) No thrombophilia and prior one episode 
of VTE related to pregnancy or use of 
oestrogens.

 (f) No thrombophilia and prior one episode 
of VTE that is not associated with any risk 
factor (i.e. idiopathic).

In (c–f), during pregnancy, surveillance alone 
or prophylactic anticoagulation with low molec-
ular weight heparin/unfractionated heparin 
(LMWH/UFH) are both acceptable.
 2. Indications for pharmacologic thrombopro-

phylaxis during pregnancy and puerperium 
are:
 (a) High-risk thrombophilia and previous one 

episode of VTE or family history of VTE 
in first-degree relative.

 (b) Previous two or more episodes of VTE 
with or without known thrombophilia and 
not receiving long-term anticoagulation.

 (c) Previous two or more episodes of VTE 
with or without known thrombophilia 
and receiving long-term anticoagulation.

 (d) Hospitalized women at risk for VTE 
(sepsis, pneumonia, trauma, fracture), 
prolonged bed rest (>3 days) and having 
other risk factors (obesity, i.e. 
BMI > 30 kg/m2; older age, i.e. >35 years; 
multiparity; critical illness; malignancy; 
ovarian hyperstimulation).

15.3  Types of Thromboprophylaxis

General measures to prevent VTE should be 
advised in all women. These are early ambula-
tion, adequate hydration, active and passive leg 
movements and frequent left-lateral decubitus 
position during late pregnancy [9].

 1. Mechanical methods are the use of graduated 
compression stockings and pneumatic com-
pression devices. Graduated compression 
stockings or anti-embolism stockings (AES) 
provide graduated compression with a calf 
pressure of 14–15 mmHg. These are recom-
mended in pregnancy and the puerperium in 
the following [4, 10]:
 (a) Women who need pharmacologic throm-

boprophylaxis but have a contraindica-
tion to agents due to high risk of 
haemorrhage, ongoing haemorrhage or 
coagulopathy.

 (b) In combination with pharmacologic 
agents in women who are hospitalized 
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post CS and those who are at high risk 
of VTE.

Fitting Precautions for AES
 (a) Measure girth of legs and use correct 

stocking size.
 (b) Demonstrate how to use AES, and encour-

age women to wear them throughout day 
and night during hospital stay until they 
do not have significantly reduced 
mobility.

 (c) If oedema or post-operative swelling 
develops, change size of AES.

 (d) Remove AES daily for hygiene and to 
check skin condition.

 (e) Discontinue use if there is skin marking 
or discolouration.

Contraindications to AES [9]
 (a) Known allergy to AES material.
 (b) Suspected or proven peripheral arterial 

disease or peripheral arterial bypass 
grafting.

 (c) Peripheral neuropathy.
 (d) Local condition where AES may cause 

damage (e.g. dermatitis, gangrene, pres-
sure ulcers).

 (e) Severe leg oedema.
 (f) Unusual leg size or shape or leg deformity 

preventing correct fit.
Foot Impulse and Intermittent Pneumatic 
Compression Devices (IPC)
All women undergoing CS may have 
pneumatic compression device placed if 
they are not receiving anticoagulants [1]. 
Patient with these devices should be 
encouraged to use them as much as prac-
tically possible. Contraindications to 
their use are acute DVT or PE and those 
listed for AES.

 2. Pharmacological methods [11]:
 (a) Heparins: Low molecular weight heparin 

(LMWH) and unfractionated heparin 
(UFH).

 (b) Fondaparinux.
 (c) Direct thrombin inhibitor.
 (d) Vitamin K antagonists.

(a) Heparins: Heparin depends on antithrom-
bin (AT) for its action and clotting factor inhibi-

tion. Heparin does not lyse the existing thrombi. 
Heparin binds and activates AT and induces con-
formational change. This accelerates AT binding 
to and inactivation of XIIa, IXa, XIa, Xa and 
thrombin [12, 13]. UFH can be used as intrave-
nous infusion or subcutaneous injections [13]. 
Intravenous administration attains therapeutic 
concentrations in plasma rapidly that can be 
monitored and modified. Subcutaneous therapeu-
tic dose is large due to low bioavailability. UFH 
is the best option for patients requiring high doses 
of anticoagulation and for patients who are at risk 
of bleeding (like impending delivery) due to its 
short half-life and reversal capability. It binds to 
endothelial cells and macrophages and is depoly-
merised for clearance initially. The second phase 
of clearance is renal-mediated and is slower and 
non-saturable. Hence, with the increased or pro-
longed use of UFH, there is an increase in inten-
sity and duration of its effect [12, 13]. LMWHs 
are the anticoagulants of choice for thrombopro-
phylaxis during antenatal and postnatal periods. 
As compared to UFH, LMWHs have higher bio-
availability and longer half-life and cause fewer 
adverse events [14]. It has dose-independent 
renal clearance. Hence, UFH is preferred over 
LMWH in severe renal insufficiency (creatinine 
clearance <30 mL/min) or fluctuating renal func-
tion because LMWH metabolism is exclusively 
renal.

Contraindications/Cautions
• Known bleeding disorder (acquired coagu-

lopathy, haemophilia or von Willebrand’s 
disease).

• Thrombocytopenia.
• Severe liver disease (increased prothrombin 

time or known to have varices).
• Severe renal disease.
• Women at increased risk of major haemor-

rhage (e.g. placenta praevia).
• Active antepartum or postpartum 

haemorrhage.
• Acute haemorrhagic or ischaemic stroke in 

preceding 4 weeks.
• Uncontrolled hypertension (blood pres-

sure  >  200  mmHg systolic or  >  120  mmHg 
diastolic).
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Dose
A higher dose is necessary during pregnancy 

as compared to non-pregnant women due to alter-
ations in metabolism, plasma volume and renal 
clearance. Prophylactic dose is used for preven-
tion of DVT in women with indications listed 
above. Therapeutic dose is used for treatment of 
VTE and for thromboprophylaxis if lesser doses 
seem insufficient for thromboprophylaxis, e.g. 
patients with a very high risk of VTE or mechani-
cal heart valves.

UFH: Prophylactic dose: Administered subcu-
taneously (SC) every 12 h. Monitoring of aPTT is 
not needed.

• 5000–7500 units in first trimester
• 7500–10,000 units in second trimester
• 10,000 units in third trimester
• 5000–7500 units in puerperium.

UFH: Therapeutic Dose [11]
• 80 U/kg bolus followed by 18 U/kg/h infusion 

adjusted to maintain activated partial throm-
boplastin time (aPTT) of 2–2.5 times the 
control

• 10,000 units or more subcutaneously 12 hourly; 
dose adjusted to maintain aPTT in therapeutic 
target range measured 6 h after injection.

Monitor aPTT daily until the target level is 
attained and then every one to two weekly 
thereafter.
Dose of LMWH [11, 15]:

LMWH: Prophylactic Dose
• Enoxaparin: 40 mg SC every 24 h.
• Dalteparin: 5000 units SC every 24 h.

LMWH: Intermediate Dose
• Alteration of prophylactic dose according to 

change in weight during pregnancy (e.g. 
enoxaparin 40 mg SC twice daily).

LMWH: Therapeutic Dose
• Enoxaparin: 1 mg/kg SC every 12 h or 1.5 mg/

kg SC every 24  h; if creatinine clearance is 
<30 mL/min, then 1 mg/kg SC every 24 h.

• Dalteparin: 100 units/kg SC every 12 h.
For LMWH used in therapeutic dose for 

treatment, the anti-factor Xa levels are to be 
maintained between 0.6 units/mL and 1.0 units/
mL measured 4–6 h after each dose. However, 
only few women need increase in the dose of 
LMWH when it is administered based on the 
weight. Peak anti-Xa activity occurs after 
3–5  h of injection. Due to their predictable 
dose-response relationship, laboratory moni-
toring is not required generally [4] except in 
some high-risk patients (renal insufficiency, 
obesity, pregnancy) in whom dose adjustments 
are needed [16]. Prophylactic dose does not 
need monitoring unless the levels are suspected 
to be outside the recommended range.

(b) Fondaparinux: This is a synthetic analog 
of the pentasaccharide found in heparin that 
selectively binds to AT. This results in neutraliza-
tion of factor Xa and, hence, inhibition of throm-
bin formation [12, 13]. It has rapid and complete 
absorption after SC administration and has a long 
half-life. Fondaparinux is excreted primarily 
unchanged through kidneys and, hence, contrain-
dicated if there is severe renal impairment [12]. 
Fondaparinux is as safe and effective as LMWH 
and UFH for treatment of VTE [17]. Fondaparinux 
is a good option for thromboprophylaxis in 
patients with heparin-induced thrombocytopenia 
(HIT) [18]. Fondaparinux should not be used in 
patients with weight less than 50 kg. The ACCP 
2012 Guidelines suggest that fondaparinux 
should only be used in women with HIT and not 
to be used by breast-feeding women.

• Dose of fondaparinux for VTE [11, 15].
• <50 kg: 5 mg SC daily
• 50–100 kg: 7.5 mg SC daily
• >100 kg: 10 mg SC daily.
• Prophylactic dose of fondaparinux:
• 25 mg SC daily.

(c) Direct Thrombin Inhibitors (DTI) [19]: 
They selectively bind to the active site of throm-
bin leading to inhibition of reactions catalysed by 
thrombin, i.e. activation of factors V, VIII and 
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XIII and protein C, fibrin formation and platelet 
aggregation. At present, four parenteral DTIs are 
approved by USFDA: lepirudin, desirudin, bivali-
rudin and argatroban. DTIs are monitored by 
aPTT.  Desirudin does not need monitoring. At 
present, data about their safety in pregnancy is 
limited to case reports.

(d) Vitamin K Antagonists: Warfarin is an 
inhibitor of vitamin K. Vitamin K-dependent fac-
tors in the coagulation cascade (II, VII, IX and X 
and proteins C and S) are altered by vitamin 
K-dependent reactions before getting released 
into the circulation. Warfarin blocks the carbox-
ylation system and reduces their binding capacity 
to phospholipid for activation [20]. Warfarin is 
used in pregnancy only in those situations where 
heparin is not suitable, e.g. mechanical prosthetic 
valves. In the postpartum period, women who 
require continuous anticoagulation should be 
given UFH or LMWH.  They are converted to 
warfarin in postpartum period as the risk of 
bleeding is reduced, i.e. usually after 5 days of 
delivery [3]. During this switchover phase, 
heparins should be continued with warfarin for 
5  days and additional 1–2  days after achieving 
target INR.  Dose is titrated according to INR, 
target range 1.5–2.5 times the control. UFH or 
LMWH can be discontinued after attaining target 
INR. The duration of postpartum therapy depends 
upon the indication and should be given for at 
least 6 weeks postpartum or for 3 months.

Target-Specific Oral Anticoagulants: They 
include dabigatran, rivaroxaban and apixaban. 
These are novel anticoagulants having rapid onset 
and predictable action. Dabigatran reversibly 
binds to the active site on thrombin. It also has 
anti-platelet effect [21]. It is used for prevention of 
stroke and embolism in patients with non- valvular 
AF.  Rivaroxaban is highly selective competitive 
inhibitor of factor Xa, preventing thrombin gener-
ation [22]. Indications are stroke prevention in 
non-valvular AF and for treatment and secondary 
prevention of DVT and PE. Apixaban is approved 
for stroke prevention in non-valvular AF. Currently, 
no antidote is available to reverse these drugs, and 
there is little data and clinical experience for their 
use in pregnancy.

15.4  Adverse Effects 
and Complications 
of Pharmacological 
Thromboprophylaxis

 1. Heparin-induced thrombocytopenia (HIT) 
and HIT with thrombosis (HITT) occur due to 
antibodies formed against heparin–platelet 
factor IV complex in some patients exposed to 
heparins for 5–7 days [23]. A baseline platelet 
count should be obtained while initiating ther-
apeutic doses and then monitored every other 
day for initial 4–10 days of treatment. A 50% 
decrease in platelet count or formation of new 
thrombus while anticoagulated may be sug-
gestive of HIT. Heparins should be discontin-
ued and alternative anticoagulant be started 
(danaparoid or fondaparinux). Sodium dan-
aparoid consists of heparan sulphate (84%), 
dermatan sulphate (12%) and chondroitin sul-
phate (4%). It is different from UFH and 
LMWH.  It inactivates factor Xa and, to a 
lesser extent, factor IIa and reacts with only 
0–20% of antibodies in HIT. Danaparoid does 
not impair the formation of haemostatic plug 
of platelets and, hence, does not cause 
increased blood loss during delivery. 
 Danaparoid has been used successfully in 
pregnant patients with HIT who are in need of 
thromboprophylaxis or treatment for throm-
bosis, but limited literature is available about 
their effects on foetus. During pregnancy, dan-
aparoid is preferred; lepirudin and 
fondaparinux are used only if danaparoid is 
not available.

 2. Haemorrhage: This is the major complication 
of heparin therapy [24]. The risk of major 
bleeding is 0–7% and that of fatal bleeding is 
0–3%. Risk of haemorrhagic complications is 
directly related to the intensity of anticoagula-
tion and concurrent use of glycoprotein IIB/
IIIA inhibitors [24]. Measure to reduce the 
risk of haemorrhage are [1, 4]:
 (a) LMWH should be switched to UFH in 

last month of pregnancy or earlier prior to 
anticipated delivery as UFH has shorter 
duration of action and is easier to reverse.
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 (b) Therapeutic anticoagulation with LMWH 
is stopped 24 h before induction of labour.

 (c) If labour develops in a patient receiving 
UFH, discontinue it. Protamine is best 
avoided during antenatal period if haem-
orrhage can be controlled with routine 
measures.

 (d) Neuraxial block is withheld up to 24 h of 
last therapeutic dose and 12 h of last pro-
phylactic dose of LMWH.

 (e) Anticoagulation should be resumed only 
4–6 h after vaginal delivery, 6–12 h after 
CS or 12 h after neuraxial catheter removal. 
It may be delayed in case of continued 
bleeding. Avoid removal of neuraxial cath-
eter within 12 h of last injection.

Reversal of UFH is usually not required if 
there is minor bleeding. If bleeding persists, 
anticoagulation may be withheld until bleed-
ing stops. If bleeding is severe, anti-heparin 
therapy (protamine sulphate) is used [11, 25]. 
The dose of protamine depends up on the tim-
ing of the last dose of UFH.  For immediate 
reversal, dose of protamine is 1 mg for every 
100 U of UFH (maximum 50 mg), and aPTT 
can be used to evaluate the response to rever-
sal. When given as IV infusion, UFH adminis-
tered during last 2–2.5 h is used to calculate 
the dose of protamine. Protamine does not 
reverse the effect of LMWH completely but 
can neutralize the AT effect. Use 1 mg prot-
amine per 1 mg enoxaparin or per 100 units 
dalteparin or tinzaparin given in previous 8 h. 
In fondaparinux-related haemorrhage, recom-
binant activated factor VII can normalize the 
coagulation. Warfarin effect is reversed by 
vitamin K administration (1–2  mg oral or 
5–10 mg IV in urgent situations).

 3. Osteoporosis [26]: Risk for osteoporosis and 
vertebral fractures is increased in patients 
receiving UFH for over a month (approximate 
incidence 2%).

 4. Preservatives: Preservatives like benzyl alco-
hol in multi-dose vials of LMWH and UFH 
can have adverse foetal effects. Single-dose 
delivery syringes generally do not contain 
preservatives. This however should be con-
firmed from the product label.

 5. Heparin resistance: Antithrombotic action of 
heparin depends on antithrombin III. Hence, 
deficiency in plasma antithrombin III (e.g. in 
DIC, massive VTE, liver failure) results in 
resistance to heparin [27]. Increased amount 
of heparin or substitution by oral anticoagu-
lants is required to counteract heparin 
resistance.

 6. Warfarin is associated with teratogenicity and 
warfarin embryopathy [28]. Hence, patients 
on warfarin are switched over to heparin at 
least in the first trimester and also for the rest 
of pregnancy unless the risk of thrombosis is 
high as in prosthetic valves.

15.5  Postpartum Use 
of Anticoagulation

Anticoagulation is reinstituted in the postpartum 
period in most patients who were receiving anti-
coagulants during antenatal period. As mentioned 
earlier, prophylactic anticoagulation is indicated 
in some patients only during postpartum period. 
The duration of postpartum anticoagulation 
depends upon the indication for anticoagulation 
and is given for at least 6 weeks postpartum or for 
3  months. Both heparins and warfarin can be 
given to breast-feeding women [1, 29].

15.6  Diagnosis and Management 
of Acute VTE During 
Pregnancy

Any woman with symptoms or signs of VTE 
should be hospitalized, and treatment with 
LMWH/UFH should be started without delay 
based on clinical suspicion unless absolutely con-
traindicated [30]. It may be stopped once diagno-
sis is excluded by objective testing. Compression 
duplex ultrasound is performed immediately [1, 
30, 31]. If this confirms the presence of DVT, 
treatment for VTE should continue. No further 
investigation is required. If this is negative, anti-
coagulants may be discontinued. In case high 
level of clinical suspicion exists, ultrasound 
should be repeated after 3–7  days [30]. 
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Electrocardiogram and a chest X-ray are also 
done. In the event of suspected PE but without 
clinical features of DVT and/or negative compres-
sion ultrasound, ventilation/perfusion scan or 
CTPA should be performed. If chest X-ray is 
abnormal, CTPA is preferred over V/Q scan. As 
compared to CTPA, V/Q scanning may be associ-
ated with a higher risk of childhood cancer but a 
lower risk of maternal breast cancer [30, 32]. 
However, the absolute risk of either is small. 
Repeat testing should be done if these investiga-
tions are normal, but there is high index of clinical 
suspicion. Anticoagulants should be continued 
until diagnosis is definitely excluded.

Initial management of DVT comprises limb 
elevation and application of graduated compres-
sion stocking. Mobilization with stockings 
should be encouraged. Baseline investigations 
like complete blood count, renal function tests 
and liver function tests are done. UFH or LMWH 
are the anticoagulants of choice for treatment of 
acute thrombosis [7, 30]. Dose of LMWH should 
be titrated according to the woman’s early preg-
nancy weight. Monitoring of peak anti-Xa activ-
ity is not recommended except in women with 
renal impairment or recurrent VTE or with very 
low (less than 50 kg) or very high body weight 
(more than 90  kg) [30]. An IVC filter may be 
considered in the patients with iliac vein throm-
bosis or in patients who have DVT with recurrent 
PE despite anticoagulation or in patients with 
contraindications to anticoagulation.

Massive VTE may present as collapse or 
shock. Such women should be assessed by a team 
of obstetrician, anaesthetist and haematologist. 
An urgent portable echocardiogram or CTPA is 
done. If massive PE is confirmed, immediate 
thrombolysis is considered. Treatment plan 
regarding heparin, thrombolytic therapy or surgi-
cal embolectomy should be individualized [33]. 
IV UHF is preferred for initial treatment of mas-
sive PE with cardiovascular compromise.

Therapeutic dose is continued for the rest of 
the pregnancy and for at least 6 weeks postpar-
tum and until at least a total of 3  months [30]. 
Outpatient follow-up includes clinical assessment 
and checking platelet count and peak anti- Xa 

levels (as appropriate). Warfarin should not be 
used for antenatal VTE treatment and should also 
be avoided in initial postpartum period until fifth 
day or as long as woman is at increased risk of 
postpartum haemorrhage.
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Anaphylaxis

Shailesh Kore, Humaira Ali, and Pradnya Supe

16.1  Introduction

Anaphylaxis is a potentially life-threatening 
hypersensitivity reaction involving multiple 
organs and requires immediate management [1, 
2]. The word “anaphylaxis” is derived from the 
Greek words ana (meaning backward) and phy-
lax (meaning to protect or guard) implying that 
the agent administered for its protective effect 
has on the contrary proved harmful. True defini-
tion of anaphylaxis refers only to IgE-mediated 
hypersensitivity reaction (Type 1), while non 
IgE-mediated reactions are termed as “anaphy-
lactoid reactions.” However it is difficult to dis-
tinguish between two conditions clinically. Also 
the initial management of both these conditions 
is also identical. The World Allergy Organization 
has now classified anaphylaxis into immuno-
logic, immunoglobulin E (IgE)-mediated, and 
non-immunologic reactions [3]. Incidence of 
anaphylaxis during pregnancy is estimated to be 
around 1 in 30,000 pregnancies [4].

Pregnancy involves several hospital visits 
with administration or ingestion of medications 
which can sometimes cause anaphylaxis. Also 

the immunological changes that occur during 
the pregnancy can predispose women to ana-
phylaxis [5].

Anaphylaxis during pregnancy can be devas-
tating and can endanger the life of both the 
mother and the fetus by causing hypoxic- 
ischemic encephalopathy and permanent central 
nervous system damage [6].

16.2  Pathophysiology [7–9]

Anaphylactic and anaphylactoid reactions occur 
because of release of mediators from mast cells 
and basophils following their degranulation due to 
antigen-antibody reaction. These mediators 
include histamine, tryptase, heparin, chymase, and 
cytokines and arachidonic acid metabolites (e.g., 
prostaglandins and leukotrienes), which are stored 
in the granules of mast cells and basophils.

Classical anaphylactic reaction occurs follow-
ing reexposure to an antigen to which the indi-
vidual has already been sensitized due to previous 
exposure in the past. During the primary exposure 
to antigen, IgE antibody is produced, and the sub-
stance which induces this response is called an 
“antigen,” and the individual is now said to be 
sensitized to that particular antigen. These IgE 
antibodies bind to the high-affinity IgE receptor 
on the surface of mast cells and basophils. 
Subsequent reexposure to the same antigen results 
in antigen-antibody reaction, and the antigen- 
bound IgE antibodies cause degranulation of mast 
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cells and basophils and release of histamine which 
is the primary mediator of anaphylaxis along with 
prostaglandins and leukotrienes. Binding of hista-
mine to its H1 and H2 receptors primarily as well 
as prostaglandins and leukotrienes to their respec-
tive receptors is responsible for the widespread 
systemic effects seen in anaphylaxis. Other path-
ways active during anaphylaxis are the comple-
ment system, the kallikrein-kinin system, the 
clotting cascade, and the fibrinolytic system.

Activation of a specific subset of lymphocyte 
lineage (CD4  +  Th2 T cells) is believed to be 
responsible for IgE production. CD4 + T cells have 
been classified as Th1 type or Th2 type. Th1 is 
responsible for cellular immunity and production 
of interferon gamma, while Th2 plays an important 
role in humoral immunity as well as perpetuation 
of allergic response. Multiple factors including 
genetic and environmental factors along with type 
and quantity of immune trigger determine what 
type of response a particular individual would 
develop. Activation of Th2 cells rather than the Th1 
lineage is believed to be responsible for the devel-
opment and perpetuation of allergic responses.

16.3  Etiology

The etiological causes of anaphylaxis during 
pregnancy are the same as with the nonpregnant 
population [5].

Most common causes of this condition during 
pregnancy and labor are:

 1. Food allergy—Peanut allergy is the most 
common food allergy. Other foods commonly 
associated with anaphylaxis include cow’s 
milk, eggs, shellfish, soy, wheat, and tree nuts.

 2. Medications—The most common drugs which 
cause anaphylaxis are the group of beta-lactam 
antibiotics (penicillin) particularly when given 
by parenteral route. These drugs are often used 
to prevent maternal infection when given prior 
to/during cesarean delivery or neonatal group B 
streptococcal infection. Other drugs include 
cephalosporins, sulfonamides, NSAIDs, aspi-
rin, insulin, general anesthetics, insulin, pro-
gesterone, blood products, biological agents, 

radiocontrast materials, and immunotherapy. 
Also iron compounds like iron dextran and iron 
sorbitol injections which are commonly used to 
treat anemia during pregnancy are known to 
cause occasional anaphylactic reactions. 
Fortunately newer iron preparations like iron 
sucrose are less known to cause such reactions. 
Various B complex injections (B1, B6, B12) 
have also reported to cause such reactions.

 3. Latex—Sensitization and subsequent anaphy-
lactic reaction to latex can occur during vari-
ous gynecological and obstetric procedures.

 4. Hymenoptera venoms—Insect bite from hon-
eybees, wasps, fire ants, etc. can also elicit 
IgE-mediated anaphylaxis.

 5. IgG and immune complex-mediated reactions 
can occur to blood and blood products com-
monly used in transfusion. Partially unbound 
iron released from iron sucrose can increase the 
oxidative stress and cause adverse reactions.

Most common cause of anaphylaxis during 
labor and delivery is prophylactic injection of a 
penicillin or cephalosporin to prevent neonatal 
group B streptococcal (GBS) infection or to pre-
vent maternal infection after cesarean delivery 
[10–12].

16.4  Diagnosis

Anaphylaxis is diagnosed when there is rapid 
development of symptoms and signs following 
history of exposure to a likely or known allergen 
and its subsequent evolution over period of min-
utes to hours [13]. The diagnosis of anaphylaxis is 
primarily clinical. The diagnosis can be made in 
the presence of clinical features even if laboratory 
tests are negative. Clinical diagnosis is made based 
on detailed history and development of character-
istic features (symptoms and signs) which are 
often sudden in onset and rapidly progressing. The 
characteristic symptoms typically occur within a 
few minutes to hours after exposure to known or 
likely antigen. Symptoms often involve more than 
one system, most common being skin/cutaneous 
(80–90%), respiratory (70%), cardiovascular, and/
or gastrointestinal (45–50%) cases.
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Features of anaphylaxis in pregnancy include 
intense itching in the vulvar and vaginal areas, 
uterine cramps, low back pain, preterm labor, 
and fetal distress. There is mostly history of 
exposure to known or likely antigen. The sever-
ity of symptoms and signs may vary depending 
on type and quantum of allergen. Hypotension 
and shock may not occur in all cases although 
more than one organ system is typically 
involved.

16.4.1  Diagnostic Criteria

The National Institute of Health (NIH) in 2006 
has set the diagnostic criteria for anaphylaxis 
based on three clinical scenarios [1]. The World 
Allergy Organization published similar guide-
lines which can help in prompt diagnosis and 
management. These guidelines enlist clinical cri-
teria, in which, if present, diagnosis of anaphy-
laxis during pregnancy is most likely.

 1. First, in women with no prior history of ana-
phylaxis or in the absence of any know aller-
gen, anaphylaxis is diagnosed by a rapid onset 
(minutes to hours) of a reaction that involves 
the skin, mucosal tissue, or both (generalized 
urticaria, itching or flushing, swollen lips, 
tongue, and/or vulva), alongside at least one 
of the following symptoms:
• Respiratory compromise—dyspnea, fea-

tures of bronchospasm, stridor, reduced 
peak expiratory flow, and hypoxemia.

• Reduced blood pressure or features sugges-
tive of end-organ dysfunction like hypoto-
nia, syncope, incontinence, or collapse.

 2. Second, when after exposure to a likely aller-
gen, occurrence of two or more of the follow-
ing is within minutes to hours:
• Involvement of the skin or mucosal tissue 

(generalized urticaria, itching or flushing, 
swollen lips, tongue, and/or vulva).

• Respiratory symptoms, dyspnea, features 
of bronchospasm, stridor, and hypoxemia.

• Decreased blood pressure features sug-
gestive of end-organ dysfunction like 
hypotonia, syncope, incontinence, or 
collapse.

• Persistent features suggestive of gastroin-
testinal involvement like pain, abdominal 
cramps, vomiting, etc.

 3. Third, on exposure to a known allergen, 
reduced blood pressure alone is sufficient for 
the diagnosis of anaphylaxis. Reduced blood 
pressure is defined as systolic blood pressure 
of less than 90 mmHg or 30% decrease from 
woman’s baseline blood pressure.
General and systemic examination findings 
may vary depending on the severity and the 
organs involved and may show the following:

• General appearance: patient may be anxious, 
restless, and disoriented.

• Respiratory findings: angioedema of the 
tongue and lips, stridor or wheezing, loss of 
voice, hoarseness, and tachypnea.

• Dermatologic: urticaria (i.e., hives) is the clas-
sical skin manifestation which can occur any-
where on the body; angioedema or soft-tissue 
swelling or erythema can also occur.

• Cardiovascular: tachycardia, hypotension, and 
shock may occur immediately, without any 
other findings.

• Neurological: patient may be disoriented or 
may be agitated and restless.

The tryptase test is a useful indicator of mast 
cell activation. Mast cells are large tissue cells pres-
ent in highest amounts in the skin. They release 
tryptase and other substances as part of the body’s 
normal response to injury but also may release 
them as part of an allergic response. Though diag-
nosis of anaphylaxis is mainly clinical, tryptase test 
may be done to confirm a diagnosis of anaphylaxis, 
as the cause of someone’s acute symptoms, partic-
ularly when done with a histamine test [14]. This is 
especially true if the person has recurrent episodes 
and/or if the diagnosis is uncertain.

Other tests done in anaphylaxis are those 
which are done to diagnose organ damage, like 
renal function tests, liver function tests, etc.

16.5  Differential Diagnosis

Since the most commonly involved systems in 
anaphylaxis are the skin, respiratory system, car-
diovascular, and GIT, differential diagnosis of 
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anaphylaxis is the conditions related to these sys-
tems. Most of the differential diagnoses of ana-
phylaxis during antenatal period of pregnancy are 
not different from general population. History 
and clinical features would help to differentiate 
these conditions from below-mentioned condi-
tions. However, during labor and delivery, condi-
tions like pulmonary embolism and cardiac 
conditions may pose a challenge to differentiate 
from anaphylaxis.

First three 
trimesters 
before labor 
and delivery

Acute asthma, acute generalized 
urticaria, acute angioedema, syncope/
fainting, panic attack, acute anxiety 
attack, postprandial syndromes, upper 
airway obstruction such as nonallergic 
angioedema, hereditary angioedema 
types 1, 2, and 3, shock
Nonorganic diseases such as vocal cord 
dysfunction, hyperventilation, 
psychosomatic episode, Munchausen 
stridor

Labor and 
delivery

Pulmonary edema, pulmonary 
embolism, acquired and congenital 
cardiac conditions, hypotension caused 
by acute blood loss such as abruption 
placentae or uterine rupture, amniotic 
fluid embolism, cerebrovascular 
accidents, preeclampsia-eclampsia- 
associated symptoms such as 
laryngopathia gravidarum and seizures

16.6  Maternal and Fetal 
Outcomes in Anaphylaxis

Anaphylaxis during pregnancy, labor, and deliv-
ery can be devastating for the mother and the 
fetus. Maternal hypoxia, uterine hypoperfusion, 
umbilical vessel vasoconstriction, and peripheral 
fetal vasodilatation induced by histamine could 
lead to impairment of fetal regulation of cerebral 
flow and induce severe neurological damage.

Following hypoxia, there is a compensatory 
redistribution of blood with more blood supply 
preferentially reaching the vital organs like the 
brain, heart, placenta, and adrenal glands. There 
is also an increased oxygen uptake and tissue 
oxygen extraction from the fetal circulation 
along with decreased body movements. Once 
the compensatory mechanisms are overwhelmed 
by prolonged hypoxia; there can be hypoxic 

 ischemic encephalopathy and permanent CNS 
damage in newborn despite survival in a case of 
anaphylactic shock [15].

Maternal cardiac arrest necessitates immediate 
cesarean delivery as fetal hypoxia can occur rapidly 
[16]. Chances of neonatal morbidity are high if ana-
phylaxis occurs during labor. Chances of neonatal 
survival are better if event occurs during cesarean 
section as fetal extraction can be performed concur-
rently along with maternal resuscitation [17].

16.7  Management of Anaphylaxis 
during Pregnancy

Anaphylaxis is a life-threatening medical emer-
gency, and immediate diagnosis and prompt 
intervention are of paramount importance. The 
management guidelines for tackling anaphylaxis 
in pregnancy is similar to that of general popula-
tion as mentioned below:

Diagnosis based on clinical features.
Immediately stop trigger factors/causative 

agents.
Ask for help. Call anesthetists/neonatologist if 

in the third trimester.
Administer adrenaline/epinephrine (0.5/1  mg/ 

0.5–1 mL of 1:1000) intramuscularly every 10 min 
till pulse and BP improve. In severe cases with car-
diovascular collapse, it may be given in IV-diluted 
solution slowly titrated against BP.

Monitor patient pulse oximeter and do ECG.
Maintain patent airway > supply O2 (15 /min) 

by face mask. Consider intubation in severe cases.
Secure two large-bore cannula IV access.
Patients who have hypotension should be kept 

in head low or Trendelenburg position. If woman 
is in third trimester, keep left lateral position to 
avoid aorto-veno compression.

Crystalloids and colloids to treat hypotension.
Try to maintain BP above 90  mmHg and 

SaO2 > 90%.
Secondary therapy in the form of antihistamin-

ics (chlorpheniramine 10–20 mg slow IV) and/or 
steroids (inj hydrocortisone 100–300 mg IV).

In the case of persistent hypotension, nor-
adrenaline drip 4 mg of noradrenaline in 500 mL 
of dextrose at dose of 0.05–0.1 mg/kg/min.
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Monitor ABG. In the case of acidosis, consider 
sodium bicarbonate 8.4% solution (0.5–1  mmol/
kg) IV.

Bronchospasm to be treated with bronchodi-
lators either aminophylline 250  mg IV over 
20  min or salbutamol 250  mg IV slowly. 
Alternatively salbutamol can also be given by 
nebulizer.

If woman is in the third trimester, fetal heart 
rate monitoring by fetal monitor is to be done. 
Emergency delivery/CS may be required in some 
cases showing fetal distress.

There should be proper documentation of all 
events with timings and monitoring.

Once the patient is out of acute attack, when 
trigger factor is not known, further investigations in 
detail may be done to find out cause of anaphy-
laxis. In case delivery has not been contemplated, 
sonography and regular monitoring of the fetus are 
warranted. All possible trigger factors/drugs should 
be strictly avoided, and note of such orders should 
be mentioned in bold letters on all her outdoor and 
indoor papers. Also patient should be told to avoid 
these items/drugs to avoid similar event.

Cardiovascular reaction/
hypotension Bronchospasm/laryngoedema

Cutaneous reaction/
angioedema

Primary Rx Epinephrine 1:1000 solution IV 
at 1 μg/min increased gradually 
to 2–10 μg/min
IV fluid: 1 L of normal saline 
every 30 min or as per response

Oxygen by mask, maintain SaO2 > 90%
Albuterol 0.5 mL of 0.5% solution in 
2.5 mL of isotonic saline by nebulizer 
or two puffs by metered dose inhaler 
every 15 min up to 3 doses

Diphenhydramine 
1–2 mg/kg or 
25–50 mg parenterally

Refractory 
cases/
recurrence

Norepinephrine 4 mg in 1 L 5% 
dextrose in water at 2–12 μg/
min
Glucagon 1 mg in 1 L 5% 
dextrose n water at 5–15 μg/min

Epinephrine 0.3–0.5 mL of 1:1000 
solution IM, every 10 min as needed
Methyl prednisolone 125 mg IV every 
6 h

Hydrocortisone Inj

16.8  Medications and Dosage 
as per Clinical Features

Patient management as well as monitoring 
depends on the severity of the initial reaction and 
the treatment response.

Important and additional measures to be taken 
in pregnant females are as follows [16, 18–21]:

 1. Emergency resuscitation team should include 
anesthesiologists, obstetrician, and a neona-
tologist along with the physician.

 2. In the case of respiratory distress or vomiting, 
the woman should be placed on her left side, 
and lower extremities should be elevated to 
increase the venous return. The uterus may 
need to be displaced manually to the left. 
Supine position may lead to compression on 
the inferior vena cava, and hypotension and 
shock may get exacerbated leading to fatality.

 3. Continuous electronic monitoring of the 
maternal blood pressure, heart rate, respira-

tion, and oxygen saturation along with con-
tinuous electronic fetal monitoring is 
desirable. If electronic monitoring is not avail-
able, the maternal vital parameters as well as 
the fetal heart rate should be monitored as fre-
quently as every 5 min.

 4. The resuscitation team should be prepared for 
emergency cesarean section for anaphylaxis 
refractory to medical management or when 
there is fetal distress.

Biphasic or late phase reactions can occur sev-
eral hours after primary episode of anaphylaxis. 
Though almost 90% of these reactions occur 
within the first 4 h, observation for 24 h has been 
advocated [9, 22].

16.9  Prevention

Avoiding the known allergen is the most impor-
tant in prevention of further attacks of anaphy-
laxis. Patients must also be made aware of 
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cross-reacting allergens, particularly nuts and 
drugs. Patients with known allergies who are sus-
ceptible to anaphylaxis should be advised to wear 
Medic Alert bracelets. They should be advised to 
carry auto-injector kits of epinephrine (e.g., 
EpiPen) and should also be taught how to use the 
same by their physician in case the patient devel-
ops symptoms suggestive of anaphylaxis [23].

16.10  Immunotherapy

The 2011 Allergen Immunotherapy Practice 
Parameter has laid down certain guidelines for 
the potential benefits versus the risk involved in 
immunotherapy in pregnant patients [24]. 
Allergen immunotherapy is avoided during preg-
nancy because of the potential systemic reactions 
as well as the resultant effect on the fetus. The 
therapy can be discontinued if the dosage is 
below the therapeutic range once the pregnancy 
is diagnosed, but the maintenance dose can be 
continued during pregnancy.

16.11  Summary

Anaphylaxis although rare in pregnancy can have 
a potential catastrophic effect on the maternal as 
well as fetal health. The diagnosis is primarily 
clinical. Guidelines may be helpful in prompt 
diagnosis. A high index of suspicion, multidisci-
plinary approach by team of specialty doctors, as 
well as fetal monitoring during and after anaphy-
lactic episode may play an important role in man-
aging anaphylactic reaction in pregnancy with 
optimum outcome.
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Rhesus-Negative Mother

Richa Aggarwal and Amita Suneja

17.1  Introduction

Hemolytic disease of the newborn (HDN) sec-
ondary to rhesus alloimmunization was once a 
major contributor to perinatal morbidity and 
mortality. However, with the advent of anti-D 
immunoprophylaxis, the disease prevalence 
and the associated morbidity and mortality are 
markedly reduced with approximately 1–6 
cases occurring every 1000 live births [1]. 
However, the disease is still a major problem in 
developing countries, including India with an 
estimated 56,700 cases of Rh-HDN occurring 
annually [2].

The incidence of Rh incompatibility varies 
by race and ethnicity. Approximately 15% of 
whites are Rh negative, compared to only 5–8% 
of African Americans and 1–2% of Asians [3]. 
Around 5% of the Indian population is Rh 
negative.

17.2  Pathophysiology

The RhD polypeptide is an integral membrane 
protein exclusively expressed on erythrocytes 
and identified as early as 38 days after concep-
tion [4]. With advancing gestational age, the 
volume and frequency of fetomaternal hemor-

rhage (FMH) increase with quoted rates being 
3%, 12%, and 46% of women in each of the 
three successive trimesters [5]. The volume 
required to cause alloimmunization depends 
upon the immunogenicity of the Rh-positive 
erythrocytes and the immune responsiveness of 
the mother.

After fetomaternal hemorrhage in a 
Rh-negative mother, the initial response to D 
antigen exposure is slow and produces IgM anti-
 D.  On subsequent antigenic exposure, there is 
rapid production of IgG anti-D antibodies which 
cross the placenta and coat D-positive fetal eryth-
rocytes. Anti-D IgG is a non-agglutinating anti-
body which does not bind complement; hence, 
there is no intravascular hemolysis, but seques-
tration and subsequent destruction of antibody- 
coated red cells in the fetal liver and spleen is the 
mechanism of fetal anemia. Mild-to-moderate 
hemolysis is manifested as increased amniotic 
fluid indirect bilirubin levels. Severe hemolysis 
leads to increased red blood cell production by 
the spleen and liver of the fetus leading to portal 
hypertension and placental edema and eventually 
fetal ascites. Hepatomegaly, increased placental 
thickness, and polyhydramnios usually precede 
the development of fetal heart failure. Further 
liver damage decreases albumin production lead-
ing to the development of hydrops fetalis [1]. 
Coexistent ABO incompatibility causes rapid 
clearance of incompatible red cells and, hence, 
reduces the overall exposure to D antigen and, 
therefore, decreased risk of alloimunization.

R. Aggarwal · A. Suneja (*) 
Department of Obstetrics and Gynaecology, UCMS 
and GTB Hospital, Delhi, India

17

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-10-4953-8_17&domain=pdf


150

17.3  Tests for Fetomaternal 
Hemorrhage

Kleihauer-Betke acid-elution test is the most 
widely used test for quantifying FMH [6]. Fetal 
RBCs mainly contain fetal hemoglobin (HbF), 
which is resistant to acid elution, while adult hemo-
globin is acid-sensitive. The test is performed on 
the mother’s blood; the blood undergoes acid elu-
tion and staining. The acid-resistant fetal cell stains 
red; maternal cells stain pink. However, its limita-
tions include (1) cases of maternal hemoglobinopa-
thies where maternal red cells carry excess fetal 
hemoglobin and (2) cases nearing term, when fetus 
has already started to produce hemoglobin A [7].

Flow cytometry is an alternative technique for 
quantifying the size of FMH [8]. Its results are 
more accurate and more reproducible compared 
to Kleihauer test, and since it detects RhD- positive 
cells, it is particularly useful in patients with high 
HbF levels. It is used when a Kleihauer screening 
test indicates a large FMH which requires accu-
rate quantification and follow-up. The rosetting 
technique is another serological method used to 
quantify FMH of RhD-positive red cells.

A 300 μg intramuscular dose of anti-D immu-
noglobulin is sufficient for 15 mL of fetal red cells 
or 30 mL of fetal whole blood. The additional dose 
of anti-D should be calculated on the basis of extra 
20 μg for each mL of fetal cells present. A mater-
nal sample should be collected 72 h after the intra-
muscular administration of anti-D (48  h of 
intravenous anti-D) to assess the removal of fetal 
cells following a large fetomaternal hemorrhage. 
More anti-D may be necessary if fetal cells remain.

No more than five units of rhesus immune 
globulin should be administered by the intramus-
cular route in one 24-h period. If using an intra-
venous preparation, two ampoules (600 μg) may 
be given every 8 h [1].

17.4  Management of Sensitized 
Antenatal Mother

A titer of more than 1:4 is considered sensitized. 
Once Rh antibodies are detected, the next step is 
to determine the concentration of antibodies and 

the likelihood of HDFN.  It is important to find 
out if the antibodies are immune or passive, and 
history of any prior anti-D injection within last 
12 weeks should be elicited.

17.4.1  Distinguishing Between 
Passive and Immune Anti-D

The concentration of passive anti-D Ig in maternal 
samples post-prophylaxis rarely exceeds 1:4 fol-
lowing a dose of 300 μg. Passive anti-D Ig can be 
detected in the blood within minutes after intra-
muscular injection, reaches peak concentration in 
3–7  days, and can be detected for more than 
12 weeks by an indirect antiglobulin test (IAT). 
Immune anti-D on the other hand becomes detect-
able only after 4 weeks of exposure to D-positive 
cells and reaches a peak concentration after 
6–8 weeks, if there is no further exposure [9].

On serial monitoring, if the anti-D level is fall-
ing, it is probably passive, whereas if it is steady 
or rising, it is probably immune. Prophylactic 
anti-D should continue unless it is established 
that the anti-D is immune.

A critical titer is defined as the titer signifi-
cantly associated with development of fetal 
hydrops. This titer varies with institutions based 
on clinical correlation with hemolytic disease of 
the newborn and is between 8 and 32 in most cen-
ters. In Europe and the United Kingdom, the con-
centration of anti-D is measured in IU/mL.  A 
threshold value of 15  IU/mL has been recom-
mended for invasive testing as values below this 
are usually associated with only mild hemolytic 
disease of the newborn [10].

Figure 17.1 summarizes the antenatal man-
agement of a Rh-negative pregnant woman with 
positive antibody screen to Rh antibodies.

17.5  Timing of Delivery

In the case of a Rh-negative non-sensitized 
woman, it is reasonable to continue pregnancy up 
to 40  weeks’ gestation. However, if the preg-
nancy continues beyond 40 weeks of gestation, a 
second dose of Rh Ig should be considered [11]. 

R. Aggarwal and A. Suneja



151

Immune antibodies
Titre >1:4

Titres every 4 wk till 28 wk &
2 wk after that 

Critical titres
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Delivery at
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RhD-positive RhD-negative

Homozygous Heterozygous

No further 
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Rh negative mother

RhD-negative

No further monitoring
Delivery at term

RhD-positive

Fig. 17.1 Flow chart depicting the antenatal management of isoimmunized Rh-negative mother

17 Rhesus-Negative Mother



152

With mild fetal hemolysis, pregnancy may be 
continued till 37–38 weeks of gestation and then 
delivery planned. Induction may be considered 
earlier if fetal lung maturity is documented by 
amniocentesis [3].

Fluorescence depolarization techniques (TDx- 
FLM) should be avoided for conforming fetal 
lung maturity, as values may be falsely elevated 
due to excess bilirubin; the lamellar body count 
or lecithin-sphingomyelin ratio is not affected by 
increased bilirubin and is preferable [1].

With severely sensitized pregnancies requir-
ing multiple invasive procedures, the risks of 
repeated cord blood sampling and transfusions 
must be weighed against neonatal risks associ-
ated with prematurity. Since the neonatal sur-
vival rate after 32  weeks of gestation is more 
than 95% in most neonatal units, transfusion 
may be performed at 30–32 weeks of gestation, 
with delivery planned at 32–34 weeks of gesta-
tion after administering maternal steroid. 
However, many clinicians recommend intrauter-
ine transfusions up to 36 weeks of gestation if 
feasible, in order to limit neonatal morbidity, 
and delivery be planned between 37 and 
38 weeks of gestation [12].

17.6  Management in the Delivery 
Room

17.6.1  Rh-Negative Mother 
Non-isoimmunized

First stage of labor—sweeping and stretching of 
the membranes should be avoided as it increases 
the amount of fetomaternal hemorrhage. The 
maternal and fetal monitoring remains the same as 
per the hospital protocol for low-risk pregnancy.

17.6.1.1  Active Management of Third 
Stage

During the active management, fetomaternal 
transfusion is increased. However, considering 
the poor availability of the Rh-negative blood 
and the potential for postpartum hemorrhage, 
active management of the third stage is not 
discouraged.

17.6.1.2  Cord Clamping
Though still controversial, and no recommenda-
tions in place regarding timing of cord clamping 
in Rh-negative pregnancy till date, studies have 
shown that delayed cord clamping is associated 
with decreased postnatal exchange transfusion 
needs, an improvement in the hemoglobin level 
at birth, and longer delay between birth and first 
transfusion with no significant differences in 
maximum bilirubin levels and intensive photo-
therapy rates or total phototherapy treatment 
duration as compared to neonates with immedi-
ate cord clamping [13].

17.6.1.3  Intrapartum Fetal Sampling
The cord blood sample should be collected to 
determine the baby’s D group to find out if the 
mother requires post-delivery prophylactic anti-
 D Ig. Direct antiglobulin test (DAT) on the cord 
samples of D-positive babies born to non- 
isoimmunized D-negative women is not recom-
mended routinely because following routine 
antenatal anti-D prophylaxis (RAADP), anti-D 
Ig can cross the placenta and bind to fetal D anti-
gen sites, and therefore, 3–6% false-positive DAT 
have been reported leading to unnecessary addi-
tional investigations [14]. The baby should be 
monitored for hyperbilirubinemia.

17.6.1.4  Postpartum Prophylaxis
The risk of sensitization if an Rh-negative mother 
does not receive postpartum anti-D IgG prophy-
laxis after an Rh-positive baby is 12–16%, which 
is reduced to 1.6–1.9% following postpartum 
prophylaxis. In 99.67% of cases, the volume of 
fetomaternal hemorrhage occurring at the time of 
delivery is less than 15 mL [11].

Certain risk factors like traumatic deliveries 
including cesarean section, manual removal of 
the placenta, stillbirths and intrauterine deaths, 
abdominal trauma during the third trimester, and 
twin pregnancies are associated with large FMH, 
but more than 50% of the cases of large FMH 
occur in women without identified risk factor.

Postpartum prophylaxis includes administra-
tion of 300 μg of anti-D to all D-negative with 
D-positive babies which is sufficient to protect 
against a FMH of 30 mL of fetal whole blood or 
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15 mL of fetal red cells. If a full dose of anti-D 
has been given within 21  days before delivery, 
there is no need to repeat it after birth if excess 
FMH has been excluded [15].

17.6.1.5  Quantification 
of Fetomaternal 
Hemorrhage

About 0.3% of women have an FMH greater than 
15 mL which will not be covered by 300 μg of 
anti-D Ig and, hence, would be inadequately pro-
tected [11]. Routine screening of all women at 
the time of delivery for excessive fetomaternal 
hemorrhage should therefore be undertaken. A 
Kleihauer screening test should be performed 
within 2 h of delivery to identify RhD-negative 
women with a large FMH who require additional 
anti-D Ig [6]. The maternal sample should be col-
lected after 30–45 min to give time for any FMH 
to be dispersed in the maternal circulation [16].

Where there is no facility to perform Kleihauer 
testing to quantify the FMH at delivery, it is rea-
sonable to administer a standard postnatal dose 
of 300 μg anti-D Ig [6]. For successful immuno-
prophylaxis, anti-D Ig should be given as soon as 
possible after the potentially sensitizing event but 
always within 72 h. If it is not given before 72 h, 
it should still be given as there may be some pro-
tection when anti-D is given up to 13  days or 
even 28 days after a potentially sensitizing event 
[11]. Ideally, anti-D Ig should be given into the 
deltoid muscle. Women with bleeding disorders 
should receive anti-D Ig subcutaneously or by 
intravenous route. In cases of very large FMH, 
i.e., in excess of 80  mL, intravenous anti-D 
should be considered. Consent should be obtained 
and recorded in the case notes.

If the pregnancy is nonviable and no sample 
can be obtained from the baby, prophylactic anti-
 D should be administered to the woman, if she is 
D-negative [1].

The administration of rhesus immune globulin 
after a postpartum tubal ligation is controversial. 
Keeping in mind the possibility of a new partner 
in conjunction with the availability of in vitro fer-
tilization, it seems prudent to administer rhesus 
immune globulin in these women. In addition, 
RhD sensitization would limit the availability of 

blood products if the patient later requires a 
transfusion [1].

17.6.2  Rh-Negative Mother 
Isoimmunized

The mode of delivery is dependent on standard 
obstetric grounds. Prior intrauterine therapy is not 
an indication for an elective cesarean section [17].

17.6.2.1  Intrapartum Fetal Sampling
If the mother is positive for immune RhD anti-
bodies, cord blood should be tested for RhD anti-
gen. A DAT along with hemoglobin and bilirubin 
levels should be performed on cord blood sam-
ple, and baby should be observed for clinical 
signs of jaundice [6].

Babies who have received in utero transfusion 
of D-negative blood for the prevention of HDFN 
may type as D-negative on testing for several 
months after birth. In these cases, when D-positive 
cells are released into the circulation, there may 
be further red cell destruction, and therefore, the 
baby’s hemoglobin and bilirubin concentrations 
should be regularly monitored, and hence, early 
discharge is not advisable [16].

17.6.2.2  Postpartum Prophylaxis
Women who are already sensitized to RhD should 
not be given anti-D Ig.

17.6.2.3  Neonatal Follow-Up
Overall survival is reported to be 84%. Survival 
of nonhydropic fetuses (92%) is significantly 
better compared with hydropic fetuses (70%) 
[1]. Suppression of erythropoiesis is common 
after several intravascular transfusions. These 
infants are born with extremely low reticulo-
cytes despite a low packed cell volume and 
normal erythropoietin values. Elevated levels 
of passively acquired maternal antibodies in 
the neonatal circulation along with suppression 
of fetal bone marrow production of red cells 
result in need for several top- up transfusions in 
the initial 1–3 months. Weekly neonatal hema-
tocrit and reticulocyte counts should therefore 
be assessed until recovery of hematopoietic 
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function is documented. Threshold hematocrit 
values of less than 30% in the symptomatic 
infant or less than 20% in the asymptomatic 
infant have been suggested as indication for 
transfusion [1].

17.6.2.4  Long-Term Follow-Up
Cerebral palsy and developmental delay are rela-
tively common in fetuses with hemolytic disease 
of the newborn when compared with unaffected 
infants, although a normal outcome is seen in more 
than 90% of cases [18]. Sensorineural hearing loss 
is more common in infants affected by HDFN 
because of prolonged exposure to elevated levels 
of bilirubin and its toxic effect on the developing 
eighth cranial nerve. Therefore, newborn screen-
ing for hearing loss is warranted with follow-up 
screening at 1 and 2 years of age considered [2].

17.6.3  Patient Coming in Labor 
with Positive Indirect 
Antiglobulin Test

A patient may present for the first time in labor 
with a positive ICT report without titers done and 
no further workup. The maternal sample need not 
be sent for quantification at this time, but the 
baby should be monitored for signs of HDFN as 
treatment decisions will be based on the severity 
of neonatal anemia and/or jaundice. The results 
of quantification are unlikely to have a major 
influence on clinical decisions at this stage and 
are not available as quickly as measures of hemo-
globin and bilirubin [14].
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Vaginal Bleeding in Early 
Pregnancy

Kiran Aggarwal

18.1  Introduction

Vaginal bleeding is a common complication in 
early pregnancy and is seen in 20–25% of preg-
nancies in the first trimester. Fifty percent of 
pregnancies which have bleeding in early ges-
tation ultimately abort [1]. It is a commonly 
encountered presentation in early pregnancy 
units. Any woman in reproductive age group 
presenting with bleeding per vaginum should 
be suspected to have pregnancy or pregnancy-
related complications. The presentation may 
vary from a stable patient to a life-threatening 
condition as may happen in ectopic pregnancy, 
incomplete abortion, septic abortion, or 
trauma. Careful history taking and examina-
tion accompanied with ultrasound and beta 
hCG values help in appropriate management 
and optimal outcomes.

In this chapter we present the causes of 
bleeding in early pregnancy, relevant history, 
and examination to be done followed by investi-
gations and diagnosis. Overall management of 
the cases would be discussed together last.

18.2  Causes of Bleeding in Early 
Pregnancy

The bleeding in early pregnancy may be because of 
pregnancy-related causes like abortion, ectopic, 
etc. or those incidentally associated with normal 
pregnancy like traumatic tears, polyps, infections, 
etc. Miscarriages are the most common cause of 
bleeding in early pregnancy (Table 18.1).

18.2.1  History

Like for any medical disease, first the condition 
of the patient should be assessed. If she is hemo-
dynamically compromised, resuscitative mea-
sures like starting IV fluids, oxygen, and 
arranging blood should be done. Then a brief 
quick relevant history should be taken.

History of amenorrhea with acute abdominal 
pain/collapse and adnexal tenderness may indi-
cate a ruptured ectopic. Similarly fever, abdomi-
nal pain, foul smelling discharge, hypotension 
with pallor, abdominal tenderness, and peritonitis 
may indicate a septic abortion with or without 
septic shock.

If patient is stable, then relevant history should 
be taken to arrive at a diagnosis.

History of amenorrhea is important. Last men-
strual period should be documented and gestational 
age should be calculated. It is important to note that 
patient may present with ectopic pregnancy with-
out any amenorrhea. Duration and flow of last 
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menstrual period is important to note whether it 
was a normal period or an episode of bleeding only. 
It can also be implantation bleeding.

Cramping pain may signify process of expul-
sion of products/clots as in miscarriage.

The amount, color, and duration of bleeding 
with history of passage of clots should be asked 
to estimate blood loss. Fresh blood may signify 
threatened or incomplete abortion. Vaginal, cer-
vical lesions and trauma will also cause fresh red- 
colored bleeding. Old brownish bleeding may be 
seen in missed abortion, molar pregnancy, or sub-
chorionic bleeding.

History of passage of any products is impor-
tant. It may signify products or may be a decidual 
cast in ectopic pregnancy rarely. Passage of 
grapelike products denote vesicular mole.

Any other systemic complaints should be 
evaluated like burning micturition, bowel symp-
toms like constipation, inability to pass flatus, 
vomiting, decreased urine output, etc. This helps 
in diagnosing septicemia, subacute intestinal 
obstruction, etc.

Associated history of interference, instrumen-
tation, should be taken.

History of drug intake like abortifacients, non-
steroidal anti-inflammatory drugs, and hormones 
is important. History of assisted reproduction 
methods may point toward heterotopic pregnancy.

Past history of ectopic, abdominal pain, pelvic 
inflammatory disease, and abortions should be 
taken as they are risk factors for repeat disease in 
this pregnancy.

18.2.2  Signs and Symptoms

One should be very considerate and gentle in 
examining the patient. Patient’s general condition, 

pallor, tachycardia, blood pressure, chest, and car-
diovascular system should be evaluated quickly.

Abdomen should be palpated for uterine size 
if palpable which is normally felt per abdomen 
after 12 weeks. Any associated mass-like fibroids 
or ovarian should be noted. Tenderness, guard-
ing, doughy abdomen, and rigidity if present may 
signify peritonitis, or hemoperitoneum. Shifting 
dullness should be seen.

Local examination should be done. Vulva is 
seen externally for any disease and the amount of 
bleeding. Per speculum examination may reveal 
any vaginal or cervical lesions like cervicitis, 
vaginitis, polyps, cervical cancer, etc. Presence 
of postcoital tear should be looked for. Dilated 
cervical os with blood and/or products coming 
from it may signify incomplete or inevitable 
abortion.

Any products lying in the vagina or being 
extruded from the cervix are noted. They should 
be gently removed with ovum forceps and exam-
ined for chorionic villi and send for histopatho-
logical examination.

Bimanual pelvic examination would reveal 
uterine size, softness, mobility of the uterus, 
adnexal masses, and cervical motion tenderness. 
It should be assessed whether size of the uterus 
corresponds with the period of gestation or not. 
It may be smaller in complete abortion, incom-
plete abortion, or missed abortion. Enlarged 
uterus with closed os with bleeding will indicate 
threatened abortion, or if the uterus is soft and 
normal size, it may indicate complete abortion. 
Bulky uterus with os open or closed signifies 
inevitable or incomplete abortion. Normal size 
uterus with tender adnexal mass would point 
toward ectopic.

The uterus may be larger in vesicular mole or 
multiple pregnancy or if associated with fibroids.

Table 18.1 Differential diagnosis of bleeding in early pregnancy

Causes related to pregnancy and uterus
 •  Abortion: Threatened, missed, and incomplete 

abortion
 • Septic abortion
 • Sub chorionic bleeding
 • Ectopic pregnancy
 • Molar pregnancy
 • Idiopathic bleeding in pregnancy

Associated causes with normal pregnancy (Cervix, vaginal, 
and vulval causes)
 • Vulval, vaginal, and cervical infections and ulcerations
 • Polyps
 • Malignancy with pregnancy like cervical/vaginal malignancy
 • Postcoital tear/iatrogenic trauma
 • Bleeding which may not be from genital tract:
 • Hemorrhoidal (piles)
 • Urinary tract infections/ bladder stone
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Features of peritonitis, intestinal obstruction 
with a toxic patient with infected discharge from 
the os, or products lying in the cavity may sug-
gest septic abortion or intestinal injury following 
perforation. If handheld Doppler is available 
after 11–12  weeks of gestation, fetal cardiac 
activity can be confirmed.

Pouch of Douglas should be palpated for any 
collection fullness, nodules. Any foreign body in 
the vagina or cervical canal should be also noted 
for any attempted induced abortion.

18.2.3  Laboratory Investigations

Hemoglobin is done to assess the blood loss 
and anemia. Blood group and Rh should be 
known. Increased total leukocyte count and 
differential count with increased poly morphs 
will indicate sepsis.

Kidney function tests may be deranged in sep-
sis and blood loss. Coagulation profile should be 
done in massive hemorrhage and sepsis.

Urine for pregnancy test to confirm pregnancy 
should be done. Urine microscopic examination 
should be done to find pus cells and bacteria for 
urinary tract infection.

If clinical examination and history is not con-
clusive, then ultrasound and beta hCG may be 
done.

All Rh-negative women with bleeding should 
receive RhO(D) immune globulin, to protect 
against development of Rh alloimmunization.

Ultrasound examination: Transvaginal 
sonography is a valuable tool to assess location 
and viability of early pregnancy. For a normal 
pregnancy by 5 weeks of period of gestation, a 
5  mm intrauterine sac should be visible. It is 
important to distinguish it from pseudogesta-
tional sac of ectopic pregnancy [1]. Yolk sac is 
visible at 6 weeks when gestational sac is greater 
than 10 mm in diameter. Cardiac activity should 
be present when the embryo exceeds 5  mm in 
length [1]. If these discriminatory criterions are 
not met, it may indicate pregnancy failure, and 
evaluation should be done again after 1 week to 
confirm findings of a loss.

Patients with positive urine pregnancy test 
with bleeding per vaginum, transvaginal ultra-
sound tells us about intrauterine pregnancy and 
its viability. It also reveals any retained products 
of conception in incomplete abortion.

Empty uterus on ultrasound with adnexal 
mass with positive urine pregnancy test is almost 
diagnostic of ectopic pregnancy (Fig. 18.1). 
Hemoperitoneum can be easily picked by ultra-
sound examination. Molar pregnancy, subchori-
onic hematoma, multiple gestations, and demise 
of one of the twins are other important findings in 
work up of an early pregnancy bleeding which 
can be confirmed by ultrasound.

If urine pregnancy test is positive and the uterus 
is empty with no adnexal mass, then the term preg-
nancy of unknown location is used. In this situation 
differential can be complete abortion, emerging 
normal pregnancy, or ectopic pregnancy.

Fig. 18.1 Ectopic 
pregnancy
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18.2.4  Measurement of Beta Unit 
of Human Chorionic 
Gonadotropin

The beta hCG can be detected in the blood around 
22–23  days of last menstrual period. The rou-
tinely available urinary pregnancy test kits detect 
beta hCG of 25 miu/ml [2]. This test is positive in 
most of the ectopic pregnancies.

The level of beta hCG beyond which an intra-
uterine sac should certainly be seen on ultrasound 
scan is called discriminatory level. This varies in 
different reports. A level of 1500–200 IU/l is gen-
erally taken at which pregnancy should be visible 
on transvaginal scan.

If the pregnancy location is not seen, then diag-
nosis of ectopic is almost certain. Complete abor-
tion, failing intrauterine pregnancy, and very early 
twin pregnancy can be the other differentials.

If the values are below the discriminatory lev-
els, then pregnancy won’t be visible on ultraso-
nography and may be called a pregnancy of 
unknown location. Serial beta hCG levels may be 
needed to arrive at a diagnosis. For a normal 
developing intrauterine pregnancy, beta hCG rise 
is seen to be at least 50% in 48 h in almost 99% of 
normal pregnancies [3]. Twenty percent of 
ectopics also may show beta hCG rise of 50% in 
48 h [4].

Slowly rising titers may indicate ectopic preg-
nancy or failing intrauterine pregnancy. Falling 
beta hCG may indicate nonviable intrauterine 
pregnancy or resolving ectopic pregnancy. The 
rate of decrease for a spontaneous abortion is 
dependent on the initial β-hCG level. The average 
rate of decrease in the first 48  h is typically 
greater than 70%. A rate of decrease less than 
21–35% (depending on initial level) is inappro-
priate, and an ectopic pregnancy should be 

 suspected [4]. One should think of gestational 
trophoblastic neoplasia if the titers are very high.

18.2.5  Diagnosis and Management

18.2.5.1  Ectopic Pregnancy
Ectopic pregnancies constitute 1–2% of all first 
trimester pregnancies. Risk factors for ectopic 
pregnancies are prior tubal pregnancy, surgeries 
on fallopian tube like recanalization, sexually 
transmitted diseases, pelvic inflammatory disease 
and other infections like appendicitis, and in our 
country tuberculosis. Infertility and ART also 
increase the risk of ectopic pregnancies.

At a value of 1500–2000  mIU/mL of beta 
hCG, intrauterine gestational sac is always seen 
[1]. If at this level sac is not seen on the ultra-
sound, a diagnosis of ectopic is almost confirmed. 
Very early multiple gestations may have higher 
beta hCG values early on before pregnancy is vis-
ible. Heterotopic pregnancy should also be 
thought of [5].

Adnexal mass, cervical movement tenderness, 
free fluid in the pelvis with empty uterus, and a 
positive urine pregnancy test are almost diagnos-
tic of ectopic pregnancy. Clinical history and 
examination should always be correlated.

Management of ectopic pregnancy can be 
medical or surgical or expectant.

18.2.6  Medical Management

Methotrexate is used for medical management of 
ectopic pregnancy and can be used when follow-
ing situations exist (Table 18.2). Contraindications 
of the drug also should be known before using it.

Single-dose methotrexate treatment [6].

Table 18.1 Prerequisites for medical management of ectopic pregnancy

Prerequisites for medical management
Patient is hemodynamically stable with few or no complaints
No free fluid in the abdomen and pelvis
Gestational sac less than 3.5 cm
Absent embryonic cardiac activity
Beta hCG levels less than 5000 IU/L

Contraindications to use of methotrexate
Deranged liver enzymes, complete blood count, and 
platelet count
Any known allergy to the drug
Breast feeding and renal disease
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Complete blood count, kidney function test, 
and liver function are done.

Day 1 beta hcg levels methotrexate 50 mg/m2.
Day 4 and 7 beta hcg levels.
There should be a fall of 15% between day 4 

and 7. Follow the levels weekly till normal.
After methotrexate administration, the β-hCG 

level should decrease by at least 15% from day 4 
to day 7. If the β-hCG levels do not decrease by 
at least 15% from day 4 to day 7 or if it plateaus 
or increases after the first week following injec-
tion, it is taken as treatment failure. In this case, 
additional methotrexate administration or surgi-
cal intervention is required [7].

18.2.7  Surgical Management

This should be done when patient is not stable, 
there is intraperitoneal bleed, cardiac activity is 
present, sac is big, or any contraindication to 
medical treatment exists.

Laparoscopy is the procedure of choice unless 
patient is hemodynamically compromised. 
Salpingostomy is done when tube is conserved, 
and salpingectomy is a radical procedure when 
the affected tube is removed.

18.2.8  Expectant Management

Expectant management can be done when beta 
hCG levels are less than 1000 IU/L and on decreas-
ing trend. Sac is very small or not seen. There 
should not be any symptoms and no free fluid in the 
abdomen. Patient should be counseled that in spite 
of the fall, she may need surgical management.

18.3  Early Pregnancy Loss

This occurs in 10% of clinically determined preg-
nancies. Most common cause of first trimester 
abortions is chromosomal abnormalities. Previous 
history of abortions and advancing maternal age 
are important risk factors [8, 9].

Detailed history, clinical examination, and 
correlation with ultrasound are important. When 
needed beta hCG levels should be done to make a 
diagnosis of pregnancy loss. If the patient wishes 
is stable and wants to wait for final decision, her 
opinion should be considered.

Threatened abortion: Uterine bleeding with 
viable intrauterine early pregnancy before 
20 weeks with closed cervical os is diagnostic 
of threatened miscarriage. Treatment is expect-
ant and watchful observation. Ninety to ninety-
six percent viable pregnancies with bleeding 
continue [10].

Inevitable miscarriage: If cervix is bal-
looned out or dilated or the products can be felt 
through the cervical canal with increasing bleed-
ing and pain, then it is inevitable that the preg-
nancy is going to aborted. Management is 
expectant, or medical or surgical intervention 
may be taken depending on the amount of bleed-
ing and the condition of the patient.

18.3.1  Complete Miscarriage

If the conceptus is expelled out totally, then patient 
would complain of less bleeding and pain. On 
examination os will be generally closed and uterus 
would be just bulky or normal size. Ultrasound 
reveals empty uterus with no adnexal mass. This 
would lead to a diagnosis of complete abortion.

It may be confused with an ectopic pregnancy 
or pregnancy of unknown location. Demonstration 
of chorionic villi in the tissue that was passed out, 
falling beta hCG levels and improvement of symp-
toms, indicates complete abortion. No treatment is 
needed; if there is a doubt, then serial beta hcg lev-
els should be followed till they are negative.

Incomplete abortion: os is open; products of 
conception are inside the uterine cavity. Uterine 
size may be smaller than expected according to the 
period of gestation. Severe bleeding may occur as 
the uterus is not well contracted and patient may 
present in shock. Generally if bleeding is there, 
surgical evacuation should be there. With minimal 
bleeding medical management can be done.

18 Vaginal Bleeding in Early Pregnancy
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Missed abortion. It is the demise of the 
embryo or fetus in utero before 20 the week of 
pregnancy and retention of products of concep-
tion for a long time. Patient may complain loss of 
symptoms of pregnancy. Brownish blood dis-
charge may be seen. Ultrasound reveals an 
embryonic gestational sac or fetal node without 
cardiac activity (Fig. 18.2). Expectant or a medi-
cal or surgical treatment may be given.

18.4  Expectant Management 
for Abortion

This constitutes waiting without any intervention 
for the products to be expelled. This seems to be 
more successful in symptomatic patient and those 
with history of passage of products rather than 
missed abortion. If the patient is stable and there 
is no fever, anemia, infection, or significant 
bleeding, expectant management may be tried. 
Expectant management is successful in achieving 
complete expulsion in approximately 80% of 
women [11].

18.5  Medical Management

Misoprostol a prostaglandin E1 analogue can be 
used as an alternative to surgical evacuation or 
watchful expectancy.

18.5.1  Misoprostol for Early 
Pregnancy Loss

Eight hundred micrograms per vaginally is 
used. Dose can be repeated if needed. After 
7–14  days, complete expulsion may be evalu-
ated by ultrasound.

Women who are Rh(D) negative and unsen-
sitized should receive Rh(D)-immune globulin 
within 72 h of the first misoprostol administra-
tion [12].

18.5.2  Surgical Evacuation

If the patient is bleeding or has infection, then 
surgical evacuation may be done. Suction evac-
uation is the procedure of choice. Manual vac-
uum aspirator may be used [13, 14]. 
Contraception after early pregnancy loss: patient 
may start hormonal contraception immediately 
after early pregnancy loss. Intrauterine copper 
device may be inserted after surgical 
evacuation.

18.6  Other Causes

Other causes like vaginitis, trauma, malignan-
cies, polyps, etc. can be seen on visual inspection 
and treatment may be done accordingly.

Fig. 18.2 Missed 
abortion
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Ectropion: this is eversion of columnar epi-
thelium and may be bleeding on coitus or pelvic 
examination or per speculum examination. Per 
say no treatment is needed.

Implantation bleeding: this may occur at the 
time of the expected menses after fertilization 
and is usually spotting and may be because of 
fertilized egg implanting in the deciduas.

18.7  Conclusion

Usually early pregnancy bleeding is associated 
with adverse pregnancy outcomes like miscar-
riage IUGR, preterm birth, etc. With light spotting 
or light bleeding, prognosis is usually good, espe-
cially in the early gestation like before 6–8 weeks.

Threatened abortions with documented viable 
pregnancy usually have a good prognosis. When 
clinical diagnosis is difficult, transvaginal scan 
and beta hCg values should be seen. Medical 
management of ectopic is effective only if patient 
is ready for follow-up. Surgical evacuation is a 
time-tested quick procedure to empty the uterus. 
Psychological support to the patient is utmost 
needed.
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Vaginal Bleeding in Late Trimester

Kiran Guleria, Bhanu Priya, 
and Archana Chaudhary

19.1  Introduction

Vaginal bleeding in late pregnancy or antepartum 
hemorrhage (APH) poses life-threatening morbid-
ity to mother and compromises fetus either due to 
uteroplacental insufficiency or preterm birth. 
Antepartum hemorrhage is defined as bleeding 
from or in the genital tract after 24 weeks of preg-
nancy and before birth of baby. It accounts for 
3–5% of pregnancy-related complications [1]. 
Placenta previa, placental abruption, and vas previa 
are most important causes for vaginal bleeding in 
late trimester. Optimal management of these com-
plications depends on timely detection and well-
planned intervention with the multidisciplinary 
approach. Table 19.1 enumerates the causes of vagi-
nal bleeding in late trimester, and this chapter will 
discuss the major three causes of vaginal bleeding.

There are no consistent definitions of the 
severity of APH. It is recognized that the amount 
of blood lost is often underestimated and that the 
amount of blood coming from the introitus may 
not represent the total blood lost (e.g., in a con-
cealed placental abruption). It is important, there-
fore, when estimating the blood loss, to assess for 
signs of clinical shock. The presence of fetal 
compromise or fetal demise is an important indi-
cator of volume depletion.

According to RCOG guidelines 2011, the 
hemorrhage is considered to be:

Minor hemorrhage—blood loss less than 
50 mL that has settled.

Major hemorrhage—blood loss of 
50–1000 mL, with no signs of clinical shock.

Massive hemorrhage—blood loss greater than 
1000 mL and/or signs of clinical shock.

Regardless of the site of bleeding, women pre-
senting with an APH may be broadly divided into 
two groups:

• Those with a major hemorrhage.
• Those with an APH where immediate resusci-

tative measures are not required.

19.2  Major APH: Emergency 
Management

• Observation—General maternal condition, 
pulse, BP, respiration, and oxygen saturation.

• History—LMP, pregnancy history, recent 
trauma, amount of blood loss, and pain.

• Call for help—Additional staff.
• Basic life support—Airway, breathing, and 

circulation.
• IV access and fluid replacement—Via large 

bore cannula. Crystalloid (up to 2 L of ringer 
lactate/Hartmann’s solution) or colloid (up to 
1 L) depending upon the severity of bleeding.

• Blood and blood products—RCC to be trans-
fused according to the patient’s condition. 
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Four units of FFP and ten units of cryoprecipi-
tate (two packs) can be transfused if coagu-
lopathy is suspected even before blood 
investigations arrive.

• Investigations—CBC, coagulation profile, 
KFT, electrolytes, Kleihauer-Betke test, ABG 
in severe cases.

• Obstetric examination—Uterine size, fetal 
presentation, and lie. Assess uterine activity, 
pain, and tenderness.

• CTG and USG—To assess fetal Well-being 
and placental localization.

• Speculum examination—To observe for 
amount and source of bleeding.

• Consider delivery—To improve maternal 
hemodynamics.

• Medication—If time permits corticosteroids 
for fetal lung maturation, consider MgSO4 for 
fetal neuroprotection if <30  weeks of gesta-
tion and imminent delivery is likely. Anti-D if 
she is Rh−ve.

• Documentation.
• Communication—With the woman and her 

family should be clear and unambiguous.

19.3  APH Where Immediate 
Resuscitative Measures  
Are Not Required

• History
 – Timing and amount of blood loss.
 – Associated features—e.g., trauma or sex-

ual intercourse.
 – Fetal movements since the bleeding has 

started.
 – Previous episodes of bleeding in current 

pregnancy.

 – Review of any USG performed earlier in the 
pregnancy, particularly for placental site.

 – Past obstetric, gynecological, medical, and 
surgical history.

• Examination
 – General condition—PR, BP, RR, temp, 

pallor, edema.
 – Obstetric examination—Fundal height, fetal 

size and presentation, uterine tenderness.
 – Vaginal examination—With speculum 

only, to assess the site of bleeding.
• Blood investigations

 – CBC.
 – Blood group and cross match (at least two 

units).
 – Coagulation profile.
 – Kleihauer-Betke test.
 – KFT, electrolytes.

• Fetal well-being assessment
 – CTG.
 – USG.

• Ultrasound scan
 – For placental location.
 – An ultrasound scan is not the investigation 

of choice to diagnose a placental abruption.
• Medication

 – Corticosteroids if <34 weeks.
 – Anti-D if Rh-ve.
 – If birth is imminent at a gestation less than 

30  weeks, consider MgSO4 infusion for 
fetal neuroprotection.

 – Analgesia if required.
• Documentation and communication

While it has been a common clinical practice 
to routinely admit women who have experienced 
an APH, there is no high level evidence to sup-
port this practice.

Causes of vaginal bleeding in late trimester

Major causes
Placenta previa
Placental abruption
Vasa previa

Other causes
Excessive show
Cervical trauma
Cervical polyp or ectropion
Cervical cancer
Vaginal or cervical varicosities
Undetermined

Table 19.1 Causes of 
vaginal bleeding in late 
trimester
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19.4  Placenta Previa

19.4.1  Definition

Placenta previa is defined as implantation of pla-
centa in lower segment of uterus (LUS) overlying or 
within 2 cm of internal os [2]. It is classified ultraso-
nographically as major when the placenta either 
partly or completely covers the internal os and 
minor degree when the leading edge of the placenta 
is within 2 cm of internal os but not covering it [3].

19.4.2  Incidence and Epidemiology

Placenta previa occurs in approximately 0.5% of 
pregnancies reaching third trimester. The diagno-
sis of low-lying placenta is often identified at 
16–20 week ultrasound; however, 90% will not 
have abnormal placentation after 30  weeks of 
gestation. Therefore, a transvaginal scan (TVS) 
at 20  weeks can reclassify 26–60% of cases 
where transabdominal scan (TAS) showed a 
diagnosis of low-lying placenta.

19.4.3  Risk Factors

• Multiple pregnancy.
• Advanced age > 35 years.
• High parity >6 pregnancies.
• Smoking.
• Deficient endometrium as in scarred uterus 

due to previous cesarean section or myomec-
tomy or any uterine surgery.

• Manual removal of placenta.
• Endometritis.
• Uterine curettage.

19.4.4  Pathophysiology

The pathophysiology of placenta previa is not 
fully understood. Preferentially placenta grows 
in fundal region of the uterus as it has more 
blood supply than LUS.  Abnormal placenta-
tion can be due to the above mentioned risk 
factors or failed placental apparent migration 
that occurs due to differential growth of LUS.

A previous cesarean section can influence this 
apparent migration of placenta and chances of 
persistent placenta previa, and further progres-
sion to abnormal invasion (placenta increta and 
percreta) may occur (Table 19.2) [4].

19.4.5  Clinical Presentation

• Painless vaginal bleeding, recurrent 
episode.

• Uterine tenderness and irritability is unusual, 
but sometimes may be there if associated with 
abruption placentae.

• Fatal malpresentation or unusually high and 
mobile presenting part.

• Asymptomatic, incidental USG finding.
• Excessive vaginal bleeding in labor.

19.4.6  Complications of Placenta 
Previa

19.4.6.1  Maternal
• Hemorrhagic shock.
• Preterm labor and prelabor rupture of 

membranes.
• Increased operative interference, cesarean 

section.
• Placenta accreta, increta, percreta.
• PPH.
• Amniotic fluid embolism.
• Maternal morbidity and mortality.

19.4.6.2  Fetal

• Prematurity.
• Fetal growth restriction.

Table 19.2 Relationship between previous cesarean sec-
tion (CS) and risk of placenta previa and accreta

No. of 
CS

Placenta previa 
incidence (%)

Placenta accrete 
incidence (%)

0 0.26 3
1 0.65 11
2 1.5 40
3 2.2 61
4 10 67
5 10 67

19 Vaginal Bleeding in Late Trimester
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• Malpresentation.
• Hypoxia.
• Perinatal morbidity and mortality.

19.4.7  Diagnosis of Placenta Previa

The diagnosis is confirmed by USG localiza-
tion of placenta. Anterior placental edge is 
easily visualized with partially full bladder 
and then empty bladder. Posterior placenta 
poses problem with shadowing by the present-
ing part which is overcome by oblique visual-
ization with transducer placement lateral to 
midline.

19.4.8  Management

19.4.8.1  Principles
• All women should report to their antenatal 

care provider.
• Clinical assessment for expectant versus 

urgent intervention to manage maternal and 
fetal compromise.

• If no maternal compromise full history and 
examination. No PV examination should be 
done.

• Corticosteroids for fetal lung maturity between 
24 and 34 weeks.

• No role of tocolytics (RCOG 2011).
• A speculum examination should be done 72 h 

after bleeding has stopped.

19.4.8.2  Expectant Management
It aims to prolong pregnancy and achieve fetal 
maturity while minimizing maternal and fetal 
risks. It targets those patients who had sentinel 
bleed, and maternal health is not impaired. A 
policy of expectant management, pioneered by 
MacAfee, continues to be the standard [5]. The 
focus on bed rest and restricted physical activity 
has been shown to reduce preterm birth and 
perinatal mortality. Corticosteroid coverage is 
given according to gestational age. Any antena-
tal bleeding should be treated with full dose of 
Anti- D in Rh-negative mothers [6, 7]. Hospital 
admission with bed rest is an option, but care-

fully selected women with readily available 
access to intervention can be managed as outpa-
tients especially in minor anterior placenta pre-
via. Blood should be arranged and anemia 
should be corrected. Elective CS/pregnancy ter-
mination should be planned at 37  weeks if 
patient remains stable.

19.4.8.3  Emergent Management
It aims at maternal resuscitation with initially 
with fluid and then blood. Continuous electric 
fetal monitoring should be assessed to detect 
any sign of fetal compromise. Complete blood 
count, PT (prothrombin time), INR (interna-
tional normalized ratio), APTT (activated pro-
thrombin time), and D-Dimer should be sent. 
At least four units of blood should be cross 
matched. Ultrasound should be done to confirm 
placental localization if not done prior. Women 
with maternal or fetal compromise are required 
to be delivered immediately by CS.  A double 
setup examination is occasionally appropriate, 
when the clinician has suspicion of minor pla-
centa previa. The examination should be done 
in operation theater beginning with the placen-
tal edge, with immediate availability of anes-
thesia and blood to take up women for 
immediate caesarian section if required. 
Cesarean section for placenta previa may be 
associated with the following difficulties and 
complications:

• Fetal malpresentation may make extraction of 
fetus difficult.

• Poorly developed and vascular lower uterine 
segment may lead to an extension of the inci-
sion and hemorrhage.

• Difficulty may be encountered in uterine entry 
in an anterior placenta. There may be a need to 
cut through the placenta (not preferred) or 
preferably separate it partially.

• Placenta accreta/percreta may necessitate 
peripartum hysterectomy.

• Postpartum hemorrhage may occur due to 
inability of the lower uterine segment to con-
tract efficiently. Hemostatics compression 
sutures, uterine or internal iliac artery ligation, 
or hysterectomy may be required.
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19.4.9  Summary of the Management of Placenta Previa 

Painless bleeding

History and physical examination

Transfuse / stabilize haemodynamic status

TVUS / TAUS

Assess gestational age / fetal well being

Bleeding stopped no fetal compromise Bleeding profuse or fetal compromise

Expectant management Immediate delivery by CS

Maternal anf ffetal monitoring
steroid if <34 weeks, Anti-D if Rh-ve

Deliver at 37 weeks

central / marginal placenta previa
Placental edge < 2 cms from the os

Placental edge >2 cms from OS

CS
Vaginal
delivery

19.5  Abruptio Placentae

19.5.1  Definition

Placental abruption denotes premature separation 
of normally located placenta either completely or 
partially. The degree of separation of placenta 
determines the maternal and fetal compromise.

19.5.2  Incidence and Epidemiology

It affects 1–2% of pregnancies. The incidence 
increases in proportion to the number of previous 
pregnancy with abruptio placentae.

19.5.3  Risk Factors

• Idiopathic.
• Maternal hypertension.

• Previous h/o abruption.
• Smoking.
• Substance abuse.
• Short umbilical cord.
• Rapid uterine decompression (premature 

rupture of membrane, delivery of first twin).
• Thrombophilia.
• Blunt trauma.

19.5.4  Pathophysiology

The pathophysiology is multifactorial. With blunt 
trauma over the abdomen, placental separation 
and retro-placental hemorrhage can occur. The 
risk of prematurity, stillbirth, and growth restric-
tion are more common with abruption placentae. 
Bleeding from abruption may result in external 
hemorrhage or bloody liquor amnii or may retain 
as retroplacental clot or both. Bleeding in the 
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myometrium may cause couvelaire uterus and 
can result in postpartum hemorrhage. Separation 
of placenta releases thromboplastic substances 
and results in consumption of clotting factors and 
can progress to disseminated intravascular 
coagulation.

Grades of abruption [8].
Grade I: mild abruption, often diagnosed at 

time of birth, when retroplacental clot is identi-
fied, explaining undiagnosed bleeding.

Grade II: symptomatic women with live fetus.
Grade III: severe abruption with dead fetus

• III A: Grade III abruption without 
coagulopathy.

• III B: Grade III abruption with coagulopathy.

19.5.5  Clinical Features

• Fifty percent of women are in established 
labor.

• Diagnosis by clinical presentation is usually 
possible.

• Vaginal bleeding (mild/heavy).
• Abdominal pain and uterine tenderness are 

common features.
• Uterus may be overdistended due to concealed 

hemorrhage.
• Signs of hemorrhagic shock may be there, like 

hypotension, tachycardia decreased urine 
output.

• Signs of fetal compromise or IUFD.

19.5.6  Complications of Abruption

Maternal Fetal
Hypovolemic shock Fetal 

hypoxia
Acute renal failure Prematurity
DIC FGR
Preterm labor/preterm rupture of 
membranes

Fetal death

CS/instrumental delivery
Sheehan syndrome
Maternal death
PPH
Complication of blood transfusion

19.5.7  Diagnosis

The diagnosis of abruption is mainly clinical. 
Ultrasound can also be used for diagnosis for 
abruption but its sensitivity is low (24%) [9]. 
Thus, it fails to detect three fourth of cases. 
Laboratory evaluation includes CBC, PT/INR/
APTT, D-dimer, fibrinogen levels, and thrombin 
time.

19.5.8  Management

Expectant management has limited place.
Only in selected cases of very preterm small 

abruptions in the absence of fetal compromise, it 
is practiced. The basic principles of expectant 
management remain same as that of placenta 
previa.

• Administer maternal corticosteroids.
• Observe for further bleeding.
• Maintain maternal hemoglobin levels.
• Maternal and fetal observations as indicated 

(intensive electronic fetal monitoring, regular 
umbilical artery Doppler).

• Monitor for FGR.
• Short-term tocolytics to allow administration 

of corticosteroids are only recommended till 
34 weeks in mild abruption [9].

• Anti-D if Rh negative.

19.5.8.1  Emergent Management
The first step involves the rapid stabilization of 
maternal cardiopulmonary status and fetal well- 
being assessment. Adequate fluid and blood 
resuscitation are warranted. Laboratory investi-
gations are sent. Nonreassuring fetal heart 
necessitates early CS.  When fetal death has 
occurred secondary to abruption, vaginal deliv-
ery should be the goal. In women who have suf-
fered major blood loss or major abruption, the 
development of DIC should be considered and 
should be corrected. Up to four units of FFP 
and ten units of cryoprecipitate may be given 
while awaiting the results of the coagulation 
studies [10]. There is a risk of postpartum hem-
orrhage in women with abruption. Placental 
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examination should be done for any area of 
abruption or calcification.

19.5.9  Mode of Delivery in Abruption

• Cesarean section if
 – Abruption is severe and bleeding 

persistent.
 – Nonreassuring fetal status.

• Vaginal delivery if
 – Fetus is alive, fetal heart rate pattern 

normal.
 – Fetus is dead and maternal condition is 

stable.

19.5.10  Summary of Management 
of Placental Abruption 

Summary of management of placental abruption

Bleeding and pain, tense and tender
uterus 

Stabilize mother, DIC workup and 
other tests. Monitor urine output  

USG & CTG 

(Exclude placenta previa, assess gestational age and evaluate fetal well
 being 

• Moderate to severe bleeding

• Maternal complication

• Non reassuring feta status

Fetus dead

Mild bleeding

> 34 weeks < 34 weeks

Immediate CS

Immediate delivery by
amniotomy and oxytocin 

Expectant management
Fetal/maternal

monitoring  

Recurrent bleeding

Deliver - amniotomy/oxytocin

19.6  Vasa Previa

Vasa previa is the velamentous insertion of the 
umbilical cord into the membranes in the lower 
uterine segment resulting in the presence of fetal 
vessels between the cervix and presenting part.

19.6.1  Incidence and Epidemiology

It is a rare entity with a reported incidence of 
1:2000 to 1:6000 [11, 12]. It is of two types.

Vasa previa type 1: Secondary to a velamentous 
cord insertion in a single or bilobed placenta.

19 Vaginal Bleeding in Late Trimester
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Vasa previa type 2: Arises from fetal vessels 
running between lobes of a placenta with one or 
more accessory lobes (RCOG 2011).

19.6.2  Risk Factors

• Bilobed placenta.
• In vitro fertilization.
• Low-lying placenta.
• Multiple pregnancy.
• Succenturiate lobe.
• Velamentous insertion of the cord.

19.6.3  Pathophysiology

Vasa previa is of no major maternal risk but 
carries a high risk of fetal mortality from exsan-
guination (33% to 100%), particularly at the 
time of membrane rupture (fetal blood volume 
at term is approximately 250 mL) [13]. Even in 
the absence of bleeding, vessel compression 
may result in compromise of the fetal circula-
tion [14].

19.6.4  Clinical Features

Vasa previa typically manifests as onset of 
bleeding at the time of amniotomy or sponta-
neous rupture of membrane. Rarely, vessels are 
palpated in the presenting membranes, prohib-
iting amniotomy.

19.6.5  Diagnosis

Advances in imaging techniques (color 
Doppler, transvaginal ultrasound) have 
improved antenatal detection rates. Vasa previa 
may occur where a low-lying or even placenta 
previa “migrates” to be out of the lower seg-

ment, but some fetal vessels continue to tra-
verse the cervix or lower segment. The 
diagnosis is confirmed when umbilical arterial 
waveforms are documented at the same rate as 
the fetal heart rate.

There are also two quick biochemical tests  
that can be done to detect fetal blood, but, deliv-
ery should not be deferred for confirmation of 
fetal blood in women with severe hemorrhage or 
when fetal heart tones are nonreassuring. The 
blood sample is taken from the vaginal vault to 
check for fetal blood cells or fetal hemoglobin. 
The Apt test is most commonly used; it is based 
on the resistance of fetal hemoglobin to denatur-
ation by alkaline agents and can be performed in 
the labor and delivery unit. Second is Wright 
stain in which collected blood is evaluated for 
presence of nucleated red blood cells. This test 
can be performed without delay, assuming a nor-
mal fetal heart rate.

19.6.6  Management

If the diagnosis of vasa previa is strongly sus-
pected in the presence of fetal compromise in 
labor, or if hemorrhage is significant, emer-
gency cesarean section (category I) is required 
(RCOG 2011), early notification of neonatal 
team, followed by neonatal resuscitation 
including volume replacement with O negative 
blood.

A color Doppler ultrasound late in the third 
trimester should be repeated, in case vasa pre-
via was identified in the second trimester. In 
cases of confirmed vasa previa in the third tri-
mester, antenatal admission from 28 to 
32  weeks in a unit with appropriate neonatal 
facilities will facilitate quicker intervention in 
the event of bleeding or labor.

The summary of management of vaginal 
bleeding in late trimester is depicted in  
(Fig. 19.1).
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History

Major causes of APH
 - Placenta previa
 - Placental abruption
 - Vasa previa

Prenatal care
-  Gestational age
-  Prior USG

Bleeding
- Color
- Amount
- Risk factors
- Pain
- Prior USG

-  Two large bore cannula / O2
-  CBC
-  Coagulation studies   
- Arrange blood/blood products

Examination
(No PV examination without knowing placental location)  

Abdominal
examination 

Vitals-ABC P/S examination
FHR auscultation /
continuous CTG 

Maternal / fetal compromise

-   Maternal resuscitation
-   IV access / O2
-   Blood & IVF replacement 
-   FHR auscultation
-   Ongoing maternal monitoring

If bleeding not life threatening

Manage according to gestational
age and diagnosis 

Confirm period of gestation &
diagnosis 

¯

¯

¯

USG

Maternal / fetal condition stable?

Admit
Bed rest

Corticosteroids / ± tocolytics
Anti D±

WeeklyBPS 

Mode of delivery according to
diagnosis / POG / maternal and

fetal condition  

At 37 weeks

Abruption placentae

Consider induction of
labor (earlier if
maternal / fetal

compromise present)   

No

Yes

Yes No

Placenta previa

Caesarean section
¯

Initial Management 

Fig. 19.1 Algorithm of management of vaginal bleeding in late trimester
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Postterm Pregnancy

Meenakshi B. Chauhan and Roopa Malik

20.1  Introduction

Duration of human pregnancy is known to be 
280  days. In clinical practice expected date of 
delivery is forecasted by adding 280 days to date 
of last menstrual period. But a pregnancy is said 
to be “term” between 37 weeks and 42 weeks of 
gestation. There are several changes during this 
5-week-long interval which determine the neona-
tal outcome especially the respiratory morbidity. 
Many observational studies have shown increased 
risks to both the fetus and the mother in continu-
ing pregnancy beyond expected date of delivery 
[1, 2]. A large retrospective study evaluated fetal 
and neonatal mortality rates in 181,524 late-term 
and postterm pregnancies and found a significant 
increase in fetal mortality after 41 weeks of ges-
tation compared with 40 weeks (odds ratio, 1.5, 
1.8 and 2.9 at 41 weeks, 42 weeks and 43 weeks 
of gestation, respectively) [3]. A study by 
Caughey and Musci found an increase in the rate 
of meconium and intrauterine death for every 
week after 37  weeks’ gestation and a large 
increase beyond 41 weeks [4].

The American College of Obstetrician and 
Gynecologists (ACOG) has now endorsed a rec-
ommendation that the label “term” be replaced 
by designations early term (37-0/7 weeks through 
38-6/7 weeks), full term (39-0/7 weeks through 

40-6/7 weeks), late-term (41 0/7 weeks-through 
41 6/7 weeks) and post term (42-0/7 weeks and 
beyond) [5]. Moreover, very often in clinical 
practice, there is imprecision in dating of preg-
nancy. This difficulty arises when there are mis-
taken dates or pregnancy occurs in lactational 
amenorrhoea or soon after withdrawal of oral 
contraceptive pills or when bleeding occurs in 
early part of pregnancy. Therefore, it is difficult 
to decide at what gestation the women should be 
delivered for good maternal and fetal outcomes.

In clinical practice the terms postterm, post-
dates, prolonged and postmature are often used 
interchangeably. Postmature term is used for the 
clinical syndrome in the infant showing features 
of pathologically prolonged pregnancy. The term 
postdates should not to be used as it is often not 
easy to date pregnancy in all the women accu-
rately. Postterm or prolonged pregnancy should 
be the preferred term used to describe pregnancy 
extended beyond expected dates.

ACOG and the World Health Organization 
(WHO) have defined postterm pregnancy as that 
lasts 42 weeks (294 days) or more from the first 
day of the last menstrual period [6, 7].

20.2  Incidence and Risk Factors

The incidence of postterm pregnancy ranges 
from 4% to 19% [8]. The incidence varies with 
the method chosen to estimate period of gesta-
tion. Blondel et  al. studied the incidence of 
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 postterm pregnancy based on the last menstrual 
period or sonographic evaluation at 16–18 weeks 
and found 6.4% incidence when gestation was 
calculated based on the last menstrual period, 
while it decreased to 1.9% when sonographic 
fetal biometry was used as a parameter for esti-
mating gestation [9]. The time of sonographic 
evaluation also alters the incidence, e.g. Caughey 
et  al. reported 2.7% incidence compared with 
3.7% when sonographic assessment was done in 
first as compared to second trimester of preg-
nancy [10]. Therefore, using the menstrual dates 
alone to label an index pregnancy as postterm is 
often inaccurate. Both last menstrual dates and 
sonography should be used to label a patient as 
postterm.

The incidence also varies according to eth-
nicity of the mother. African American and 
Asian women are less likely to reach 
41–42  weeks of gestation [11]. Primigravidas 
are at more risk of having a postterm pregnancy 
as compared to multigravidas. Recurrence of 
having a postterm pregnancy is also seen which 
points to genetic inheritance. Similarly, the 
daughters of women with history of giving birth 
to postterm babies are at a higher risk of having 
a postterm pregnancy. Laursen et al. found that 
maternal, but not paternal, genes influenced pro-
longed pregnancy [12]. Obesity (BMI > 25 kg/
m2) is also an important risk factor for having a 
postterm pregnancy [13]. Other risk factors 
include prior postterm pregnancy and carrying a 
male fetus. Fetal disorders have also been asso-
ciated with postterm pregnancies, such as fetal 
adrenal hypoplasia and anencephaly, since there 
is impaired hypothalamic-pituatary-adrenal axis 
in these fetuses leading to decreased corticotro-
phin releasing hormone (CRH) secretion which 
in turn delays onset of labour. Rare cause may 
be placental sulfatase deficiency which is of 
X-linked inheritance [14].

20.3  Diagnosis

The diagnosis of a postterm pregnancy should 
be based on both date of last menstrual period 
and an early sonographic estimation of gesta-

tion using crown rump length (CRL). A 
Cochrane database systemic review has shown 
that early sonographic evaluation leads to 
reduction in need for induction of labour in 
postterm pregnancy [15].

In case pregnancy is the result of in vitro fer-
tilisation (IVF) or intracytoplasmic sperm injec-
tion (ICSI), the date of embryo transfer can be 
used for estimation of gestation. Other less reli-
able methods include date of positive serum/uri-
nary human chorionic gonadotrophin (hCG), 
clinical uterine size measurement in early preg-
nancy, fundal height, perception of quickening or 
detection of fetal heart sound on Doppler.

20.4  Pathophysiology

Pathogenesis of prolonged pregnancy is not 
clearly understood. It appears that the mecha-
nism responsible for parturition fails to be trig-
gered. Corticotropin releasing hormone (CRH) 
produced by placenta has been related to the 
length of gestation [16]. In women who deliver 
postterm, the rate of rise of CRH is found to be 
slower [17].

As the gestation progresses beyond 37 weeks, 
a number of changes take place which play an 
important role in outcome of these women.

20.4.1  Placental Changes

With advancing gestation changes take place in 
placenta as well. Morphological changes that 
occur with placental senescence can be seen on 
ultrasound.

• Grade 0—placenta is usually homogeneous in 
appearance, without echogenic densities, lim-
ited by a smooth chorionic plate. It is usually 
seen in early pregnancy.

• Grade 1—the chorionic plate begins to acquire 
subtle undulations, and echogenic densities 
appear to be randomly dispensed throughout 
the placenta sparing basal layer.

• Grade II—indentations in chorionic plate 
become more marked, echogenic densities 
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appear in basal layer and comma-like densi-
ties seem to extend from chorionic plate into 
placental substance.

• Grade III—the indentations in chorionic plate 
become more marked, giving appearance of 
cotyledons. There is increase in confluence of 
comma-shaped densities that become inter-
cotyledon septations. Also, the central portion 
of cotyledons become echo-free (fall out 
areas), and large irregular densities in the form 
of acoustic shadows appear (Fig. 20.1).

Although grade 0 and I placentas are not seen 
in postterm pregnancies, both grade II and II are 
seen with equal frequency in postterm pregnan-
cies. Therefore, placental grading alone is a poor 
marker for predicting postterm pregnancy. 
Grossly, the incidence of placental calcifications 
and infarction is increased as pregnancy advances 
beyond 38 weeks.

20.4.2  Amniotic Fluid Changes

The volume of amniotic fluid reaches its peak at 
around 38  weeks of gestation. Following this 
there is a gradual decline in amount as well as an 
increase in the density of amniotic fluid. The 
decline is at a rate of 125 mL/week till it reaches 

around 800 mL at 40 weeks. This decline is max-
imum after 42 weeks of gestation. The decrease 
in amount is attributed to redistribution of fetal 
circulation and reduction in renal perfusion. The 
density increases due to increased vernix 
caseosa.

Although the amount of liquor can be clini-
cally estimated, it can be quantified using 
ultrasonography by either amniotic fluid index 
(AFI) or single deepest vertical pocket (SDP). 
The AFI is calculated as the sum of largest 
fluid pockets in four quadrants of uterus 
excluding any fetal part or umbilical cord. It is 
expressed in centimetres. An AFI of 8–20 cm is 
considered to be normal, while AFI <5  cm is 
considered to be oligohydramnios. SDP is cal-
culated by vertical measurement of largest 
fluid pocket in uterus. A value of >2 cm is con-
sidered to be normal.

Regardless of the method used for diagnosis 
of oligohydramnios, it is associated with fetal 
distress and increased neonatal morbidity. There 
is increased risk of cord compression during 
labour. At the same time as there is passage of 
meconium in already reduced amount of amni-
otic fluid, an increased risk of meconium aspira-
tion syndrome prevails due to thick viscous 
meconium.

20.5  Fetal Complications

20.5.1  Postmaturity Syndrome

Shime et  al. reported incidence of postmaturity 
syndrome in nearly 10% of pregnancies between 
41  weeks and 43  weeks of gestation [18]. 
Postmaturity syndrome is an entity in which the 
fetus has unique appearance with wrinkled, 
patchy and peeling skin and thin long extremities 
classically described as “old man” looks 
(Fig. 20.2). Wrinkling is maximum in palms and 
soles. These features are suggestive of wasting 
and loss of subcutaneous fat. The infant is usually 
alert with open eyes and appears worried. The 
nails are long. This picture is not seen in all cases 
of postmaturity. The likelihood increases with 
associated oligohydramnios.

Fig. 20.1 Placenta grade III in sonography in postterm 
pregnancy
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20.5.2  Fetal Macrosomia

Fetal growth continues to occur beyond 37 weeks 
although at a slower pace. It suggests that although 
there is placental senescence, placental function is 
not severely compromised in some of the preg-
nancies resulting in a macrosomic infant. The 
chances of birth trauma increase with fetal macro-
somia due to higher incidence of operative vagi-
nal deliveries resulting in cephalhematoma, facial 
nerve injuries and increased risks of shoulder dys-
tocia, leading to birth asphyxia, clavicle fracture 
or humerus fracture and brachial plexus injuries.

The American College of Obstetricians and 
Gynecologists (ACOG) (2013b) has recommended 
that current evidence does not support early induc-
tion in a woman at term with suspected fetal mac-
rosomia in order to mitigate both maternal and fetal 
morbidities. Moreover, the college concluded that 
in absence of diabetes, vaginal delivery is not con-
traindicated for women with estimated fetal weight 
up to 5000 g. Caesarean section should be done if 
there is prolonged second stage or arrest of descent 
in babies with estimated weight is >4500 g [19].

20.5.3  Fetal Asphyxia

Postterm pregnancy is often associated with oli-
gohydramnios. This can lead to cord compres-
sion. This along with aging of placenta resulting 
in uteroplacental insufficiency can be responsible 
for birth asphyxia.

20.5.4  Meconium Aspiration

Due to decreased liquor, meconium becomes 
viscous leading to meconium aspiration syn-
drome. Its complications include requirement of 
assisted ventilation, pneumonia and pulmonary 
hypertension.

20.6  Maternal Complications

Postterm pregnancy is also associated with sig-
nificant risk to the mother. There is an increased 
risk of the following complications:

 1. Labour dystocia (9–12% vs. 27% at term) 
[20].

 2. Perineal lacerations due to macrosomia (3.3% 
vs. 2.6% at term) [21].

 3. Operative vaginal delivery [22].
 4. Increased caesarean rate and its complications 

[23].
A retrospective study including 119,254 low-
risk pregnancies demonstrated significant 
increase in rate of maternal complication 
beyond 40 weeks’ gestation [24].

20.7  Prevention

Accurate gestational age determination decreases 
the incidence of postterm pregnancy. As 
described, both date of last menstrual period and 
early ultrasonography should be used for accu-
rate diagnosis and appropriate management of 
postterm pregnancy. Several studies have indi-
cated that when ultrasonography is used to con-
firm menstrual dating, the incidence of postterm 
pregnancies is reduced, as is the need for obstetric 

Fig. 20.2 Postmature neonate showing “old man look”
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intervention. For example, in one study, the rates 
of postterm pregnancies reduced from 9.5% to 
1.5% when ultrasonography was used to confirm 
LMP dating [10].

There are various complementary options that 
might be useful to stimulate labour, although evi-
dence is limited to support most of these includ-
ing date fruit [25], castor oil [26], sexual 
intercourse [27], breast stimulation [28], acu-
puncture [29] and homoeopathy [30].

In a recent Cochrane review, membrane 
sweeping at 38–40 weeks, which involves digital 
separation of membranes from the lower uterine 
segment through internal cervical os triggering 
prostaglandin release, has shown to decrease the 
incidence of pregnancies progressing beyond 
41 weeks of gestation [31].

Women with late-term or postterm pregnancies 
should be counselled that the procedure may not be 
successful and may be painful. It may be associated 
with uncomplicated bleeding and irregular uterine 
contractions without labour. Contraindications of 
membrane sweeping include placenta previa and 
other obstetric contraindications.

20.8  Management

Antepartum care includes accurate diagnosis, 
fetal surveillance and option of induction of 
labour or expectant management.

20.8.1  Fetal Surveillance

There is insufficient evidence to recommend 
management strategy between 40 and 42 com-
pleted weeks. Thus not considered mandatory, 
initiation of fetal surveillance at 41 weeks is a 
reasonable option. There are several options for 
fetal surveillance, including non-stress test 
(NST), biophysical profile (BPP) and modified 
BBP (NST and amniotic fluid assessment). 
There is not enough data to define the optimal 
type and frequency of testing. Though a small 
number of studies demonstrate twice-weekly 
surveillance to be superior to once a week sur-
veillance, precise recommendations cannot be 

established [32]. A Cochrane review of five ran-
domised and quasi- randomised trials of fetal sur-
veillance in 2974 high-risk pregnancies that 
included postterm pregnancies found no differ-
ence in perinatal death between BPP and NST 
groups (RR, 1.35; 95% CI, 0.6–2.98) [33].

Although limited by retrospective design, cur-
rent evidence suggests that an ultrasonographic 
assessment of amniotic fluid volume to detect oli-
gohydramnios is warranted. Available data from 
RCTs support the use of single deepest vertical 
pocket (SDP) of amniotic fluid in place of amni-
otic fluid index (AFI) to diagnose oligohydram-
nios as it was found to be associated with 
reduction in unnecessary interventions without 
an increase in adverse perinatal outcomes [34].

When oligohydramnios was observed in post-
term pregnancies, there were statistically signifi-
cant increased rates of meconium-stained amniotic 
fluid, fetal growth restriction, fetal heart abnor-
malities, caesarean delivery and fetal demise [35, 
36]. If oligohydramnios is detected at 41 0/7 weeks 
of gestation or beyond, delivery is indicated.

Diminution of fetal movements appears to be 
associated with increased risk of perinatal mor-
bidity. Though there is limited data to show that 
maintaining the fetal kick chart yields any benefit 
nonetheless, professional consensus is that 
women should report their obstetrician when 
they perceive reduced fetal movements.

20.8.2  Induction of Labour

ACOG recommends that induction of labour can 
be considered for women between 41 0/7 weeks 
and 42 0/7  weeks of gestation. Given the evi-
dence of increase in perinatal morbidity and mor-
tality, induction of labour should be done between 
42 0/7 and 42 6/7 weeks of gestation [37].

On the other hand RCOG recommends offering 
induction of labour between 41 and 42 weeks of 
gestation and increased surveillance from 42 weeks 
in women who decline induction of labour [38].

Once a decision of induction has been made, 
the obstetrician needs to assess the Bishop score. 
It is based on dilatation, consistency, position, 
effacement of cervix and station of head. Success 
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of induction depends on condition of cervix and 
station of head. If the score is unfavourable, then 
methods of cervical ripening are used to increase 
the chances of vaginal delivery. Ripening can be 
done by membrane stripping, Foley’s catheter, 
oxytocin, mifepristone, nitric oxide donors and 
most effectively by prostaglandins.

20.8.3  Intrapartum Care

Women with postterm pregnancy are at high risk 
of fetal asphyxia during labour; therefore they 
should immediately report to hospital on com-
mencement of labour and should be carefully 
monitored. Electronic monitoring is recom-
mended during labour.

Decision for amniotomy is particularly tricky 
as further reduction in amniotic fluid volume can 
enhance chances of cord compression, but it 
helps identification of thick meconium which 
may be dangerous to the fetus. Also, after amni-
otomy, intrauterine fetal monitoring can be com-
menced for more precise monitoring.

Identification of thick meconium at amniotomy 
is particularly worrisome for the fear of meconium 
aspiration syndrome. In a large RCT, amnioinfu-
sion had not shown to decrease risk of meconium 
aspiration syndrome or perinatal death [39]. 
According to ACOG 2012, amnioinfusion did not 
reduce meconium aspiration syndrome; however, 
it remains a reasonable treatment approach for 
repetitive variable decelerations [40].

A caesarean delivery should be done for a 
woman in early labour with thick viscid meco-
nium stained amniotic fluid. Early oropharyngeal 
suctioning at the delivery of head is no longer 
recommended [41].

20.9  Management of Newborn

If the amniotic fluid is meconium stained, pha-
ryngeal aspiration before delivery of shoulders is 
not recommended. The staff managing the post-
term neonate must be skilled in intubation and 
endotracheal aspiration though routine endotra-

cheal intubation of a vigorous neonate is not rec-
ommended. A protocol should be established for 
transfer of neonate to the neonatal intensive care 
unit (NICU).

20.10  Role of Vaginal Birth After 
Caesarean Delivery 
in Management of Postterm 
Pregnancy

A successful vaginal birth after caesarean deliv-
ery is associated with lesser maternal as well as 
fetal morbidity. Therefore, trial of labour after 
caesarean delivery (TOLAC) remains a reason-
able option for women with uncomplicated post-
term pregnancies with previous caesarean 
section. However, as with pregnancies without 
previous caesarean section, the TOLAC failure 
rate increases with advancing gestational age, 
from 22.2% before 40  weeks of gestation to 
35.4% after 41 weeks of gestation [42].

Labour induction further increases the risk 
of uterine rupture as opposed to spontaneous 
labour in these women. Thus, TOLAC remains 
an option for women with postterm pregnancy 
with previous caesarean delivery, but they 
should be counselled regarding their individu-
alised risks such as failure of TOLAC and scar 
rupture.

20.11  Asian Perspective

Studies have shown Asian and African American 
women have a shorter duration of gestation [11]. 
Mathai et al. found that the mean gestation at deliv-
ery following spontaneous labour was 39 weeks in 
Indian women [43]. An Indian study demonstrated 
higher rate of meconium-stained amniotic fluid and 
meconium aspiration beyond 41 weeks of gestation 
than those who delivered between 40 and 41 weeks 
of gestation [44]. In another Indian study on 2010 
among women whose pregnancies were carried 
beyond 40 weeks, intrapartum complications were 
meconium- stained liquor in 18.6%, adverse fetal 
heart rate patterns in 8.4% and shoulder dystocia in 
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2%. The study found that induction of labour 
reduced perinatal mortality and reduced caesarean 
section for fetal distress [45].

Although there is paucity of large studies to 
make any recommendations, obstetricians should 
be aware of this racial discrepancy before any 
decision-making.

20.12  Summary

 1. Postterm pregnancy is associated with 
increased fetal, neonatal and maternal risks.

 2. Accurate determination of gestational age 
should be carried out using the last menstrual 
date and first trimester ultrasound.

 3. Induction of labour should be considered 
between 41 and 42  weeks of gestation and 
definitely recommended beyond 42 weeks of 
gestation considering increase in perinatal 
morbidity and mortality after 41 weeks.

 4. Antepartum surveillance should be done if 
decision of conservative management is taken 
between 41 and 42  weeks of gestation and 
beyond. 
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Diagnosis of Labour

Fawzia Hossain

21.1  Introduction

In this chapter, we shall deal with the mecha-
nism of normal labour, how to diagnose labour 
and the influence the power (uterine activity), 
passage (maternal pelvis) and passenger (fetus) 
have on this process. What are the signs of true 
labour? What do the guidelines say regarding 
false labour pains, causes of onset of labour, nor-
mal physiology, stages of labour, mechanism of 
labour clinical course of stages of labour and its 
management?

We shall build on this knowledge and discuss 
abnormal patterns of labour, the causes and man-
agement options for the treatment of dysfunc-
tional labour.

21.2  Normal Labour

Normal labour is characterised by the onset 
of regular contractions associated with cervi-
cal effacement and dilatation with progressive 
descent of the presenting part.

A baby presenting by the vertex will generally 
enter the pelvis with the occiput in the lateral posi-
tion owing to the fact that the transverse diameter 

is the largest pelvic inlet diameter. As the present-
ing part descends through the pelvis, it rotates so 
that the occiput moves into the anterior position. 
The fetal spine is connected to the back of the 
skull, and therefore pressure directed along the 
spine causes flexion of the fetal head as descent 
and rotation occur. On passing through the out-
let, delivery of the head is achieved by extension. 
Restitution occurs when the head realigns with 
the shoulders. External rotation occurs as the 
shoulders rotate from the transverse position at 
the inlet to the A/P position at the outlet.

Normal labour begins spontaneously at 
37–42  weeks, progresses at an acceptable rate 
and results in the spontaneous vaginal delivery of 
a live undistressed neonate in the occipitoanterior 
position [1–3] (Fig. 21.1).

21.3  Dysfunctional Labour

Dysfunctional labour refers to abnormal labour 
patterns. The first stage of labour is considered 
abnormal when cervical dilatation rate is less 
than 1  cm per hour during active labour. The 
second stage is considered dysfunctional if there 
is failure to deliver the fetus within 1 h of com-
mencement of active pushing [1–3].

Dysfunctional labour may be due to problems 
with the fetus (passenger), problems with mater-
nal or soft tissues (passage) or disorders of the 
uterine activity (power). Each of these will be 
addressed later in this chapter.
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Labour wards may not be the appropriate envi-
ronment for women in the latent phase.Women 
value home assessment in the latent phase, and 
this can reduce the number of visits to hospitals 
[4].

The duration of the latent phase is particularly 
difficult to measure, as women experience the 
onset of labour in a variety of different ways [5].

A long latent phase can often be a discourag-
ing and exhausting experience, and women need 
good consistent psychological support.

The following definitions of stages of labour are 
recommended [6]:

Latent phase
• It is a period of time, when there are painful 

contractions, with cervical effacement and dila-
tation up to 4 cm or less.

Active phase
• There are regular painful contractions, and there 

is progressive cervical dilatation from 4 cm [7].

Fig. 21.1 The normal partogram
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21.3.1  First Stage

Latent phase
• Cervix less than 4 cm dilated.

Active phase
• Cervix between 4 cm and 10 cm dilated.
• Rate of cervical dilatation at least 1 cm/h.
• Effacement is usually complete.
• Fetal descent through birth canal begins.

21.3.2  Second Stage

• Early phase (non-expulsive).
• Cervix fully dilated (10 cm).
• Fetal descent continues.
• No urge to push.

Late phase (Expulsive)
• Fetal presenting part usually reaches the pel-

vic floor, and the woman has the urge to push.
• It typically lasts <1  h in primigravida and 

<30 min in multigravida.
• Carry out vaginal examinations at least once 

every 4 h in the first stage of labour, and plot 
the findings on the partograph.

• The partograph is very helpful in monitoring 
the progress of labour and in the early detec-
tion of abnormal labour patterns [8].

21.3.3  Third Stage

This is from delivery of the baby to delivery of 
the placenta. The uterus contracts shearing the 
placenta from the uterine wall. This separation is 
often indicated by a small spillage of dark blood 
and a lengthening of the cord. The placenta can 
then be delivered by controlled cord traction.

21.4  Common Definitions [1–3]

Lie—this refers to the relationship between the 
longitudinal axis of the uterus and the longitudi-

nal axis of the fetus. This is generally longitudi-
nal but may be transverse or oblique.

Presenting part—this is the portion of the 
fetus felt on vaginal examination.

Position—this is the relationship between a 
defined area of the presenting part (known as the 
dominator) and the mother’s pelvis.

Station—this refers to the level of the present-
ing part in relation to the ischial spines.

Attitude—this refers to the relationship of the 
fetal head and limbs to the fetal trunk. The atti-
tude is generally one of flexion.

Vertex—this is the area bounded by the ante-
rior fontanelle (bregma), posterior fontanelle and 
the biparietal eminences.

Occiput—this is the area below the posterior 
fontanelle.

Sinciput—this is the area in front of the ante-
rior fontanelle. This is divided into the brow (area 
between the anterior fontanelle and the root of 
the nose) and the face (area below the root of the 
nose).

21.5  Anatomical 
and Physiological 
Considerations of the Pelvis 
and Fetus

21.5.1  The Passenger

The cranium is made up of five bones: two pari-
etal bones, two frontal bones and the occiput. 
Suture lines separate the skull bones. The sag-
ittal suture separates the two parietal bones, 
and the frontal suture separates the two frontal 
bones, while the lambdoid suture separates the 
occipital bone and the parietal bones (Figs. 21.2 
and 21.3).

The anterior fontanelle is formed by the junc-
tion of the sagittal, frontal and two coronal sutures 
and is diamond-shaped. The posterior fontanelle 
is formed by the junction of the sagittal and two 
lambdoid sutures and is Y-shaped.

The fetal skull has been divided into areas to 
facilitate the description of the presenting part.
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Fig. 21.2 The suture lines and fontanelle of the cranial bones

Fig. 21.3 The four sagittal diameters
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21.6  What Factors Influence 
the Diameter 
of the Presenting Part?

• Presentation and position.
• Malformations.
• Overall fetal size.

The portion of the fetal skull that presents in 
labour is dependent on the degree of flexion of 
the fetal head.

During the course of normal labour, the ver-
tex presents, and due to the insertion of the spine 
posteriorly, flexion of the fetal head results. The 
widest transverse diameter in this position is the 
biparietal diameter (9.5 cm). The sagittal diame-
ter tends to be the suboccipitobregmatic diameter 
(9.5  cm, below the occiput to the centre of the 
anterior fontanelle).

If the head fails to flex, the resulting diameter 
is the occipitofrontal (11–12 cm, occiput to the 
root of the nose).

Further head extension results in the brow pre-
sentation and the mentovertical diameter (14 cm, 
chin to the centre of the sagittal suture).

Continued extension results in a face presen-
tation and submentobregmatic diameter (9.5 cm, 
angle between the neck, chin and the centre of the 
anterior fontanelles).

Malformations may also influence the size of 
the presenting part. Examples of this will include 
anomalies such as hydrocephalus or large space 
occupying lesions such as teratomas.

21.6.1  The Passages

The female pelvis consists of a pair of innom-
inate bones (pubis, ischium and ilium) joined 
anteriorly by the pubic symphysis while 
articulating with the sacrum and coccyx 
posteriorly.

The brim of the pelvis is comprised of the 
upper border of the pubic symphysis, iliopec-
tineal line, ala of the sacrum and sacral promon-
tory. The brim of the normal gynaecoid pelvis 
is almost round although the sacrum intrudes 
posteriorly. The transverse diameter of the brim 

generally measures 13.5 cm and the AP diameter 
11 cm.

The midpelvis is almost circular in outline and 
is bordered by the apex of the pubic symphysis, 
the ischial spines, the sacrospinous ligament and 
the tip of the sacrum. Contained within the mid-
cavity is the plane of least dimension which mea-
sures 10.5 cm in its transverse plane at the level 
of the ischial spines. It is at this level that arrest 
of labour commonly occurs.

The outlet is diamond shaped and is bounded 
by the subpubic arch, ischial tuberosities, sacro-
tuberous ligaments and the coccyx.

It is said that the plane and the brim makes an 
angle of 55° with the horizontal in the erect posi-
tion [1–3] (Figs. 21.4 and 21.5).

21.6.2  False Labour Pain

Irregular and unpredictable contractions may 
come at intervals between 10 min, 8 min, 6 min 
and even 2 min.

• There is no progress of labour.
• Contractions are felt as non-specific abdomi-

nal tightening.
• Change in activity or posture causes contrac-

tions to slow down or stop.
• There is no evidence of show.
• Membranes remain unruptured.

True labour develops into a regular pattern, 
with contractions growing closer in a regular pat-
tern. With false labour, contractions remain irreg-
ular. True labour contractions last more than 30 s 
at the onset and progress up to 60 s, whereas false 
labour contractions vary in length and intensity. 
The contractions in true labour continue regard-
less of the activity or change in posture of the 
mother and can grow even stronger. False labour 
contractions can often cease spontaneously irre-
spective of the mother’s activity.

With true labour, the pain tends to begin high 
in the abdomen, radiating throughout the entire 
abdomen and lower back or vice versa. In the 
case of false labour, the contractions are often 
concentrated in the lower abdomen and groin.
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Fig. 21.4 The female pelvis

Type Inlet Midcavity Outlet
Android male-like Heart-shaped Intraspinous diameter Pubic arch narrow reduced
Anthropoid ape-like Ovoid AP > transverse Adequate Adequate
Gynaecoid
Normal female Oval transverse > AP Adequate Pubic arch > 90 diameter degrees
Platypelloid Transverse > AP Wide intraspinous Wide pubic arch diameter

21.7  How Can Dysfunctional 
Labour Be Diagnosed?

Dysfunctional labour can be diagnosed by care-
ful and repeated assessment of the power, pas-
sage and the passenger. The partogram is a means 
of graphically displaying this intrapartum infor-

mation in a clear and focused way and facili-
tates effective transfer of information to other 
caregivers. The partogram has been in use for 
over 20 years [9]. Use of the partogram has been 
shown to be associated with a reduction in pro-
longed labour, reduction in the augmentation of 
labour and reduction in sepsis [8].
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21.8  What Information Is 
Contained 
on the Partogram? [10]

21.8.1  Details of the Power

Frequency of contractions. The number of con-
tractions occurring over a 10  min period is 
recorded and plotted.

Duration of contractions. Effective uterine 
activity is generally sustained for a period greater 
than 40 s.

Amplitude. This is an assessment of the 
perceived strength of contractions. It must be 
stressed that this is a very subjective assessment. 
The intensity of uterine contractions can only be 
accurately defined by the placement of an intra-
uterine pressure catheter. The value of formal 
intrauterine pressure monitoring is limited.

21.8.2  Details of the Passenger

Fetal heart rate recording. Listening to the fetal 
heart following a contraction every 15 min for a 
period of 1 min during the first stage. The fetal 
heart rate should be recorded after each expulsive 
contraction during the second stage.

21.8.3  Station

Position. Count the number of sutures—three 
around the posterior fontanelles and four around 
the anterior fontanelles.

Moulding. This refers to change in relation-
ship between skull bones. Three degrees of 
moulding are noted:

• 1+ Suture lines touch.
• 2+ Suture lines overlap and are reducible.
• 3+ Suture lines overlap and are irreducible.

Ideally, the degree of moulding should be 
assessed across two separate suture lines, and 
scores are added producing a score out of 6.

Application of the cervix.
Caput formation.
Details of the passages—cervix:

• Effacement.
• Dilatation.

Pelvic anatomy. Clinical pelvimetry is a 
means of assessing pelvic capacity through 
a vaginal examination. Unfavourable factors, 
which may be detected, include prominence 
of the ischial spines (interspinous width) or 

Fig. 21.5 Four pelvis shapes
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prominence of the ischial tuberosity (intra-
tuberous width), narrow subpubic angle (if 
this is <90°, the diameter of the outlet may be 
reduced), and proximity of the sacrum to the 

pubis symphysis (can you reach the sacrum 
with ease?). Clinical pelvimetry is subjective 
and results must be interpreted with caution 
(Fig. 21.6).

Fig. 21.6 Partogram showing normal progress of labour
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With the advent of the partogram, three abnor-
mal first stage patterns of prolonged labour have 
been described [11]:

 1. Prolonged latent phase.
The latent phase of labour begins with the 

onset of painful, regular uterine contractions 
and ends at the start of the accelerative phase 
of labour when progressive cervical dilatation 
is evident. Cervical contractions have been 
demonstrated during early labour particularly 
in the uneffaced cervix. Cervical contractions 
are not seen when the cervix dilates beyond 
3–4 cm. This may explain the latent phase of 
labour. The latent phase should not exceed 6 h 
in a primiparous patient and 4 h in a multip.

 2. Primary dysfunctional labour.
This is defined as progressive cervical dila-

tation at a rate of less than 1 cm/h during the 
active phase of labour.

 3. Secondary arrest.
This refers to arrest of cervical dilatation 

after a period of normal active phase 
dilatation.

21.9  Management of Labour

21.9.1  Progress in the First Stage 
of Labour

Progress in the first stage of labour is character-
ised by changes in the cervix and descent of the 
presenting part. The cervical changes include 
progressive dilatation and effacement and move-
ment from a posterior to an anterior position 
simultaneously. For example, a change in the cer-
vix from a posterior to an anterior position may 
be regarded as progress even though there may 
be little change in cervical dilatation. If over a 
period of 3–4 h there has been little or no prog-
ress as defined above, then consideration should 
be given to the following possibilities:

• The woman is not in labour.
• Progress is not occurring because of inade-

quate uterine activity, and augmentation with 
intravenous oxytocin is required.

• Progress is not occurring because of a malpo-
sition, e.g. occipitoposterior or malpresenta-
tion, e.g. brow, or there is relative disproportion 
between size of the baby and size of the mater-
nal pelvis.

21.10  Action to Be Taken when 
Progress in Labour Is Slow

 1. If the woman has not established labour and 
there are no other problems, she may be 
offered the option of returning home or being 
transferred to an antenatal ward to await the 
onset of labour.

 2. If labour is established but progress is slow, 
the midwife may discuss management with 
the midwife coordinator in the first instance. 
Intravenous oxytocin may be required.

The senior obstetrician must be informed 
about any woman given intravenous oxytocin to 
augment labour. Great care must be exercised if 
intravenous oxytocin is administered to a multip-
arous woman as there is a risk of uterine rupture. 
This decision must be taken by a doctor of at least 
registrar level.

21.11  Oxytocin Regime

The initial dose is 5 I.U. in 250 mL of N. Saline 
at a rate of 6 ml per hour via an ALARIS pump. 
The dose is then titrated against response by the 
doctor/midwife in attendance.

Serial increases in dose should be made at a 
30-min interval doubling the rate of infusion:

2 mL U/min 6 mL/h
4 mL U/min 12 mL/h
8 mL U/min 24 mL/h
16 mL U/min 48 mL/h

Any further increases should only occur if the 
case has been discussed with senior medical staff.

For all women given intravenous oxytocin, 
a vaginal examination should be should be per-
formed 2–3 h after starting the infusion to ensure 
a satisfactory response in labour progress (after 
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2 h for a multiparous woman, after 3 h for a nul-
liparous woman).

Senior medical staff must be informed 
if:  There is failure to progress in the first 
stage of labour despite the use of intravenous 
oxytocin.

You wish to administer a second bag of 
intravenous oxytocin.

21.12  Guidelines 
for the Management 
of the Second Stage 
of Labour

The second stage of labour should be character-
ised by progressive descent of the presenting 
part. For satisfactory progress to be made, there 
must be strong contractions, occurring approxi-
mately 3  in 10  min with 1–2-min relaxation 
between contractions.

There is no good evidence to limit the second 
stage of labour. As long as maternal and fetal con-
ditions are satisfactory and there is clear progress 
with descent of the presenting part, there is no 
reason to intervene [12]. However, maternal mor-
bidity increases with second stages in excess of 
3 h [13].

Epidural analgesia is associated with a pro-
longation of the second stage. Though progres-
sive descent of the presenting part should occur 
automatically.

A plan for the management of the second stage 
of labour is made for each woman. It is essential 
that the woman’s past obstetric history is consid-
ered, e.g. there is a history of previous caesarean 
section, difficult instrumental delivery, shoulder 
dystocia and preterm delivery.

21.13  General Principles

 1. Position—the upright position should be cho-
sen (Cochrane database). Some women may 
prefer the left lateral position, and if this is 
adopted, a wedge should be used to prevent 
supine hypotension. If a woman chooses an 

alternative position, this option should be 
facilitated.

 2. If the mother has strong urge to push at full 
cervical dilatation, she should be allowed to 
push. Progress should be reassessed after 
30 min if the presenting part is not visible.

 3. In the absence of an urge to push, do not start 
active maternal pushing until presenting part 
is at least 2 cm past the spines. This is impor-
tant when the woman has epidural analgesia 
and does not always feel an urge to push.

 4. In the presence of epidural analgesia, if the 
presenting part is not well past the spines, give 
an epidural top up and allow the presenting 
part to descend. Reassess progress by vaginal 
examination after 1 h.

 5. The influence of epidural analgesia on prog-
ress in second stage and mode of delivery is 
controversial (Howell CJ). The epidural 
should not be allowed to wear off without the 
prior consent of the woman.

 6. Nulliparous women with an epidural should 
all be offered oxytocin during second stage 
(Fig. 21.7).

21.14  Guidelines 
for the Administration 
of Oxytocin in the Second 
Stage of Labour 
for Nulliparous Women 
with Epidural Analgesia

21.14.1  Suggested Management

Once full cervical dilatation is diagnosed in a 
nulliparous woman with an effective epidural and 
the fetus is presenting by the vertex, then com-
mence intravenous oxytocin (5 units in 250 mL 
N. Saline) at 2 mU per minute. Double the dos-
age every 15 min to a maximum of 16 mU per 
minute or until contractions are 3 or 4 strong in 
10 min [12–14].

If after 1  h of oxytocin the fetal head has 
not descended sufficiently to commence mater-
nal pushing efforts, then alert medical staff to 
review [15].
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Fig. 21.7 (a) Full dilatation. (b) Descent of the head with 
extension and rotation of the head. (c) The shoulders 
remain behind the symphysis pubis. (d) External rotation 

of the head and delivery of the anterior shoulder. (e) 
Delivery of the posterior shoulder
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21.15  Failure to Progress 
in the Second Stage

21.15.1  Guidelines for Management 
of Nulliparous Women 
Without Epidural Analgesia 
and All Multiparous Women

The second stage of labour should be charac-
terised by progressive descent of the presenting 
part. If no progress has occurred after 1 h, then 
consider the following:

 (a) There is an undiagnosed malposition or mal-
presentation—if in doubt, please ask senior 
medical/midwifery staff to re-examine the 
woman.

 (b) Augmenting uterine activity with oxytocin.

Great care must be exercised if a multiparous 
woman is given oxytocin in the second stage due 
to the risk of uterine rupture. Oxytocin must not 
be given to any multiparous woman without dis-
cussion with senior resident obstetrician.

21.16  Management of Third Stage 
of Labour

21.16.1  Active Management

This method is associated with less blood loss 
than a physiological third stage and requires the 
administration of either Syntometrine 1 mL (con-
tains ergometrine 0.5 mg and Syntocinon 5 units) 
or Syntocinon 10 units. Both Syntometrine and 
oxytocin promote uterine contraction and retrac-
tion and are given with delivery of the anterior 
shoulder. Women without contraindication (see 
below) should be offered the choice of either 
Syntometrine or oxytocin if they wish active 
management of the third stage. Women should 
be given the following information to enable 
them to make an informed choice: Syntometrine 
is associated with a significantly higher incidence 
of nausea and vomiting compared with oxytocin. 
Syntometrine is associated with a small reduc-
tion in the incidence of postpartum haemorrhage 
when compared with oxytocin. However there is 

no difference in the incidence of major postpar-
tum haemorrhage (greater than 1000 mL) com-
paring the two drugs [16].

Syntometrine should be given IM at delivery 
to a grand multiparous patient (>para 5).

Ergometrine or Syntometrine should not be 
used in hypertensive disease; cardiac disease, 
following beta-agonist infusion, i.e. salbutamol 
or ritodrine; severe asthmatics; and women with 
Raynaud’s disease.

In these situations intramuscular 
Syntocinon 10 units should be administered.

Aim to complete third stage in less than 
30 min from delivery of the baby.

21.16.2  Physiological Management: 
Refer to Midwifery-Led 
Guidelines

This is only appropriate for use when the 
woman has had a normal, physiological labour 
and is at low risk of a postpartum haemor-
rhage. In physiological management, there 
should be:

• No prophylactic oxytocic drug.
• The cord should not be cut or clamped until 

the placenta is delivered.
• No cord traction but use of maternal effort or 

assisted by putting the baby to the breast. If 
the placenta is retained after 1 h, then one fur-
ther attempt at delivery using gentle fundal 
pressure should be made. If this is unsuccess-
ful, the labour ward coordinator and medical 
staff should be informed.

21.16.3  Examination of the Placenta 
and Membranes

• It is the responsibility of the person who deliv-
ers the placenta to check that it is complete 
(i.e. after an operative delivery, this should be 
the doctor).

• The examination should be performed as soon 
as possible after the delivery, and if there is 
any suspicion that it is incomplete, a senior 
doctor should be informed.
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• If there is a missing cotyledon, exploration of 
the uterus should be arranged.

• If the membranes appear to be incomplete, a 
speculum examination should be performed to 
ascertain if they are visible within the os and 
can be removed with sponge forceps.

21.16.4  Manual Removal 
of the Placenta

• If the placenta remains undelivered 30  min 
after an active third stage or 1 h following phys-
iological management, the registrar should be 
informed and arrangements made to remove 
the placenta manually. The registrar should be 
informed earlier if there is heavy blood loss or 
the patient’s condition is not stable.

• A partially adherent placenta can result in 
a very heavy blood loss and should be 
treated as an emergency.

 – The procedure may be performed in a 
labour ward if regional analgesia is used 
the patient must be transferred to theatre if 
general anaesthesia is required.
 ◦ Site an intravenous infusion, draw 

blood for FBC, and cross match 2 units.
 ◦ Adequate analgesia must be ensured 

and the anaesthetist contacted to top up 
an external epidural or site a spinal.

 ◦ When it is certain that removal is 
complete, an infusion of 20  units 
oxytocin in 500 ml saline should be 
given over 4 h, during which time the 
woman must be kept under observa-
tion on the labour ward or HDU. An 
indwelling catheter should be 
inserted and left until the woman is 
fit for transfer to the ward.

 ◦ Prophylactic antibiotics (a cephalo-
sporin and metronidazole) should be 
given after manual removal of the pla-
centa [17] Grade A recommendation 
RCOG 38th Study Group-Placenta: 
Basic Science and Clinical Practice).

How Can Dysfunctional Labour 
Be Corrected?

Correct diagnosis of labour is critical 
to the management of dysfunctional 

labour. To diagnose labour there must 
be painful regular contractions, with 
associated cervical dilatation and efface-
ment. The diagnosis of labour prior to 
these criteria being met will lead to 
inappropriate intervention dystocia of a 
woman not yet in labour [18].

The active management policy pro-
posed by O’Driscoll in 1983 [3] and 
supported by recent trials has been 
shown to depend on a whole package of 
care for the detection and management 
of dysfunctional labour, which included 
help and personal support in labour.

Robson demonstrated a reduction in 
caesarean section rates in primipara 
women at term from 7.5% to 2.4% using 
the following package of care:

Careful attention to the accurate 
diagnosis of labour.

Good personal support in labour.
Artificial rupture of the membranes 

at 2  h if the rate of cervical dilatation 
was less than 1  cm per hour. (Recent 
studies have suggested that amniotomy 
alone is ineffective at correcting 
dystocia.)

Oxytocin to augment labour after a 
further 2  h if progress remained 
unsatisfactory.

Two hourly examinations if normal 
progress was occurring without syntoci-
non, 4 hourly vaginal examination after 
oxytocin was commenced unless indi-
cated earlier.

Pushing in the second stage only if the 
head was low and there was an urge to 
push.

Oxytocin in the second stage after 
1 h if there was no descent of the head.

Oxytocin for the second stage if there 
was no descent after 30 min of pushing.

Women are encouraged to adopt 
whatever position they feel most com-
fortable, avoiding the supine position.
Syntocinon.

This will increase the amplitude, 
duration and frequency of contractions 
and should be given by a low-volume 
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infusion pump. Regimens should com-
mence at a low rate (1  mU/min) and 
increased at intervals of 30 min with the 
dose titrated against contractions aiming 
to achieve 3–4 contractions in 10 min. A 
maximum rate of 12  mU/min has been 
suggested. Using this regime reduces the 
incidence of uterine hypertonicity, 
reduces syntocinon doses and reduces 
caesarean section rates for fetal heart rate 
anomalies [19].

Hyperstimulation is associated with an 
increase in contraction frequency with a rise in 
uterine baseline tone with resultant reduced pla-
cental perfusion.

21.17  Posture

The woman should be in a posture she feels most 
comfortable in. Supine position should be dis-
couraged to avoid caval compression. Gravity 
and movement improve fetal descent. The lateral 
and upright positions are beneficial since they 
reduce the second stage of labour, instrumental 
delivery rates, episiotomy and perineal tear rates 
and fetal heart rate anomalies [20].

21.18  Pain Relief

Pain suppresses uterine activity via the auto-
nomic nervous system. Anxiety and pain stimu-
late the sympathetic nervous system. Adrenaline 
is also a potent inhibitor of uterine activity. Fear 
increases the perception of pain.

21.19  Support

It reduces analgesic intake, improves Apgar 
score, may shorten the duration of labour and 
improves patient satisfaction rate [17, 21].

21.20  Empathy

Ensure that mothers are informed and psycho-
logically prepared for labour.

Ensure the correct diagnosis of labour.
Provide emotional and physical support to the 

mother in labour.
Regularly assess progress in labour and record 

your findings on the partogram.
In cases of slow progress, attempt to ascertain 

the cause (passenger, passage and power).

21.21  Be Cautious

Using syntocinon in multiparous patients or 
where a uterine scar is present.

When performing instrumental deliver-
ies when the first stage of labour has been 
 dysfunctional especially if the dilation interval 
from 7–10 cm exceeds 3 h.

Not to confuse caput for descent of the fetal 
head when performing second stage Caesarean 
sections.

21.22  Conclusion

One should be comfortable, understand and diag-
nose, normal labour at the end of this chapter. 
Recognize dysfunctional labour, when review-
ing partograms, recognise the potential causes of 
dysfunctional labour and be able to appropriately 
manage and counsel in labour.
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Induction of Labor

Kanan Yelikar and Sonali Deshpande

22.1  Introduction

Induction of labor is one of the most commonly 
performed obstetrical procedures all over the 
world. Induction of labor refers to techniques for 
stimulating uterine contractions to accomplish 
delivery prior to the onset of spontaneous labor 
[1]. Augmentation of labor refers to increasing 
the frequency and improving the intensity of 
existing uterine contractions in a patient who is in 
labor and not progressing adequately, in order to 
accomplish vaginal delivery [1].

22.2  Indications for Delivery 
Before Onset of Labor

22.2.1  Obstetrical and Medical 
Indications

Delivery before the onset of labor is indicated 
when the maternal/fetal risks associated with 
continuing the pregnancy are thought to be 
greater than the maternal/fetal risks associated 

with early delivery [2]. Induction is generally 
preferred when there are no contraindications to 
labor and vaginal birth. The relative risk of deliv-
ery versus continuation of pregnancy is influ-
enced by factors such as gestational age, presence/
absence of fetal lung maturity, severity of the 
clinical condition, cervical status, and maternal 
demographic factors. However, the magnitude of 
maternal/fetal risk of early delivery can rarely be 
determined with precision.

Examples of conditions where induction is 
often indicated include, but are not limited to [2]:

• Prolonged pregnancy.
• Prelabor (premature) rupture of membranes.
• Preeclampsia, eclampsia, HELLP syndrome 

(hemolysis, elevated liver enzymes, low 
platelets).

• Fetal demise.
• Maternal diabetes.
• Fetal growth restriction.
• Chorioamnionitis.
• Abruptio placentae.
• Oligohydramnios.
• Cholestasis of pregnancy.
• Alloimmunization with fetal effects.

Elective or Marginally Indicated Induction 
at Term Induction of labor without medical 
indication is termed as elective induction of 
labor. Sometimes this is done for reasons like 
previous history of precipitate labor, distance 
from the hospital, or social reasons. However, 
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the potential advantages are reduction in still-
birth, macrosomia and meconium passage. It is 
also done to ensure that the delivery occurs at 
the time when hospital has optimum number of 
staff. In addition, the risk of delivery en route to 
the hospital is reduced among patients with a 
history of rapid labor or who live far from the 
hospital. However there is insufficient evidence 
to support this practice as routine. The major 
concerns associated with elective (“social”) or 
marginally indicated induction at term are the 
potential for cesarean delivery in latent phase, 
the increased length of labor, neonatal morbid-
ity if delivery is before 39  weeks of gestation 
[3], and cost [4–6].

There is expert consensus that elective induc-
tion should not be performed before 39 weeks of 
gestation because of the increased risk of neona-
tal morbidity and mortality. In particular, the fol-
lowing clinical scenarios are not indications for 
early term induction (i.e., at 37–38  weeks): 
maternal anxiety or discomfort related to normal 
pregnancy; a previous pregnancy with labor 
abnormalities, shoulder dystocia, or rapid labor; 
suspected macrosomia; or the distance the mother 
lives from the hospital [7].

22.3  Contraindications 
to Induction

In each of the following settings, there is general 
consensus that the maternal/fetal risks associated 
with labor and vaginal delivery and induction of 
labor are usually contraindicated:

• Prior classical or other high-risk cesarean 
incisions.

• Prior uterine rupture.
• Prior transmural uterine incision entering the 

uterine cavity.
• Active genital herpes infection.
• Placenta previa or vasa previa.
• Umbilical cord prolapse or persistent funic 

presentation.
• Transverse fetal lie.
• Invasive cervical cancer.
• Category III fetal heart rate tracing.

• Severe fetal growth restriction with signs of 
fetal compromise on Doppler.

22.4  Predicting a Successful 
Induction

The probability of successful labor induction var-
ies widely depending upon several factors, 
including:

• Characteristics of the population being 
induced (e.g., nulliparous or multiparous, 
intact or ruptured membranes, baseline cervi-
cal status, placental insufficiency present or 
absent, gestational age, previous vaginal 
delivery, mean newborn size, maternal height 
and body mass index) [8, 9].

• Choice of endpoints (e.g., delivery within 
24  h, delivery within 48  h, dose/duration of 
oxytocin, interval from preinduction cervical 
ripening to delivery versus time from induc-
tion to delivery, route of delivery, maternal 
and neonatal morbidity).

• Cervical status is another important factor 
for predicting the likelihood of successful 
induction. The bishop score appears to be the 
best available tool for assessing cervical sta-
tus and predicting the likelihood that induc-
tion will result in vaginal delivery. Systematic 
reviews of controlled studies concluded the 
bishop score is as, or more, predictive of the 
outcome of labor induction than fetalfibro-
nectin [8] or sonographic measurement of 
cervical length [8, 10, 11] and that dilation is 
the most important element of the bishop 
score [8]. Other  cervical scoring systems like 
fields system, Burnett, Caldor, and Friedman 
modifications of the bishop system are also 
available for this purpose [12]. The time of 
day when induction is started does not appear 
to be a factor in success [13].

Modified Bishop’s Score. The modified 
Bishop score is the cervical assessment system 
most commonly used in clinical practice [14]. 
This system tabulates a score based upon the sta-
tion of the presenting part and four characteris-
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tics of the cervix: dilatation, effacement, 
consistency, and position.

Modified Bishop Scoring System

0 1 2 3
Dilation, 
cm

Closed 1–2 3–4 5–6

Effacement, 
percent

0–30 40–50 60–70 ≥80

Station* −3 −2 −1,0 +1, 
+2

Cervical 
consistency

Firm Medium Soft

Position of 
the cervix

Posterior Midposition Anterior

A Bishop score ≥ 8 suggests the changes of having a vagi-
nal delivery are good and the cervix is considered favor-
able or ripe for induction. If the Bishop score is ≤ 6, the 
chances of having a vaginal delivery are low and the cer-
vix is considered unfavorable or unripe for induction. A 
simplified Bishop score can be calculated using only dila-
tion, station, and effacement. Using these three variables, 
a simplified Bishop score ≥  5 has a similar predictive 
value for vaginal delivery as a classic Bishop score ≥ 8
*Based on a −3 to +3 scale

22.4.1  Pre-Induction Cervical 
Ripening

Cervical ripening is the term used to denote the 
process of cervical softening, thinning, and dila-
tation with the goal of reducing the rate of failed 
induction and induction delivery interval. 
Unfavorable Bishop’s score is an indication for 
cervical ripening.

• Sweeping of fetal membrane is also called 
as stripping of membranes and a simple out-
patient technique which strips amniotic 
membranes of lower uterine segment. It is 
recommended for reducing formal induction 
of labor in nulliparous woman at 40 and 
41  weeks and parous woman at 41  weeks 
(NICE guidelines 2008). Sweeping of mem-
branes results in increase local production of 
prostaglandins from the decidua and adja-
cent membranes and results in initiation of 
labor.

• Prostaglandin administration causes dissolu-
tion of collagen bundles and an increase in the 

submucosal water content of the cervix. These 
changes lead to a cervical state that is associ-
ated with greater success when labor is 
induced with oxytocin [15]. Prostaglandins 
also cause the uterus to contract and may initi-
ate labor. Prostaglandins are preferred method 
of cervical ripening in women with an uns-
carred uterus. Although excessive uterine 
activity is a disadvantage of prostaglandin use, 
these agents have a good safety profile in 
women with unscarred uteruses: The neonatal 
complications like low Apgar score, neonatal 
intensive care unit admission, meconium 
staining, and cesarean delivery are equivalent 
to the rates associated with use of balloon 
catheters for cervical ripening [16].

Uterine activity and fetal heart rate monitoring 
are indicated for at least 30 min after administra-
tion of prostaglandins for cervical ripening and 
should be maintained as long as regular uterine 
activity is present [17].

If labor does not ensue or is not progressing 
adequately after administering prostaglandins, 
repeated doses can be given. Alternatively, oxyto-
cin may be initiated, or, if technically possible, 
amniotomy can be performed and appears to be 
more effective than repeated dosing with prosta-
glandin [5].

Prostaglandin E1 (Misoprostol). Misoprostol, 
a synthetic PGE1 analogue, is an effective drug for 
induction of labor. It is cheap and stable at room 
temperature and very useful in developing coun-
tries. The American College of Obstetricians and 
Gynecologists (ACOG) has indicated that use of 
misoprostol appears safe and efficacious when 
used as a cervical ripening and/or labor induction 
agent when utilized judiciously. Though 50 mcg 
dose is more effective than 25 mcg (e.g., higher 
rate of vaginal delivery and lower rate of oxytocin 
use), 25 mcg dose is safer (lower rate of tachysys-
tole, hyperstimulation, cesarean deliveries for non-
reassuring fetal heart rate, NICU admissions, and 
meconium passage) [18]. Therefore, lower doses, 
such as 25 mcg, should be used initially, with re-
dosing intervals of 4–6  h [19–21]. The World 
Health Organization (WHO) suggests 25  mcg 
every 6 h [22] maximum up to 150 μg in 24 h. The 
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time interval between the final dose and initia-
tion of oxytocin should be around 4 h because 
of the potential possibility for uterine tachysys-
tole with concurrent oxytocin and misoprostol 
administration.

Routes of Administration of Misopristol. 
Vaginal route is the most preferred route. Oral 
route is convenient and effective [23]. The con-
centration of orally administered misoprostol 
peaks sooner and declines more rapidly than with 
vaginal administration [24]. Buccal or sublingual 
administration is a novel approach which avoid 
first pass hepatic metabolism associated with oral 
ingestion and may therefore increase bioavail-
ability similar to that achieved with vaginal 
administration.

Contraindications to Misoprostol. 
Prostaglandins are not used for cervical ripen-
ing or labor induction in term pregnancies with 
a prior cesarean birth or other prior major uter-
ine surgeries (e.g., extensive myomectomies 
and hysterotomies) because of the increased 
risk for uterine rupture [6]. Pre-existing uterine 
activity is a relative contraindication to use of 
prostaglandins. Addition of an exogenous 
uterotonic agent, in the presence of any degree 
of antecedent uterine activity, will cause exces-
sive uterine activity. For patients having fre-
quent, low-amplitude, painless contractions or 
≥2 painful contractions/10  min as baseline 
uterine activity or who have received one dose 
of prostaglandin, second dose should be delayed 
or avoided, as there appears to be cumulative 
uterotonic effect.

Side effects of misoprostol include tachysys-
tole, hyperstimulation, fever, chills, vomiting, 
and diarrhea. The frequency of these side effects 
depends on the type of prostaglandin, dose, and 
route of administration. Uterine contractile 
abnormalities are encountered in up to 30% of 
cases depending on the route of administration; 
other systemic effects occur in up to 5% of cases.

Prostaglandin E2. Prostaglandin E2 prepara-
tion is available for cervical ripening. Intracervical 
gel contains 0.5  mg of Dinoprostone gel for 
endocervical administration. The dose can be 
repeated in 6–12  h if cervical change is inade-
quate and uterine activity is minimal following 

the first dose. The manufacturer recommends that 
the maximum cumulative dose of Dinoprostone 
not exceed 1.5  mg (i.e., three doses) within a 
24-hour period. The time interval between the 
final dose and initiation of oxytocin should be 
around 6  h because of the potential for uterine 
tachysystole with concurrent oxytocin and pros-
taglandin administration. PGE2 is contraindi-
cated in bronchial asthma and heart disease.

Mechanical Methods. Mechanical methods 
are among the oldest approaches used to promote 
cervical ripening. Advantages of these techniques 
compared with pharmacologic methods include 
their low cost compared with some drugs, low 
risk of tachysystole, few systemic side effects, 
and convenient storage requirements (no refrig-
eration or expiration, which are issues for some 
drugs). Disadvantages include a possible small 
increase in the risk of maternal and neonatal 
infection from introduction of a foreign body 
[11], the potential for disruption of a low-lying 
placenta, some maternal discomfort upon manip-
ulation of the cervix, and frequent need for oxy-
tocin induction of labor.

The most common mechanical method is 
insertion of a balloon catheter.

These methods likely work, at least in part, by 
causing the release of prostaglandin F2-alpha 
from the decidua and adjacent membranes or 
prostaglandin E2 from the cervix. In addition, 
insertion of a catheter or dilator directly dilates 
the cervix.

Under strict aseptic precaution, a 24 F Foley 
catheter with 30–50 mL bulb is inserted into the 
cervix and passed into the internal os and into the 
extraamniotic space. The bulb is then filled with 
30–50  mL saline, and the Foley is pulled back 
gently, so that the bulb rests against the internal 
os. The catheter is then strapped to the patient’s 
thigh. The catheter is left in place until it is 
extruded or for up to 6–12 h.

Mifepristone (RU486) is a progesterone 
receptor antagonist. The rationale behind its use 
for induction of labor is that in spontaneous labor, 
a fall in progesterone is one of the main factors 
leading to onset of labor. When compared to pla-
cebo, it is more effective in increasing the chances 
of spontaneous labor and reducing the need for 
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prostaglandins. Usually after 48 h, the ripening 
of the cervix occurs. Dose: tablet 200 mg orally.

22.4.2  Labor Induction

Once the cervix becomes favorable, labor is 
induced, usually with oxytocin, with or without 
amniotomy. Prostaglandins used for ripening the 
cervix may also stimulate uterine contraction, 
and labor may follow. Mechanical methods of 
cervical ripening are usually followed by oxyto-
cin to induce labor. Prostaglandins are very effec-
tive in ripening, effacing, and dilating the cervix 
to the extent required for amniotomy. Amniotomy 
in itself may be ineffective without use of oxyto-
cin, and in any case, it cannot be done unless the 
cervix is dilated enough to allow the passage of 
instrument. Oxytocin is most effective when the 
cervix is already favorable or when membranes 
have ruptured.

Oxytocin. Oxytocin is a polypeptide hormone 
produced in the hypothalamus and secreted from 
the posterior lobe of the pituitary gland in a pul-
satile fashion. It is identical to its synthetic ana-
logue, which is among the most potent uterotonic 
agents.

Synthetic oxytocin administration is a proven 
method of labor induction [25]. Exogenous oxy-
tocin administration produces periodic uterine 
contractions first demonstrable at approximately 
20  weeks of gestation. Myometrial responsive-
ness increases with advancing gestational age 
until 34 weeks, at which time it levels off until 
spontaneous labor begins, when it increases rap-
idly [26]. Increases in myometrial sensitivity are 
due primarily to increases in myometrial oxyto-
cin binding sites [27]; progress during spontane-
ous labor is not related to increasing oxytocin 
concentration, uterine contractions are not asso-
ciated with changes in plasma oxytocin concen-
tration, and hypocontractile labor does not appear 
to be the result of a deficit of oxytocin [28].

Regimen. Oxytocin is most commonly given 
intravenously. It cannot be administered orally 
because the polypeptide is degraded into small, 
inactive forms by gastrointestinal enzymes. The 
plasma half-life is short, estimated at 3–6  min 

[29]. Steady-state concentrations are reached 
within 40 min of initiation or dose change [30].

Infusion pumps are used to allow continuous, 
precise control of the dose administered. A com-
mon contemporary practice is to make a solution 
of 5  units of oxytocin in 500  mL crystalloid 
(10  mU in 1  mL). In the absence of infusion 
pumps, the drops per minute have to be titrated 
and monitored accurately.

When uterotonic drugs are administered, con-
tinuous monitoring of uterine activity and fetal 
heart rate is important so that the dose can be 
adjusted up or down if uterine activity is inade-
quate or excessive. The maximum dose of oxyto-
cin has not been established and the end point is 
usually the achievement of uterine contractions 
of at least 3 in 10 min each lasting for 40 s.

Some examples of oxytocin regimens are 
described below:

• Low dose—Low-dose protocols are based on 
the pharmacokinetics of oxytocin [17]. The 
dose of oxytocin is initiated at 0.5–1 mU/min 
and increased by 1  mU/min at 30–40-min 
intervals. This interval is based upon studies 
showing approximately 40  min are required 
for any particular dose of oxytocin to reach a 
steady-state concentration and maximal uter-
ine contractile response [30].

• Slightly higher doses (begin at 1–2  mU/min 
and increase by 1–2  mU/min) and shorter 
incremental time intervals (15–30 min) have 
also been recommended [31, 32].

• High dose—Active management of labor reg-
imens, and others, use a high-dose oxytocin 
infusion with short incremental time intervals 
[33, 34]. A maximum oxytocin dose has not 
been established; however, most labor and 
delivery units do not go above 40  mU/min. 
The most common complication of high-dose 
regimens is uterine tachysystole.

Regimen Starting dose 
(mU/min)

Incremental 
dose

Dosage 
interval

Low dose 0.5–2 1–2 mU/min 15–40 min
High dose 6 3–6 mU/min 15–40 min

• Pulsatile—Pulsatile administration of intrave-
nous oxytocin at 6–10-minute intervals is 
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effective and may better simulate normal labor 
than continuous oxytocin administration [35, 
36]. Advantages of pulsatile administration 
include significantly lower total doses of oxy-
tocin and less hyperstimulation. However, pul-
satile administration does not reduce the rate 
of failed vaginal birth. The time from the start 
of the infusion to delivery is not shortened and 
may be longer than with continuous oxytocin 
administration. Pulsatile oxytocin administra-
tion requires special equipment and is rarely 
used in contemporary obstetric practice.

Amniotomy. Amniotomy alone may be an effec-
tive method of labor induction but can only be per-
formed in women with partially dilated and effaced 
cervices [37]. To reduce the risk of cord prolapse, the 
clinician should ensure that the fetal vertex is well 
applied to the cervix and the umbilical cord or other 
fetal part is not presenting. The fetal heart rate before 
and after the procedure should be documented, and 
also note the color of the amniotic fluid.

The combination of amniotomy plus intrave-
nous oxytocin administration was more effective 
for labor induction than amniotomy alone [38].

22.5  Complications and Side 
Effects

All methods of labor induction carry risks and are 
associated with side effects.

22.5.1  Oxytocin or Prostaglandins

Abnormal uterine contraction. Abnormal or 
excessive uterine contractions can occur with the 
use of prostaglandin compounds or oxytocin.

Tachysystole is defined as more than five con-
tractions in 10  min, averaged over a 30-minute 
window [39].

Uterine hypersystole/hypertonus—a contrac-
tion lasting at least 2  min with a normal fetal 
heart rate.

Uterine hyperstimulation—tachysystole or 
hypertonus associated with non-reassuring fetal 
heart rate pattern.

Since uterine activity causes intermittent 
interruption of blood flow to the intervillous 
space, excessive uterine activity that exceeds the 
critical level for an individual fetus will result in 
fetal hypoxemia. This, in turn, can lead to cate-
gory II or III fetal heart rate patterns and fetal 
acidosis [40–44].

The various prostaglandin preparations have 
up to a 5% rate of uterine tachysystole, which is 
usually well tolerated and not associated with an 
adverse outcome. The reported risk of tachysys-
tole with oxytocin varies widely. Tachysystole 
occurs more frequently when higher doses of 
oxytocin or prostaglandins are used [45–48].

Concurrent administration of oxytocin and a 
prostaglandin is believed to increase the risk of 
tachysystole since both drugs carry a risk of this 
complication.

Management of tachysystole/hyperstimula-
tion—In case of tachysystole/hyperstimulation:

Turn the patient in left lateral position.
Administer oxygen by face mask (10 L/min).
Give intravenous fluids (e.g., fluid bolus of 

500 mL of lactated Ringer’s solution or more).
Discontinue the intravenous oxytocin 

infusion.
Cervical/vaginal lavage is not helpful in case 

of prostaglandin gel.
Remnants of a misoprostol tablet can be 

removed from the vagina if necessary.
Administer a tocolytic if hypertonus does not 

respond to discontinuation of drug, i.e., inj. 
Terbutaline 250  mcg subcutaneous or 
intravenous.

Proceed with cesarean section if abnormal 
FHR does not improve with these measures.

Uterine rupture—uterine rupture is an 
unusual event, during induction of labor, particu-
larly in the unscarred uterus. The condition is 
associated with very high maternal and fetal mor-
bidity and mortality. It is more common in previ-
ously scarred uterus (cesarean scar, myomectomy, 
or uterine curettage with an undiagnosed perfora-
tion). It can also occur in multigravidas with pre-
vious vaginal deliveries and rarely in 
primigravida.

Amniotic fluid embolism—it is a rare but 
dreadful complication of induction of labor.
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Side effects of oxytocin—adverse maternal 
effects from oxytocin administration include car-
diovascular instability (hypotension, tachycardia, 
myocardial ischemia, arrhythmias), nausea, vom-
iting, headache, and flushing [49]. Rarely, large 
doses have caused water retention, leading to 
hyponatremia.

Hyponatremia—oxytocin has a similar struc-
ture to vasopressin (antidiuretic hormone) and 
can cross-react with the renal vasopressin recep-
tor. If high doses (e.g., 40 mU/min) of oxytocin 
are administered in large quantities (e.g., over 
3 L) of hypotonic solutions (e.g., 5% dextrose in 
water [D5W]) for prolonged periods of time 
(≥7  h [50–52]), excessive water retention can 
occur and result in severe, symptomatic hypona-
tremia, similar to the syndrome of inappropriate 
antidiuretic hormone secretion [53, 54].

Symptoms of severe acute hyponatremia 
include headache, anorexia, nausea, vomiting, 
abdominal pain, lethargy, drowsiness, uncon-
sciousness, grand mal type seizures, and poten-
tially irreversible neurologic injury.

If water intoxication occurs, oxytocin and any 
hypotonic solutions should be stopped. Correction 
of hyponatremia must be performed carefully 
and consists of restricting water intake and care-
ful administration of hypertonic saline if the 
patient is symptomatic. Hypotension—hypoten-
sion can result from rapid intravenous injection 
of oxytocin. Although this is most commonly 
observed at cesarean delivery when large oxyto-
cin boluses (>5 units) are given to prevent post-
partum hemorrhage [55–58], it is prudent to 
administer oxytocin for induction by infusion 
pump or slow drip to avoid adverse cardiovascu-
lar effects, as well as tachysystole.

Neonatal hyperbilirubinemia—use of oxy-
tocin has been associated with neonatal hyper-
bilirubinemia in some studies, but not others. 
Hyperbilirubinemia may be more related to fac-
tors related to induction (e.g., preterm pregnancy 
complications) than to a direct effect of 
oxytocin.

Side effects of prostaglandins—side effects 
of prostaglandins include fever, chills, vomiting, 
and diarrhea. The frequency of these side effects 

depends on the type of prostaglandin, dose, and 
route of administration.

Amniotomy—complications of amniotomy 
include removal of barrier to infection, disruption 
of an occult placenta previa, rupture of a vasa 
previa, and umbilical cord prolapse. Many of 
these same risks, and inadvertent amniotomy, 
also apply to membrane stripping.

Failed induction—induction of labor usually 
culminates in vaginal delivery; this occurs less 
often than when women enter labor spontane-
ously. A low Bishop score, before or after 
attempts at cervical ripening, is a poor prognostic 
factor for successful induction.

There is no universal standard for what consti-
tutes a failed induction. The key principle is to 
allow adequate time for cervical ripening and 
development of an active labor pattern before 
determining that an induction has failed. This 
minimizes the number of cesarean deliveries per-
formed for failed induction in patients who are 
progressing slowly because they are still in the 
latent phase of labor [59–61]. Criteria for failed 
induction are not uniform but can be defined as 
failure to generate regular contractions approxi-
mately every 3 min and cervical change after at 
least two doses of prostaglandins and 24  h of 
oxytocin administration [62]. Membranes should 
be artificially ruptured, if safe and feasible. After 
rupture of membranes, the induction may be con-
sidered a failure if regular contractions and cervi-
cal change do not occur after at least 12  h of 
oxytocin administration. If induction fails, the 
following options should be discussed with the 
woman:

 1. A further attempt to induce labor.
 2. Cesarean section.

22.6  Induction of Labor in Special 
Situations

Prolonged pregnancy—an ultrasound to con-
firm gestation should be offered before 20 weeks 
of gestation, as this reduces the need for induc-
tion for perceived post-term pregnancy. Women 

22 Induction of Labor



208

with uncomplicated pregnancies should be 
offered induction of labor beyond 41  weeks. 
From 42 weeks, woman who declines induction 
of labor should be offered increased antenatal 
monitoring consisting of a twice-weekly CTG 
and ultrasound estimation of maximum amniotic 
pool depth.

Preterm prelabor rupture of membranes—
induction of labor should not be carried out 
before 34  weeks unless there are additional 
obstetric indications (infection or fetal compro-
mise); after 34 weeks, decision should be made 
depending upon risk to the mother and fetus and 
local availability of NICU.

The choice of prostaglandins is the same as 
that with intact membranes. Both intracervical 
PGE2 and misoprostol can be used if the cervix is 
unfavorable. Vaginal prostaglandins do not 
increase the risk of infection with ruptured 
membranes.

Prelabor rupture of membranes at term—
induction of labor is recommended for women 
with prelabor rupture of membranes at term 
within 24 h. With induction, there was no increase 
in cesarean section rate but a significant reduc-
tion in the risk of chorioamnionitis or endometri-
tis and a reduced number of neonates requiring 
admission to the neonatal intensive care unit. The 
beneficial effect was more evident with oxytocin. 
Oxytocin is regarded as the first option, though 
prostaglandins should be considered if the 
Bishops score is low. ACOG guidelines support 
25  μg intravaginal misoprostol every 3–6  h or 
50 μg per vaginal every 6 h. At this time IV oxy-
tocin is preferred method for induction for 
PROM.

Intrauterine fetal demise in late second or 
third trimester—in the event of an intrauterine 
fetal death, if the woman is physically well, her 
membranes are intact, and there is no evidence of 
infection, and bleeding choice of expectant man-
agement can be offered, but if any of the above 
condition is present, then immediate induction of 
labor is the preferred option. Oral mifepristone 
followed by intracervical PGE2 or misoprostol is 
the preferred method of induction of labor at all 
gestational ages.

FIGO recommendation for doses of misoprostol in intra-
uterine fetal death

IUFD in third 
trimester

25 mcg vaginally six hourly or 
25 mcg orally two hourly

IUFD in second 
trimester

13–17 weeks 200 mcg vaginally 
six hourly (max four doses)
18–26 weeks 100 mcg vaginally 
six hourly (max four doses)

In patients having unfavorable cervix, away 
from term. Extraamniotic ethacridine lactate with 
intracervical catheter along with high concentra-
tion oxytocin drip is more effective. Intravaginal 
misoprostol (high dose) is superior to oxytocin 
before 24 weeks. Aggressive induction for press-
ing indication (as eclampsia with IUFD) away 
from term, extra amniotic ethacridine lactate with 
foleys catheter in situ along with intracervical 
PGE2 gel. After 6 h tab. Misoprostol every 4 h till 
the desired effect.

Fetal macrosomia—there is no evidence that 
induction of labor is beneficial in suspected fetal 
macrosomia. As accurate estimation of birth 
weight is difficult even with use of ultrasound, 
routine induction of labor is not recommended in 
suspected fetal macrosomias.

Fetal growth restriction—if there is severe 
fetal growth restriction with confirmed fetal com-
promise, induction of labor is not recommended.
Fetal growth restriction with severe oligohy-
dramnios and compromised fetus, IOL should 
not be offered as these babies are at a higher risk 
of perinatal death due to uteroplacental insuffi-
ciency, lower metabolic reserves due to intrauter-
ine malnutrition or pre-existing hypoxia and an 
umbilical cord more prone to compression due to 
a reduction in amniotic fluid volume. Continuous 
intrapartum CTG is advocated in IOL in compli-
cated and high-risk pregnancies.

Breech presentation—induction is not rou-
tinely recommended if fetus is in breech presen-
tation in view of maternal fetal morbidity, but if 
external cephalic version is unsuccessful and 
woman declines the cesarean section, then induc-
tion of labor with vaginal prostaglandins may be 
offered after discussing the risk. The perinatal 
outcome is definitely better with elective LSCS, 
hence the preferred mode of delivery.
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Previous cesarean section—in case of previ-
ous scar if vaginal delivery is indicated, then induc-
tion with intracervical PGE2 gel may be done. But 
risk of emergency cesarean section and uterine rup-
ture should be discussed with the woman. 
Misoprostol is contraindicated for induction at 
term with a previous scar. Labor induction in previ-
ous LSCS needs clinical precautions, specific con-
sent, and sound judgment. Judgment comes from 
experience! Experience comes from poor judg-
ment! Vaginal birth after C-section is possible only 
with a single previous vaginal delivery, average 
birth weight, normal progress of labor, and ripe cer-
vix. Risks of maternal morbidity with failed VBAC 
is 14.1%. With planned repeat C. Section it is 3.6%, 
and with successful VBAC it is 2.4%.

It clearly means that VBAC has to be chosen 
very very carefully and moreover the decision to 
induce labor in previous LSCS is controversial 
and definitely needs a well-equipped hospital and 
trained personnel. The management plan includes 
a gradual and step-up methodology. After strip-
ping of membranes, wait for spontaneous onset 
of labor with fetal monitoring, if Bishops score 
>8 do amniotomy & oxytocin. In unfavorable 
cervix do Foley’s catheter or PGE2 gel.

Induction of labor for maternal request—
induction should not be offered on maternal 
request alone. Under exceptional circumstances, 
induction may be considered at 39–40 weeks.

22.7  Conclusion

Induction of labor in special situations is challeng-
ing to the obstetrician. Individualization of the case 
is a must and much depends on the skill and will of 
both the clinician and the patient. When induction 
of labor takes place in women with recognized risk 
factors, it should take place in a well-equipped hos-
pital with facilities for monitoring and emergency 
C-section and availability of skilled personnel.

22.8  Summary 
and Recommendations

• Induction of labor is one of the most commonly 
performed procedures in obstetrical medicine.

• Induction of labor is indicated when continu-
ing the pregnancy is thought to be associated 
with greater maternal or fetal risk than inter-
vention to deliver the pregnancy, and there is 
no contraindication to vaginal birth.

• The bishop score is the best available tool for 
predicting the likelihood that induction will 
result in vaginal delivery. A score ≥ 8 out of 
13 is associated with a probability of vaginal 
delivery.

• Avoid elective induction of labor at term as it 
has got the potential for iatrogenic prematu-
rity, long labor, and higher healthcare costs, 
without proven medical/obstetric benefits.

• The modified bishop score is the best available 
tool for predicting the likelihood that induc-
tion will result in vaginal delivery. A score ≥ 8 
out of 13 is associated with a probability of 
vaginal delivery.

• Cervical ripening methods fall into two main 
categories: Pharmacologic and mechanical. 
Because the state of the cervix plays such a 
crucial role in labor induction, a cervical 
examination is essential before determining 
which method to use for labor induction.

• The most commonly used approach includes 
use of prostaglandins such as Dinoprostone 
and misoprostol as well as intracervical Foley 
balloon placement.

• Membrane sweeping is effective in reducing 
the interval to spontaneous onset of labor and 
the overall duration of pregnancy when per-
formed at term.

• For women with favorable cervices undergo-
ing induction, administration of oxytocin with 
early amniotomy should be practiced. 
Implementation of a standardized oxytocin 
induction protocol can minimize errors in 
oxytocin administration, as well as complica-
tions from oxytocin administration.

• If tachysystole with fetal heart rate changes 
occurs, uterotonic drugs should be stopped. If 
there is no prompt response to discontinuation 
of the uterotonic and supportive measures 
(e.g., left lateral position, intravenous fluid 
bolus), administer a tocolytic, such as terbuta-
line 250 mcg subcutaneously or intravenously 
or atosiban 6.75 mg intravenously over 1 min 
for fetal resuscitation. Nitroglycerin 
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60–90 mcg intravenously is usually successful 
in recalcitrant cases.

• Because oxytocin induction is less successful 
when used in women with a low bishop score 
(≤6 out of 13), a ripening process is generally 
indicated prior to administering oxytocin in 
these cases.

• There is no universal standard for defining a 
failed induction. It is important to allow ade-
quate time for cervical ripening and develop-
ment of an active labor pattern before 
determining that an induction has failed. 
Failed induction is defined as failure or inabil-
ity to generate regular contractions every 
3 min and cervical change after at least 24 h of 
oxytocin administration. Membranes should 
be artificially ruptured when safe and feasible. 
After rupture of membranes, a failed induc-
tion is defined by absence of regular contrac-
tions and cervical change after at least 12 h of 
oxytocin administration.

• For women with favorable cervices undergo-
ing induction, administration of oxytocin with 
early amniotomy is more useful than amniot-
omy alone. Use of oxytocin alone without 
amniotomy is also reasonable.

• High-dose oxytocin regimens decrease the 
time from admission to vaginal delivery, but 
do not appear to decrease the incidence of 
cesarean delivery compared to low-dose ther-
apy. High-dose regimens are associated with a 
higher rate of tachysystole than low-dose 
regimes, but no significant difference in neo-
natal outcomes.

• High doses of oxytocin should not be admin-
istered in hypotonic solutions, as this can lead 
to excessive water retention and dilutional 
hyponatremia.
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Augmentation and Management 
of Labor

Sudhir R. Shah

23.1  Introduction

Management of labor is the term used for all the 
procedures done to help the pregnant woman, 
once she starts labor pains and till she delivers the 
newborn. Labor can be progressed in its natural 
way during all the three stages of it without much 
interference from attending obstetricians and 
staff members. An average time period from the 
initiation of labor pains to the delivery of the 
newborn (I-D interval) ranges from 12 to 18 h in 
primigravida and 8 to 10 h in multigravida. It has 
been proved that the longer the duration of this 
I-D interval, the more are the chances of infec-
tion, dehydration, fatigue, chest pain, body pain 
and the psychological effect on the mother to be. 
It can cause disturbances in the vital data like 
irregular and slow foetal heart rates, brain dam-
age and lung infection in the newborn. These can 
be described as maternal and foetal morbidities.

O’driscoll and Friedman have studied such 
labors and have concluded that labor should be 
conducted actively rather than its own natural 
way. No labor period in primigravida (I-D 
interval) should be more than 12  h. Close 
supervision, timely intervention, tender loving 

care and constant encouragement to the woman 
in labor should be the KEY factors in manag-
ing labor patients. Primary aim should be to 
deliver the newborn within the time period of 
10–12 h in primis.

23.2  Management of Labor

A woman in labor is extremely apprehensive and 
emotional for her course of labor and its out-
come. The hours she passes in labor pains, the 
mechanical process of labor and delivering the 
foetus through narrow vaginal canal are most dis-
turbing, distressing and painful.

Tender care, soothing words, soft touch and 
constant encouragement boost up the spirit and 
stamina of the pregnant woman. It leads to 
smooth course of labor by making the uterine 
contractions more regular, effective and painless. 
Fear-tension-pain and dystocia make a vicious 
cycle, which must be broken.

23.3  O’Driscoll’s (Professor 
Emeritus National Maternity 
Hospital, Dublin) and Others’ 
Views

It is a good idea to be aware of ACTIVE 
MANAGEMENT OF LABOR, which originated 
in Dublin at the National Maternity Hospital 
(NMH).
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The principal points of active management are 
as follows:

• A precise ‘beginning’ of labor.
• The labor not lasting longer than 12 h.
• Augmentation of contractions with oxytocin 

is given if dilatation does not increase at the 
precise rate.

• The progress of the labor is charted on a graph 
called a partogram.

Every clinic should use the normal mono-
gram of labor progress and should develop alert 
line- alert zone-action line and action zone of 
their own clinic and patients should be put on it 
for knowing progress and should listen the 
alarming bells at the earliest. The aim is that a 
happy mother delivers a happy and healthy new-
born and both of them make obstetricians hap-
pier and cheerful.

23.4  Normal Labor: The Basics

The posture of the foetus at term is called as 
Attitude, and it indicates the relation of the 
foetal parts with each other. The normal atti-
tude is such which corresponds to the inner 
shape and volume of the uterine cavity. 
Generally foetus is bent forward with back 
makes the convexity. The foetal head is so 
flexed that the chin touches the chest. The 
thighs are flexed over the abdomen. The arms 
are usually crossed over.

The lie is the relation of the long axis of the 
foetus to that of the uterus. The lie is usually 
longitudinal at term. The presenting part is the 
portion of the foetus at the level of the brim of 
the pelvis. Normally it is called cephalic pre-
sentation when the head lies at the brim of the 
pelvis. Position refers to the relation of the 
occiput, in case of cephalic presentation, to the 
brim of the pelvis. Most of the time, it is 
occipito anterior—left or right side. Accordingly 
it is known as left occipito anterior (LOA) or 
right occipito anterior (ROA). Left occipito lat-
eral (LOL) is common.

23.5  Onset of Labor

Labor can be defined as series of events by which 
the mature foetus is expelled out from the mother 
through cervico-vaginal route. Normal labor con-
veniently refers to the expulsion of the foetus in 
cephalic presentation—more commonly in left or 
right occipito anterior position. The word ‘deliv-
ery’ refers to the actual birth of the baby. For the 
circumstances responsible for the commence-
ment of the labor pains, there are different views 
and theories. The common dictum ‘when the fruit 
is ripe—it will fall’ applies also. It appears that 
labor is initiated and maintained not by a single 
reason but more than many theories are acting at 
a time to start labor pains. At term progesterone 
drop, excessive sensitization of myometrium to 
present oxytocin in blood and prostaglandins 
effectivity on myometrium are the reasonable 
theories for the onset of labor. The real fact is 
uterine contraction and retractions in the last few 
days of pregnancy do help in engagement of the 
foetal head in to the brim of the pelvis. The labor 
commences when these uterine contractions and 
retractions become more regular—coming at 
shorter intervals and more intensive and 
effective.

Labor commences by effacement of the cervix 
first.

The cervix first becomes shorter in length and 
then starts dilating.

Labor is divided into three stages:

 1. The first stage of labor begins with the first 
true labor pains and ends with the full dilata-
tion of the cervix.

 2. The second stage of labor begins with the full 
dilatation of the cervix and ends with the birth 
of the newborn.

 3. The third stage of labor begins with the birth 
of the newborn and ends with the delivery of 
the placenta.

One hour after the placental expulsion is con-
sidered as fourth stage of labor by many schools 
of thoughts, as chances of post-partum haemor-
rhage are maximum during this 1 h.
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The causes of labor pains may be due to 
hypoxia of the contracted muscle cells, compres-
sion of the nerves in the cervix and lower seg-
ment of the uterus and stretching of the cervix 
due to dilatation.

The interval between the onset of contractions 
diminishes gradually from 10 min to 2 min in the 
second stage of the labor. Relaxation of the uterus 
between the two contractions is necessary for the 
foetus to get maternal blood and oxygen to 
survive.

The duration of each contraction ranges from 
20 to 40 s. Each contraction has three phases—
increment, acme and decrement.

Under the influence of contraction and retrac-
tion in labor, the uterus is differentiated in to two 
portions. The upper segment is actively contract-
ing and thicker. The lower segment is passively 
dilating and thinner. As labor progresses, the cer-
vix merges into the lower segment of the uterus. 
In a nutshell, the upper segment contracts, retracts 
and expels the foetus, while the lower segment 
and cervix dilate in response to the activity of 
upper segment. Thus an expanded muscular tube 
is formed through which the baby can pass. 
Retraction is the temporary shortening of upper 
segment which will not go back to its original 
position after the true contraction of the uterus. 
This retraction helps the foetus to descent in to 
the pelvic cavity. The relaxation of the lower seg-
ment is just opposite to the retraction of the upper 
segment.

When upper segment contracts judiciously, 
the cervix gives the resistance. Because of this 
cervical resistance, force of the uterine contrac-
tions increases to the level that a time comes 
when it overcomes the resistance of the cervix. 
The result is the cervix first becomes shorter and 
then becomes dilated.

In short, labor may be regarded as contest 
between the FORCE of expulsion and the 
POWER of resistance provided by the cervix and 
pelvic muscles. Effacement or taken up of the 
cervix is shortening of cervical canal from 2 cm 
to almost nil. The taken up cervix ultimately 
merges with the lower uterine segment. Condition 
of external Os of the cervix remains the same. 
The cervix becomes thin and papery when it is 

fully effaced, but the cervical os remains little 
dilated of 1 cm only (tip of the finger). It starts 
dilating soon after to reach to full dilatation of the 
cervix—that is, 10 cm dilatation.

23.6  Pelvic Canal

The pelvic bones, ligaments and some important 
muscles make the bony birth canal—known as 
passage of the passenger, the foetus. Because of 
the irregular shape of the pelvic canal and the 
relatively large dimensions of the foetal head at 
different levels, it is evident that not all the diam-
eters of the head can pass through the diameters 
of the pelvis. For that suitable accommodation of 
different foetal segments is required to the com-
pletion of the child birth.

By the end of the first stage of labor the 
uterine contractions causes two parts of the 
uterus.Upper—the active and Lower-the pas-
sive. Once the cervix starts dilating, presenting 
part starts descending slowly and steadily in 
the pelvic canal—in case of primis. During the 
course of labor, spontaneous rupture of amni-
otic membrane usually occurs. The total effect 
of all the above forces and adaptation leads to 
descent of the foetus in the pelvic canal and 
ultimately the delivery of the newborn through 
the vagina by adopting different positions turn 
by turn.

The cardinal movements of the foetus in the 
mechanism of labor are:

Though the above movements have been men-
tioned separately, it usually occurs with one 
another in the process of delivery.

 1. Engagement.
 2. Descent.
 3. Flexion.
 4. Internal rotation.
 5. Extension.
 6. External rotation.
 7. Expulsion.

23 Augmentation and Management of Labor
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23.7  The Clinical Course

The sinking of the foetal head into the pelvic cav-
ity reduces the bulk of the uterus and abdominal 
enlargement of the pregnant mother. This is 
called ‘lightening’. After lightening, the patient is 
at ease. False labor pains occur during the last 
few days of confinement. They are irregular, 
mostly confined to the lower segment of the 
uterus and not associated with SHOW or dilata-
tion of the cervix. False pains are relieved by 
simple analgesics.

Show is the blood-stained discharge from the 
vagina coming out from effaced cervical canal, 
and it is the cervical mucus. It mixes with the 
blood coming out due to separation of the mem-
branes and some dilatation of the cervix. This 
blood-stained mucus—SHOW—is the first sign 
of labor pains even before the patient starts feel-
ing pains of true labor contractions of the uterus. 
The average duration of the first stage of labor in 
primigravida is about 12–16  h—with marked 
individual variation.

In the second stage of labor, uterine contrac-
tions are long-lasting, usually 50–80 s, and come 
at 2- to 3-min intervals. During the second stage, 
the muscles of the abdomen are brought into 
play. In the second stage of labor, the head 
descends still further and bulges, and the 
perineum becomes thin, tense and stretched as 
the scalp of the foetal head is seen in the gap—
which may or may not go back inside in between 
the contractions. If it remains there,making diam-
eter of at least 3 inch by the scalp of the head, it 
is called CROWNING of head. This is the right 
moment of applying episiotomy cut to facilitate 
the delivery of the newborn. Now comes the 
attending obstetrician in active role to help 
deliver the baby without any problems. The next 
chapter is on normal conduction of labor.

After the successful delivery of the newborn, 
the uterus will tonically contract and retract. The 
size will reduce to a greater extent. Because of 
the disparity of the sizes of the uterine wall and 
placenta, the placenta will start separating from 
the uterine wall. There will be a sudden gush of 
bleeding, and the placenta will deliver with active 
help of the attending obstetrician. Once the pla-
centa comes out, the uterus contracts to a hard 

cricket ball. The muscles of the uterus have a ten-
dency to relax in between contraction, especially 
when she is on oxytocin drip. In such cases, drip 
should be continued to prevent post-partum 
haemorrhage.

23.8  Normal Labor: Standard 
Conduction

The fundamentals in conducting normal labor or 
delivery in the hospital set-up are very clear, and 
one must observe that the standards and precau-
tions should always be maintained. Summarizing 
these facts will enable us to understand what 
more and what better can be done keeping the 
originality intact.

All knows about the old age fear of LABOR 
PAINS in the minds of primigravidas.

Doctor-patient relationship plays a great role in 
smooth conduction of labor. Unnecessary fear 
about labor pains, overheard talk from problematic 
neighbours and oversentimental reactions from 
friends and family members create fearful image 
of delivery in the blank mind of a pregnant woman. 
In a hospital practice of a maternity department, a 
special impression should be initiated from the 
first visit of a woman to the hospital and should be 
maintained seriously by the doctors and all the 
staff members till she delivers and even after that. 
Antenatal education and knowledge about labor 
plays a major role in eliminating wrong ideas 
about pregnancy and labor. Antenatal exercise 
should be taught to all pregnant patients. It pro-
motes mind and muscle relaxation and breathing 
control and develops confidence in themselves.

It is taken for granted that in today’s hospital 
practice,through records of all the visits are kept 
in a standardized antenatal form. All pathological 
investigations and ultrasound examinations 
should be advised at regular intervals. The patient 
and her husband should be thoroughly instructed 
for the importance of regular check-ups, filing 
and keeping all the records and emergency num-
bers with them. The patient and her husband or 
near relatives should be taken to the place where 
she has to be admitted when labor pains start and 
introduced to the staff members at the registra-
tion counter.
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They should also take the virtual visit to inten-
sive labor care room and understand the names of 
common procedures of conduction of labor. If 
possible short film of labor conduction and child 
birth should be shown to all pregnant women to 
eliminate the fears and understanding of the facts.

23.9  Management of the First 
Stage of Labor

The first stage of labor starts from the first true 
labor pains and ends with full dilatation of the 
cervix. The average time period of the first stage 
of labor is 12–18  h in primigravida. Patients 
admit to the labor room at the different time of 
their first stage. It goes from just onset of labor to 
3 cm dilatation of the cervix to any point of the 
first stage of labor. After routine protocol of 
admission, thorough general and physical exami-
nation including pulse, BP, CVS, and RS exami-
nation should be done and recorded. Abdominal 
examination is similar to the one carried out dur-
ing each antenatal visit.

Abdominal examination will give the idea of:

 – Uterine contraction details—intensity and 
frequency.

 – Lie, presentation and position of the foetus—
longitudinal/cephalic/vertex/LOA.

 – Engagement of the head of the foetus.
 – Auscultation with stethoscope or fetoscope or 

Doppler gives the idea about foetal heart con-
dition and wellbeing. The normal range of 
FHR is 120–160/min.

23.9.1  Internal Examination

Vaginal examination is very essential on admis-
sion and then should be done every two hourly to 
understand the progress of labor. It gives the fol-
lowing informations:

 – Dilatation of the cervix (like 3–5 cm; full dila-
tation, 10 cm).

 – Effacement of the cervix (like 25%, 50%, 
etc.—it depends on length of the cervix, 1 cm 
50% effaced cervix).

 – Station of presenting part (0, at the level of the 
ischial spine, +1  =  1  cm below the ischial 
spine).

 – Presence or absence of amniotic fluid 
membrane.

 – Palpate two ischial spines to determine the 
mid-cavity of the pelvis.

Generally the foetal head descents with the 
progress of labor. Vital signs of progressive labor 
in correct direction are:

• Progressive dilatation of the cervix.
• Progressive effacement of the cervix.
• Progressive descent of the foetal head.

Frequent examination of the patient in the 
form of maternal pulse-uterine contractions, their 
intensity and frequency and FHR is very neces-
sary to know the condition of the mother and the 
foetus.

 – The tempo and emotion of the woman in labor 
must be maintained by the attending staff 
members and obstetricians.

 – Pain is the major factor of first stage of labor 
and should be dealt with proper medication.

 – Liquid diet which should be allowed in the 
beginning and then juice only and then nil 
orally should be the diet protocol.

Tender touch, soft-spoken words, emotional 
support, positive attitude, pleasant surroundings, 
perfect analgesia, comfortable dress and smiling 
faces of the helping staff make the so-called long 
journey of 12 h enjoyable and result oriented for 
the woman in labor and for the newcomer too.

23.10  Management of Second 
Stage of Labor

There are certain signs or events which enable the 
doctor to know that the patient is now in the sec-
ond and most important stage of labor. Second 
stage of labor starts with the full dilatation of the 
cervix, and it ends with the delivery of the new-
born. The average duration in primigravida is 
about 45–70 min.

23 Augmentation and Management of Labor
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The events include:

• Full dilatation of the cervix.
• Complete effacement of the cervix.
• Descent and full flexion of the foetal head.
• Repetitive and long-lasting uterine contrac-

tions with bearing down from the patient.
• Head on the perineum.
• Crowning of the head.

The doctors help to deliver the newborn by:

• Good lithotomy position of the mother.
• Giving good-sized episiotomy on left side of 

the perineum.
• Supporting the perineum with the right hand.
• Controlling the occiput of the foetal head by 

the thumb and index finger of the left hand to 
prevent sudden extension of the head at the 
height of uterine contraction.

• Pushing the head low to deliver the anterior 
shoulder of the baby first.

• Pulling the head up to deliver the posterior 
shoulder of the baby.

• Pulling the head towards the doctor conduct-
ing the delivery and delivering the body and 
legs of the baby.

• All aseptic and antiseptic precautions must be 
taken while delivering a newborn foetus. 
Sister’s trolly should be well prepared. First 

cry of the newborn is the best vocal song for 
the mother and for the obstetricians too. The 
baby should be separated from the mother by 
cutting the umbilical cord at the right place 
and in between the two artery forceps. It is 
better to hand over the baby to the neonatal 
doctor in charge for the further management 
of the newborn baby. This ends the vital sec-
ond stage of labor.

23.11  Management of Third Stage 
of Labor

Third stage of labor begins with complete deliv-
ery of the newborn and ends with complete deliv-
ery of the placenta. The average duration of the 
third stage of labor is about 15 min and ranges 
from 10 to 30 min in the primigravida.

23.12  Nomogram

Nomogram is an average standard graphical 
evaluation between the progressive cervical 
dilatation in comparison with the time elapsed 
in numbers of hours. Nomogram differs from 
primigravidas to multigravidas. It also differs 
from continent to continent and country to 
country.
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Friedmann (1955) studied the course of nor-
mal labor in thousands of primigravidas. He 
studied two points: the relation of cervical dila-
tation to the number of hours in the first stage of 
labor. He made a graphical record keeping these 
two points in mind and made a curve. He gave 
the name NOMOGRAM to that curve. Philpott 
introduced ALERT LINE to this nomogram and 
named the zone right to the line as ALERT 
ZONE. Any particular partogram that enters the 
alert zone means something is alarming, and 

close watch should be kept on the progress of 
labor henceforth. O’Driscoll (1970) gave the 
name ACTIVE MANAGEMENT OF LABOR 
by suggesting some modification in this nomo-
gram with alert line. He gave the concept of 
action line on the nomogram, and the zone right 
to action line was named as action zone. If any 
patient’s partogram enters the action zone, 
delivery of the baby should be within 2  h to 
reduce the maternal and foetal morbidity and 
mortality.
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To understand the perfect progress of labor in 
parturient woman and to diagnose any deviation 
from the normal progress to prolong one at earli-
est time, alert line is useful.

Alert line is the parallel line drawn 2 h away to 
the maximum slope of nomogram on the right 
side. Zone on the right side of the alert line is 
called alert zone. The value of alert line is under-
standable. Whenever the partogram of a particu-
lar parturient woman crosses the alert line, it 
means labor is a little slow and time has come to 
accelerate the labor. Some steps must be taken to 
keep the partogram line on the left side of the 
alert line. No place again to ‘doing nothing’.

The next important line and zone are action 
line and action zone. Any progressive graph in 
the alert zone that moves towards the action line, 
touches it, crosses it and enters the action zone in 
spite of some measures taken to regularize the 
labor needs active steps. To regulate the progress, 
more aggressive steps should be necessary with 
the aim that newborn should be delivered soon. 
The upper limit is 120 min, to save the life of the 
baby and to decrease the morbidity of mother and 
the foetus. This is the real ACTION needed in 
action zone. This concept was given by O’Driscoll 
after long study and was further more advocated 
by S.N.  Daftary and colleagues S’Sudhir and 
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N’Raman of India to bring the modifications in 
conduction of labor actively in India.

Many obstetricians have followed this con-
cept, and the result published by them was an 
eye-opener. It clearly concludes that maternal 
and foetal morbidity and mortality decrease by 
adopting this method. It also reduces instrumen-
tal vaginal delivery and incidence of caesarean 
section (C. section) rates. To top it all, the patient 
enjoys her delivery as she is under constant 
observation and knowing that all surrounding 
medicos are assembled to help her and her pre-
cious child to give the best possible result.

Thus active management of labor is more 
methodical and scientific approach to the con-
duction of normal labor with the help of parto-
gram documentation. The aim is to have a happy 
mother, happy and healthy baby and the happiest 
doctor. It includes complete management of the 
patients in labor including her pain relief prob-
lems, acceleration of labor by ARM-oxytocin 
drip, outlet forceps to vacuum extraction and 
LSCS.

Every maternity ward set-up should make 
their own labor conduction programme in a 
methodical way. Complete documentation and 
record keeping should be done to avoid any med-
icolegal problems.

23.13  Active Management of Labor

Watchful expectancy in conducting a normal 
labor in primigravida is like an old wives’ tale 
now. Active management of labor is the talk of 
the field today. No sooner the primigravida 
patient is admitted to the intensive labor care 
room (ILCR), and everyone from the staff nurses 
to the obstetricians should become ACTIVE.

Every institution should decide their own cri-
teria for taking the patient on active 
management.

Most acceptable criteria for primigravidas are 
as follows:

 1. Term size (>37 weeks) primigravida.
 2. No medical complications present (heart dis-

ease, diabetes, etc.).

 3. No obstetric complications present (APH, 
PIH, etc.).

 4. Positive willingness of the patient to join this 
way of conducting labor.

 5. Patients should be in true and active labor.
 (a) Cervix more than 3 cm dilated.
 (b) Cervical effacement more than 25%.
 (c) Effective uterine contractions more than 

3 in 1 min.
 (d) Cephalic presentation with LOA-LOL- 

ROA-ROL position.
 (e) Station of the head at least 0 or +1.
 (f) Good if membranes are intact—if not, 

fluid should be clear.
 6. Consent of the patient and one near relative 

for any active interference in labor at any 
time—for instrumental delivery like vacuum/
forceps or LSCS if needed.

Every above thing should be written clearly in 
English and in  local language for the patient’s 
understanding. They should be explained thor-
oughly before taking consent.

For regular antenatal patients, this procedure 
should be done in advance.

A small booklet written in  local language 
about the rules and regulations of the hospital, 
information regarding conduction of labor, 
charges, etc. is better and must be given to all reg-
istered pregnant patients.

23.13.1  Clinic’s Criteria

• Availability of staff—round the clock.
• Availability of neonatologist—on call.
• Availability of one attending obstetrician—

round the clock who is trained for this type of 
management of labor.

• Availability of anesthesiologist—on call.

23.13.2  Programme

 1. Proper documentation should be done.
History—antenatal history—is vital data.

 2. Abdominal findings to be written on admis-
sion—position and engagement of the head. 
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FHR should be documented with rate per 
minute.

 3. Vaginal examination done to know the dilata-
tion and effacement of the cervix, station of 
the foetal head, status of membrane and status 
of the ischial spines.

 4. Instruction of proper diet plan given like only 
fluids—only water or Nil orally.

 5. Enema—if required—given.
 6. Patients should be registered into AML sheet 

with correct name, age and address.

23.13.3  Active Management of First 
Stage of Labor

Dilatation of the cervix in centimetres is docu-
mented at a respective point on a standard nomo-
gram with alert and action line. Standard 
nomogram is a normal graph on which every new 
patient’s labor progress is documented in graphi-
cal manner.

To explain- if the dilatation of cervix on admis-
sion of the patient is 3 C M, a point is noted on a 
corresponding point of a standard nomogram.

This means the onward progress of the labor 
documented will make a personal curve of that 
patient. This curve if mimics the nomogram the 
said patient is progressing normally. Any devia-
tion in the patient’s curve can be recognized at 
the earliest time.

• Intravenous Jelco is inserted and fixed on the 
forearm. 500 mL 5D or Ringer’s lactate plain 
drip started with 10 drops per minute.

• No analgesia is given if there is no remarkable 
pain. Otherwise some injectable analgesic 
drug should be given.

• Patient should be in labor table in ILCR.
• She should be asked to lie down in left lateral 

position, and deep breathing is suggested in 
between the two uterine contractions.

• Inform her that she is normal—all here are for 
the purpose to help her. Everything is going 
fine. Your progress will be excellent, and the 
newcomer inside says hello to the mom. These 
few kind words will make a magic in progress 
of labor, so always do that.

Repeat per vaginal examination and FHS lis-
tening should be done after 2  h of admission 
time. This examination will provide maximum 
important information.

• If the progress of labor is good then dilatation 
of the cervix can be around 5 cm. Contractions 
are regular and FHS Normal, Effacement and 
station is progressing.

• Dilatation of the cervix is noted on the 
patient’s partogram. In such condition, graph 
will just follow the nomogram and hence will 
be parallel to it.

• If dilatation of the cervix is 4 cm or less, then 
that line joining the first admission point to 
this current point will be on the right side of 
the curve and towards the alert line. This 
means progress of labor is slow. Patient may 
still be in normal zone, and if vital data (mater-
nal pulse and foetal heart sound) are within 
normal limits, nothing active should be done. 
Contraction may become normal, and labor 
may progress well in the next examination 
findings.

• If dilatation is slow after next 2-hour findings, 
the current point may go left to the alert line, 
and the patient’s partogram may cross the alert 
line and enter the alert zone in time to come.

• This situation is alarming or alerting to the 
obstetrician. Membranes can be ruptured, and 
5  units of oxytocin are added to the drip of 
500 mL of 5D—new bottle. This will acceler-
ate the uterine contractions—if they are pri-
marily hypotonic. If the cervix may not be 
dilating inspite of effective uterine contrac-
tions primiprost tablet one can be put at the 
mid cervical region.Cerviprime gel also can 
be used for this purpose.

• Evaluate the progress after 2  h. If the drugs 
and ARM (artificial rupture of membrane) 
have acted well, the dilatation and effacement 
of the cervix will increase, and the parto-
graphic curve will again follow the nomogram 
and will go parallel to alert line and hence will 
be in alert zone only.

• If the patient complains of PAIN due to strong 
contractions of uterus after starting the oxyto-
cin drip—the pain should be relieved.
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If the dilatation of the cervix is still slow on next 
examination after ARM and oxytocin drip/gel 
application, the partogram will go away from 
nomogram and may travel through the alert zone, 
touch the action line and enter the ACTION ZONE.

• It needs re-evaluation of foetal position and 
descent of the foetal head. If the vital datas are 
normal—the Ox drip should be made 
faster—15–18 drops per minute or till you pal-
pate strong uterine contractions without dis-
turbing the HR much, and that dose—drops per 
minute-should be fixed.If the cervical dilatation 
is more than 7 cm with 75% effacement—good 
descent and good FHS—wait for 2 h. The cer-
vix may become fully dilated within this time, 
and patient may deliver in the action zone nor-
mally or by assisted vaginal delivery.

• If the cervical dilatation is less than 7 cm dila-
tation with 50% effacement—good descent 
and good FHS—wait for 2 h. The cervix may 
become fully dilated within 3–4 h, but a VERY 
CLOSE WATCH on all vital data should be 
kept. If needed Ox drip may be fastened.

• If cervix is NOT progressively dilating in spite 
of all above measures and the patient is in 
ACTION ZONE, caesarean section is sug-
gested to get the best result instead of waiting 
a few hours more in expectation to have vagi-
nal delivery. It is just a wastage of time and 
will increase the foetal morbidity and not the 
chances of vaginal delivery.

23.13.4  Active Management 
of Second Stage of Labor

The second stage of labor begins with the full 
dilatation of the cervix and ends with the birth of 
the newborn. The time period is 55  min on an 
average and ranges from 40 to 80 min.

Active management of second stage works on 
the principle that there should not be any delay in 
the second stage of labor due to:

• Undescent of the foetal head.
• Poor and non-effective uterine contractions.

• Outlet resistance, delayed rotation of foetal 
head and perineal resistance.

All these factors should be managed actively 
to reduce its wrong effect on the mother and the 
foetus. Unnecessary pressure of the pelvic mus-
cles and perineum causes brain damage of the 
foetus. Once the foetal head is on the perineum, 
the mother should not suffer from excessive pain. 
It causes maternal distress and increases maternal 
morbidity.

If the outlet of the pelvis is normal and uterine 
contractions are good, the head will descend on 
its own without much bearing down by the 
mother. Once the crowning of the head is 
expected and not occurring for any reason, obste-
trician’s interference is necessary and required at 
once.

The situation becomes like this:

• Painful contractions of uterine muscles.
• Delayed internal rotation of the foetal head.
• Delayed extension of foetal head.
• Maternal pulse rate increase.
• FHR increase.

Here comes the AML in the picture.
One unit of oxytocin injection is diluted in 

9 mL of water and given slowly—taking 1 min—
by IV route of the already continuous drip. This 
will increase the intensity of uterine contractions. 
Strong tonic contraction will come in 1 min and 
crowing will occur. This is the time to give episi-
otomy to remove the perineal resistance. No 
sooner episiotomy is given, the head will deliver, 
so it is better to give support to the head from 
below and upwards. Delivery of the child will be 
in 2–3 min after the completion of stat Ox injec-
tion of 1 unit. This method is also described as 
MEDICAL FORCEP for vaginal delivery. Tonic 
contraction of the uterus is of high intensity, and 
child may suffer of cut down of maternal blood 
flow. If this situation remains for more than 
2 min, there are chances that foetal heart sound 
drops. So if the delivery is not imminent, then 
perineal or outlet forceps must be kept ready and 
applied to deliver the child.
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23.13.5  Active Management 
of Third Stage of Labor

Signs of placental separations are the uterus 
becoming globular and contracted and being felt 
above the brim of the pelvis, sudden gush of 
blood from the vagina and fundus of the uterus 
going a little upwards as the separated placenta 
bulges the lower segment.

Delivering the placenta needs real skill and 
art, no hasty movements and pulling up the cord. 
Allow the placenta to separate on its own, and 
watch out for the above signs to appear. Pull the 
umbilical cord slowly and keep one palm on the 
fundus. The placenta should be taken in one tray 
to examine it fully. All attached membranes 
should also be given a chance to deliver fully or 
pulled with the artery forceps. Massage the uterus 
for 5 min to contract it tonically. The tonicity of 
the uterus will prevent PPH.  The uterus has a 
habit of relaxing in between and especially when 
the patient is on oxytocin drip. So in such cases, 
a 10-unit drip should be continued for 1 h after 
the delivery to prevent PPH. This is also called 
the fourth stage of labor.

23.14  Conclusion

In conducting labor in primi- or any gravid, active 
watch is needed once the patient is in true labor. 
The stress in primigravida is more emotional than 
physical. Progress of labor should be closely 
watched and documented in terms of dilatation 
and effacement of the cervix, regularity of effec-
tive uterine contraction and conditions of the foe-
tus and mother. Active interference in terms of 
ARM-oxytocin drip should be done as and when 
required. The aim of the obstetrician should be 
having a healthy mother to have a healthy baby in 

decided time. The mother and obstetrician should 
be happy and joyful at the end of the whole event.
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Fetal Surveillance in Labour

Praveena Pai and Taswin Kaur

24.1  Introduction

Labour is a culmination of events which starts 
with fertilization. It is an arduous process in 
which the fetus is subjected to strong uterine con-
tractions with a potential for hypoxic insult. 
Surveillance of fetus in labour is hence crucial 
but remains challenging.

24.2  The Need for Intrapartum 
Surveillance

Despite advances in antepartum and intrapartum 
care, the annual number of stillbirths worldwide 
remains very high—2.7 million third trimester 
stillbirths, of which 1.3 million occur in labour 
[1]. Labour surveillance figures in one of the five 
priority actions are recommended by these 
authors to ‘change the curve’ of stillbirths.

More important is the perinatal morbidity in 
the form of hypoxic ischaemic encephalopathy 
(HIE) and cerebral palsy (CP) that has been linked 
to inadequate oxygenation of the fetus during 
labour. HIE is the short-term neurological dys-

function caused by insufficient fetal oxygenation 
in labour and cerebral palsy (spastic quadriplegic 
or dyskinetic type) is the long-term neurological 
dysfunction associated with it. It is important to 
note that only 10–20% of cerebral palsy cases are 
caused by intrapartum hypoxia [2]. The majority 
are caused by antepartum problems such as infec-
tions, metabolic diseases and others. Nevertheless, 
there is no doubt that labour increases the expo-
sure of the fetus to hypoxic conditions as explained 
below and fetal surveillance is crucial. The aim of 
fetal surveillance in labour is early identification 
of fetuses at risk of hypoxic insult and timely 
intervention to prevent the same.

24.3  Physiology of Fetal 
Oxygenation

The fetal oxygen concentration (PO2) is consid-
erably lower than the mother’s (40  mmHg in 
umbilical vein vs. 95 mmHg in maternal artery). 
However, there is a higher haemoglobin concen-
tration in fetal blood, and the fetal haemoglobin 
has a higher affinity for oxygen. The fetal oxygen 
dissociation curve is shifted to the left and is 
much steeper compared to the maternal curve. 
This allows fetus to have higher oxygen content 
and saturation despite low PO2 and release of 
more oxygen at tissue level [3].

Fetus gets its energy by aerobic metabolism 
which depends on a constant supply of glucose 
and oxygen. Any obstacles in the oxygen sup-
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ply pathway can lead to fetal hypoxaemia 
(decreased arterial oxygen concentration) and 
eventually hypoxia (decreased tissue oxygen 
concentration). In the absence of oxygen, the 
fetus tries to produce energy through anaerobic 
metabolism, but this process is much less effi-
cient and results in production of lactic acid 
plus accumulation of hydrogen ions in extracel-
lular fluid and within the cells [2]. This eventu-
ally leads to cell death.

24.4  Fetal Response to Hypoxia

As the fetus moves from normal oxygenation to 
asphyxia, various compensatory mechanisms 
kick in:

 (a) Fetal heart rate increases to increase fetal 
cardiac output.

 (b) There is decrease in breathing, movement 
and tone—To decrease the oxygen 
consumption.

 (c) Redistribution of fetal circulation—
Preferential flow to the brain, heart and adre-
nals and decreased to kidneys, gut, lungs and 
liver.

It hence follows that any hypoxic injury that 
causes fetal brain damage will be associated with 
injury to other organ systems reflected as meta-
bolic acidosis. Based on this, essential criteria 
have been put forth by various societies to define 
an acute intrapartum event as sufficient to cause 
cerebral palsy [3]. All the essential criteria need 
to be met.

The American College of Obstetricians and 
Gynecologists Criteria:
• Evidence of a metabolic acidosis in fetal 

umbilical cord arterial blood obtained at 
delivery (pH <7.0 and base deficit 
−12 mmol/L).

• Early onset of severe or moderate neonatal 
encephalopathy in infants born at 34 or more 
weeks of gestation.

• Cerebral palsy of the spastic quadriplegic or 
dyskinetic type.

• Exclusion of other identifiable aetiologies 
such as trauma, coagulation disorders, infec-
tious conditions or genetic disorders.

24.5  Methods of Intrapartum 
Fetal Surveillance in Current 
Usage

In the early twentieth century, auscultation of the 
fetal heart was an acceptable standard of care. By 
the 1970s, fetal heart rate tracing by electronic 
fetal monitoring was thought to be superior to 
intermittent data through auscultation. Here, we 
discuss the two most prevalent methods of fetal 
surveillance—intermittent auscultation (IA) and 
electronic fetal monitoring (EFM).

24.5.1  Intermittent Auscultation

Fetal heart can be done by various methods—
stethoscope, handheld Doppler, intermittent use of 
an external transducer of the cardiotocography 
unit or ultrasound machine. IA is deemed to be 
suitable for low-risk women, provided there is a 
1:1 care available to the labouring woman. In this 
baseline heart rate is assessed by listening and 
counting the number of beats for 1 min, preferably 
after a contraction. Maternal pulse should be 
checked during auscultation to avoid falsely 
recording the maternal pulse. IA has its advan-
tages as it is less costly, enables a woman to remain 
mobile (though the same can now be achieved 
with telemetry in EFM) and requires minimal 
training. The presence of a healthcare provider 
continuously by the labouring woman to carry out 
IA has definite merits. However it has several dis-
advantages. IA is helpful in assessing the baseline 
heart rate, rhythm and the presence/absence of 
accelerations and decelerations. It cannot, how-
ever, be used for assessing variability or describing 
types of decelerations. Subtle changes in the fetal 
heart rate may be missed. It is difficult to perform 
in obese women. With rising medicolegal cases 
involving women in labour, IA provides no objec-
tive evidence about the events as there are no paper 
tracings or recordings available.
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24.5.2  Electronic Fetal Monitoring 
(EFM)

The most common method of intrapartum fetal 
surveillance worldwide is the use of 
EFM.  Although there are two types of EFM, 
internal and external, EFM is often synonymous 
with external fetal monitoring. Changes in Fetal 
heart rate (FHR) are recorded by an ultrasound 
transducer attached to the maternal abdomen. 
Transducers are connected to a CTG machine 
where it records the fetal heart rate changes and 
their relationship to the uterine contractions. 
Continuous EFM during labour has been associ-
ated with reduction in neonatal seizures but with 
no significant difference in cerebral palsy, infant 
mortality or other standard measures of neonatal 
wellbeing [4]. In fact a higher incidence of cae-
sarean sections and instrumental deliveries was 
noted in the EFM group. Consequently, it is 
strongly recommended that EFM should be 
resorted to only in high-risk women. These could 
be antenatal factors such as hypertension, diabe-
tes, fetal indications such as fetal growth restric-
tion or intrapartum indication like induced 
labour to name a few [3].

24.5.3  Method of EFM

This method uses a cardiotocograph (CTG) to 
record fetal heart rate (FHR) and hence assess 
fetal wellbeing. In this, an ultrasound trans-
ducer is placed on maternal abdomen after 
localizing the FHR and simultaneously noting 
the maternal pulse rate (to avoid false FHR 
interpretation). Doppler shifts are detected 
and sent to the computer system that interprets 
the impulses. Uterine contractions are moni-
tored using a tocodynamometer attached to the 
uterine fundus which evaluates the increased 
myometrial tension measured through the 
abdominal wall. This method provides accu-
rate information on the frequency and the 
average duration of contractions; but it cannot 
comment on the intensity or strength of 
contractions.

24.6  Technical Aspects

24.6.1  Maternal Position During 
Monitoring

Before delving into the details of CTG, it is 
important to pay attention to a few technical 
aspects. Supine position of the mother is known 
to affect placental perfusion due to the aorto- 
caval compression, and hence monitoring should 
be done in sitting, semi-recumbent or left lateral 
position. Extra care should be taken in women 
with epidural analgesia while giving top-ups. 
Those women who are interested in remaining 
ambulant should be given the option of telemetry, 
where available.

24.6.2  Paper Speed

The horizontal speed for CTG paper in most 
countries is 1 cm/min. However some countries 
such as North America and Japan use 3 cm/min, 
and a few others such as the Netherlands use 
2 cm/min [5]. The healthcare providers need to 
be familiar with their paper speed to avoid misin-
terpretation of the CTG trace. A not so uncom-
mon error is when paper speed is erroneously set 
at 3  cm/min. Here the variability can appear 
much reduced, to those used to the 1 cm/min set-
ting and unnecessary interventions can occur.

24.6.3  Internal FHR Monitoring

External FHR monitoring uses Doppler ultra-
sound transducer to detect the movement of car-
diac structures. It is reasonably accurate in most 
situations but is more prone to signal losses par-
ticularly in the obese, signal artefacts such ‘dou-
ble counting’ of FHR during decelerations, 
especially second stage and inadvertent counting 
of maternal heart rate. In such situations internal 
FHR monitoring should be resorted to. Internal 
FHR monitoring is also advisable where fetal car-
diac arrhythmias are suspected. In internal FHR 
monitoring, a disposable fetal electrode is clipped 
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on to the presenting part (head or breech). This 
electrode measures the ventricular depolarization 
cycles by evaluating the time intervals between 
successive R waves. It is more accurate but more 
expensive. The membranes should have ruptured 
before the electrode can be applied. Moreover it is 
contraindicated in situations with increased risk 
of transmissible infections such as active herpes 
lesions; seropositive hepatitis B, C, D and E; or 
human immunodeficiency virus (HIV). It is also 
contraindicated where the fetus is likely to be suf-
fering from blood disorders and is relatively con-
traindicated in preterm infants <32 weeks.

24.6.4  Monitoring of Maternal Heart 
Rate

Simultaneous documentation of the maternal pulse 
is a good practice every time the CTG is assessed by 
a health practitioner. This is inbuilt in some modern-
day machines but, where not available, should be 
done manually. This is particularly essential when 
the fetus has a low normal baseline (around 100 
beats per minute) or when there is maternal tachy-
cardia or in second stage where CTG interpretation 
becomes difficult (e.g. where fetal accelerations are 
seen to coincide with contractions).

24.6.5  Monitoring of Twins or Higher 
Order Gestations

Dual-channel monitors allow simultaneous mon-
itoring of both FHRs in twins. Machines are also 
available with three channels. If there is diffi-
culty, the presenting twin can be monitored by 
internal FHR monitoring provided there are no 
contraindications as highlighted above. Some 
machines have an inbuilt ability of increasing or 
decreasing one of the FHRs by 20 beats so as to 
ensure easy interpretation of the CTG.

24.6.6  Storage of CTG Traces

CTG traces form an important part of the patient 
records and are important medicolegal docu-

ments. At the start of a CTG, the paper speed 
should be checked. Patient name and hospital 
number should be documented. Every time a 
CTG is assessed, date and time, any interventions 
(e.g. per vaginal examination, epidural top-up), 
overall impression of the CTG (explained below) 
and signature and name of the assessor should be 
documented. These should be stored carefully 
and where available should be archived in digital 
files.

24.7  Components of CTG

It is well known that CTG has a 60% false- 
positive rate and wide interobserver variability 
[6]. CTG analysis involves evaluation of five 
basic features—baseline, variability, accelera-
tions, decelerations and contractions.

24.7.1  Baseline

This is the mean FHR after excluding the accel-
erations and decelerations analysed over a period 
of 10  min and expressed as beats per minute 
(bpm) (Fig. 24.1). According to FIGO 2015 [6], 
the normal baseline varies between 110 and 
160 bpm, but according to NICE 2014 [7] guide-
line, the normal baseline varies between 100 and 
160 bpm. It reflects maturity of the sympathetic 
and parasympathetic nervous systems, the former 
responsible for an increase and the latter respon-
sible for a decrease in the baseline. Hence it is not 
unusual to see a higher baseline in preterm fetuses 
as their parasympathetic system is less well 
developed and to find a baseline of 90–110  in 
post-term fetuses. A rise in baseline above 
160 bpm for >10 min is called tachycardia. This 
may be due to maternal pyrexia (infection), dehy-
dration, hyperthyroidism, initial stages of non- 
acute fetal hypoxia, administration of drugs (B2 
agonists such as salbutamol, terbutaline, rito-
drine; parasympathetic blockers such as atropine) 
or fetal cardiac arrhythmias. A drop in baseline of 
below 100 bpm for >10 min is known as brady-
cardia. This may be caused by a maternal hypo-
tension, hypothermia, drugs such as B2 blockers, 
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fetal heart block, acute hypoxia or late sign of 
non-acute asphyxia.

24.7.2  Variability

It is the bandwidth variation of baseline that is 
noted after excluding the accelerations and decel-
erations over a period of 1 min. It is maintained 
by the interplay between the sympathetic and 
parasympathetic nervous systems. The normal 
range is 5–25 beats. It is classified as reduced 
when <5 beats and salutatory if >25 beats. 
Normal variability is an indicator of a robust 
autonomic system. Reduced variability may sig-
nal hypoxia especially when associated with 
decelerations (Fig. 24.2). It may also be seen due 
to drugs such as CNS (central nervous system) 
depressants or alternating with normal variability 
during fetal sleep (known as cycling pattern). 
Saltatory pattern is usually seen with rapidly 
evolving hypoxia during active maternal pushing, 
with the use of oxytocin, use of ephedrine or even 
cervical examination. Though poorly understood, 
it is believed to reflect the attempt of autonomic 
system to stabilize the baseline in the face of rap-
idly evolving hypoxia and should be taken seri-
ously in the presence of decelerations [6].

24.7.3  Accelerations

These are transient increases in baseline of >15 
beats lasting for 15  s or more. They occur in 
response to fetal movements and thus reflect a 
healthy somatic nervous system. Presence of two 
or more accelerations in a 20 min trace is a reas-
suring feature. Their absence may signal fetal 
sleep, effect of drugs such as pethidine or more 
sinister causes like infection or intrauterine brain 
haemorrhage. It is important to note that acceler-
ations do not coincide with uterine contractions 
and if this occurrence is noted, it may be due to 
erroneous monitoring of maternal heart instead 
of FHR.

24.7.4  Decelerations

A transient drop in FHR to >15 bpm below base-
line for 15 s or more is defined as a deceleration. 
These are described as early, variable and late. 
Early decelerations (Fig. 24.3) occur due to com-
pression of the head by uterine contractions and 
are hence seen in late first or second stage. 
Altered cerebral blood flow elicits a vagal slow-
ing of the FHR, and these are usually benign. 
They start with the uterine contractions, nadir 

Fig. 24.1 CTG showing baseline of 130 bpm, variability of>10, accelerations, no decelerations, contractions 1 in 10 min
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coincides with the peak of contraction, and they 
reach the baseline by the end of contraction. Late 
decelerations (Fig. 24.4) begin a bit later than the 
contractions, reach a nadir later than the peak of 

contraction and return to baseline after the con-
traction has worn off. These are mediated by 
stimulation of central and peripheral chemore-
ceptors by the hypoxia and hypercarbia. Variable 

Fig. 24.2 Reduced variability (3–5 bpm)

Fig. 24.3 Early decelerations
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decelerations (Fig. 24.5) vary in size, shape and 
their relation with the uterine contractions. These 
are the commonest type of decelerations seen in 
labour and are due to umbilical cord compres-
sion. These are of two types. Typical variable 
decelerations are those which have an initial rise 
from baseline (shouldering), drop of <60  bpm 
followed by a rapid rise above baseline (second 
shouldering) and final drop to baseline—alto-
gether not lasting >60 s. The initial shouldering is 
due to the compression of the thin-walled umbili-
cal vein, resulting in fetal hypovolemia and com-
pensatory increase in FHR. This is followed by 
the compression of umbilical artery too causing 
systemic hypertension and a protective drop in 
FHR to avoid fetal stroke, and finally there is 
recovery to baseline as the compression ceases 
[6]. These are baroreceptor mediated. Atypical 
ones do not show shouldering, the drop in base-
line is >60 bpm, and the final recovery to baseline 
may be delayed. These are mediated by a combi-

nation of baro- and chemoreceptors. Prolonged 
deceleration is one which lasts for >3 min.

Sinusoidal pattern is an FHR pattern which is 
regular, smooth undulation resembling a sine 
wave, with an amplitude of 5–15 bpm, frequency 
of 3–5 cycles/min, is associated with absence of 
accelerations and lasts longer than 30 min [5]. It 
is associated with fetal anaemia that may result 
due to Rh isoimmunisation, twin-twin transfu-
sion, ruptured vasa praevia, etc. Pseudo- 
sinusoidal pattern has a more benign aetiology 
such as fetal sucking or analgesic administration 
to mother. It has a jagged, saw-toothed appear-
ance rather than a smooth sine wave appearance 
and rarely lasts longer than 30 min.

Contractions are necessary for progress of 
labour. Tachysystole is a condition where the fre-
quency of contractions exceeds 5 in 10 min. If it 
persists without amelioration of cause, FHR 
starts showing decelerations, and this condition is 
known as hyperstimulation syndrome.

Fig. 24.4 Late decelerations

24 Fetal Surveillance in Labour
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24.7.5  CTG Analysis

Various authorities have suggested slightly different 
methods of evaluating CTG (FIGO, NICE, ACOG), 
two of which are illustrated below. It is imperative 
that clinicians looking after women in labour under-

stand the fetal physiology and do not rely on ‘pat-
tern recognition’ alone to interpret CTGs [6]. A 
popular acronym to assess CTGs completely is ‘DR 
C BRAVADO’, which means—define risk, assess 
contractions, baseline rate, accelerations, variabil-
ity, decelerations and overall analysis.

Fig. 24.5 Types of variable decelerations. (a) Normal shouldering. (b) Overshoot shouldering. (c) Loss of shouldering. 
(d) Smoothening of trough. (e) Late recovery. (f) Biphasic deceleration

Adapted from NICE 2014 guidelines: intrapartum care for healthy women and babies [7]

Description

Features
Baseline (beats per 
minute)

Variability (beats per 
minute) Decelerations

Normal/
reassuring

100–160 >5 None or early
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Description

Features
Baseline (beats per 
minute)

Variability (beats per 
minute) Decelerations

Non-
reassuring

161–180 <5 for 30–90 min Variable decelerations
 – drop from baseline by 60 bpm or less 
and taking 60 s or less to recover, present for 
>90 min, occurring with over 50% of 
contractions
Or
 – drop from baseline by more than 
60 bpm or taking more than 60 s to recover, 
present for >30 min, occurring with over 50% 
of contractions
Or
Late decelerations—Present for up to 30 min 
occurring with over 50% of contractions

Abnormal >180 or <100 <5 for more than 90 min Non-reassuring variable decelerations still 
observed 30 min after starting conservative 
measures occurring with >50% of contractions
Or
Late decelerations—Present for >30 min, do 
not improve with conservative measures 
occurring with >50% of contractions
Or
Bradycardia or a single prolonged 
deceleration lasting ≥3 min

FIGO classification—with permission from Diogo Ayres-de-Campos [5]
Cardiotocography classification criteria, interpretation and the recommended management

Normal Suspicious (one non-
reassuring feature)

Pathological (one abnormal feature or two 
non-reassuring features)

Baseline 110–160 bpm Lacking at least one 
character of normality but 
with no pathological 
features

<100 bpm
Variability 5–25 bpm  – Reduced variability

 – Increased variability
 – Sinusoidal pattern

Decelerations No repetitive 
decelerations

Repetitive late or prolonged decelerations 
>30 min or 20 min if reduced variability, or 
one prolonged deceleration with >5 min

Interpretation Fetus with no 
hypoxia/acidosis

Fetus with low probability 
of having hypoxia/acidosis

Fetus with high probability of having hypoxia/
acidosis

Management No intervention 
necessary to 
improve fetal 
oxygenation state

Action to correct 
reversible causes if 
identified, close 
monitoring or additional 
methods to evaluate fetal 
oxygenation

Immediate action to correct reversible 
causes, additional methods to evaluate fetal 
oxygenation or if this is not possible to 
expedite delivery. In acute situations (cord 
prolapse, uterine rupture, placental 
abruption) immediate delivery should be 
done

24.7.6  Adjuncts to CTG

As mentioned earlier, CTG shows a high inter- 
and intraobserver variability. Large but very early 
studies showed a limited benefit of CTG when 
applied to all women—50% reduction in neona-
tal seizures and no difference in perinatal mortal-

ity and cerebral palsy cases [4]. On the contrary 
there was a 63% increase in caesarean and 15% 
increase in instrumental deliveries. To reduce the 
incidence of false positives and unnecessary 
medical interventions, various adjunctive tests 
have been recommended. These include fetal 
blood sampling for pH and lactate levels, fetal 
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stimulation, fetal pulse oximetry and ST wave 
form analysis. Fetal pulse oximetry went out of 
use when the commercialization of the electrodes 
was stopped. Fetal scalp stimulation digitally or 
vibroacoustic stimulation on mothers’ abdomen 
was essentially used to distinguish the reduced 
variability due to fetal sleep from that due to 
hypoxia. Its role in other situations is limited.

24.7.7  Fetal Blood Sampling (FBS)

Broadly speaking, FBS is used in cases of suspi-
cious CTG or pathological CTG, unless of 
course the pathological CTG is secondary to an 
acute hypoxic event such as cord prolapse, in 
which event, rapid delivery is essential. 
Contraindications to internal FHR monitoring 
apply to FBS too. Ruptured membranes and cer-
vical dilatation of at least 3 cm are prerequisites. 
The same sample can be used for both pH and 
lactate analysis. The failure to obtain a result is 
lower with lactate estimation compared to pH as 
the amount required for lactate estimation is only 
5 μL as against 50 μL for pH [8]. The interpretation 
and management are explained in the table below.

FIGO classification—with permission from Diogo Ayres-
de-Campos [5]

Classification of fetal blood sample results and 
management

pH
Lactate 
(mmol/L) Interpretation Management

≥7.25 ≤4.1 Normal – Monitor CTG
–  Repeat FBS 

within 1 h if 
CTG 
abnormality 
persists

7.21–
7.24

4.2–4.8 Borderline –  Improve fetal 
oxygenation

–  Repeat FBS in 
20–30 min

–  Consider 
delivery if 
persisting 
borderline 
report

≤7.20 ≥4.9 Abnormal –  Rapid delivery

FBS use is mainly seen in Britain and parts of 
Europe. It has not become universally popular as 
it takes a time (median 18 min from decision to 

result) and often needs to be repeated due to the 
evolving hypoxia [9]. It cannot be done in early 
labour. There is a small risk of fetal bleed and 
infection. Cochrane review in 2013 found a small 
decrease in caesarean rate when CTG+ FBS was 
used though the instrumental deliveries increased 
[4]. A systematic review of studies analysing 
CTG  +  FBS effect in labour concluded that it 
does provide additional information on fetal 
wellbeing and is associated with decreased oper-
ative deliveries [10]. A high-quality RCT in this 
regard is still lacking.

24.7.8  Combined CTG 
and Electrocardiographic 
Monitoring

ST segment changes precede failing cardiovascu-
lar changes, and this forms the basis for using ST 
segment changes in combination with CTG for 
fetal surveillance in labour. This is also known as 
STAN (ST Analysis, Neoventa Sweden). A fetal 
electrode is used to measure both the CTG and 
ST signals. Information is obtained about the T 
wave in relation to QRS complex and shape of 
ST segment. On detecting relevant changes, the 
monitor gives warnings in the form of ‘ST events’ 
which need to be interpreted according to spe-
cific guidelines taking into account the CTG 
changes too [11]. A normal CTG or a normal 
FBS needs to be ensured before commencing 
STAN. This method has been in use since 2000 
and has been the subject of six meta-analyses. 
The conclusion is that STAN reduces operative 
deliveries and FBS, but effect on neonatal meta-
bolic acidosis is still debatable [12].

24.7.9  Computer Analysis of CTG

This is a recent attempt at reducing the intra- and 
interobserver variations seen in CTG interpreta-
tion. Here, there is a computer analysis of the 
CTG traces, and an alert is issued (visual and 
audible) so that the clinician can take remedial 
steps. A few studies have analysed its ability to 
predict neonatal academia and found promising 
results [13, 14].
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24.8  Conclusion

Labour is a taxing period for the fetus, and health-
care workers have to look out for signs of evolv-
ing hypoxia. Good knowledge of the 
pathophysiology of fetal oxygenation, thorough 
understanding of CTG and its limitations and 
application of adjunctive tests where feasible are 
needed to ensure satisfactory outcomes and pre-
vent operative interventions.

Learning Points
• At the beginning of labour, women should be 

categorized into low and high risk based on 
their antenatal history. Intermittent 
 auscultation may be sufficient for the former, 
but situation can change during labour.

• CTG interpretation should follow DR C 
BRAVADO—For complete assessment of 
situation.

• During second stage, the progression of 
hypoxia is even faster—Urgent action to 
relieve the situation or expediting delivery is 
essential.

• Regularly updating oneself in CTG interpreta-
tion is necessary for all professionals taking 
care of labouring women.
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Partograph

Geetika Gupta Syal

25.1  Introduction

In developing countries, prolonged and obstructed 
labour is one of the leading causes of maternal 
and neonatal morbidity and mortality. The causes 
may lie in the passage, the passenger or the 
power. It is therefore important not only to iden-
tify the cause of prolonged labour but to take 
timely steps to prevent and manage prolonged 
labour.

Partograph or partogram is a simple graphical 
record showing progress of labour and maternal 
and fetal conditions during labour. It helps to 
identify any delay in the progress of labour and 
signs of maternal or fetal distress easily so that 
early interventions can be taken.

25.1.1  History

Partograph was originally designed by Friedman 
in 1954. It was called the Friedman’s curve 
(Fig. 25.1) [1]. It had a sigmoid shape and con-
sisted of latent, acceleration and deceleration 
phases. Later Philpott and Castle improvised it 
by including the alert and action lines in it [2–4]. 
Since then various partographs have been intro-

duced to monitor the progress of labour. The 
WHO partograph which was modified in 2000 is 
currently used in most of the centres.

25.2  Components of Partograph 
(WHO-Modified Partograph)

The modified WHO partograph (WHO removed 
the latent phase in the now recommended “modi-
fied partograph”) begins at the active phase of 
labour where the dilatation of the cervix is 4 cm 
or more (Figs. 25.2 and 25.3).

At the top part of the partograph, there is an 
identification part where the name of the parturi-
ent, her gravid and para status, the hospital regis-
tration number, the date and time of admission of 
the labouring woman and time of rupture of 
membranes are to be recorded. The three main 
components of the graph are:

 1. Fetal record.
 2. Record of progress of labour.
 3. Maternal record.
 1. Fetal record

This is the part just below the patient iden-
tification data. It consists of fetal heart rate 
record, condition of liquor and degree of 
moulding, one below the other.
 (a) Fetal heart rate (FHR): the range of the 

graph is from 80 beats per minute to 200 
beats per minute. Each square signifies 
half an hour. The FHR is recorded every 
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15 min to half an hour in the first stage of 
labour and every 5  min in the second 
phase. It should be auscultated with 
stethoscope for full 1 min after the con-
traction, or continuous electronic fetal 
heart rate monitoring can be used. The 
normal FHR is between 110 and 160 beats 
per minute [5]. If abnormalities are noted, 
immediate action is to be taken.

 (b) Liquor: the colour of the liquor is to be 
noted in the squares. It can give an indica-
tion of fetal distress. If the amniotic mem-
brane is intact, it is indicated with the 
letter “I”. If the membranes have ruptured, 
then the letters “A”, “C”, “B” and “M” are 
used to denote absent liquor, clear liquor, 
blood-stained liquor and meconium- 
stained liquor, respectively.

 (c) Moulding: this is an important indicator 
of the adequacy of the passage (pelvis) for 
the passenger (fetus). The degrees of 
moulding are to be noted in the squares 
after every vaginal examination.
• 0 The sutures can be easily felt as the 

skull bones are separated.
• 1+ The bones are just touching each 

other.
• 2+ The bones are overlapping but 

reducible, i.e. can be easily separated 
with pressure of the finger.

• 3+ The bones are overlapping and 
irreducible.

 2. Progress of labour
This is the middle portion of the partograph 

and the most important. It is also called cervi-
cograph. In this portion we plot the dilatation 
of the cervix and descent of fetal head. Below 
the cervicograph is the section to record uter-
ine contractions.
 (a) Cervical dilatation: as described by 

Friedman, cervical dilatation follows a 
sigmoid curve. The active phase has 
acceleration phase, phase of maximum 
slope and phase of deceleration.

The y-axis of cervicograph has mark-
ings from 0 to 10 and represents cervical 
dilatation in cm. The x-axis shows time in 
hours. It has markings from 0 to 24. 
However, in the modified WHO partograph, 
there is no latent phase. The dilatation of 
the cervix is marked with “x” after estimat-
ing the same by vaginal examination.

There are two lines printed on the cer-
vicograph which are “alert” and “action” 
line. The alert line is plotted at 4 cm dila-
tation which corresponds to the active 
phase of labour. It is plotted up to 10 cm 
of dilatation; after 4 cm, the cervix should 
be expected to dilate at the rate of 1 cm 
per hour. Four hours beyond the alert line, 
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i.e. 4 h to the right of alert line, is plotted 
the action line, and both are parallel to 
each other. If there is delay in labour, the 
plot will approach the action line, which 
signifies that some action is to be taken 
(Fig. 25.4).

 (b) Descent of fetal head: this part also a mea-
sure of progress of labour is marked on 
the cervicograph with “o” (Fig. 25.4). The 
descent of fetal head can be measured by 
abdominal method and by vaginal exami-
nation. In the abdominal method, it is 
measured in terms of fifths above the pel-
vic brim. The width of five fingers is used 
to find the fifths above the pelvic brim. A 
head which is above the pelvic brim 
accommodates all five fingers. With pro-
gressive descent of the fetal head, the por-
tion of the head above the brim is 
represented by the respective number of 
fingers.

In the vaginal examination, the station 
of fetal head is assessed in relation to the 
ischial spines. The head at the level of the 
ischial spine is 0 station. The head above 
the ischial spines is represented in nega-
tive numbers and below as positives. A 
head that is 5 cm above ischial spines is 

noted as −5 and that at 4, 3,2 and 1 cm 
above the spines are −4, −3, −2 and −1, 
respectively.

To plot the descent on the partograph, 
the numbers 0–5 on the y-axis of the cer-
vicograph are used. However, for vaginal 
examination values, the following conver-
sions are to be used.

Station of fetal head Mark on cervicograph

−4 or −3 5

−2 or −1 4

0 3
+1 2
+2 1
+3 0

The last two rows of this portion are to 
write the number of hours since the begin-
ning of monitoring and the time on the clock.

 (c) Uterine contractions: adequate uterine 
contractions are required for good prog-
ress of labour. Half-hourly contractions 
are assessed and recorded on the parto-
graph. Frequency of contractions is mea-
sured as number of contractions in 10 min. 
One contraction is represented by one 
square. The number of squares is shaded 
according to the number of contractions.
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The intensity of contractions is 
assessed by the duration of contractions. 
The shading patterns used are “dotted” for 
contractions lasting less than 20 s, “diago-
nal lines” indicating contractions between 
20 and 40 s and “solid shading” for con-
tractions more than 40 s (Fig. 25.5).

 3. Maternal record: the next section of the par-
tograph is the maternal record, where the 
vitals of the parturient and the drugs and fluids 
given to her are recorded. There are two rows 
for recording the administration of oxytocin 
being given to the patient during the course of 
labour. In the next part, the drugs and iv fluids 
given to the labouring woman are noted. Just 
below is the area to record the vitals of the 
patient. The chart is labelled from 60 to 180 
where the pulse is recorded half-hourly and 
the blood pressure is noted every 4 hourly. 
Below that the temperature of the patient is 
noted in degree centigrade. At the bottom the 
characteristics of maternal urine are noted. 
Volume of the urine and presence of proteins 
and acetone are charted.

Advantages:
 1. Pictorial representation on a single page and 

hence easy to grasp.
 2. Recording labour events is easy and 

quantifiable.
 3. Easy and early recognition of abnormal labour 

and thus effective in preventing prolonged 

labour and its sequel. In a WHO multicentre 
trial, improvements in maternal and fetal mor-
tality and morbidity took place among both 
nulliparous and multiparous women after the 
use of a partograph [6].

 4. Inexpensive.

Disadvantages:
 1. Risk factors present before the start of labour 

are not identified.
 2. Vaginal examination done by separate indi-

viduals increases the range of error and unnec-
essary intervention.

25.3  Paperless Partograph

It was first used and demonstrated by Dr. A K 
Debdas of Jharkhand India [7]. It is a simple, 
low-skill method for predicting the expected time 
of delivery (ETD), hence preventing prolonged 
labour. In this, the care provider records two tim-
ings, the alert ETD and the action ETD.

25.3.1  Calculation of ETD

It uses the principle of Friedman’s formula where 
labour progress is determined by the rate of cervi-
cal dilatation at the rate of 1  cm/h, in the active 
phase. Thus the original concept used in WHO par-
tograph is kept intact. The alert ETD is calculated 
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by simply adding 6 h to the time when the cervix of 
the parturient is 4 cm dilated. The action ETD is 
calculated by adding another 4 h to alert ETD.

Both the ETDs are mentally calculated after 
determining the cervical dilatation and noted in 
big and bold letters on the case sheet. They are 
encircled, the action ETD in red.

25.3.2  Significance of ETDs

If the patient has not delivered by the time of alert 
ETD, one has to get alert, and reassessment of the 
case in view of the “passage”, “passenger” and 
“power” is to be done. In case the patient fails to 
deliver in the next 4  h, i.e. by the action ETD, 
action is taken to deliver her soon by suitable 
interventions (Fig. 25.6).

Advantages
• Easy to use as it requires a simple two-step 

calculation.

• Can be used by health workers in low-resource 
settings and midwives.

• Not time-consuming.

25.4  Conclusion

Partograph is a valuable tool to assess the prog-
ress of labour and it is designed for the early 
detection of the protracted and arrest disorders 
and of fetal and maternal distress, thus reducing 
the maternal and neonatal mortality and morbid-
ity. The use of partograph should be promoted to 
improve the management of labour.
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Pain Relief in Labor

Ajay Sood and Nishi Sood

The delivery of the infant into the arms of a con-
scious and pain-free mother is one of the most 
exciting and rewarding moments in 
medicine—Moir

Birth of a child is one of the most dangerous 
moments in the life of a woman. It is most of the 
time surrounded by misconceptions. Severe pain 
as a result of labor and delivery is the most feared 
event in pregnant women. However, the percep-
tion of pain is highly variable and unpredictable. 
Most women report intense pain from their first 
contraction, while some may not experience pain 
till the second stage of labor. Labor pain caused 
by uterine contractions and cervical dilatation in 
the first stage is transmitted through visceral 
afferent sympathetic nerves from T10 to L1. In the 
second stage, painful stimuli due to perineal 
stretching are carried by pudendal nerve and 
sacral nerves S2 to S4 (Fig.  26.1). The exact 
mechanism of this difference in pain perception 
is not completely understood but may be geneti-
cally related. A study by Debiec J et al. found that 
Asian women experienced greater pain in labor 

than women of other races [1]. The association of 
pain has also been found with a single nucleotide 
polymorphism in the β2-adrenergic gene [2]. 
Other factors affecting pain include shape and 
size of the pelvis, presentation of fetus, and aug-
mentation of contractions.

The McGill Pain Questionnaire ranks labor 
pain toward the upper end on the pain scale 
between that of cancer pain and amputation of a 
digit. The intensity of labor pain is variable with 
nulliparous women experiencing greater pain 
(Fig.  26.2), hence the importance of providing 
effective and safe analgesia during labor though 
till date it has remained an ongoing challenge. 
Throughout history several methods for labor 
analgesia have been advocated. Labor analgesia 
did not start till the middle of the nineteenth cen-
tury. John Snow in 1853 gave chloroform analge-
sia to Britain’s Queen Victoria while giving birth 
to her eighth child.

Currently there is a shift in obstetrical anes-
thesia practice with emphasis on overall manage-
ment of patient care including quality of analgesia 
rather than simple focus on pain relief only [3]. 
Better understanding of physiology as well as 
pharmacology along with the coming up of 
obstetric anesthesia as a subspecialty has led to 
an absolute advancement in the field of labor 
analgesia. Regional analgesia for labor has today 
become a part of standard obstetric care.
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26.1  Effects of Labor Pain

Painful contractions result in maternal hyperven-
tilation, causing respiratory alkalosis with a left-
ward shift of the oxyhemoglobin dissociation 
curve and increased maternal hemoglobin affin-
ity for oxygen. Hypocarbia also leads to hypoven-
tilation in between contractions, which may 
further decrease the maternal PaO2. Increased 

oxygen consumption which occurs during labor 
along with hypocarbic uteroplacental vasocon-
striction is a potential cause of fetal hypoxemia. 
Increases in cardiac output and vascular resis-
tance may increase maternal blood pressure. The 
response of sympathetic stimulation to pain also 
leads to increase in levels of catecholamines 
which can depress the uterine activity and utero-
placental circulation. Effective labor analgesia 
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benefits most the high-risk parturient, i.e., those 
with preeclampsia or cardiac disease and those 
with marginal uteroplacental circulation and 
function by attenuating these responses.

26.2  Methods of Pain Relief 
in Labor

26.2.1  Nonpharmacologic Methods

Expectation of the patient concerning labor influ-
ences the childbirth experience.

The concept of natural childbirth was given by 
Eappen and Robbins in 1940 which consisted of 
teaching relaxation techniques and the elimina-
tion of fear to prevent labor pain [4]. Fernand 
Lamaze introduced psychoprophylaxis involving 
focusing on objects or breathing exercises to dis-
tract from pain, along with the use of conven-
tional analgesic drugs [5]. Although taught 
extensively, there is a lack of scientific validation 
of the efficacy of these methods. Patients have 
been found to use coping techniques in the early 
first stage of labor but less so as labor progresses. 
Prepared childbirth by most modern instructors 
provides information about the elementary physi-
ology of pregnancy and delivery with the aim to 
reduce fear and teach relaxation and breathing 
exercises.

Nonpharmacologic methods are preferred by 
some patients for pain management during labor. 
Acupuncture has been found to be useful in treat-
ing postoperative analgesia after cesarean section 
but shown poor results in controlling pain during 
labor [6]. In a meta-analysis to observe the effi-
cacy of acupuncture, it was found that acupuncture 
had a small but statistically significant effect on 
labor pain, but the effect lasted for only 30 min [7].

A Cochrane review on massage for labor pain 
relief found that though pain decreased margin-
ally in the massage group in the first stage of 
labor however no difference was seen in the sec-
ond and third stages of labor [8].

Hypnosis as a relaxation technique has also 
been used for pain relief in labor. However no 
conclusive evidence is reported in literature. 
Other nonpharmacologic techniques such as 

transcutaneous nerve stimulation (TENS), hydro-
therapy, presence of a support person, intrader-
mal water injections, and even biofeedback have 
all been used for pain relief during labor.

26.2.2  Pharmacological Treatment 
of Pain in Labor

26.2.2.1  Inhalational Analgesia
Inhalational agents were the earliest to be used 
for labor analgesia in modern times. The tech-
nique involves the inhalation of subanesthetic 
concentrations of an agent while the mother 
remains awake with intact protective laryngeal 
reflexes. It can be used alone or in combination 
with other methods of analgesia. Increasing 
usage of volatile anesthetics in childbirth resulted 
in rising incidence of side effects especially neo-
natal depression and maternal gastric aspiration 
[9, 10]. This leads to the origin of fasting mea-
sures, and the guidelines recommended by 
Mendelson became cornerstones of obstetric 
anesthesia practice.

Nowadays volatile anesthetics are not very 
popular for pain relief in labor although nitrous 
oxide is still being used in few less developed 
countries. It is mixed with O2 in a 50:50 ratio or 
slightly more for patient inhalation via a demand 
valve through a low-resistance breathing system. 
It takes 45 s for the analgesic effect to be achieved; 
hence the parturient should start breathing 
Entonox at the start of a contraction to achieve 
desired brain concentration at the height of con-
traction. Deep, slow breathing and abstaining 
from Entonox between contractions is encour-
aged. Studies have demonstrated different 
response to inhaled N2O varying from moderate 
analgesia [11, 12] to no difference in visual ana-
logue pain scores [13]. The analgesic effect of 
N2O may be confounded by sedative and relaxing 
effects that benefit the laboring woman. Use of 
N2O in O2 is safe and does not cause hypoxia, 
unconsciousness, or loss of protective airway 
reflexes [14] which is commonly seen with opi-
oids. Also there is no effect on uterine contractil-
ity and neonatal depression irrespective of 
duration of use.

26 Pain Relief in Labor



248

The efficacy of small concentrations of halo-
thane, enflurane, isoflurane, desflurane, and sevo-
flurane in labor, alone and in combination with 
nitrous oxide, has also been demonstrated [15–
17]. As sevoflurane has early onset and short 
duration of action, it is the most preferred inhala-
tional agent for labor analgesia and can be given 
as patient-controlled inhalation analgesia. But 
with the use of inhalational agents, environmen-
tal pollution is always a concern as well as risk of 
loss of consciousness and compromised airway 
reflexes leading to aspiration [18].

26.2.2.2  Parenteral Agents
Many agents that activate the μ-opioid receptors 
provide good pain relief during labor. Opioids are 
widely available and relatively cheap, hence 
commonly used. However as there is placental 
transfer of opioids, their use in labor is a compro-
mise between effective analgesia and unwanted 
side effects.

Meperidine is the most commonly used long- 
acting opioid in obstetric practice worldwide 
[19]. Maternal T1/2 of meperidine is 2–3 h but is 
13–23  h in fetus and newborn due to an active 
metabolite normeperidine which crosses the pla-
centa and causes respiratory depression. Newborn 
is at greater risk with increased dose and shorter 
dosing intervals [20].

Morphine is no longer used for labor analgesia 
as it causes excessive maternal sedation and sig-
nificant neonatal respiratory depression with loss 
of fetal beat-to-beat variability.

Butorphanol and nalbuphine are mixed ago-
nist/antagonist opioids which are very popular, 
especially in the USA, for the relief of labor pain. 
These drugs do cause respiratory depression but 
exhibit a ceiling effect with increasing doses. The 
dose of butorphanol is 2–4  mg intramuscularly 
but is associated with 75% incidence of transient 
sinusoidal fetal heart rate pattern. For this reason 
nalbuphine 10  mg i.v. has become the drug of 
choice in many institutions though it causes some 
maternal sedation.

Nowadays, shorter-acting fentanyl and 
ultrashort- acting remifentanil are gaining popu-
larity for pain relief. Fentanyl is a highly lipid- 
soluble synthetic opioid with 100 times analgesic 

potency in comparison to morphine. Its onset of 
action after intravenous administration is within 
2–3 min with a short duration of action and no 
major metabolites thus making it a good drug for 
labor analgesia. In small doses it does not cause 
any significant difference in neonatal Apgar 
scores and respiratory depression [21]. Because 
of its favorable pharmacokinetics and pharmaco-
dynamics, patient-controlled intravenous analge-
sia (PCA) is also a suitable mode for fentanyl 
administration.

Remifentanil has emerged as an alternative to 
regional analgesia for patients with contraindica-
tions and for those unwilling for regional anes-
thesia. It is an ultrashort-acting opioid and has a 
favorable safety profile. As it is metabolized by 
placental esterase, hence fetal blood concentra-
tion is less. Moreover esterase enzymes are 
mature in the fetus so the metabolism of remifen-
tanil is unaffected [22]. The recommended dose 
of remifentanil is 20  μg intravenously. During 
remifentanil infusion, it is important to monitor 
for maternal hypoventilation as episodes of oxy-
gen desaturation are observed.

Ketamine, a phencyclidine derivative, in doses 
of 10–20 mg intravenously, also produces good 
analgesia in 2–5 min without loss of conscious-
ness. Doses up to 1 mg kg−1 do not cause fetal 
depression and have no effect on uterine tone. 
Although its short duration of action makes ket-
amine unsuitable for first-stage analgesia, it may 
be effective just prior to vaginal delivery or as an 
adjuvant to regional anesthesia. The potential for 
unpleasant psychomimetic effects however must 
be borne in mind though the incidence is minimal 
with low doses.

In case of parenteral analgesics, intravenous 
administration is superior to intramuscular injec-
tion as there is less variability in peak plasma 
concentrations and faster onset of analgesia. 
Patient-controlled analgesia (PCA) is now widely 
used in pain relief. Suggested advantages of PCA 
are better analgesia at lower doses, resulting in 
less maternal respiratory depression, less placen-
tal transfer, less emesis, and higher patient satis-
faction. Meperidine, fentanyl, and the mixed 
agonist/antagonist nalbuphine are the most fre-
quently used opioids for PCA administration.
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26.3  Neuraxial Analgesia

26.3.1  Epidural Analgesia

Epidural analgesia for labor was started by 
Stoeckel in 1909 when he gave caudal epidural 
anesthesia in 141 cases. Since then, lumbar epi-
dural analgesia has been frequently used for 
labor and has become the gold standard for pain 
management in obstetrics [23]. Neuraxial anal-
gesia is the most effective method of intrapar-
tum pain relief with least depressant effect on 
the parturient and fetus in current practice [24]. 
Epidural analgesia also offers versatility in the 
level and duration of effect. Moreover segmen-
tal lumbar analgesia can be titrated for the first 
stage and extended into the sacral segments for 
the second stage of labor. By providing effective 
pain relief, epidural analgesia attenuates the 
adverse physiological responses to pain. In 
addition, effective epidural analgesia reduces 
maternal catecholamine levels, increasing inter-
villous blood flow and resulting in improved 
uteroplacental perfusion [25]. A much larger 
beneficial effect is seen in patients having pre-
eclampsia [26]. Local anesthetics, at clinically 
used concentrations for neuraxial blocks, do not 
have a direct effect on uterine activity. Neonatal 
effects may occur, indirectly, from reduced 
uteroplacental perfusion due to hypotension. 
The duration and severity of maternal hypoten-
sion is important factor in determining fetal 
hypoxia and consequent neonatal neurobehav-
ioral changes.

Preprocedural assessment for risk factors for 
regional analgesia and general anesthesia is rec-
ommended. Although any laboring woman has 
the potential to require cesarean section and theo-
retically should be kept fasting, labor as such 
takes many hours so adequate nutrition and 
hydration to the parturient has to be ensured. 
While balancing these two considerations, the 
American Society of Anesthesiologists (ASA) 
has recommended that clear fluids be allowed 
during the administration of regional analgesia 
and labor and a period of absence from solids is 
not required before the placement of regional 
analgesia.

26.3.1.1  Indications
Current ASA guidelines as well as ACOG com-
mittee recommend that maternal request for pain 
relief during labor is sufficient indication for any 
sort of intervention and the decision should not 
left on any degree of cervical dilation [27]. 
However, there are some categories of patients 
who will obtain specific benefits. Epidural analge-
sia decreases the hemodynamic effects of contrac-
tions as well as those due to pain response, which 
is desirable for patients with hypertensive disor-
ders, asthma, diabetes, and cardiac and intracra-
nial neurovascular disease. Epidural analgesia is 
specifically indicated when general anesthesia 
involving intubation is suspected to be difficult, as 
the block can be extended should operative inter-
vention become necessary. Obstetric indications 
include prolonged labor, oxytocin augmentation 
of labor, and any factors that place the parturient 
at high risk for cesarean section. Fetal indications 
include prematurity, breech presentation, and 
multiple gestation, as greater control of delivery is 
possible and the depressant effects of systemic 
opioids are avoided.

Epidural has frequently been blamed by the 
obstetricians for increased rate of operative deliv-
ery. However the Cochrane Database trials have 
clearly stressed that epidural analgesia does not 
significantly impact the risk of cesarean section. 
In two meta-analyses of randomized trials, 
patients who received or did not receive epidural 
analgesia were compared, and no relationship of 
epidural and increased cesarean section was 
found [28]. However regional analgesia does 
increase the duration of labor by an average of 
about 1 h, and also there is increased incidence of 
occipitoposterior position as well as increased 
chance for augmentation of labor with oxytocin. 
However the low-concentration mixtures which 
are used nowadays have resulted in decreased 
incidence of these undesirable effects [29].

26.3.1.2  Contraindications
Contraindications to regional anesthesia in 
obstetric patients are same as those which apply 
to the general population. Absolute contraindica-
tions are infection over the site of placement, 
frank coagulopathy, hypovolemic shock, and 
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patient’s refusal or inability to cooperate 
(Table  26.1). The American College of 
Gynecologists has concluded that women with 
platelet count of >50,000/μL can however be a 
candidate for regional analgesia [30]. Relative 
contraindication in the parturient in performing 
neuraxial blockade is bacteremic patients with 
risk of subsequent development of meningitis 
and epidural abscess. There is consensus that 
regional anesthesia is safe in parturients with 
recurrent genital herpes infection, in the absence 
of systemic symptoms.

Women receiving anticoagulation therapy are 
at a higher risk of developing spinal cord hema-
toma and subsequent compressive symptoms. 
The ACOG [30] has reaffirmed that:

 1. Women receiving unfractionated heparin ther-
apy but having normal activated partial throm-
boplastin time (aPTT) should be able to 
receive regional analgesia.

 2. Women who are only on low-dose heparin or 
getting prophylactic dose of unfractionated 
heparin are not at increased risk and can be 
considered for neuraxial analgesia.

 3. For women on once-daily dose of LMWH, 
wait of 12 h after last injection is warranted 
before placement of regional analgesia.

 4. After the epidural catheter removal, low 
molecular weight heparin should be started 
only after at least 2 h.

26.3.1.3  Conduct of Epidural 
Analgesia

Epidural anesthesia in the laboring patient is per-
formed similarly as in the general surgical patient. 
Resuscitation equipment trolley should be kept 
ready for immediate use. After obtaining 

informed consent, a good intravenous access is 
established. Vital signs are to be continuously 
monitored. At the time of epidural placement, the 
fetal heart rate should also be monitored. The sit-
ting position for introduction of epidural 
improves identification of the midline especially 
in obese patients and also reduces the incidence 
of aortocaval compression, whereas the lateral 
position apart from being more comfortable posi-
tion for the laboring patients offers advantage of 
less incidence of orthostatic hypotension. 
Ultrasound has come up in recent times for imag-
ing of the spine helping in easy identification of 
epidural space and predicting difficult spine 
score.

The most common sites for epidural catheter 
placement are into the space between L2–3 and 
L3–4. Analgesia should be initiated preferably 
after a test dose to prevent inadvertent intrathecal 
or intravascular placement [31]. The inclusion of 
epinephrine in test dose is controversial in 
pregnancy.

26.3.1.4  Maintenance of Epidural 
Analgesia

A bilateral sensory level of analgesia is estab-
lished at initiation of the epidural block, which is 
subsequently maintained by continuous infusion, 
intermittent bolus injection, or patient-controlled 
epidural analgesia (PCEA) of a dilute mixture of 
local anesthetic, combined with a narcotic. An 
infusion of a dilute mixture offers the advantages 
of a uniform level of analgesia, increased mater-
nal hemodynamic stability, less chance of local 
anesthetic toxicity, and a slower ascent of the 
level of anesthesia should intravascular or sub-
arachnoid migration of the catheter occur in com-
parison to intermittent injections. The use of 
dilute concentrations also avoids loss of motor 
function. The intermittent technique needs rein-
forcement every 1–2 h though continuous tech-
niques do not necessarily abolish the need for 
top-ups. Neonatal outcome is the same with both 
techniques. The superiority of either technique is 
controversial though patient satisfaction is report-
edly higher with continuous techniques.

PCEA (patient-controlled epidural analgesia) 
consists of intermittent demand dosing controlled 

Table 26.1 Absolute contraindications to neuraxial 
analgesia

Refractory maternal hypotension
Maternal coagulopathy
Thrombocytopenia
Low molecular weight heparin within 12 h
Septicemia
Skin infection over needle site
Increased intracranial pressure
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by the patient, with or without a background con-
tinuous infusion. It is a method of the drug deliv-
ery system offering many advantages [32]. As 
there is a wide range of dose requirements among 
patients, the ability of the PCEA technique to 
titrate dose to effect is a big advantage. Another 
potential benefit is increased patient satisfaction 
from a greater degree of autonomy.

Whichever modality is used for the mainte-
nance of epidural analgesia, the patient must be 
assessed regularly for maternal hemodynamics, 
fetal heart rate, sensory level, and degree of 
motor blockade. It is strongly recommended that 
oxygen saturation be monitored with epidural 
opioid use.

26.3.1.5  Complications
Hypotension and inadequate analgesia are the 
most common complications [33]. Uncorrected 
hypotension leads to decreased uteroplacental 
perfusion, causing fetal hypoxemia and acidosis, 
and must be treated urgently. Hypotension can be 
prevented by intravenous prehydration as well as 
by avoiding aortocaval compression. Inadequate 
epidural analgesia occurs in 1.5–5% of laboring 
patients, even in experienced hands. When the 
parturient complains of discomfort, the sensory 
level of analgesia should be assessed and the cer-
vical dilation, stage of labor, uterine contraction, 
and fetal heart rate tracing noted. Other factors to 
be ruled out in case of inadequate analgesia 
include equipment problems (pump malfunction/
disconnected tubing/empty reservoir bag) and a 
full bladder. The other potential risks associated 
with the epidural technique include subarachnoid 
catheter migration and opioid-related side effects. 
Owing to the dilute infusions used, intravascular 
catheter migration is more likely to result in 
diminishing analgesia than systemic toxicity. A 
progressive increase in the sensory level of anal-
gesia or significant motor blockade may indicate 
subarachnoid migration. In both situations, the 
catheter should be examined and replaced as nec-
essary. Intrathecal opioids as with parenteral 
administration are known to result in dose- 
dependent side effects which increase if the 
patient is also getting systemic opioids. In doses 
used clinically in epidural, opioids have no sig-

nificant effect on neonatal Apgar scores though 
reports of fetal heart rate decelerations have been 
found.

Patient discomfort may also be an indication 
of progression to the second stage of labor as 
sacral nerves are large-diameter, myelinated 
fibers that require a large volume of more con-
centrated local anesthetic solution for blockade. 
An occipitoposterior fetal head is associated with 
more severe pain, often felt in the back. An 
increased concentration and infusion rate have to 
be used. Opioid boluses (50 μg fentanyl in saline) 
or PCEA may be considered. Severe, unrelenting 
pain despite an adequate sensory level and pres-
ent between contractions may indicate placental 
abruption or uterine rupture known as Crawford’s 
sieve [34].

Accidental subarachnoid placement/injection: 
The incidence of dural puncture varies approxi-
mately between 0.2% and 2%. The subsequent 
incidence of postdural puncture headache 
(PDPH), resulting from a 16 to 18G needle punc-
ture, may reach 76–87% [35]. If inadvertent dural 
puncture occurs during epidural needle place-
ment, the catheter may be threaded and a contin-
uous spinal technique employed, or the epidural 
may be re-sited at another interspace.

Accidental intravenous placement/injection: 
Vessel puncture can take place on initial insertion 
of the epidural needle or catheter or later due to 
migration of the catheter tip. The typical fre-
quency appears to be in the range between 7% 
and 8.5% in pregnant patients. The incidence of 
intravascular catheter placement can be reduced 
by injecting fluid through the epidural needle 
before catheter placement [35]. This emphasizes 
the need for vigilance when administering large 
drug doses through an indwelling epidural cath-
eter for cesarean delivery. Accidental slow intra-
venous injection of local anesthetics results in 
subjective maternal symptoms of light headed-
ness, apprehension, tinnitus, perioral paresthesia, 
and a metallic taste. Close attention to these pro-
dromal symptoms will provide early warning of 
intravascular injection of local anesthetics and 
avoid their more dangerous toxic effects, such as 
seizures, ventricular dysrhythmias, and cardiac 
arrest.

26 Pain Relief in Labor
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26.3.1.6  Other Complications
Back pain after childbirth is common irrespective 
of whether regional analgesia has been used or 
not [36].

Infection is uncommon with practice of strict 
aseptic technique while giving spinal and epi-
dural anesthesia [37, 38]. Another problem 
encountered during regional analgesia is because 
of the increased vascularity of the epidural space 
in pregnancy resulting in increased incidence of 
vessel injury. However, with normal platelets and 
coagulation factors, formation of epidural hema-
toma is extremely uncommon [39]. Hence all 
pregnant patients who have received epidural 
analgesia should be monitored till complete reso-
lution of the epidural blockade. Direct nerve 
damage is exceedingly rare in laboring [40, 41].

26.3.2  Spinal Analgesia

In most cases, a single-shot spinal injection is not 
suitable for the first stage of labor because of its 
finite duration. Occasionally, it may be employed 
to provide analgesia in multiparous women pre-
senting at an advanced stage of cervical dilation, 
when only one injection is anticipated. Continuous 
spinal analgesia can be provided via an intrathecal 
catheter. This technique has been used for patients 
in whom placement of an epidural catheter is 
problematic (morbid obesity, abnormal vertebral 
anatomy). Initial injection of 2.5  mg of bupiva-
caine with 25 μg of fentanyl is followed by infu-
sion of the standard local anesthetic/opioid 
mixture but at lower rates of 1–2 mL h−l. All con-
tinuous spinal catheters must be labeled appropri-
ately, and the sensory level and intensity of motor 
block must be monitored closely to avoid high 
spinal anesthesia. The use of spinal microcathe-
ters is not advocated by the Food and Drug 
Administration (FDA) because of cauda equina 
syndrome and more technical difficulties [42].

26.3.3  Combined Spinal-Epidural 
Analgesia

The combined spinal-epidural (CSE) technique 
offers the advantage of the rapid and reliable onset 

of profound analgesia combined with the flexibil-
ity and longer duration of epidural technique to 
provide satisfactory and safe analgesia [43].

There are several commercially available 
combined needle devices. A spinal needle is 
placed through the epidural needle, and after 
ensuring CSF flow, medication is given intrathe-
cally. Subsequently an epidural catheter is placed 
through the epidural needle. This is the needle- 
through- needle technique. For spinal medication, 
a small dose of local anesthetic like 2.5  mg of 
bupivacaine and short-acting, lipid-soluble opi-
oids such as fentanyl 10–25  μg or sufentanil 
5–15 μg are used which give sensory analgesia 
without any motor block for a duration of 
90–120  min. The low concentrations of local 
anesthetics and opioid used in epidural also allow 
the patient to ambulate. The usual practice is to 
give drugs intrathecally, followed by continuous 
epidural infusion of 0.125% bupivacaine with 
2 μg mL−1 of fentanyl at 10 mL h−1 [44].

A CSE technique allows for a smooth change 
between the epidural and spinal portions of anal-
gesia. Addition of adrenaline to the opioid/local 
anesthetic combination may prolong the analge-
sia. Different studies however have found no dif-
ference in maternal satisfaction, ability to 
ambulate, and mode of delivery between CSEA 
and epidural techniques [45].

26.3.3.1  Ambulation and Neuraxial 
Labor Analgesia

The interest in ambulation came from the belief 
that the upright posture along with mobility of the 
patient may have positive effect on the outcome of 
labor. Initial concerns with ambulation were for 
maternal safety (hypotension, risk of injury) and 
fetal well-being. However it is clear that ambula-
tion does not improve labor outcome [46]. 
Uncomplicated and less painful labor permits 
ambulation, rather than vice versa. A typical 
walking epidural consists of continuous epidural 
infusion of a dilute local anesthetic/opioid mix-
ture, e.g., 0.0625–0.1% bupivacaine with fentanyl 
2 μg mL−1, which retains sensory and motor func-
tion adequate to ambulate [47]. Prior to allowing 
ambulation, the clinician should assess for ortho-
static blood pressure changes, lack of motor block 
(e.g., a deep-knee bend), and retention of proprio-
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ceptive abilities (e.g., toe- pointing). The fetal 
heart rate is to be monitored on an intermittent 
basis or via a telemetry unit, and patients should 
not walk unaccompanied [48].

26.3.3.2  Neuraxial Analgesic 
Medications

Intrathecal lidocaine and 2-chloroprocaine have 
been extensively used but have been found to be 
associated with transient neurologic symptoms 
and even delayed cauda equina syndrome [49, 
50]. Most of these cases were associated with 
high-concentration preparations with varying 
preservatives. Hence nowadays preservative-free 
local anesthetics are recommended to be used in 
an epidural catheter. Bupivacaine (0.0625–
0.125%) and ropivacaine (0.1–0.2%) are the most 
commonly used drugs for obstetric analgesia 
because sensory blockade is greater than motor 
blockade with these drugs in comparison to lido-
caine or 2-chloroprocaine. Transient neurologic 
symptoms and cauda equina syndrome however 
have also been reported with intrathecal bupiva-
caine [51]. Ropivacaine and levobupivacaine are 
less cardiotoxic even after accidental intravenous 

injection and hence safe. There are different dos-
ing regimens for these drugs, some of which are 
highlighted in (Table 26.2).

Lipid-soluble opioids like fentanyl l–3 μg/mL or 
sufentanil 0.1–0.5 μg/mL added to local anesthetics 
allow the reduction of dose along with decreased 
motor blockade, preserved analgesia, and enhanced 
maternal satisfaction [52]. Another common adju-
vant used is α2-agonist clonidine which can be 
given either epidurally or in spinal [53] though not 
recommended by the US Food and Drug 
Administration (FDA) because of the risk of hemo-
dynamic instability. A more selective α2-adrenergic 
receptor agonist dexmedetomidine has also been 
found to be efficacious when combined with epi-
dural bupivacaine [54]. Cholinesterase inhibitor 
neostigmine has similar effects to that of epineph-
rine and has also been used as adjuvant [55]. 
Epinephrine a nonselective adrenergic agonist act-
ing on α1-, α2-, β1-, and β2-adrenergic receptors 
causes vasoconstriction in the epidural space delay-
ing the vascular uptake of local anesthetic and opi-
oid and prolonging the duration of analgesia [56]. 
Adrenaline itself also provides analgesia by activat-
ing α2-adrenergic receptors [57].

Table 26.2 Commonly used continuous and patient-controlled infusion regimens

Technique Drug Concentration and dosage
Epidural continuous 
infusion

Bupivacaine 0.0625–0.25% at 8–15 mL/h

Epidural continuous 
infusion

Ropivacaine 0.1–0.2% at 6–12 mL/h

Patient-controlled 
epidural analgesia 
(PCEA)

Bupivacaine 0.125%,4 mL basal infusion, bolus dose 4 mL, lockout 20 min, 
maximum 16 mL/h

PCEA Bupivacaine + fentanyl 
2 μg/mL−1

0.125%,6 mL basal infusion, bolus dose 3 mL, lockout 10 min, 
maximum 24 mL/h

PCEA Ropivacaine 0.1%,6 mL basal infusion, bolus dose 4 mL, lockout interval 
10 min, maximum 30 mL/h

PCA Fentanyl 50 μg loading dose i.v., PCA bolus 20 μg, 3 min lockout
Continuous spinal 
analgesia

Bupivacaine Initial dose (bupivacaine 0.25%,1 mL + 25 μg fentanyl) 
followed by 1–2 mL/h (bupivacaine 0.125% + fentanyl 2 μg/
mL)

 PCA Fentanyl 25 μg fentanyl continuous infusion, PCA bolus 25 μg, 12 min 
lockout, 4-h maximum dose 600 μg

 PCA Nalbuphine 5 mg loading dose i.v., PCA bolus 1 mg, 6 min lockout, 
discontinue when cervix completely dilated
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26.4  Regional Nerve Blocks

Nerve blocks have been used frequently by obste-
tricians to relieve labor pain.

Paracervical block (Fig. 26.3) is performed to 
inhibit nerve conduction from the body of the 
uterus and cervix by injecting local anesthetic sub-
mucosally, in lateral vagina fornices at 4 o’clock 
and 10 o’clock. It provides pain relief because of 
cervical dilation but has no effect on pain arising 
from contractions of the uterine body. It provides 
better analgesia in comparison to intramuscular 
meperidine [58], while it is comparable to PCA 
with i.v. fentanyl [59]. Rarely this block can result 
in accidental injection into the presenting part, 
which can have grave consequences [60]. The 
close proximity of the injection site to the uterine 
artery also results in uterine arterial vasoconstric-
tion and high fetal blood levels of local anesthetic 
which can cause fetal bradycardia. The needle 
guide technique of paracervical block is more safe.

Pudendal nerve block: The pudendal nerve 
can be blocked using either a transvaginal or 
transperineal approach in second stage of labor 
or for operative vaginal delivery. Though useful, 

it however inhibits the urge to push in the second 
stage of labor [61]. The other drawbacks of this 
block include a high rate of block failure, hema-
toma formation, and accidental fetal injection of 
anesthetic drug.

26.5  Conclusion

There is no single method of treating labor pain 
which can be used in any situation and which can 
satisfy every woman. Individual tailoring of 
anesthetic management of labor pain is required 
taking all the factors into account and finally pro-
viding safe and effective labor analgesia. 
Regional techniques have become the gold stan-
dard for intrapartum pain relief. Different trials 
have shown lower maternal pain scores and 
greater maternal satisfaction with regional anal-
gesia in comparison to systemic opioids, use of 
nitrous oxide, or other methods. Early regional 
labor analgesia improves maternal satisfaction 
and has no negative impact on the mode of deliv-
ery. Recent recommendations are regarding the 
usage of large doses of less concentrated solu-
tions of bupivacaine-opioid mixtures both at the 
start and for further maintenance of labor analge-
sia using PCEA.  In the future, technologically 
superior pumps utilizing algorithm-based 
CI-PCEA programs might be more useful as they 
result in even spread of the infusate and better 
pain management. The use of microcatheters for 
continuous spinal analgesia and ultrasound guide 
for space identification can help to overcome 
 difficulties in the placement of epidural catheters 
especially in difficult cases.
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Nutrition in Labor

Priya Kannan

The experience of childbirth is unique to all cul-
tures. This is a unifying factor for all cultures. 
Each woman’s experience and her need during 
labor are individualistic. Traditionally, special 
foods have been offered during labor, and some 
specific food has been discouraged as well. The 
general belief and practice was to give food dur-
ing labor to enhance energy of the woman. This 
was also acknowledged by doctors of that era [1]. 
After the landmark publication by Dr. Curtis 
Mendelson in [2], which implied aspiration as a 
cause of maternal death, intake during labor was 
completely restricted. The practice of fasting dur-
ing labor has been under scrutiny in recent times, 
primarily due to the potential detrimental effects 
of fasting. Primarily owing to modern-day anes-
thesiology, it is time to compare the disadvan-
tages of fasting to risk of aspiration during 
anesthesia.

Mendelson in the 1940s in his landmark pub-
lication reported that “there was an increased risk 
of the stomach contents entering the lungs during 
general anesthesia.” He also explained in the 
same publication that as the food particles from 
the stomach are acidic in nature, when aspirated, 
it can lead to lung damage and possibly death. 

This influenced protocols in birth settings. Based 
on his extensive work, Dr. Mendelson proposed 
the following interventions during labor:

 1. To avoid oral intake during labor.
 2. To provide energy alternatively through intra-

venous route.
 3. Wherever possible to use local anesthesia over 

general anesthesia.
 4. Anesthesia should be administered by doctors 

trained specially in the particular field of spe-
cialization. (in those days, it was not manda-
tory that only anesthetists administer 
anesthesia.)

Since then birth settings have restricted oral 
intake during labor. The assumption was that gas-
tric volume could be reduced by fasting. This 
view has been contended as there are no recent 
evidences to support this belief [3]. To compen-
sate for the energy source during labor, intrave-
nous glucose (or dextrose) has been suggested to 
be given [4–8]. The practice of intravenous glu-
cose has been seen to have side effects in the 
mother such as low sodium, fluid overload, and 
increased blood glucose concentration. And 
moreover, there is very less evidence on the 
effectiveness of this approach [9]. On the con-
trary, it has been shown that intravenous fluids 
during labor may cause rebound low blood glu-
cose in the baby, increased jaundice, and acido-
sis. These effects were observed more in 
compromised babies [10].
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27.1  Physiology of Energy 
Utilization During Labor

During early days and for centuries before that, 
women were encouraged to eat during labor to 
avoid general weakness, delayed labor, and seri-
ous postpartum hemorrhage, as listed by DeLee. 
He revised his statement after Dr. Mendelson’s 
publication. The uterus uses glucose as its pri-
mary source of energy. Fat is another source of 
energy for the uterus. There is increased need for 
oxygen during labor [11], and hence there is 
increased necessity for glucose by women in 
labor [12]. During labor, to compensate for the 
increased demand, the liver increases glucose 
production. Metabolic processes are readjusted 
to suit the increased need for energy during preg-
nancy and labor. There is a dearth of research 
articles about specific nutritional needs of women 
in labor. It is suggested that the energy require-
ment during labor could be similar to that of 
moderate cardiac exercise.

Elevated ketones are seen during exercise and 
starvation. The same may happen as part of the 
physiological response during labor, especially 
while the mother is fasting. Much significance 
was not attached to this until associations were 
established between elevated ketone levels, lon-
ger labor, and maternal psychological stress [13]. 
It is however difficult to determine whether the 
longer labor hours is due to ketone production or 
vice versa. During long labor, presence of keto-
nuria should be taken as a sign of metabolic 
imbalance.

Due to the increased fetal energy require-
ments resulting in increased fat metabolism 
along with the pregnancy-induced hormone 
changes, pregnant women are prone to ketosis 
[14]. Kubli et al. [15] concluded that ketone syn-
thesis is increased in women in labor who are 
subjected to prolonged fasting especially 
ß-hydroxybutyrate and acetoacetic acid. In the 
1960s and 1970s, to overcome ketosis, women in 
labor were administered intravenous fluids with 
glucose or dextrose. When given in large doses 
aggressively, intravenous dextrose was shown to 
cause fetal lactic acidosis, newborn jaundice, 
and hypoglycemia. Hence this protocol was dis-

continued [16]. Presently there are no guidelines 
to manage ketosis of labor.

27.2  Effect of Oral Intake during 
Labor

27.2.1  Light Diet

Scrutton et al. [17] compared the effect of light 
diet with water and water only in regard to keto-
sis. The light diet consisted of food such as cereal, 
bread, butter/jam, low-fat cheese, fruit juice, and 
beverages with milk such as coffee, tea, and hot 
chocolate along with water. Ketosis was effec-
tively prevented in the light diet group, and the 
mothers had significantly increased gastric vol-
ume. The end points measured included duration 
of labor, oxytocin requirement, Apgar scores of 
the newborn, and mode of birth. There was no 
statistical difference in any of the parameters; 
both arms of the study have no significant differ-
ence. The drawback of the study was that it 
wasn’t sufficiently powered enough.

27.2.2  Sports Drink

Kubli et al. in their study in 2002, which aimed 
to study metabolic effects during labor, com-
pared isotonic “sports drinks” to only water dur-
ing labor. The women in the study group were 
given 925  mL of sports drink that provided 
28  kcal/dL (64  g/L or 6% carbohydrate solu-
tion), which also provided small amounts of 
plasma beta- hydroxybutyrate. The nonesterified 
fatty acids were measured at two points: (1) 
early labor and (2) end of the first stage of labor. 
The residual gastric volume was assessed using 
ultrasound 45  min after delivery. The study 
found that at the end of the first stage of labor, in 
the water-only group, plasma beta-hydroxybu-
tyrate and nonesterified fatty acids had increased, 
and plasma glucose (P = 0.007) had decreased 
significantly. The other parameters studied, 
namely, maternal and neonatal outcome, gastric 
volume, incidence of vomiting, volume of vomit 
during labor or within an hour of delivery, dura-
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tion of labor, rate of augmentation, mode of 
birth, Apgar scores, and umbilical artery and 
vein pH, were also similar in both groups. Hence 
the researchers concluded that there is a reduc-
tion in maternal ketosis without increase in gas-
tric volume when isotonic drinks were given to 
women in labor.

27.2.3  Carbohydrate Solution

201 consecutive nulliparous women, with single-
ton in cephalic presentation in early labor 
(2–4 cm of cervical dilatation), were included in 
a randomized, double-blind, placebo-controlled 
trial by Scheepers et al. in [18]. The women in the 
study arm received a solution to drink which had 
12.6% carbohydrate. The intake in the placebo 
group was on an average 300  mL, while the 
median intake in the study group was 400 mL. The 
carbohydrate solution was well tolerated. While 
the rate of abdominal delivery was significantly 
higher in the study group, 7% in the placebo 
group, and 21% in the study group (RR 2.9, 95% 
CI 1.29–6.54), there were no statistically signifi-
cant differences in other parameters such as dura-
tion of labor or use of forceps or vacuum to assist 
vaginal delivery.

The same group [19] continued to study the 
effects of oral carbohydrate on maternal metabo-
lism, fetal metabolism, and clinical outcomes. 
This study involved 202 women in advanced 
labor with 8–10  cm of cervical dilatation. The 
women in labor were given either a carbohydrate 
drink or placebo. Metabolic parameters were 
measured, in a subgroup of 28 women. In the car-
bohydrate group, instrumental delivery was not 
reduced (RR 1.1, 95% CI 0.9–1.30), though there 
was a marginal reduction in the cesarean section 
rate which however was not statistically signifi-
cant (1% vs. 7%, RR 0.2, 95% CI 0.02–1.2). In 
the study group, there was an increase in mater-
nal lactate and a reduction in maternal free fatty 
acids and a positive venous- arterial lactate differ-
ence in the umbilical cord. Though the placebo 
group had negative venous- arterial lactate differ-
ence in the umbilical cord, the differences in pH 
were comparable.

In an interesting parallel prospective random-
ized controlled trial, 190 singleton cephalic preg-
nancy in labor with 3–4  cm dilatation were 
assigned to either carbohydrate (intervention 
N = 87) or control (N = 90) group. The women in 
the intervention group were asked to have three 
dates with 110  mL water or three dates with 
110 mL light tea without sugar or 110 mL orange 
juice drink. The primary outcome was to measure 
the duration of the active phase of labor. It was 
seen that there was a reduction in the active stage 
of labor in the intervention group (P < 0.05), but 
there were no significant differences in other 
maternal and neonatal outcomes. Hence the 
authors concluded that oral intake of carbohy-
drate could be an effective way of shortening the 
duration of second stage of labor in low-risk 
women.

27.2.4  Low-Fat Diet

In a prospective randomized controlled trial by 
O’Sullivan et al. in [20], 2426 nulliparous, non-
diabetic women in labor with less than 6 cm cer-
vical dilatation were included. One arm were 
given low-fat diets during labor and others water 
only. In this study, no significant difference was 
noted in terms of spontaneous vaginal delivery 
rate (44%), duration of labor (597  min vs. 
612 min), cesarean delivery rate (30% vs. 30%), 
or incidence of vomiting (35% vs. 34%) between 
the study and control groups. Hence, the authors 
concluded that a light diet during labor did not 
alter obstetric, neonatal outcomes nor did it 
increase the incidence of vomiting.

27.2.5  Energy Drink

In another study by Kardel et al. [21] involving 
213 healthy nulliparous women at gestational age 
of >36 weeks, extra energy was given to women 
in labor along with the self-regulated diet. The 
aim of the study was to know the effect of the 
extra energy on the duration of labor. The result 
showed that the median time to delivery in the 
intervention group was 9 h (61%) and the median 
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time to delivery in placebo group was 58 h (58%). 
The difference in duration seen was not statisti-
cally significant. Hence, it was concluded that 
energy drink beyond self-regulated diet during 
labor was not essential.

27.3  Does Oral Intake Influence 
the Following?

27.3.1  Length of Labor

Two randomized controlled trials ([17, 18]) have 
found that intake during labor did not have any 
significant effect on the length of labor, as also 
seen in the studies mentioned above.

27.3.2  Nausea and Vomiting

One randomized controlled trial by Scrutton 
et  al. in [17] observed an increase in the inci-
dence of nausea and vomiting in women who had 
oral intake during labor. In this RCT, twice as 
many women who had light diet vomited com-
pared to women who had water only (38% vs. 
19%). Three other trials [15, 22, 23] did not find 
any difference in the incidence of nausea and/or 
vomiting in women who were allowed to have 
isotonic drinks during labor. In the sports drink 
group, mean plasma glucose remained 
unchanged, while it was less in the water-only 
group, and this difference was statistically 
significant.

27.3.3  Operative Birth

A study by Scheepers et al. in [18] found cesar-
ean section rate to be higher in women who had 
carbohydrate drinks in labor as opposed to those 
drinking only water (21/102  =  21% vs. 
9/99 = 9%), while in another trial by Kubli et al. 
in [15], the group did not see any difference in 
cesarean section rate between the carbohydrate 
and water-only groups (carbohydrate drink 
group, 6/30  =  20%, vs. water-only group, 
8/30 = 27%).

27.4  Physiology of Gastric 
Emptying in Pregnant 
Women

Pregnancy is marked by the following features—
reduced esophageal sphincter tone and reduced GI 
tract motility. The gastrin levels are found to be 
high during the late third trimester, labor, and also 
during the immediate postpartum period. The 
increase in size of the uterus as pregnancy pro-
gresses leads to increase in the intragastric pres-
sure, especially in the third trimester [24], which 
makes the pregnant women more prone to regurgi-
tation and aspiration. Any other factor that aug-
ments these physiologic changes such as GERD or 
COPD increases the risk of pulmonary aspiration, 
especially when general anesthesia is adminis-
tered during operative birth [25]. In another study 
by Smith et al. in [26], contrary to the prevalent 
theory and practice, they concluded that there was 
no correlation between the volume of gastric con-
tent and the probability of pulmonary aspiration.

It has been shown in many studies that the 
stomach is never completely empty [27], but still, 
it is regular practice to insist on at least 6 h of 
fasting prior to surgical intervention to have an 
empty stomach. It has been suggested that con-
trary to the existing belief, fasting would result in 
accumulation of acidic secretion in the stomach 
thus increasing the gastric volume, which also 
may contribute to increasing the risk of aspiration 
[28]. A gastric pH less than 2.5 and/or a volume 
greater than 0.4 mL/kg would cause lung injury if 
aspirated [29]. In spite of this basic physiological 
information and multiple publications that have 
demonstrated that fasting does not reduce mater-
nal morbidity by pulmonary aspiration, the prac-
tice of withholding food and fluids to women in 
labor continues to be in practice till now.

27.5  Aspiration as a Contributor 
of Pregnancy-Related 
Mortality

To know the extent of aspiration as a cause of 
maternal death is very pertinent at this juncture. 
Hawkins et al. analyzed data from CDC during the 
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period 1979–2002 which reported 5946 pregnancy- 
related deaths [30]. Out of the 5946 cases of mater-
nal mortality, 56 were attributed to administration 
of anesthesia. It was observed that there was a 
decreasing trend in the case fatality rate for general 
anesthesia. In the period 1991–1996, the incidence 
of anesthesia-related mortality was 16.8 for every 
1 million general anesthesia administered, while it 
had reduced to 6.5 for every 1 million general anes-
thesia in the period 1997–2002. The decrease in the 
fatality rate has been suggested due to increased 
standards of care and improvements in anesthesia.

In a detailed analysis of maternal mortality in 
the USA between the period 1998 and 2005, Berg 
et  al. [31] found 14.5 deaths per 100,000 live 
births (12.0 per 100,000 live births in 1998 to 16.8 
per 100,000 live births in 2005). This was higher 
than the previous 20  years of the Pregnancy 
Mortality Surveillance System. It was also noted 
that there was a change in the trend. While a 
decline in maternal mortality due to hemorrhage 
and hypertensive disorders was seen, an increase 
was noted in maternal mortality due to medical 
conditions, particularly cardiovascular. The fol-
lowing causes each contributed to 10–13% of 
maternal deaths—hemorrhage, infection, throm-
botic pulmonary embolism, hypertensive disor-
ders, cardiomyopathy, cardiovascular conditions, 
and non-cardiovascular medical conditions. 
During the period 2003–2005, specific check 
boxes were introduced to mark the cause of mater-
nal mortality. The study proposed that the increase 
in maternal mortality reported could be due to 
improved methods to identify pregnancy- related 
deaths and determine the cause of mortality. The 
interesting fact noted in this population study was 
that anesthesia-related maternal mortality was the 
lowest—1.2%. A recent Cochrane review by 
Paranjothy et al. [32], concluded that medications 
to increase gastric pH and gastric emptying have 
been found to be effective in women undergoing 
general anesthesia for cesareans.

Various studies that have been published in 
this area have identified the following as risk fac-
tors of aspiration in cases of anesthesia-related 
deaths, namely, obesity, poor preoperative gen-
eral condition, emergency procedures, hyperten-
sion, embolism, and hemorrhage [26, 27, 33]. 

These studies can help to make an algorithm to 
identify patients at risk and provide individual-
ized management.

27.6  Safety

27.6.1  For the Mother

27.6.1.1  Mortality
Obstetrical anesthesia has advanced considerably 
since the 1940s. Though there have been marked 
improvements in drugs and monitoring in general 
anesthesia, in obstetric scenario, there has been 
definitive shift from general anesthesia to regional 
anesthesia. The present scenario is different to 
the era of Mendelson when (a) women were 
encouraged to eat heavy meals during labor, (b) 
anesthetic techniques were also different from 
present-day modern anesthesiology, and (c) anes-
thesia was administered by untrained doctors.

Confidential inquiry into maternal mortality in 
the UK, in which every maternal death from the 
1950s was investigated on individual basis, has 
not shown any link between maternal mortality 
and women eating and drinking in labor. In 
another study, the majority of maternal deaths 
were said to be associated with older anesthetic 
techniques and inexperienced practitioners 
between the 1960s and the 1990s [34].

27.6.1.2  Excessive Fluids
While solid food restriction has been in vogue for 
women in labor, water-only diet has been allowed. 
From the studies that have already been quoted in 
this chapter, it has been shown that excessive water 
(around 7–8  L) intake in women in labor has 
adverse effects on the mother and baby; some 
newer case reports have even reported hyponatre-
mia in babies [35]. Obstetricians, midwives, and all 
involved in antenatal care of women need to be 
aware of this risk and make parents aware of it.

27.6.2  For the Baby

No difference in Apgar scores or NICU admissions 
in babies was noted between women who were eat-
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ing and drinking in labor and women who were on 
water-only or carbohydrate drinks. Hence, there is 
insufficient data to conclude on the impact of 
maternal intake on the outcomes of the baby [18].

27.7  Current Practice

Hawkins et al. in [36] surveyed 740 US hospitals 
regarding the hospitals’ policy on oral intake dur-
ing labor. They found that in most hospitals, clear 
fluids were given during latent phase of labor, but 
6% of hospitals had nil oral policies. During the 
active phase, women were restricted to only sips of 
fluid or ice chips, but 18% of hospitals had nil oral 
policies. Only 8% of hospitals had policies that 
permitted women in labor to have food during the 
latent phase. Almost all hospitals were found to 
have nil oral policies during active phase of labor.

Britain, Australia, and the Netherlands were 
found to have more liberal policies in regard to 
food intake during labor. A survey of the preva-
lent policies in England and Wales found that 
96% of maternity units allowed oral intake. 
67.2% of hospitals allowed fluids only, and 
32.8% gave fluids and food [37]. While in New 
South Wales, Australia, 60.5% of women in labor 
were allowed food and fluid [38]. In the 
Netherlands, 67% of midwives and 73% of obste-
tricians allowed women in labor to choose food 
or fluid of their choice during labor. Survey of all 
births and cesarean births between the period 
1983 and 1992 in the Netherlands found that the 
rate of aspiration which led to maternal mortality 
was as low as 0.018 per 1000 cesarean births and 
0.001 per 1000 among all births. Interestingly, 
the rate of fatal aspiration was the same in the 
more liberal Netherlands as compared to the 
more restrictive USA and Great Britain [39].

27.8  What Women Want?

During early labor, there are elevated levels of 
prolactin which stimulates maternal appetite, but, 
with progression of labor, increase in oxytocin 
secretion reduces the desire to eat [40]. This 
would comprise the normal physiological 
changes related to appetite in labor.

In the context of woman-centered care, it would 
be important to know how women feel about 
intake restriction during labor. What is the pattern 
of eating and drinking women would prefer while 
undergoing one of the most important stages of 
their life? There are many surveys and trials which 
have attempted to address these questions. Safety 
of liberalized policies has been the core of such 
surveys and studies. Frye in 1994 suggested that 
eating in labor makes the woman feel normal and 
healthy, by helping her to be energetic, thus avoid-
ing exhaustion. The psychosocial aspect of fasting 
should definitely be considered. Recent surveys 
have suggested that women preferred the process 
of labor to be comfortable and were not happy by 
the restriction of food and drink [41].

There have been winds of change. Surveys in 
the early 1980s in the UK and the USA revealed 
that not many consultants were averse to allow-
ing women in labor to have food and fluids. But 
few surveys in 1990 and later have shown that 
some sort of food and fluids, usually water, was 
allowed during labor [9]. There is no strong evi-
dence to show that liberalization of food intake 
policy during labor has compromised the safety 
of women in labor in the UK.

27.9  Current Recommendation

The American Society of Anesthesiologists cur-
rently does not recommend fasting in low-risk 
patients. They have stated that as parturient aspira-
tion rates are nearly extinct due to  advancements in 
anesthesia practice, identification of high-risk pop-
ulations becomes essential. Early epidural place-
ment in patients with preeclampsia and eclampsia 
and in obese patients is suggested [42]. ASA has 
suggested that restrictions should be on “case-to-
case basis” depending on each patient’s at-risk fac-
tors for aspiration and in women who are more 
likely to have operative birth. The American 
Society of Anesthesiologists recommends com-
plete restriction of solid foods in women in labor.

The statement of the American College of 
Obstetricians and Gynecologists was published 
in 2009–2015. It states that those patients who 
are undergoing cesarean delivery but without any 
complications may have some amount of clear 
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liquids up to 2 h before induction of anesthesia. 
However, AJOG recommended against 
particulate- containing fluids. The recommenda-
tion of AJOG is similar to ASA in determining 
intake restriction in women at risk. It also stated 
that since there was insufficient evidence on the 
safe period of fasting after solid intake, any 
patient posted for elective cesarean delivery or 
elective postpartum tubal ligation, a minimum 
preoperative fasting for 6–8 h was recommended. 
As it is difficult to predict non-elective proce-
dures such as cesarean section, it was suggested 
to avoid solid foods in laboring patients [43]. 
Another recent study also recommended that 
women in labor with low risk of aspiration or 
operative birth may be given solid food basically 
due to advancements in anesthesia [44].

The Cochrane review on the same subject in 
2013 included five studies involving 3130 
women. There were four comparisons with asso-
ciated data and 41 meta-analyses. The conclusion 
after analysis of the included studies was thus:

• Restriction of food and fluids during labor 
does not have any benefit nor does it increase 
risk in low-risk women.

• Differences in rates of abdominal delivery, 
operative vaginal birth, and 5-minute Apgar 
score were not statistically significant between 
various studies or placebo groups.

• No case of regurgitation was reported in 
women in whom general anesthesia was 
administered for operative birth, in any of the 
studies included in the Cochrane review.

• Most studies did not study maternal experi-
ence, expectation, and hypoglycemia.

27.10  Conclusion

It can be stressful for women in labor to have 
restriction on their oral intake. Apart from feeling 
tired during the process, fasting during labor also 
has a psychological impact on the mothers- to- be. 
Moreover, an intervention such as restriction of 
food and fluids during labor should have ade-
quate evidence, more so in this era of modern 
anesthesiology. On the other hand, to have liberal 
policies that allow food and fluid during labor 

also should have foolproof evidence in regard to 
its safety to the mother and newborn. Safety of 
the mother-to-be has always has been and should 
always remain the top priority.

It would be best to evaluate women in labor on 
a case-to-case basis to assess those at increased 
risk for cesarean birth and for factors that increase 
their risk of aspiration or difficult intubation. 
Now is probably the best time to revisit the con-
troversy based on evidence available and estab-
lish guidelines on restriction of intake during 
different phases of labor.

References

 1. DeLee J. Obstetrics for nurses. 5th ed. Philadelphia, 
PA: W. B. Saunders; 1918.

 2. Mendelson CL.  The aspiration of stomach contents 
into the lungs during obstetric anesthesia. Am J Obstet 
Gynecol. 1946;52:191–205.

 3. Micklewright A, Champion P. Labouring over food: 
the dietician’s view. In: Champion P, McCormick C, 
editors. Eating and drinking in labour. 1st ed. Oxford: 
Books for Midwives; 2002. p. 29–45.

 4. Pengelley L, Gyte G. Eating and drinking in labour 
(V). An update of the NCT briefing paper. Pract 
Midwife. 1998a;1(12):26–9.

 5. Pengelley L, Gyte G. Eating and drinking in labour 
(I). A summary of medical research to facilitate 
informed choice about the care of mother and baby. 
Pract Midwife. 1998b;1(7–8):34–7.

 6. Pengelley L, Gyte G. Eating and drinking in labour 
(II). A summary of medical research to facilitate 
informed choice about the care of mother and baby. 
Pract Midwife. 1998c;1(9):27–9.

 7. Pengelley L, Gyte G. Eating and drinking in labour 
(III). A summary of medical research to facilitate 
informed choice about the care of mother and baby. 
Pract Midwife. 1998d;1(10):19–21.

 8. Pengelley L, Gyte G. Eating and drinking in labour 
(IV). A summary of medical research to facilitate 
informed choice about the care of mother and child. 
Pract Midwife. 1998e;1(11):24–6.

 9. Hart D.  Eating and drinking during labour. In: Hall 
Moran V, Dykes F, editors. Maternal and infant 
nutrition and nurture: controversies and challenges. 
London: Quay Books; 2006. p. 102–27.

 10. O’Sullivan G, Hart D, Shennan A. A rational approach 
to aspiration prophylaxis. In: Halpern S, Douglas 
J, editors. Evidence-based obstetric anaesthesia. 
Oxford: BMJ Books; 2005. p. 178–91.

 11. Eliasson AH, Phillips YY, Stajduhar KC, Carome 
MA, Cowsar JD Jr. Oxygen consumption and ventila-
tion during normal labor. Chest. 1992;102(2):467–71.

 12. Maheux PC, Bonin B, Dizazo A, Guimond P, et  al. 
Glucose homeostasis during spontaneous labor in 

27 Nutrition in Labor



264

normal human pregnancy. J Clin Endocrinol Metab. 
1996;81(1):209–15.

 13. Chang S.  The psychological and physiological 
effects of ketonuria during labour [thesis]. Michigan: 
University of Michigan; 1993.

 14. Dumoulin JG, Foulkes JE.  Ketonuria during labour. 
Br J Obstet Gynaecol. 1984;91(2):97–8.

 15. Kubli M, Scrutton MJ, Seed PT, et al. An evaluation 
of isotonic ‘sport drinks’ during labor. Anesth Analg. 
2002;94(2):404–8.

 16. Toohill J, Soong B, Flenady V.  Interventions for 
ketosis during labour. Cochrane Database Syst Rev. 
2008;(3):CD004230.

 17. Scrutton MJ, Metcalfe GA, Lowy C, et  al. 
Eating in labour: a randomised controlled trial 
assessing the risks and benefits. Anaesthesia. 
1999;54(4):329–34.

 18. Scheepers HC, Thans MC, de Jong PA, et  al. A 
double-blind, randomised, placebo controlled 
study on the influence of carbohydrate solution 
intake during labour. BJOG Int J Obstet Gynaecol. 
2002;109(2):178–81.

 19. Scheepers HC, de Jong PA, Essed GG, Kanhai 
HH. Carbohydrate solution intake during labour just 
before the start of the second stage: a double-blind 
study on metabolic effects and clinical outcomes. 
BJOG. 2004;111(12):1382–7.

 20. O’Sullivan G, Liu B, Hart D, et  al. Effect of food 
intake during labour on obstetric outcome: ran-
domised controlled trial. Br Med J. 2009;338:b784.

 21. Kardel KR, Henriksen T, Iversen PO.  No effect of 
energy supply during childbirth on delivery out-
comes in nulliparous women: a randomised, double- 
blind, placebo-controlled trial. J Obstet Gynaecol. 
2010;30(3):248–52.

 22. Parsons M, Bidewell J, Nagy S. Natural eating behav-
ior in latent labor and its effect on outcomes in active 
labor. J Midwifery Womens Health. 2006;51(1):e1–6.

 23. Tranmer JE, Hodnett ED, Hannah ME, et  al. The 
effect of unrestricted oral carbohydrate intake on 
labor progress. J Obstet Gynecol Neonatal Nurs. 
2005;34(3):319–28.

 24. Blackburn S.  Maternal, fetal, and neonatal physiol-
ogy: a clinical perspective. 3rd ed. Philadelphia, PA: 
Saunders; 2007.

 25. Providing oral nutrition to women in labor. J 
Midwifery Womens Health. 2016;61(4):528–34. 
https://doi.org/10.1111/jmwh.12515.

 26. Smith I, Kranke P, Murat I, et al. Perioperative fasting 
in adults and children: guidelines from the European 
Society of Anaesthesiology. Eur J Anaesthesiol. 
2011;28(8):556–69.

 27. American Society of Anesthesiologists Committee. 
Practice guidelines for preoperative fasting and the 
use of pharmacologic agents to reduce the risk of 
pulmonary aspiration: application to healthy patients 
undergoing elective procedures: an updated report by 
the American Society of Anesthesiologists Committee 
on standards and practice parameters. Anesthesiology. 
2011;114(3):495–511.

 28. Singata M, Tranmer J, Gyte GM. Restricting oral fluid 
and food intake during labour. Cochrane Database 
Syst Rev. 2013;(8):CD003930.

 29. Ng A, Smith G. Gastroesophageal reflux and aspira-
tion of gastric contents in anesthetic practice. Anesth 
Analg. 2001;93(2):494–513.

 30. Hawkins JL, Chang J, Palmer SK, Gibbs CP, 
Callaghan WM. Anesthesia-related maternal mortal-
ity in the United States: 1979–2002. Obstet Gynecol. 
2011;117(1):69–74.

 31. Berg CJ, Callaghan WM, Henderson Z, Syverson 
C. Pregnancy-related mortality in the United States, 
1998 to 2005. Obstet Gynecol. 2010;116(6):1302–9.

 32. Paranjothy S, Griffiths JD, Broughton HK, Gyte GM, 
Brown HC, Thomas J. Interventions at caesarean sec-
tion for reducing the risk of aspiration pneumonitis. 
Cochrane Database Syst Rev. 2014;(2):CD004943.

 33. Mhyre JM, Riesner MN, Polley LS, Naughton NN. A 
series of anesthesia-related maternal deaths in Michigan, 
1985–2003. Anesthesiology. 2007;106(6):1096–104.

 34. Lewis G, Drife J. Why mothers die 2000–2002: the 
sixth report of the confidential enquiries into mater-
nal deaths in the United Kingdom. London: RCOG 
Press; 2004. www.cemach.org.uk/publications/
WMD2000_2002/content.htm

 35. Johansson S, Lindow S, Kapadia H, et  al. Perinatal 
water intoxication due to excessive oral intake during 
labour. Acta Paediatr. 2002;91(7):811–4.

 36. Hawkins JL, Gibbs CP, Martin-Salvaj G, Orleans M, 
Beaty B. Oral intake policies on labor and delivery: a 
national survey. J Clin Anesth. 1998;10(6):449–51.

 37. Michael S, Reilly CS, Caunt JA. Policies for oral intake 
during labour. A survey of maternity units in England 
and Wales. Anaesthesia. 1991;46(12):1071–3.

 38. Parsons M. Policy or tradition: oral intake in labour. 
Aust J Midwifery. 2001;14(3):6–12.

 39. Scheepers H, Essed G, Brouns F. Aspects of food and 
fluid intake during labour. Policies of midwives and 
obstetricians in the Netherlands. Eur J Obstet Gynecol 
Reprod Biol. 1998;78(1):37–40.

 40. McNabb M. Changes in maternal food appetite and 
metabolism in labour and the shift from fetal to neo-
natal metabolism. In: Champion P, McCormick C, 
editors. Eating and drinking in labour. Oxford: Books 
for Midwives; 2002. p. 46–110.

 41. Iravani M, Zarean E, Janghorbani M, Bahrami 
M.  Women’s needs and expectations during normal 
labor and delivery. J Educ Health Promot. 2015;4:6.

 42. American Society of Anesthesiologists. Practice 
guidelines for obstetric anesthesia: an updated report 
by the American society of anesthesiologists task 
force on obstetric anesthesia and the society for 
obstetric anesthesia and perinatology. Anesthesiology. 
2016;124(2):270–300.

 43. American College of Obstetricians and Gynecologists. 
Oral intake during labor ACOG Committee opinion 
no. 441. Obstet Gynecol. 2009;114:714.

 44. Sperling JD, Dahlke JD, Sibai BM.  Restriction of 
oral intake during labor: whither are we bound? Am 
J Obstet Gynecol. 2016;214:592–6.

P. Kannan

https://doi.org/10.1111/jmwh.12515
http://www.cemach.org.uk/publications/WMD2000_2002/content.htm
http://www.cemach.org.uk/publications/WMD2000_2002/content.htm


265© Springer Nature Singapore Pte Ltd. 2020
A. Sharma (ed.), Labour Room Emergencies, https://doi.org/10.1007/978-981-10-4953-8_28

Meconium

Yogita Dogra

28.1  Introduction

Meconium is the first intestinal discharge from 
newborns. It is a viscous, dark-green material 
composed of intestinal epithelial cells, mucus, 
lanugo and intestinal secretions (e.g. bile). The 
characteristic colour results from bile pigments, 
especially biliverdin. It also contains undigested 
debris from swallowed amniotic fluid. Meconium 
is sterile which differentiates it from stool.

Obstetrical teaching conventionally viewed 
meconium passage as a potential warning of fetal 
asphyxia. Moreover obstetricians have also long 
realized the prognostic dilemma of meconium. It 
occurs mostly in term and post-term pregnancies. 
It may be associated with fetal compromise but is 
also common in normal labours.

The meconium staining has been graded as:

 (a) Thick—viscous, tenacious containing large 
amount of particulate material.

 (b) Thin—fluid is normal except for greenish 
colour.

 (c) Moderate—if it is thicker and darker in 
colour.

Meconium-stained liquor (MSL) has also 
been classified by visual examination after spon-
taneous or artificial rupture of membranes as:

 (a) Grade I—MSL is translucent, light yellow- 
green in colour.

 (b) Grade II—MSL is opalescent with deep 
green and light yellow in colour.

 (c) Grade III—MSL is opaque and deep green in 
colour.

Thick MSL but not thin is associated with 
poor perinatal outcome [1, 2].

28.2  Incidence

Fetal passage of meconium before or during 
labour is common with incidence ranging from 
12 to 20%. The incidence during labour 
increases with gestational age also—30% at 
40 weeks and 50% at 42 weeks [3]. Presence of 
meconium below vocal cord is known as meco-
nium aspiration. It occurs in 20–30% of all 
infants with meconium with approximately 12% 
mortality [4].

28.3  Pathophysiology

Three theories have been proposed to explain 
meconium passage by fetus:
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 1. Pathological explanation proposes that fetus 
pass meconium when hypoxia stimulates argi-
nine vasopressin (AVP) release from fetal 
pituitary gland. AVP stimulates colonic 
smooth muscle to contract, resulting in 
intraamniotic defecation.

 2. Physiological explanation—meconium pas-
sage represents normal gastrointestinal tract 
maturation under neural control.

 3. Final theory suggests that meconium passage 
follows vagal stimulation from common but 
transient umbilical cord compression with 
resultant increased bowel peristalsis.

The effects of meconium in amniotic fluid are 
well reported [5]. Meconium decreases the anti-
bacterial activity of amniotic fluid by altering lev-
els of zinc which subsequently increases the risk 
of perinatal bacterial infection. Then, meconium 
acts as irritant to fetal skin and thus increases the 
incidence of erythema toxicum. Aspiration of 
meconium is the most severe complication 
before, during and after birth. It induces hypoxia 
via four major pulmonary effects: airway obstruc-
tion, pulmonary hypertension, chemical pneumo-
nitis and surfactant dysfunction.

28.4  Causes

Risk factors promoting the passage of meconium 
in utero include the following:

Maternal risk factors:

• Preeclampsia and eclampsia.
• Placental insufficiency.
• Gestational diabetes mellitus.
• Post-term pregnancy.
• Maternal chronic respiratory or cardiovascu-

lar diseases.
• Drug abuse, especially tobacco and cocaine.
• Chorioamnionitis/maternal infection.

Fetal risk factors:

• Oligohydramnios.
• Intrauterine growth restriction (IUGR).
• Poor biophysical profile.

28.5  Complications

Moderate and thick meconium is associated with 
meconium aspiration syndrome, increased risk of 
birth asphyxia, increased operative interference, 
low Apgar scores, decreased umbilical cord pH 
and overall increased perinatal mortality. 
However, thin MSL is associated with low risk of 
perinatal complications.

MSL has also been associated with increased 
rate of admission to neonatal intensive care unit 
(NICU), cerebral palsy, neonatal sepsis and sei-
zures [6–8]. Moreover, it is cited that the presence 
of MSL is linked with intrapartum chorioamnion-
itis [9] and postpartum endometritis [10].

Children with meconium aspiration syndrome 
may develop chronic lung disease from intense 
pulmonary intervention.

Infants with meconium aspiration syndrome 
have a slightly increased incidence of respiratory 
tract infections in the first year of life because the 
lungs are still in recovery phase.

28.6  Identification 
and Management of MSL

Antenatal identification of women at risk for 
meconium passage in utero is important so that 
intrapartum surveillance can be improved. Once 
meconium is identified during labour, close mon-
itoring of the fetus clinically or with CTG 
becomes obligatory. The woman should be 
informed of the significance of MSL.  A risk 
assessment should be done to include the stage of 
labour (per vaginal examination), parity, whether 
the meconium staining is significant or light and 
current fetal wellbeing. Presence of meconium in 
absence of fetal heart rate abnormalities is not 
always indicative of fetal compromise [11]. The 
woman is nursed in left lateral position with oxy-
gen inhalation. Hydration is maintained. After 
the initial hypoxic insult initiating the passage of 
meconium, subsequent repetitive episodes due to 
prolonged labour or abnormal uterine activity 
may cause severe asphyxia [12]. Such repetitive 
episodes can be avoided by vigilant fetal moni-
toring, active management of labour and optimal 
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care after birth. This would prevent unnecessary 
caesarean sections in all cases of meconium- 
stained liquor in the absence of a definitive 
indication.

Thin MSL—If no fetal heart rate abnormali-
ties, active management of labour is done. 
Caesarean section is indicated if abnormal CTG 
and other obstetric reasons, if any.

Thick MSL—Suggest prompt intervention, 
need for presence of skilled paediatrician at the 
time of delivery and need for intensive care in the 
neonatal period to give a positive outcome.

Pre-labour rupture of membranes—Any 
woman reporting to labour room with spontane-
ous rupture of membranes with meconium stain-
ing should be advised admission for assessment. 
If MSL is confirmed, continuous electronic fetal 
monitoring (CEFM) should be commenced, and 
a plan is made for mode of delivery according to 
department protocols.

Low-risk intrapartum woman in the commu-
nity setting—If during labour, MSL becomes evi-
dent, a risk assessment should be undertaken 
including transfer time. If transfer to a unit with 
neonatal facilities can be achieved before deliv-
ery, the woman should be advised to transfer, by 
ambulance. If birth is expected before transfer 
can be facilitated, preparations should be made 
for resuscitation of the newborn and ambulance 
for transfer of the baby, following birth.

28.7  Prevention of Meconium 
Aspiration Syndrome (MAS)

Prevention of MAS is paramount. Fetal status 
should be closely monitored in an attempt to 
identify fetal distress.

28.7.1  Role of Amnioinfusion

Amnioinfusion is theoretically beneficial to 
dilute meconium and thus reduce the risk and 
severity of meconium aspiration. Warm saline or 
Ringer’s lactate is infused transcervically through 
a catheter or infant feeding tube into the uterine 
cavity or transabdominally through a spinal nee-

dle when membranes are intact. Thick meconium 
suggests oligohydramnios, as meconium passed 
into a normal volume of amniotic fluid will usu-
ally appear thin. Amnioinfusion may therefore 
correct oligohydramnios, relieving umbilical 
cord compression.

Nonetheless, current evidence does not sup-
port routine amnioinfusion to prevent meconium 
aspiration syndrome [13–15].

28.7.2  Role of Antibiotics

There is currently no evidence to support the rou-
tine administration of antibiotics during labour to 
women with MSL.

28.8  Management of Baby Born 
Through MSL

• Resuscitation equipment should be checked 
prior.

• Paediatrician should be called for delivery.
• Current recommendations no longer advise 

routine intrapartum suctioning for infants 
born to mothers with MSL [16, 17].

• When meconium aspiration occurs, intubation 
and immediate airway suctioning can remove 
much of the aspirated meconium.

• There are no clinical trials to justify suction-
ing of airway based on the consistency of 
meconium.

• Do not perform the following in an attempt to 
prevent aspiration:
 – Squeezing the chest of the baby.
 – Inserting a finger into the baby’s mouth.

• The American Academy of Pediatrics 
Neonatal Resuscitation Program Steering 
Committee and the American Heart 
Association have published the guidelines for 
management of the baby exposed to meco-
nium. The guidelines are as follows [18]:
 – If the baby is not vigorous (defined as 

depressed respiratory effort, poor muscle 
tone and/or heart rate <100 beats/min): Use 
direct laryngoscopy, intubate, and suction 
the trachea immediately after delivery. 
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Suction for no longer than 5 s. If meconium 
is not retrieved, do not repeat intubation 
and suction. If meconium is retrieved and 
no bradycardia is present, reintubate and 
suction. If the heart rate is low, administer 
positive pressure ventilation and consider 
suctioning again later.

 – If the baby is vigorous (defined as normal 
respiratory effort, normal muscle tone and 
heart rate >100  beats/min): Do not elec-
tively intubate. Clear secretions and meco-
nium from the mouth and nose with a bulb 
syringe or a large-bore suction catheter. 
Injury to the vocal cords is more likely to 
occur when an attempt is made to intubate 
a vigorous newborn.

 – In both cases, the rest of the initial resusci-
tation steps should ensue, including drying, 
stimulating, repositioning and administer-
ing oxygen as necessary.

• All observations must be documented in a 
timely manner.

• If the baby’s condition causes concern at any 
time, a review by the neonatal team should be 
requested and baby shifted to NICU.

28.9  Conclusion

Meconium-stained liquor by itself is not associ-
ated with an adverse neonatal outcome. Most of 
the babies remain asymptomatic and need only 
routine care. Association of MSL with abnormal 
CTG is associated with poor outcome, increased 
caesarean section rate and increased neonatal 
complications.
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Episiotomy

Manishi Mittal

29.1  Introduction

Episiotomy is a surgical incision given at the 
perineum during the second stage of labour, in 
order to enlarge the vaginal orifice and facilitate 
delivery of the baby. The earliest description of 
episiotomy can be dated back to 1741, when 
Ould described “an incision made towards the 
anus with a pair of crooked probe-scissors intro-
ducing one blade between the head and the 
vagina, as far as shall be thought necessary” [1].

Large disparity has been reported between 
rates of episiotomy used throughout the world 
varying from 9.7% (Sweden) to 30% (Europe) 
[2] to 100% (Taiwan) [3]. In the USA, episiot-
omy use has decreased from 62.50% in 1983 [4] 
to 30–35% in 2003 [5]. Few studies describing 
rates of episiotomy in institutions or otherwise 
are available from India. In a cross-sectional 
study performed in Karnataka, including 3595 
women, rate of episiotomy was observed to be 
23.5% [6]. In another study conducted at 
Chennai, episiotomy rate was found to be 67%. 
The investigators observed that doctors had more 
predilection to conduct episiotomy (77.4%) as 

compared to nurses (53.1%) or trained birth 
attendants (5%). Moreover, it was higher in ter-
tiary care centres. Instrumental deliveries and 
primiparae were seen to be high risk factors for 
episiotomy [7].

Evidence promotes selective episiotomy over 
routine. Many authors recommend that rate of 
episiotomy should not be more than 30% of vagi-
nal deliveries [8].

29.2  Technique

During the second stage of labour, if there is 
insufficient space for the head, or the perineum is 
rigid, perineal tear may occur. To prevent this, an 
episiotomy is given.

Reasons for popularity of episiotomy:

• Smooth and easier to repair surgical incision, 
instead of laceration.

• Postoperative pain was thought to be less, 
with early healing. This belief, however, was 
found to be incorrect [9].

• Preservation of muscle tone with maintained 
sexual function and a decreased risk of pro-
lapse and faecal/urinary incontinence [10].

• Lesser chance of third-degree tears.
• Shortened second stage of labour—less fetal 

asphyxia and cranial trauma.
• More space for instrumental deliveries or if 

rotation manoeuvres are required, e.g. in 
shoulder dystocia.
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29.2.1  Timing

Too early incision causes excessive bleeding 
from site of cut, while delayed one will be unable 
to prevent any lacerations. Usually, the episiot-
omy is performed just before crowning during 
contraction, when the fetal head is visible up to a 
diameter of 3–4 cm. Incision is given when the 
perineum is stretched at the height of contraction. 
If performed with forceps delivery, incision is 
usually given after application of blades.

29.2.2  Analgesia

The latest National Institute of Health and Care 
Excellence (NICE) guidelines recommend that 
appropriate analgesia should be given before per-
forming episiotomy, though it may be deferred in 
case of fetal distress [11]. Local lignocaine 
(10 mL of 1% solution) application in the subcu-
taneous tissue before incision is the most com-
monly used method (Fig. 29.1).

Pudendal nerve block: It has the advantage of 
minimal blood loss and no fetal depression. It is 
given transvaginally by injection of 10  mL of 
1% lignocaine on each side into the pudendal 
nerve, where it nears the ischial spine, by going 
through the sacrospinous ligament. Aspiration of 
the syringe to check for inadvertent entry into 
the pudendal artery should be done before 
injecting.

29.2.3  Types of Episiotomy (Fig. 29.2):

 1. Median (midline or medial) episiotomy
This type starts from the posterior four-

chette and extends along the midline posteri-
orly, covering around half of the length of the 
perineum. The angle with the midline remains 
between 0° and 25°.

 2. Mediolateral episiotomy
This term most commonly identifies the 

incision originating from the posterior 
fourchette (within 3  mm of the midline) 
and extending laterally and downwards away 
from the rectum at an angle of 45–60° from 

the midline. However, the mediolateral 
episiotomy is defined in a wide variety of 
ways in different obstetric textbooks.

 3. Lateral episiotomy
This episiotomy originates 1 or 2 cm lat-

eral to the midline in the introitus, going 
towards the ischial tuberosity. It is usually 
longer than other episiotomies. Lateral episi-
otomy is not preferred, because of many 
adverse effects like injury to Bartholin’s duct. 
However, it is said to be more common than 
documented as often inaccurately given 
mediolateral episiotomy becomes lateral.

Anus

Fetal head stretching introitus

Fig. 29.1 Two fingers are introduced between the fetal 
head and vaginal wall. Lignocaine solution is introduced 
into the subcutaneous tissue starting from the posterior 
fourchette, after aspiration to check for infiltration into 
blood vessels
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 4. J-shaped episiotomy
This episiotomy starts as a midline inci-

sion, then curving laterally 2–5 cm away from 
the anus towards the ischial tuberosity. Curved 
scissors are used for this procedure.

 5. Modified median episiotomy
It is a modification of the midline episiot-

omy. A transverse incision is added to each 
side of the midline episiotomy (total measur-
ing 2–5 cm) just anterior to the expected loca-
tion of the anal sphincter. This technique was 
said to increase the outlet diameter by 83% 
[12]. However, it is not a popular technique.

 6. Radical lateral episiotomy (Schuchardt incision)
This procedure is not common in obstet-

rics. The incision goes deep into a vaginal sul-
cus and then curves downwards and laterally 
around the rectum. It provides access to the 
parametrium in radical vaginal hysterectomy 
or trachelectomy and allows removal of a 
neglected vaginal pessary. Rarely, it may be 
used in difficult labour (large head, difficult 
breech, or shoulder dystocia) [13].

 7. Anterior episiotomy
For women with a history of infibulation 

(closure of the vaginal vestibule by fusion of 
the labia majora, done in some cultures to pre-
vent intercourse), anterior episiotomy or dein-
fibulation is required during delivery. The 
obstetrician’s finger is inserted through the 
introitus and directed towards the pubis. The 
scar is corrected by incising the fused labia till 
the external urethral meatus is visible. Clitoral 
remnants should not be incised. Additionally, 
mediolateral episiotomy may be necessary 
during delivery.

Despite the many advantages of median episiot-
omy, mediolateral episiotomy is preferred due to 
the important complication of the extension of epi-
siotomy into the anal canal (Table 29.1). In a Dutch 
study involving more than 43,000 deliveries, a four-
fold fall in severe perineal lacerations was found 
with mediolateral technique [15]. When performed, 
mediolateral episiotomy is given on a stretched 
perineum starting from the posterior fourchette. The 

Fig. 29.2 Types of episiotomy. (1) Median episiotomy, (2) modified median episiotomy, (3) “J”-shaped episiotomy, (4) 
mediolateral episiotomy, (5) lateral episiotomy, (6) radical lateral (Schuchardt incision)
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incision is preferably given at an angle of 45–60° to 
the right of the midline [11, 16]. A 60° incision 
angle is seen to be associated with lesser anal 
sphincter trauma, anal incontinence and perineal 
pain [17]. In another study, it was estimated that 
there is a 50% relative decrease in the occurrence of 
third-degree tears for every 6° angle away from the 
midline [18].

Structures cut during episiotomy:

 1. Posterior vaginal wall
 2. Muscles: Superficial and deep transverse peri-

neal muscles, bulbospongiosus, part of levator 
ani

 3. Transverse perineal branches of pudendal 
nerve and vessels

 4. Subcutaneous tissue, fascia and skin

29.2.4  Episiotomy Repair

It is mostly performed after complete expulsion 
of the placenta, spontaneous or assisted. 
Complete aseptic precautions should be taken. 
Repair is performed with patient in lithotomy 
position. Most commonly used suture material is 
1-0 or 2-0 chromic catgut. Other suture materials 
have been recommended like polyglycolic acid 
derivatives, e.g. vicryl and vicryl rapide. 
Polyglycolic acid sutures have higher tensile 
strength, with smooth passage through tissue, 

and are easy to handle with excellent knotting 
ability and secure knots. A review of 18 random-
ized controlled trials (RCTs) conducted on suture 
materials for episiotomy reported that synthetic 
absorbable sutures, when compared with catgut, 
had lesser postoperative pain, decreased use of 
analgesia, reduced wound breakdown and 
decreased requirement for re-suturing compared 
to catgut [19]. However, standard synthetic 
sutures (Vicryl) had to be removed more often 
than catgut or rapidly absorbed synthetic sutures. 
Use of catgut has been discontinued in most 
European countries, but, being comparatively 
cheaper, it is still being used in India. But when 
compared on a large scale, use of synthetic 
sutures appears to be less expensive in the long 
run rather than catgut with its associated 
morbidities.

Basic principles of episiotomy repair are cor-
rect reapproximation, proper haemostasis and 
suturing without tension. The episiotomy is usu-
ally stitched in three layers—the mucosa, muscle 
layer and skin (Fig. 29.3). Suturing of the mucosa 
is started 1  cm above the apex of the incision, 
wherein any retracted vessels are ligated. This step 
is very important to prevent the formation of hae-
matoma. Continuous sutures are then applied till 
the hymenal ring, approximating the mucosa and 
submucosal tissue. After this, the underlying mus-
cle layer is sutured in either interrupted or running 
manner. Care should be taken not to leave any dead 
space. After proper reapproximation of these lay-
ers, the perineal skin is sutured. This is done with 
subcuticular or interrupted mattress sutures. Some 
authors recommend complete incision to be closed 
in continuous fashion. An RCT by Kettle et al. in 

Continuous
suture in

mucosa starting
from apex of
episiotomy

Interrupted
sutures in

muscle layer
obliterating all
dead space

Interrupted
mattress

sutures in the
skin

Fig. 29.3 Episiotomy is sutured in three layers

Table 29.1 Comparison of commonly used techniques [14]

Complications
Median 
episiotomy

Mediolateral 
episiotomy

Surgical repair Easy Difficult
Healing Good Occasionally 

faulty
Postoperative pain Less More
Restoration of 
anatomy

Good May be 
inaccurate

Blood loss Less More
Sexual dysfunction Rare Occasional
Extensions into 
third- or fourth- 
degree tears

Common Uncommon

Voluntary extension 
of incision

Not possible Possible

Incision of muscles Negligible Muscles are cut
Injury to anal 
sphincter complex

More Less
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1542 women showed that continuous suturing was 
associated with less perineal pain [20].

29.3  Postpartum Perineal Care

Application of cold compresses over the 
perineum, immediately after delivery, helps to 
reduce discomfort and oedema. Afterwards, the 
area of repair should be regularly cleaned with 
plain soap at least once or twice a day and after 
urination or defecation. Pain relief can be given 
with NSAIDs like diclofenac or ibuprofen. Cold 
sitz baths may provide additional pain relief by 
reducing excitability of nerve endings and 
decreased nerve conduction, along with local 
vasoconstriction. Local lignocaine ointment 
application was not found to be effective in 
reducing pain or discomfort [21]. Patient should 
be discharged only after proper inspection of the 
wound. Patient should not sit cross-legged.

If the woman complains of persistent or exces-
sive pain, a complete examination should be done 
to identify a haematoma, infection or serious 
complications like angioedema, necrotizing fas-
ciitis or perineal cellulitis. Haematoma usually 
becomes obvious few hours after delivery, while 
infection appears after 3 or 4 days.

Resumption of sexual intercourse early after 
delivery may be problematic due to incomplete 
healing. Moreover, breast-feeding can suppress 
oestrogen for long periods causing vaginal atro-
phy and dryness. No definite time period has 
been recommended, though 2  weeks is consid-
ered all right depending on the woman’s desire 
and comfort. Routinely, the episiotomy wound is 
healed and almost asymptomatic by 3  weeks 
after delivery.

29.4  Complications of Episiotomy 
(Table 29.2)

29.4.1  Perineal Tears (Fig. 29.4)

Perineal tears are commonly seen in spontaneous 
vaginal deliveries and even when episiotomy is 
given. Risk for third- and fourth-degree lacera-
tions is increased in cases of nulliparity, prolonged 

second stage of labour, persistent occipito-poste-
rior position, instrumental delivery, use of local 
anaesthesia and Asian race [22]. However, for 
women living in Asia, no relation has been found 
between ethnicity and severe  perineal trauma. The 
vast diversity of the term “Asian” is a confounding 
factor [23]. More local studies are necessary to 
estimate the risk in Indian women.

Though episiotomy was introduced as a 
method to prevent perineal tears, evidence sug-
gests that this is not always true. The association 
between episiotomy and severe perineal tears has 
been found to be significant even in accepted 
indications such as macrosomia, instrumental 
deliveries, non-reassuring fetal heart rate pat-
terns, occipito-posterior position and shoulder 
dystocia [24]. However, there is no proof of cau-
sality. Both episiotomies and severe perineal 
tears might be dependent on a third factor (such 
as parity or estimated fetal weight) rather than 
each other.

As assessed in a recent Cochrane review, 
restrictive use of episiotomy resulted in less severe 
perineal trauma (RR 0.67, 95% CI 0.49–0.91), less 
suturing (RR 0.71, 95% CI 0.61–0.81) and fewer 
healing complications (RR 0.69, 95% CI 0.56–
0.85) as opposed to routine use. On the other hand, 
restrictive episiotomy caused more anterior peri-
neal trauma (RR 1.84, 95% CI 1.61–2.10) [25].

First- and second-degree tears are easy to 
repair with suturing done in layers similar to epi-
siotomy, after securing the apex. In third-degree 
perineal tears, the ends of the sphincter are iden-
tified by a dimple on the anal skin a little anterior 
to the anus. These ends are approximated, after 
securing with Allis forceps, with a figure-of-eight 
suture or suturing the fibrous sheath in inter-
rupted fashion. In fourth-degree laceration, the 
mucosa should be repaired separately. The most 
common procedure is approximation of the 

Table 29.2 Complications of episiotomy

Immediate Delayed
Perineal tears Dyspareunia
Vulval haematoma/haemorrhage Scar endometriosis
Infection Fistula
Wound dehiscence
Obstetric anal sphincter injuries
Necrotizing fasciitis
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mucosal edges with chromic or polyglycolic 
sutures, followed by an overlapping second layer. 
The remaining tissues are repaired similar to a 
third-degree laceration. Careful and timely repair 
prevents fistula formation.

29.4.2  Haemorrhage

Postpartum haemorrhage (PPH) is an important 
cause of maternal morbidity and mortality. 
Around 20% of PPH is attributed to excessive 
bleeding from episiotomy or lacerations of the 
uterus, cervix, vagina or vulva [26].

If the episiotomy involves arteries or large 
varicosities, the bleeding is excessive. In addi-
tion, PPH may occur if the episiotomy is too 
large, or the time difference between incision and 
delivery, or between delivery and episiotomy 
repair, is too long. Suspicion of PPH from lacera-
tions or episiotomy is kept if fresh haemorrhage 
is occurring even with a firm retracted uterus.

If blood vessels in the subcutaneous tissue are 
not properly ligated, concealed haemorrhage 
may lead to formation of a haematoma. As bleed-
ing from the haematoma is concealed, it might 

not be recognized early, and the patient may pres-
ent in shock after few hours.

PPH can be prevented by timely and adequate 
repair of the episiotomy, taking care that the apex 
is correctly identified and ligated. The whole birth 
canal should be examined to identify any other 
lacerations or bleeding points. After episiotomy 
repair, patient should be kept under observation 
with regular monitoring of vitals, bleeding per 
vaginum and perineal swelling for at least 2–3 h, 
for early recognition of PPH and haematoma.

In case of vaginal haematomas or large 
lacerations extending superiorly, the repair 
should be done in the operation theatre with 
adequate anaesthesia and fluid management. 
The haematoma should be completely evacu-
ated and exploration done to identify the bleed-
ing point, which is then securely ligated. 
Drainage of blood should be allowed by leaving 
the cavity open.

29.4.3  Infection

Infection of the episiotomy wound is not very com-
mon (0.5–3%) [26] in spite of the high rate of con-

Fourth degree 

Third degree

Second degree

First degree

• posterior vaginal wall and skin
• tears of anal sphincter complex

• tears of anal and/or rectal mucosa

• posterior vaginal wall and perineal skin
• perineal body tear including internl

and external anal sphincters 

• posterior vaginla wall and perineal skin
• muscle layer

• perineal body involved

• lower part of vagina
• perineal skin

Fig. 29.4 Degrees of perineal lacerations
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tamination during delivery. This may be due to the 
excellent blood supply to the perineum. Infection is 
more common in large wounds as more tissue is 
devitalized. In addition, patients with pre-existing 
infection in the anogenital area are at higher risk. 
Women with third- or  fourth- degree lacerations are 
also at higher risk for infection.

Episiotomy infection generally presents with 
pain and discomfort. Mass is not commonly formed 
as drainage occurs spontaneously. When exam-
ined, gaping of the wound is seen. Proper recto-
vaginal examination should be performed to assess 
the anal sphincter and presence of any fistula.

The infection is usually mixed in type with 
both aerobic and anaerobic organisms. Treatment 
includes systemic antibiotics with local heat and 
irrigation. Occasionally, surgical debridement 
with removal of sutures is required for adequate 
drainage. Perineorrhaphy for secondary closure 
should be done only after granulation tissue has 
appeared. Early repair of episiotomy wound 
dehiscence is preferred nowadays.

Extension of infection to the parametrium 
may cause lymphangitis. Deep vaginal or cervi-
cal lacerations can extend to the base of the broad 
ligament, and infections may cause lymphangitis, 
parametritis and bacteremia.

29.4.4  Wound Dehiscence

Wound dehiscence is commonly associated with 
infection. There is no relation of dehiscence to 
technique of repair. Other predisposing factors 
are coagulation disorders, smoking and human 
papillomavirus infection. The patients present 
with pain, fever, purulent discharge and dysuria, 
with or without urinary retention. The whole 
vulva might become oedematous, ulcerated and 
covered with exudates in severe cases.

Treatment includes early repair of the wound 
under cover of systemic broad-spectrum antibiot-
ics. Before starting repair, the wound should be 
cleaned and free of infection. Pink granulation 
tissue should be visible before starting procedure. 
The internal and external anal sphincters must be 
identified and adequately repaired. Secondary 
repair is done in layers similar to primary episi-
otomy closure.

Postoperative care includes regular cleaning 
of wound, low-residue diet, stool softeners and 
abstinence. No per rectal or per vaginum medica-
tion should be given till healing is complete.

29.4.5  Peroneal Neuropathy

It results in foot-drop and weakness on dorsiflex-
ion of the foot, occasionally with paresthesia in 
the foot and second toes. This problem usually 
becomes obvious 1–2 days after delivery. It may 
occur due to prolonged episiotomy repair causing 
pressure on the nerve from knee stirrups. Patients 
at risk are small women with relatively large 
babies and those with prolonged labour (com-
pression of the L4–L5 lumbosacral nerve trunk). 
The problem is managed conservatively with 
good prognosis. Sometimes, a short leg brace 
may be required.

29.4.6  Necrotizing Fasciitis

It is found more in immunocompromised patients 
like diabetics, obese and hypertensive women. It 
is an acute, fulminant and rapidly spreading poly-
microbial infection of the superficial and subcu-
taneous fascia, which can be fatal. Clinical 
features are excessive pain with tenderness and 
induration at wound site, with central necrosis 
and surrounding purplish erythema.

29.4.7  Obstetric Anal Sphincter 
Injuries (OASI)

This is a serious complication of episiotomy and 
is dependent on factors such as accuracy of the 
angle of incision, the dimensions of the cut and 
the distance of the incision point of the episiot-
omy from the midline [27].

However, evidence is contradictory regarding 
whether episiotomy increases or decreases the 
risk of OASI. A recent meta-analysis found lower 
risk of OASI when mediolateral episiotomy was 
given. Therefore, the authors recommended that 
episiotomy should not be withheld, especially in 
primigravidae [28].
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One study has quantified the risk of OASI 
depending on characteristics of episiotomy. They 
found that risk of OASI is decreased by 70% with 
every 5.5 mm increase in depth of the episiotomy. 
Moreover, the risk is reduced by 56% when the 
incision point of episiotomy moves further from 
the posterior fourchette by 4.5 mm. Lengthening 
of episiotomy by 5.5  mm decreases the risk of 
OASI by 75%. The chances of OASI also depend 
on the angle of incision to the midline, increasing 
with an angle of either <15° or >60°. Therefore, 
episiotomies that are near the posterior fourchette, 
short and shallow episiotomies and those with 
angles smaller than 15° or larger than 60° have 
higher chances of third-degree and fourth- degree 
perineal lacerations [27]. However, this is a small 
study, and more research is needed before protec-
tive effect of episiotomy can be established.

29.4.8  Endometriosis

Scar endometriosis occurring at episiotomy site is 
a very rare complication, and incidence is even 
lesser than in caesarean section scar. Pathogenesis 
is said to be due to implantation of endometrial 
cells at the episiotomy site during delivery. Scar 
endometriosis usually presents as a slow-growing 
subcutaneous nodule at the site of episiotomy or 
surrounding area. The nodule is often painful with 
episodes of pain and swelling coinciding with the 
menstrual cycle. Additional diagnostic modalities 
are rarely required. Wide local excision is pre-
ferred, being both diagnostic and therapeutic. The 
margins of incision should be wide and clear to 
prevent recurrence or malignant transformation.

29.4.9  Fistula

Though rare, fistula is a serious complication 
seen in cases of obstructed labour, inappropriate 
repair of fourth-degree perineal lacerations or 
breakdown of episiotomy repair. Rectovaginal 
fistula is the one usually associated with obstetric 
injuries. Symptoms are involuntary release of fla-
tus and/or faeces into the vagina. The site and 
size are confirmed by proper rectovaginal exami-
nation (under anaesthesia if required).

Fistula is best prevented by adequate and care-
ful repair of lacerations and episiotomy. Repair 
of the fistula is done transvaginally with around 
90% closure rate. If lower down, it is converted 
into complete perineal tear and then repaired 
accordingly. If higher up, flap method is required. 
Larger or recurrent fistulas may require diverting 
colostomy during healing period.

29.4.10  Dyspareunia

Dyspareunia is a not uncommon complication of 
episiotomy due to formation of tender scar.  
OASI is related to more perineal pain than other 
perineal trauma. Episiotomy has been seen to 
cause more dyspareunia and vaginal dryness than 
spontaneous second-degree tears [25].

29.4.11  Pelvic Floor Disorders 
(Stress Incontinence, 
Overactive Bladder, Anal 
Incontinence and Prolapse)

Though initially it was thought that episiotomy 
improves the pelvic floor strength, it has now 
been suggested that after healing of episiotomy, 
the pelvic floor becomes scarred with weakening 
of the tissues, predisposing to pelvic organ pro-
lapse and other disorders [29]. Prolapse, mostly 
rectocele, becomes obvious only in old age due to 
further weakening of pelvic musculofascial sup-
porting tissues.

A 2005 systematic review concluded that the 
relation of episiotomy to pelvic floor disorders is 
still not established. They found that the relative 
odds for pelvic floor disorders were similar whether 
prior episiotomy was given or not. On the other 
hand, the relative odds of prolapse were doubled 
for women with multiple spontaneous lacerations, 
when compared to one laceration or none [30].

29.5  To Cut or Not To Cut?

Even though episiotomy is the most common 
obstetric procedure performed worldwide, still 
the controversy remains about when and how fre-
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quently it should be used. The World Health 
Organization does not recommend routine use of 
episiotomy because there is no evidence for any 
beneficial effect of routine use [31]. Other 
national and international guidelines have similar 
recommendations.

The latest NICE guidelines recommend the 
following [11]:

• Routine episiotomy should be avoided in 
spontaneous vaginal deliveries.

• Episiotomy should be performed if clinically 
necessary, e.g. during operative delivery or 
fetal distress.

• Multiparae with a history of third- or fourth- 
degree trauma are not at higher risk of repeat 
injury; hence, episiotomy should not be 
offered as a routine.

Avoidance of routine episiotomy was also the 
suggestion by the authors of a recent Cochrane 
review that included 8 randomized controlled tri-
als studying over 5000 deliveries comparing rou-
tine episiotomy (75.15%) versus restrictive 
episiotomy (28.4%) [25]. Their main results 
were:

Advantages of restrictive use:

• Less posterior perineal trauma (episiotomy 
may involuntarily extend into the anal sphinc-
ter or rectum).

• Less suturing.
• Lesser healing complications.

Advantages of routine use:

• Lesser anterior perineal trauma.

There was no difference in severe vaginal or 
perineal trauma, dyspareunia or several pain 
measures.

Findings in other studies show that episiotomy 
increases the risk of third- and fourth-degree 
tears. The incidence of faecal and flatus inconti-
nence was increased four- to sixfold in women 
with an episiotomy compared to those with intact 
perineum; risk was tripled when compared to 
spontaneous lacerations [32].

On the other hand, few studies have found 
more chances of short-term perineal pain with 
restrictive episiotomy [33]. Episiotomy, accord-
ing to few researchers, has a protective effect on 
quality of life and pelvic floor disorders after 
1 year follow-up [34].

Selective indications for episiotomy:

 1. Shoulder dystocia and breech delivery
 2. Forceps or vacuum extraction
 3. Delivery in occipito-posterior position
 4. Impending perineal rupture if episiotomy not 

performed
 5. Elastic rigid perineum
 6. Operative vaginal delivery
 7. Previous perineal surgery—pelvic floor repair 

and perineal reconstructive surgery
 8. Fetal distress

In case of instrumental vaginal delivery, the 
opinions are varied. The American College of 
Obstetricians and Gynecologists (ACOG) opposes 
episiotomy during operative delivery, due to more 
perineal pain and dyspareunia [35]. The RCOG, 
however, supports use of restricted episiotomy 
depending on the operator’s judgement. Still, 
there is no conclusive evidence. There is data to 
support that mediolateral episiotomy is safer than 
midline in operative delivery [36]. Sphincter 
injures are higher with vacuum extraction; there-
fore, episiotomy can be used in such a situation.

If episiotomy is not to be routinely used, then 
what method should be used to reduce perineal 
trauma during delivery? Not many studies 
answer this question. Antenatal perineal mas-
sage, warm compresses, use of birth pools and 
avoidance of the upright position have been sug-
gested as preventive measures. A recent 
Cochrane review concluded that warm com-
presses during the second stage of labour sig-
nificantly decreased third- and fourth-degree 
tears [37]. Various devices have been tried to 
reduce lacerations, e.g. the EpiNo device (causes 
stretching of pelvic floor muscles), but none has 
become popular.

To conclude, each case is individual, and 
attending obstetrician is best suited to decide 
whether episiotomy is to be given or not.
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Instrumental Delivery

Parul Kotdwala and Munjal Pandya

30.1  Introduction

There has been mention of forceps in Sanskrit 
(1500 BC), Egyptian, Greek, Roman, and Persian 
writings and pictures, but thought to be used for 
the extraction of dead fetus. Around 1600  AD, 
Peter Chamberlen (England) used forceps on live 
fetus (Fig. 30.1). Levert (1747) introduced the pel-
vic curve. Sir James young Simpson (1845) devel-
oped a forceps appropriately fitting both cephalic 
and pelvic curvatures. James Haig Ferguson 
(1862–1934) modified Simpson’s forceps by 
shortening the handle and placing slots to allow 
the application of traction tapes increasing fetal 
head flexion. Joseph DeLee (1920) advocated pro-
phylactic forceps delivery. Christian Kielland 
(1915) invented rotational forceps. William 
Smellie (1975) was the first one to describe 
“cephalic application” rather than previously per-

formed “pelvic application.” He also designed 
English lock. Arthur Wrigley (1902–1983) 
invented Wrigley’s forceps useful for outlet for-
ceps application. KN Das modified application of 
forceps at midcavity level (Fig. 30.2). Moolgaonkar 
(1962) developed his forceps, which is an improve-
ment upon the Kjelland instrument (Fig. 30.3). He 
devised this specifically for narrower pelves of 
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Indian women, though later this instrument has 
gained popularity in Britain also. The use of instru-
mental delivery is mostly to reduce the duration of 
the second stage of labor, but in modern practice, 
with the advent of fetal surveillance systems, the 
length of the second stage is not an absolute indi-
cation. Studies suggest that morbidity increases 
significantly only after 3–4 h in the second stage 
[1]. Instrumental deliveries are increased when 

epidural analgesia is used due to lack of Ferguson’s 
reflex [2].

The obstetric forceps is a unique instrument. A 
simple and honest implement, compared to many 
of man’s inventions. Its history is nevertheless 
complicated with confusion and irony and its 
inventions shrouded in secrecy. It probably has 
saved more lives than any instrument ever devised 
and yet it did not appear until countless genera-
tions of men struggled into the world without it, or 
failed to arrive. A real and solid thing, easily fabri-
cated, it is yet capable of such subtle variations that 
its evolution has never stopped. It is designed spe-
cifically to rescue life, and yet it descended from 
an instrument of death! [3]

30.2  Indications for Operative 
Vaginal Delivery [4]

 1. Fetal indications:
• Fetal distress, based on abnormal heart rate 

pattern of fall in fetal scalp pH.
 2. Maternal indications:

• To shorten the second stage of labor and 
reduce the effects of the second stage of 
labor on medical conditions (e.g., cardiac 
disease class III or IV, hypertensive crisis, 
myasthenia gravis, spinal cord injury 
patients at risk of autonomic dysreflexia, 
proliferative retinopathy).

 3. Inadequate progress:
• Nulliparous women—lack of continuing 

progress for 3 h (total of active and passive 
second-stage labor) with regional anesthe-
sia, or 2 h without regional anesthesia.

• Multiparous women—lack of continuing 
progress for 2 h (total of active and passive 
second-stage labor) with regional anesthe-
sia, or 1 h without regional anesthesia.

• Maternal fatigue/exhaustion.

30.2.1  Contraindication to Operative 
Vaginal Delivery [4]

• Relative contraindication: unfavorable attitude 
of fetal head, rotation >45° from occipitoante-
rior or occipitoposterior, midpelvic station

• Absolute contraindication: Nonvertex or brow 
presentation, no engaged head. Fetal coagu-

Fig. 30.2 Kedarnath Das (1867–1936)

Fig. 30.3 Das’s modified forceps
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lopathy, incomplete cervical dilation, cephalo-
pelvic disproportion

30.3  Parts of Forceps (Figs. 30.4, 
30.5, and 30.6)

Forceps are composed of two blades, each one 
having four parts:

• Blades: The blades are the parts which grasp the 
fetal head. Each blade has two curves: A 
cephalic curve, which fits in the shape of fetal 

head and a pelvic curve which corresponds to 
birth canal axis. Some forceps have blades 
which are fenestrated. The blade which will 
come in contact with the left maternal pelvic 
wall is called the left blade, and the one which 
will come in contact with the right pelvic wall is 
the right blade.

• Shank: It is the part connecting handle with 
the blade. The shanks are parallel in the 
straight forceps, or crossing in some forceps.

• Lock: There are many types of locks for artic-
ulation between shanks. English lock is more 
common where socket at the junction of the 
handle fits into the opposite shank.

• Handles: These are the parts to hold the device 
and to give traction to the fetal head.

30.4  Types of Forceps

 1. Simpson’s forceps (Fig. 30.7): It is a type of 
midcavity/low forceps. It is used when the 
sagittal suture is in direct anteroposterior posi-
tion or within 45° from the midline.

 2. Piper’s forceps (Fig.  30.8): Used for after- 
coming head of breech.

 3. Wrigley’s forceps (Fig. 30.9): It is a type of out-
let forceps, the most commonly used forceps.

 4. Kielland’s forceps (Fig. 30.10): It is a type of 
rotational forceps when the occiput is in trans-
verse or posterior position, requiring consid-
erable experience and skill. It has minimal 
pelvic curve, longer shank, and a sliding lock. 

TOE

BLADE

CEPHALIC
CURVE
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LOCK

FINGER
GUIDE

HANDLE

Fig. 30.4 Parts of forceps
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BLADE
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SHANK LOCK HANDLE

Fig. 30.5 Anatomy of 
forceps

Fig. 30.6 Tucker-McLane forceps
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Fig. 30.7 Simpson’s forceps

Fig. 30.8 Piper’s forceps

Fig. 30.9 Wrigley’s forceps

Shank has two knobs on the same side to iden-
tify the progressive rotation.

 5. Axis traction forceps: Axis traction was 
devised by Tarnier in 1877 (Fig. 30.11). When 
straight forceps are applied in midcavity, trac-
tion becomes difficult. The traction rods enable 
traction to be applied in the axis of pelvic cav-
ity. Neville-Barnes and Haig- Ferguson’s for-
ceps belong to this category (Fig. 30.12).

 6. Laufe’s forceps (Fig.  30.13): Specially 
designed to limit fetal cranial compression 
with divergent or parallel blades.

30.4.1  Functions of Obstetric Forceps

 1. Traction
 2. Compression
 3. Rotation
 4. Other functions:

• Vectis
• As a protective cage, for preterm head
• Inducing a uterine contraction

30.5  ACOG Criteria for Types 
of Forceps Delivery [5]

 1. Outlet forceps:
• The scalp is visible at introitus, without 

separating labia.

• The fetal skull has reached the pelvic floor.
• The sagittal suture is in anteroposterior 

diameter, right or left occiput anterior or 
posterior position (i.e., the fetal head is at 
or on perineum and rotation does not 
exceed 45°).

 2. Low forceps: The leading point of the fetal 
skull is at a station greater than or equal to 
+2  cm and is not on the pelvic floor; any 
degree of rotation may be present.

P. Kotdwala and M. Pandya



287

 3. Mid forceps: The station is above +2 cm, but 
the head is engaged.

 4. High forceps: this is not included in the clas-
sification. Previous systems classified high 
forceps deliveries as procedures performed 
when the head is not engaged. High forceps 
deliveries are not recommended.

30.5.1  Selection of Instruments

The choice of a forceps for delivery should be 
made on the basis of the particular circumstances 
of that delivery.

 1. Low (Outlet) forceps: The saggital suture is in 
midline, and the occiput is either anterior or 
posterior. Traction power required is much 
less. Asynclitism is not an issue. Hence, an 
instrument with short shanks with or without 
fenestra is adequate.

Fig. 30.10 Kjelland’s forceps

Fig. 30.11 Tarnier forceps

Fig. 30.12 Haig Ferguson’s forceps
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 2. Mid forceps: The head is higher. Direction of 
traction is complicated. Better grasp is 
required as traction force required is more. 
Asynclitism may be present. Rotation may be 
required. So forceps with long shanks and 
with good axis traction attachment are 
required; forceps for rotation and sliding locks 
may be required.

 3. High forceps: This procedure is now obsolete 
due to its difficulties and hazards. It is of his-
torical interest only.

 4. Face presentation: Good grasp of head is 
needed. To maintain extension of the head, 
proper downward traction is necessary. 

Sometimes rotation is required. So forceps 
with fenestrated blades (for better grasp) and 
axis traction device are the preferred ones.

 5. Brow: As it is a transitory presentation towards 
the face, the choice of instrument is the same 
as for face presentation. Strong traction neces-
sitates axis traction.

 6. Breech: On after-coming head Piper’s for-
ceps with long shanks and reverse pelvic 
curve to underlie the baby are helpful. The 
offset pelvic curve keeps the head in sus-
tained flexion.

 7. Cesarean section: The idea is to assist the 
delivery of the head, especially in a floating 
head. A short shank would make extraction 
easy, and any of the conventional instruments 
suffices. In a deeply engaged head, a single 
member of the forceps pair can be used as a 
vectis, with the pubic symphysis acting as a 
fulcrum. Murless extractor, with a folding 
blade, may be a preferred one for this 
purpose.

30.5.2  Prerequisites

Before application of forceps/vacuum, the fol-
lowing prerequisites should be fulfilled.

• Explanation of procedure with its conse-
quences should be a routine along with a doc-
umented consent.

• Abdominal examination should confirm only 
1/5th of palpable head.

• Vaginal examination should confirm the sta-
tion +1, with head descent during uterine con-
tractions. One should carefully rule out a 
deflexed head and/or asynclitism. Pelvic 
assessment for size adequacy is vital. 
Excessive caput succedaneum and molding 
needs to be evaluated for the possibility of a 
cephalo- pelvic disproportion.

• Cervix has to be fully dilated.
• Membranes should be ruptured.
• Position of fetal head must be known.
• Bladder should be empty and may need cath-

eterization for this.

Fig. 30.13 Laufe’s forceps
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• Episiotomy is generally employed, but may 
depend upon the operator’s personal judg-
ment [6].

30.5.3  Analgesia

• Perineal infiltration: 10–20 mL of 1% ligno-
caine is injected fanwise from a point in the 
midline at fourchette.

• Pudendal block: can be given by two meth-
ods. In the external method, the point of 
injection is upon the perineum midway 
between ischial tuberosity and introitus. A 
12.5 cm long spinal needle is used, which is 
advanced up to the ischial spines under guid-
ance of a vaginal finger. At a point below and 
beyond the ischial spine, the sacrospinous 
ligament is pierced and 10  cc of 1% xylo-
caine is injected after checking that the nee-
dle point is not in a blood vessel. The same 
procedure is repeated on the opposite side. In 
the internal method, the needle pierces the 
vaginal mucosa overlying the ischial spines 
under guidance of a finger trans- vaginally 
and the injection is given in the same manner. 
Internal method has less chance of infection. 
Generally, a pudendal block requires addi-
tional local perineal infiltration as few nerves 
may escape the block effect, namely—the 
branches of ilio-inguinal, genital branch of 
genitofemoral and posterior cutaneous nerve 
of the thigh escape the block.

• When a trial of forceps is contemplated and 
proceeding to cesarean section is a possibility, 
an epidural anesthesia is the preferred mode.

• Epidural or spinal analgesia: Generally 
reserved for a Kielland’s rotational forceps.

30.6  Technique

An outlet forceps is used more in modern prac-
tice. Midcavity forceps are not routinely prac-
ticed nowadays due to the possibility of increased 
morbidity. A lithotomy position with legs in stir-
rups is preferred. Perineum is washed with copi-

ous antiseptic lavage by Savlon. Bladder 
evacuation is confirmed. The perineal infiltration 
and pudendal block are carried out as needed. 
The blades of forceps are assembled to make sure 
that the pair is correct. The uterus must be con-
tracting well, and oxytocin infusion is started if 
necessary.

30.6.1  Low Forceps: Outlet Forceps

When the head is crowning (it distends the vulva, 
and does not recede in between contractions) also 
known as +3 station (when the BPD has crossed 
the ischial spines, i.e., only the soft tissues are 
holding it back), and when the sagittal suture is in 
midline, that forceps delivery is known as “outlet 
forceps operation” or “low forceps operation.”

There are two instruments available for this 
operation:

 1. Wrigley’s forceps with short handles and pel-
vic curve

 2. Short Simpson’s forceps with straight blades

Technique: The left blade should be inserted 
first to facilitate articulation. The insertion of left 
blade is begun by creating a space between the 
fetal head and pelvic wall by the pre-lubricated 
middle and index fingers of the right hand 
inserted into the vagina along the left side. This 
will confirm the full retraction of the cervix and 
will provide a shield to the maternal soft 
tissues.

The handle is held upright in the left hand 
slightly towards the right maternal groin as if it 
were a pen. The right thumb is placed at the heel 
of the blade. By allowing the shanks to slide over 
the thumb, the downward descent of the branch is 
controlled. The handle is now gently lowered in a 
sweeping arc which begins towards the opera-
tor’s left and ends in the middle when the shank 
and handle reach a horizontal position. During 
this maneuver, the blade is guided upwards into 
the pelvis along its pelvic curve. The right branch 
is inserted in a likewise manner, though the hands 
are reversed.
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In a good application of forceps the locking 
should be accomplished in an almost effortless 
manner. If resistance is encountered their appli-
cation and relationship must be rechecked and 
adjusted. Easy locking is frequently facilitated by 
equal depression of the handles.

Correct application is noted generally by 
Denman’s criteria: three landmarks are checked 
for the diagnosis of a proper forceps application: 
(1) the posterior fontanelle, (2) the sagittal suture, 
and (3) the fenestration.

The posterior fontanelle should be one finger 
breadth above (or below in case of face to pubis) 
the plane of the shanks. If this is improper, the 
pivot point of the head is off center, and traction 
may cause either extension or overflexion of the 
head. This may result in larger diameter passing 
through the canal and may increase the chances 
of trauma to vagina.

The sagittal suture should be perpendicular to 
the plane of the shanks. If this is not appropriate 
there is a risk of a brow-mastoid application, and 
the risk of trauma to facial nerve or eye of the 
fetus.

The posterior fenestration of the blade should 
admit no more than a fingertip. If there is too 
much room at the bottom of the blades, the tip 
may not be anchored at or below the malar emi-
nences, and traction may cause slippage and 
trauma to the infant’s face.

30.6.2  Traction

After checking the application, traction should be 
applied, preferably in sitting position with opera-
tor at comfortable level—his flexed forearms 
slightly beneath the edge of the table. After 
grasping the forceps from beneath, traction 
should derive from flexed, unaided forearms dur-
ing contraction of the uterus in a plane continu-
ous with the curve of the pelvis.

The traction should mimic and coincide with 
uterine contractions. The pull should begin grad-
ually, reach an acme of intensity, be sustained for 
a short but definite interval, and then gradually 
subside. The first pull is treated as a “trial trac-
tion,” which judges the existent resistance and 

required efforts. The fetal status is also checked 
by listening to heart sounds during the pull. The 
forceps blades should be unlocked in between the 
contractions to release the compression over fetal 
head.

Once the occiput has passed beneath the sub-
pubic angle the direction of pull is gradually 
changed by elevating the handles to about 40° 
above horizontal plane. Once the biparietal diam-
eter has passed the vulval ring the forceps can be 
removed in a reversed order of their application.

30.6.3  Occipitoposterior  
(Face to Pubis)

If the occiput is posterior, the technique of inser-
tion and application of forceps blades remain 
the same as in occiput anterior. Only the appli-
cation check is reversed. Since the occiput is 
posterior, the traction directions will change. 
First the pull is horizontal, once the occiput is 
visible—the forceps is moved anterior to 
increase flexion of the head. After the occiput is 
delivered at fourchette, the forceps are depressed 
towards posterior to let the face glide out under 
the pubic rami. A wide episiotomy is in order, as 
wider occiput may distend the posterior vagina 
more.

30.6.4  Face Presentation

 1. Mentum anterior: Kjelland’s forceps are par-
ticularly well suited because of the lack of a 
pelvic curve. This straightness in the blades 
permits delivery with maintenance of  extension 
of the head, which is the key to a satisfactory 
forceps delivery of the face. The direction of 
pull is nearly horizontal which alone main-
tains proper extension and permits the chin to 
traverse the inner surface of the symphysis. 
When this happens, then and only then flexion 
is performed, the handles are lifted upwards, 
and delivery of the head is completed.

 2. Mentum posterior: A vaginal delivery is 
avoided nowadays due to significant risk of 
trauma to the baby.
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30.6.5  After-coming Head in Breech 
Presentation

Piper’s forceps is the most expedient and useful 
tool for the delivery of an after-coming head, as it 
prevents cerebral trauma and decreases morbid-
ity by twofold.

Before applying the forceps and after delivery 
of the shoulders, it is necessary for an assistant to 
hold the baby in a swayback position with the 
arms out of the way. The operator then briefly 
holds the locked forceps in position below the 
baby and facing the introitus. A single kneeling 
position is the best. The handle of the left blade is 
grasped by the left hand while the right hand is 
introduced alongside the head in the birth canal. 
The blade is carried upwards diagonally across 
the introitus and introduced in a direct manner to 
apply along an axis near to or on to occipito- 
mental line. The application of the right blade is 
carried out in the same manner except that the 
hands are reversed. One has to be careful to pre-
vent extension of the head in introducing the sec-
ond branch.

It is important to ascertain that the blades have 
been placed at sufficient depth, so that they overlie 
the ears, the tips extending a bit beyond, to obtain a 
good grasp of the head and to prevent fetal trauma. 
The forceps are then articulated. Traction is made 
in an obviously downward curve. The direction of 
pull is not varied. There is only a limited time avail-
able once compression of the cord occurs by the 
delivered parts of the baby. Hence the pull and the 
delivery of the head are achieved straightaway, 
unlike intermittent pulls in cephalic forceps opera-
tions. There is a springing in the shanks of the for-
ceps to prevent the compression of the head.

30.7  Rotational Forceps

Whenever the head is unrotated, meaning the 
posterior fontanelle is deviated by more than 15° 
from midline, we may need to rotate the fetal 
head to bring the sagittal suture in the midline for 
a safe delivery. This can be achieved by either the 
Scanzoni maneuver or by using specially 
designed instruments like Kjelland’s forceps.

30.7.1  Scanzoni Maneuver [7]

Friedrich Wilhelm Scanzoni, a German obstetri-
cian, described this technique in 1849. It is used 
for occipito-posterior as well as occipito- 
transverse presentations.

In case of occipito-posterior presentations, the 
blades are applied with reference to the pelvis as 
if it is an occipito-anterior position. The head is 
then rotated by moving the handles in a wide arc 
outside, to eliminate wider movement of the 
blades inside the pelvis, to avoid trauma to the 
maternal soft tissues. Once the head is rotated to 
anterior position, the blades which are now 
upside down are removed and reapplied in regu-
lar way. The application criteria are rechecked, 
and the traction is applied for the delivery.

In case of occipito-transverse position, the 
posterior blade is applied first, with pelvic curve 
towards the occiput of the fetus. The anterior 
blade is then inserted similarly. The blades are 
articulated. After flexion of the neck by forceps, 
the handles are rotated anterior from lateral posi-
tion along with uterine contractions. Once 
rotated, the application is rechecked and traction 
is applied for delivery (Fig. 30.14).

30.7.2  Kielland’s Forceps

This is one of the most versatile forceps ever 
designed addressing all aspects of rotational 
 delivery. It has a negated pelvic curve for easy rota-
tion, narrower blades to minimize trauma during 
application and rotation, curved inner surface of 
blades for better grip of fetal head, flat outer surface 
of blades to minimize soft tissue entrapment trauma, 
and sliding locks to correct asynclitism. There are 
knobs on the handle, which should be towards 
occiput, when the blades are applied. The forceps is 
articulated before application in front of the patient, 
and the anterior blade is selected for first insertion. 
It can be inserted by three methods: direct, wander-
ing, and classical. In the direct method the anterior 
blade is guided to the front of the fetal head behind 
the pubic bones. In the wandering method, the ante-
rior blade is passed posteriorly along the curve of 
the sacrum, and then is rotated over the face of the 
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fetus to the anterior plane. The classical method, 
meant for high forceps operations, is abandoned 
now. Once the anterior blade is in position, the pos-
terior blade is inserted directly in the hollow of 
sacrum. The blades are then articulated. In case of 
an asynclitism, the handles will not be in the same 
plane. This is corrected by sliding the shanks over 
each other. The head is then rotated in “key in lock” 
manner. After rotation is complete, the application 
is rechecked, and then the traction is applied for the 
delivery.

30.8  Prophylactic Forceps

DeLee (1920) proposed a radical thought of con-
ducting all vaginal deliveries with forceps assis-
tance. He propounded that by using forceps we 
are reducing the duration of the second stage as 
well as prolonged distension of pelvic viscera. 

This according to him protects the fetal brain by 
minimizing the prolonged effects of compres-
sion. DeLee has published his data showing 
higher satisfaction and positive memory of labor 
event by his patients who were offered prophy-
lactic forceps delivery (Fig. 30.15).

30.9  Trial Forceps

In cases of borderline cephalopelvic dispropor-
tion a trial of forceps is attempted, a term coined 
by Douglas and Kaltrieder (1953) and Jeffcoate 
(1953), means a tentative application of instru-
ment under operating theater conditions with all 
preparations ready for a resort to immediate 
cesarean section if the forceps delivery is not pro-
gressing smoothly.

30.10  Failed Forceps

Inadvertent failure to deliver baby after attempt-
ing forceps application is known as failed forceps. 
Usually this happens in improper selection of the 
case, or when the prerequisites are not met. A 
failed forceps is fraught with many complications 
and traumas to both the mother and the infant.

30.11  Complications

Cautiously and tenderly must this iron instrument be 
used! We must recollect that no sensations can be 
imparted to the operator’s hand of any injury that 
may be done to women, and we must remember that 
one injudicious thrust, one forcible attempt at intro-
duction, one violent effort in extraction may bruise, 
may lacerate, may destroy! Bear in mind that the 
metallic blades have no feeling and can not commu-
nicate to our perceptions a knowledge of any mis-
chief we may inflict. (Dr. John Ramsbotham, 1844)

There are maternal and fetal complications 
which happen due to faulty technique and 
improper use of the instrument.

Fig. 30.14 Scanzoni maneuver
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Maternal complications: Episiotomy wound 
extension, perineal tears, vaginal lacerations, paraure-
thral tears, bladder injury, rectal injury, cervical tear, 
lower uterine segment tears, puerperal sepsis, trau-
matic hemorrhage, bladder atony, obstetric shock.

Fetal complications: Intracranial hemorrhage, 
skull fractures, cephalhematoma, injuries to eyes, 
hearing defects, fractures of malar bones and 
atlanto-axial injuries, facial nerve palsy, Erb’s 
palsy, spinal cord injuries.

A proper selection of cases, adhering to the 
safety protocols, adequate training and supervi-
sion, readiness to abandon the procedure in case of 
poor progress, and regular audit will reduce the 
complications, which can be lethal in some 
instances.

30.12  Ventouse Delivery

James Young Simpson (1849), often considered 
the father of anesthesia, is also credited with 
designing the first “Air Tractor” consisting of 
metal syringe and an attached soft rubber cup for 
a vacuum-assisted delivery. This did not gain 
popularity and almost after a century, Tage 
Malmstrom—a Swedish professor—developed 
the ventouse or Malmstrom extractor in the 
1950s. This was originally made of a metal cup, 
with the pulling chain incorporated in the tube 
through which the vacuum suction was also cre-
ated. Bird (1969) altered this by separating the 
traction chain and the suction point. Newer mate-
rials like plastic and silicon rubber in place of the 
metal have gained popularity and these vacuum 
cups are now used more frequently than a forceps 
for traction at delivery.

The main difference between a vacuum trac-
tion and a forceps traction is that the forceps are 
applied to grip the skull bones and so the pull 
and compression is primarily on the skull 
bones, whereas the vacuum cup is applied to 
the scalp tissue overlying the crown of the fetal 
head, and the traction force is on the skin over-
lying the scalp! The vacuum hence has a poorer 
grip, and may get detached frequently upon a 
pull applied to it, whereas a forceps has a better 
grip. But the same difference can translate into 
more compression trauma with forceps. Vacuum 
creation takes time, and hence a forceps is pre-
ferred in presence of fetal distress, where a 
quicker delivery is planned. Because of lesser 
potential for trauma and less training required, 
vacuum is being used more frequently than a 
forceps.

Fig. 30.15 DeLee’s forceps
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30.12.1  Types

There are two types of vacuum cups: The cups are 
made up of metal, plastic, and soft silastic. The vac-
uum apparatus consists of vacuum bottle, gauge, and 
connecting tubing (Fig. 30.16, 30.17, and 30.18).

30.12.2  Prerequisite

These are by and large the same as for a for-
ceps delivery. Vacuum has a benefit over for-
ceps as it can be applied even when the full 
dilatation of cervix has not happened, or when 
the rotation of head to midline is yet not com-
plete. It may not be used when there is signifi-
cant fetal distress, prematurity, if the fetus has 
a hemorrhagic condition. The chignon artificial 
caput takes a bit of time to develop, and in case 
of fetal distress, if time is of essence, a forceps 
is preferred. In a preterm fetus and when the 
fetus has a hemorrhagic condition, there is 
higher risk of intracranial hemorrhage and 
hence a vacuum is better avoided. Vacuum 
should not be applied before 34 weeks of ges-
tation, and the safety of vacuum extraction 
between 34 and 36 weeks is uncertain and 
should be used with caution [6]. Vacuum 
extractors are contraindicated in a face 
presentation.

30.12.3  Analgesia

Usually, like in a forceps delivery, a perineal 
infiltration and/or pudendal block suffice for a 
vacuum delivery.

Fig 30.16 Vacuum cups

Fig 30.17 Handheld vacuum apparatus

Fig 30.18 Kiwi Omni Cup + Malmstrom
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30.12.4  Technique

Central to the application of vacuum cup is the 
concept of “flexion point.” It is a point on sagittal 
suture, 3 cm towards the crown from posterior fon-
tanelle. An application of cup with its midpoint 
over the flexion point allows the most favorable 
diameter of fetal head to pass upon further trac-
tion. A de-flexion of the head occurs if the cup is 
applied anterior to this point, and similarly if it is 
applied to far posterior, it may lead to hyper-flex-
ion of the head. If the cup goes on any one side of 
sagittal suture, it will produce asynclitism leading 
to larger diameter to be presented at the time of 
delivery. After application of the vacuum cup, fin-
gers inserted to free any part of the cervix or vagi-
nal wall which might get trapped inside the cup. A 
negative vacuum pressure is then created (150 mm 
of Hg), and is increased up to 500–600 mm of Hg. 
Once this pressure is achieved, the application is 
rechecked, and traction is applied. Traction should 
coincide with uterine contractions and maternal 
bearing down efforts to enhance descent of the 
fetus. The pull is at right angle to the cup. The 
direction depends upon the station of the head. 
Higher the station, downward is the pull. Once the 
head is crowning, the pull is in horizontal direc-
tion, gradually moving upwards. Once the head is 
delivered, the vacuum cup is detached from the 
suction device and is removed. Subsequent deliv-
ery of the baby is like any vaginal delivery after the 
delivery of the head.

If the cup comes off while applying traction, it 
can be reattached and the delivery process is con-
tinued. Sometimes, if the vacuum has come off a 
couple of times, but by this time the head has 
rotated, or has come low down in pelvis, subse-
quent delivery may be accomplished by a for-
ceps. Generally a vacuum delivery is abandoned 
if the vacuum cup has come off for more than 
three times. In a condition of a failed vacuum 
delivery, a decision is made to either switch to a 
forceps delivery or a cesarean section.

Chignon: This is an elevated soft tissue swell-
ing that occurs over fetal scalp due to the vac-

uum application. It gets  settled within next 2–3 
days. The parturient lady and her kin may be 
counseled about it to allay their fears of some-
thing being wrong! A cord blood sample may be 
taken for pH analysis [6]. Postpartum care is in 
the form of analgesics, bladder and bowel care, 
and thrombo-prophylaxis in case of high-risk 
women.

30.12.5  Complications

• Neonatal injuries like scalp abrasions, retinal 
hemorrhages, facial nerve palsy, hyperbilirubi-
nemia, and neonatal jaundice are reported. 
These are generally self-contained and may be 
observed for spontaneous resolution most of the 
times.

• Hematoma confined to the skull bone and sub-
galeal hematoma are rare but may cause high 
morbidity and mortality in neonates.

Higher failure rates of operative vaginal deliv-
ery are associated with [6]

• Maternal BMI > 30
• Estimated fetal weight 4000+ g or clinically 

big baby
• Occipito-posterior position
• Higher station (mid-cavity) or when 1/5th+ of 

fetal head is palpable on abdominal 
examination

30.12.6  Vacuum Versus Forceps

• Vacuum needs less pain relief and leads to 
less perineal trauma including third degree 
tears [8].

• Less pelvic space is required for vacuum.
• Vacuum-increased risk of failure, more ceph-

alhematoma, more retinal hemorrhages, more 
intracranial hemorrhages.

• Vacuum is more likely to fail delivery as com-
pared to forceps.
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Caesarean Delivery

Niranjan Chavan

31.1  Introduction

Caesarean section is delivery of the baby through 
the abdominal route by making an incision on the 
uterine wall. Many papers have been published 
stating that the ideal caesarean rate should be 
between 10% and 15%. Despite this, both devel-
oping and developed countries are witnessing a 
tremendous increase in caesarean rate. The 
increase in caesarean rate can be attributed to the 
reluctance of obstetricians towards VBAC and 
giving operative vaginal delivery a try. However, 
there is no denying that caesarean sections when 
indicated significantly reduce maternal and foetal 
morbidity and mortality. Caesarean section does 
expose a woman to additional surgical and anaes-
thesia risks as compared to the physiological nor-
mal delivery. So, every caesarean section should 
be indicated, and the risks and benefits should be 
carefully evaluated.

31.2  History

Caesarean section has been reported in both 
western and non-western history. Greeks claim 

that Asclepius was born from his mother’s abdo-
men directly by Apollo. This mythological refer-
ence was followed by the mention in Mauryan 
empire history from Indian. Chanakya was a wise 
advisor of King Chandragupta. When the king’s 
wife was accidently poisoned while she was car-
rying Bindusara, Chandragupta delivered the 
prince by opening the abdomen. A more recent 
and documented reference of caesarean section 
comes from Siegershausen, Switzerland, in the 
1580s. However, the origin of word ‘caesarean’ is 
unclear. It is likely that the term comes from the 
Lex Regia or royal law legislated by one of the 
early kings of Rome Numa Pompilius in 
715 BC. This law proclaimed that women who 
die before delivering their infant had to have the 
infant delivered through the abdomen before 
burial. This law continued under the ruling of 
Caesars when it was called Lex Caesarea 
(Fig. 31.1).
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Fig. 31.1 The extraction of Asclepius from the abdomen 
of his mother
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31.3  Types of Caesarean Section

Traditional caesarean section: Midline vertical 
incision is taken over the abdomen. Once the skin 
is incised, the uterus is also incised vertically, and 
the baby is delivered.

Lower uterine segment caesarean section 
(LSCS): As the name suggests, a transverse inci-
sion is taken on the abdomen followed by a trans-
verse incision on the lower uterine segment. It 
minimises the risk of haemorrhage and incisional 
hernia and gives a cosmetic scar (Fig. 31.2).

31.4  Preoperative Considerations

• Consent: Obtaining informed consent is a pro-
cess and not merely a medical record docu-
ment. Indication, procedure and its 
complications and effect of caesarean delivery 
on future pregnancies must be discussed with 
the patient.

• Nil by mouth for at least 8 h before the planned 
procedure.

• Investigations: Complete blood count, blood 
grouping and crossmatching and antibody 
screening [1].

• Preoperative shaving of the incision site is not 
required. If the pubic hair over the proposed 
incision site is thick, it can be clipped short, 
rather than shaved.

• Antacid prophylaxis.
• Antibiotic prophylaxis: Single dose of a first- 

generation cephalosporin or ampicillin is 
given for both elective and emergency caesar-
ean sections intravenously. ACOG states that 
prophylaxis has to be administered within 
60 min prior to the start of planned caesarean 
delivery or after baby is delivered and the cord 
is clamped [2].

• The woman should be placed in a 15° left lat-
eral tilt to avoid aorto-caval compression.

• American College of Obstetricians and 
Gynecologists (2010) do not recommend con-
tinuous foetal heart monitoring before a 
scheduled caesarean section. That said, foetal 
heart sounds should be documented in the 
operating room prior to surgery.

31.5  Planned Caesarean Section

31.5.1  Planned Vaginal Delivery vs. 
Planned Caesarean Section

If we compare a planned caesarean section with a 
vaginal delivery in a woman with uncomplicated 
pregnancy, it can be stated that:

Planned caesarean section may reduce the risk 
of the following in women:

• Perineal injury
• Injury to the vagina
• Early postpartum haemorrhage
• Obstetric shock

Planned caesarean section may increase the 
risk of the following in babies:

• Neonatal intensive care unit admission

Classical

LSCS

Fig. 31.2 Types of caesarean section
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Planned caesarean section may increase the 
risk of the following in women:

• Longer hospital stays
• Risk of anaesthesia
• Postoperative pain

31.5.2  Planning of Delivery

• Risk and benefits should be discussed with the 
patient.

• Informed consent should be taken after taking 
into consideration the clinical diagnosis, per-
sonal preferences and ethical issues.

• Refusal is patient’s right and should be 
respected even when CS is clinically indicated.

• Record of all the clinical factors and patient 
counselling should be properly taken.

31.5.3  Indications of Planned 
Caesarean Section [3]

 1. Breech presentation and transverse lie 
(Fig. 31.3)
 (a) Singleton breech or transverse lie of more 

than 38 weeks
 (b) Singleton breech or transverse lie with 

failed external cephalic version
 (c) Term breech presentation or transverse lie 

for whom external cephalic version is 
contraindicated

 2. Multiple pregnancy [4]
 (a) If the first baby of the twin or triplet preg-

nancy is not cephalic, it is advisable to 
take for caesarean section

 3. Placenta praevia
 (a) Minor or major placenta praevia

 4. Morbidly adherent placenta

Longitudinal lie
Breech presentation

Transverse lie
shoulder presentation

Fig. 31.3 Breech presentation and transverse lie common indications for planned LSCS
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 (a) Every low-lying placenta should be evalu-
ated for morbidly adherent placenta at 
32–34 weeks

 5. HIV and hepatitis
 (a) Caesarean section does not prevent verti-

cal transmission
 (b) HIV positive with a viral load more than 

400/mL
 (c) However, LSCS is indicated if there is a 

coinfection with hepatitis C to prevent 
vertical transmission

 6. Herpes simplex virus
 (a) LSCS is indicated to prevent neonatal her-

petic infections
 7. Maternal request for caesarean section

Planned caesarean section should not be 
offered for the following indications [5]:

 1. Preterm labour
 2. Small for gestation age
 3. Predictive CS for cephalic pelvic disproportion
 4. Body mass index >50

31.5.4  Timing for Elective CS

Any baby delivered before term has a consider-
able risk for neonatal lung hypoplasia. So, elec-
tive LSCS should be postponed till 38  weeks 
until otherwise indicated.

31.6  Emergency Caesarean 
Section

31.6.1  Absolute Indication

 1. Contracted pelvis or cephalopelvic 
disproportion

 2. Pelvic mass causing obstruction for, e.g. 
 cervical or broad ligament fibroid

 3. Advanced carcinoma cervix
 4. Vaginal obstruction (Fig. 31.4)

31.6.2  Relative Indication

 1. Non-assuring foetal heart rate
 2. Cord prolapse
 3. Relative cephalopelvic disproportion
 4. Antepartum haemorrhage
 5. Previous 2 CS
 6. Previous classical CS
 7. Features of scar dehiscence
 8. Dystocia leading to nonprogress of labour
 9. Failed induction
 10. Failed instrumental delivery
 11. Bad obstetric history (Fig. 31.5)

31.6.3  Timing of Unplanned 
Caesarean Section

• 30 min for CS category 1
• CS category 2 within 75  min of making the 

decision
• Category 3 or 4: timing depending upon the 

maternal and foetal conditions

31.7  Intraoperative Management

31.7.1  Anaesthesia

• Spinal anaesthesia is preferred over general 
anaesthesia as it results in lesser maternal 
morbidity except few cases like ecalampsia 
where there are chance of convulsions on 

Urgency

Maternal or fetal compromise

No maternal or fetal compromise

Immediate threat to life of woman or fetus 1

2

3

4

No immediate threat to life of woman or fetus

Requires early delivery

At a time to suit the woman and maternity services

Definition Category

Fig. 31.4 A classification relating the degree of urgency to the presence or absence of maternal or foetal compromise
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table and dropping fetal heart rates where 
every second counts to save the fetus.

• To counter the hypotension occurring during spi-
nal anaesthesia, the patient should be properly 
hydrated, and the use of ephedrine is also advised.

• Antiemetics and antacids should be given as 
premedications.

• General anaesthesia should be preceded by 
preoxygenation, cricoid pressure and rapid 
induction.

31.7.2  Position

Supine position with a lateral tilt of 15°.

31.7.3  Surgical Techniques

• Prophylactic antibiotics should be adminis-
tered before skin incision. Co-amoxiclav is the 
antibiotic of choice if not otherwise indicated.

• Transverse abdominal incision is preferred 
because of its cosmetic effect and less postop-
erative pain.

• Joel Cohen incision (a straight skin incision, 
3 cm above the symphysis pubis) is the advised 
transverse incision.

• If the lower uterine segment is well formed, 
blunt extension of the incision in a smiley 
fashion is better than sharp extension as it 
might reduce the chance of haemorrhage.

• Oxytocin 5 IU by slow intravenous injection 
should be given after the delivery of the baby 
(Fig. 31.6).

• At CS, Manual removal of placenta is not 
advised unless indicated as it is associated 
with higher incidence of endometritis.

• Exteriorising the uterus for closure causes 
more pain. Intraperitoneal closure of the 
uterus should be done as it gives a better 
chance for the uterus to contract and mini-
mises chances of infection [6].

• Uterus incision should be sutured in two 
layers.

• Both visceral and parietal peritoneum closures 
are not advisable.

• Subcutaneous tissue should only be closed if 
the fat layer is more than 2 cm (Fig. 31.7).

Fig. 31.5 Delivering the baby in LSCS

Fig. 31.6 Uterus after placenta removal with minimal 
bleeding

Fig. 31.7 A 7-week-old caesarean section scar and linea 
nigra visible on a 31-year-old mother
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31.8  Postoperative Management

• After caesarean section the patient should be 
monitored half hourly for initial 2 h and one 
hourly for the next 4  h. General condition, 
pulse, BP, temperature, abdominal girth, uter-
ine tone, per vaginal bleed and urine output 
should be diligently charted.

• Proper pain management is important.

31.9  Peripartum Management

• Intravenous fluids: Patients should be well 
hydrated. If the patient was kept NBM before 
the elective surgery, at least three pints of IV 
fluids should be transfused. As spinal anaes-
thesia causes sudden hypotension, it is advis-
able to transfuse at least 2–3  L during the 
surgery. Any crystalloid can be used typically; 
at least 2–3  L is infused during surgery. 
Postoperatively, 3 L of fluid should prove ade-
quate during the first 24 h after surgery. Urine 
output should be maintained to a minimum of 
30 cc/h.

• Close monitoring of the amount of vaginal 
bleeding is necessary for at least an hour in the 
immediate postoperative period.

• Abdominal examination should be done to 
check the tone of the uterus postoperatively.

• Criteria for transfer to the postpartum ward 
include minimal bleeding, stable vital signs 
and adequate urine output.

• In postnatal ward, monitoring should be con-
tinued and four hourly documentation of 
vitals, abdominal girth, uterine tone, PV bleed 
and urine output is necessary.

• The haematocrit is routinely measured the 
morning after surgery.

• The Foley catheter can be removed after 12 h 
of surgery if patient’s urine output was 
satisfactory.

• In uncomplicated cases, solid food may be 
offered within 8 h of surgery.

• Early ambulation lowers the risk of venous 
thromboembolism.

• The incision is inspected on the fourth postop-
erative day.

• The patient can be discharged on day 4 of sur-
gery if there is no puerperal complication, and 
breastfeeding is properly initiated.

31.10  Complications

31.10.1  Intraoperative 
Complications

 1. Anaesthesia related:
 (a) Aspiration syndrome
 (b) Hypotension
 (c) Spinal headache

 2. Haemorrhage:
 (a) Uterine vessel damage
 (b) Uterine atony
 (c) Lacerations: uterine, vertical laceration 

into vagina, broad ligament
 3. Injury to the bladder especially common in 

previous LSCS, in low vertical incision and in 
long obstructed labour (Fig. 31.8)

31.10.2  Postoperative 
Complications

• Urinary tract infection
• Stress incontinence (occurs in about 4% of 

women after CS)
• Uterovesical and vescicovaginal fistula

Fig. 31.8 Uterine artery ligation to control PPH
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• Endometritis
• Irregular vaginal bleeding
• Thromboembolic disease
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Breech in Labor

Geetha Balsarkar and Nirmal Nitin Gujarathi

32.1  Overview and Purpose

Breech presentation is defined as a fetus in a 
longitudinal lie with the buttocks or feet closest 
to the cervix. This occurs in 3–4% of all deliver-
ies. The percentage of breech presentation 
decreases with advancing gestational age from 
22–25% of births prior to 28 weeks’ gestation to 
7–15% of births at 32 weeks’ gestation to 3–4% 
of births at term.

32.2  Etiology for Breech 
Presentation

Maternal:

• Uterine anomalies like septate uterus and 
bicornuate uterus

• Fibroids
• Previous breech deliveries
• Nulliparity

Placental:

• Placenta previa
• Cornu-fundal placentation

Fetal:

• Prematurity
• CNS malformation
• Neck masses
• Aneuploidy
• Oligo-/polyhydramnios

Fetal abnormalities are observed in 17% of 
preterm breech deliveries, and at term it’s 9%. 
Perinatal mortality is 2–4 times higher and mostly 
associated with malformations and prematurity, 
irrespective of mode of delivery.

32.3  Types of Breech Presentation

• Frank breech (50–70%): Hips flexed, knees 
extended

• Complete breech (5–10%): Hips flexed, knees 
flexed

• Footling or incomplete (10–30%): One or 
both hips extended, foot presenting
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32.3.1  Clinical Presentation

Clinical diagnosis of breech presentation may be 
difficult by palpation alone. Features suggestive 
of breech are:

• History of subcostal discomfort with solid, 
non- ballotable, fetal pole palpable at the uter-
ine fundus.

• Fetal heart sound auscultation above or around 
the umbilicus.

• Palpation of fetal ischial tuberosities, sacrum, 
and anus on vaginal examination.

• Such observations are imprecise, and it is esti-
mated that 30% of breech presentations are 
not diagnosed until onset of labor. As abdomi-
nal palpation has a sensitivity of 28% and 
specificity of 94%, ultrasound examination 
remains the gold standard.

32.3.2  Mode of Delivery

Dilemma starts when patient comes to an obstetri-
cian with breech presentation. There was a dictum 
“Once a breech, always cesarean delivery.” Till 
(1959), breech vaginal delivery was the rule. After 
Wright study showed reduction in perinatal mor-
bidity and mortality with cesarean delivery for 
breech presentation, cesarean delivery was pro-
posed instead of vaginal breech delivery [1].

Multiple factors are to be considered prior to 
deciding the route of delivery for breech fetuses. 
Factors include fetal characteristics, pelvic 
dimensions, coexistent pregnancy complications, 
operator experience, patient preference, and hos-
pital capabilities.

32.4  Term and Preterm Breech 
Fetuses

Preterm babies have different set of risk factors 
compared to their term counterparts. So it 
becomes mandatory separate and discuss.

32.4.1  Term Breech Fetus

Overall data regarding the superior perinatal 
outcome with respect to planned cesarean 
delivery are conflicting. Term breech trial col-
laborative group (Hannah 2000) [2] has influ-
enced our thinking pattern regarding vaginal 
breech delivery. It showed that planned cesar-
ean delivery was associated with lower risk of 
perinatal mortality compared to planned vagi-
nal delivery—3 per 1000 versus 13 per 1000. 
Cesarean delivery was associated with a lower 
serious neonatal morbidity—1.4% versus 
3.8%. Critics have demonstrated fallacies in 
term breech trial, so ACOG has to modify its 
stance on breech presentation, and now it is 
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recommending that “the decision regarding the 
mode of delivery should depend on the [2] 
experience of the health care provider” and 
“that planned vaginal delivery of a term single-
ton breech fetus may be reasonable under hos-
pital-specific protocol guidelines.”

In contrast, the presentation et Mode 
d’Accouchement (PREMODA) study showed no 
difference in corrected neonatal mortality rates 
and neonatal outcomes according to delivery 
mode. In spite of evidences on both sides of 
debate, rates of planned vaginal delivery attempts 
continue to decline [3].

32.4.2  Preterm Breech Fetuses

There are no randomized studies regarding pre-
term breech deliveries; planned cesarean deliv-
ery appears to confer a survival advantage. 
Reddy and associates reported data from the 
National Institutes of Health, retrospective 
multicenter cohort study (2012), for deliveries 
between 24 and 32 weeks of gestation. Fetuses 
within these gestational ages showed low com-
pletion rate, and those who completed were 
associated with higher neonatal mortality rates 
compared with planned cesarean delivery. The 
Maternal Fetal Medicine Committee of the 
Society of Obstetricians and Gynaecologists of 
Canada recommends that vaginal breech deliv-
ery is reasonable when the estimated fetal 
weight is >2500 g [4].

32.4.3  Delivery Complications

 1. Maternal Morbidity and Mortality: 
Increased rate of maternal morbidity and 
perinatal morbidity is anticipated with 
breech delivery, either vaginal or cesarean. 
In cesarean delivery, hysterotomy incision 
gets extended while delivering fetal head, 
irrespective if manual or with forceps. In 
vaginal delivery, vaginal wall or cervical 
lacerations and tears are common. 

Manipulation during vaginal delivery may 
cause extended lacerations and episiotomy 
extensions. Uterine atony and postpartum 
hemorrhage can occur.

 2. Perinatal Morbidity and Mortality: Preterm 
delivery and breech presentation are common 
associations. In addition, birth trauma can 
contribute to mortality. There is no difference 
between routes of delivery. Fractures of the 
humerus, clavicle, and femur are more com-
mon. In some cases, traction may separate 
epiphyses. Some rare injuries like upper 
extremity paralysis, skull fractures, spinal 
cord injuries, and abdominal visceral injuries 
are noted.

32.4.4  Imaging Techniques

Unlike cephalic presentation, aftercoming head 
in breech delivery doesn’t undergo molding. To 
avoid entrapment of aftercoming head, pelvime-
try becomes important. In addition to this fetal 
size, the type of breech and degree of neck flex-
ion or extension become important:

 1. Sonography: Usually performed as part of 
prenatal care. If not done gross fetal anoma-
lies like hydrocephalus or anencephaly can 
be ruled out prior to planned vaginal breech 
delivery. Head flexion can also be deter-
mined by sonography. Extension of the head 
is contraindication for vaginal breech deliv-
ery. If sonographic imaging is uncertain, 
then two- view radiography of the abdomen 
is useful for head inclination. Biparietal 
diameter of >90–100  mm is considered as 
exclusion criteria for vaginal breech delivery 
as per Roman et al. [5].

 2. Pelvimetry: Nowadays, bony pelvis assess-
ment can be done by one-view computed 
tomography, MRI, or plain film radiogra-
phy. As per Azria (2012), inlet diameters of 
the pelvis should be as follows: inlet antero-
posterior >105 mm, inlet transverse diame-
ter >120  mm, and midpelvic interspinous 
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diameter >100  mm. Others use maternal-
fetal biometry correlation. Michel et  al. 
defined values as follows: the sum of the 
inlet obstetrical conjugate minus the fetal 
BPD is >15 mm, the inlet transverse diam-
eter minus the BPD is >25  mm, and the 
midpelvis interspinous diameter minus BPD 
is >0 mm [6].

32.4.5  Decision-Making

As per the ACOG guidelines, risk versus benefits 
should be discussed with the patient and relatives 
prior to making any decision regarding the route 
of delivery.

Factors favoring cesarean delivery for breech 
presentation are:

 1. Lack of operator experience
 2. Patient request for cesarean delivery
 3. Large fetus: >3800–4000 g
 4. Viable healthy preterm fetus
 5. Severe FGR
 6. Fetal anomaly incompatible with vaginal 

delivery
 7. Prior perinatal or neonatal death/trauma
 8. Incomplete or footling breech
 9. Hyperextended head
 10. Unfavorable pelvis
 11. Prior cesarean

32.5  Management of Labor 
and Delivery

32.5.1  Vaginal Breech Delivery

There are three types of vaginal breech 
deliveries:

 1. Spontaneous breech delivery: This occurs in 
preterm deliveries and abortions. No traction 
or manipulation of infant is required.

 2. Assisted breech delivery: The most common 
type of vaginal breech delivery. In this type, 
the fetus is allowed to be delivered up to 

umbilicus, spontaneously, and then maneu-
vers are initiated to assist in the delivery for 
the body, arms, and head.

 3. Total breech extraction: In this type, fetal 
feet are grasped and the entire fetus is 
extracted. Nowadays, this is used only for 
delivering the second non-cephalic twin. In 
non-dilated cervix with singleton pregnancy, 
delivering fetal head becomes problematic. 
So, it can’t be used in such cases. This is 
associated with 25% of birth injury and 10% 
of mortality rate.

32.5.2  Labor Induction 
and Augmentation

Induction of labor is controversial in breech pre-
sentation. Marzouk and associates [7] found sim-
ilar perinatal outcome with spontaneous labor or 
with cervical preparation and augmentation of 
labor. As per Kotaska, some protocols agree with 
augmentation and some avoid it. At our institu-
tion, we prefer cesarean delivery for healthy, 
viable preterm/term fetuses [7].

32.5.3  Management of Labor

Rapid assessment in receiving room/Obs emer-
gency room should be made with regard to mem-
branes, labor, and fetal condition. Surveillance in 
view of fetal heart rate and uterine contractions 
should be done on admission. Arrangement for 
senior or expert obstetrician, anesthetist, and 
neonatologist should be done.

Intravenous lines should be accessed and crys-
talloid infusions should be started. Cervical dila-
tation and effacement should be assessed, as it 
will help in decision-making, with regard to the 
route of delivery. In early labor, pelvimetry and 
sonographic assessment should be done, as it will 
be complementary in decision-making.

Fetal heart rate should be monitored by elec-
tronic fetal heart monitoring. If not available, 
then every 15  min intermittent auscultation is 
required.
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Parity

Gestational
age,  wk

EFW, lb

Previous
breech

Dilation

Station

Add 0
Points

Add
1 Point

Add 2
Points

0

0

1

1

2

2

2

39+ 38 <37

8 7–8 <7

3 4

–3 –2 –1

If the score is 0–4, cesarean delivery is
recommended.

Zatuchni-Andros Breech Scoring

Cord prolapse risk should be always kept in 
mind, especially when it is a frank breech case. 
Therefore, ARM should be gradual, and 
 post- ARM fetal heart tracing and monitoring for 
the first 5–10 min is mandatory.

Scoring system was developed by Zatuchni 
and Andros for prediction of successful vaginal 
breech delivery.

According to ZA scoring, if score is less than 
4, then cesarean delivery is recommended [8].

32.5.4   Cardinal Movements 
with Breech Delivery

Engagement and descent occur in one of the 
oblique pelvic diameters with bitrochanteric 
diameter. Anterior hip descends rapidly than the 
posterior hip. When it meets the pelvic floor, 
internal rotation of 45° occurs, which allows 
bitrochanteric diameter to be in anteroposterior 
diameter of pelvic outlet.

After rotation, descent continues until the 
perineum is distended by advancing breech and 
the anterior hip appears at the vulva, called as 
“climbing of the perineum”. By lateral flexion of 
the fetal body, posterior hip is then forced over 

the perineum, allowing the infant to straighten 
out when the anterior hip is born. Legs and feet 
follow breech and can be born spontaneously or 
with assistance.

After breech birth, minimal external rotation 
occurs, which helps back to turn anteriorly and 
then shoulders get engaged in one of the oblique 
diameters of the pelvis. Shoulders descend rap-
idly and undergo internal rotation, with bisa-
cromial diameter occupying anteroposterior 
plane.

Following shoulders, the head gets engaged in 
one of the oblique diameters and then rotates to 
bring the nape of the neck under the pubic sym-
physis. The head is delivered by flexion.
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32.5.5  Partial Breech Extraction

Ideally, episiotomy should be given whenever 
partial breech extraction or assisted breech deliv-
ery is to be done. Breech is allowed to be deliv-
ered till the umbilicus. It helps in reducing 
morbidity, due to undue manipulations. Delivery 
of breech draws the umbilical cord which gets 
compressed in the vagina. Therefore, once breech 
crosses the introitus, the abdomen, thorax, arms, 
and head must be delivered promptly.

In order, the posterior hip delivers first, fol-
lowed by the anterior hip, and then external rota-
tion makes the fetus in a sacrum anterior 
position.

The legs of the fetus are delivered by splinting 
the medial aspect of the femur and by exerting 
pressure laterally to sweep each leg away from 
the midline.

Following leg delivery, the fetus is grasped 
with hand and thumbs at anterior superior iliac 
crests and sacrum, respectively, in a fashion to 

avoid abdominal soft tissue trauma. Wet towel 
helps in grasping the fetus. Maternal pushing 
efforts and extraction should be coordinated.

32.5.6  Delivery of the Arms

The rule of thumb of a successful breech deliv-
ery is steady, gentle, downward traction until 
the lower edges of the scapulas are delivered 
spontaneously. Unless one axilla is visible, no 
attempt should be made to deliver the shoulder 
and arm. Once the axilla is visible, shoulder 
and arm delivery can be done. There are two 
methods in the delivery of arms, depending on 
which shoulder delivers first. In the first 
method, the trunk is rotated in such a way that 
the anterior shoulder and arm appear at the 
vulva and are easily released. Then, the body 
of the fetus is rotated in 180°, and the posterior 
shoulder and arm are released. This is called as 
Lovset’s maneuver.
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In the second method, as breech extraction 
continues, an upward traction is employed with 
the fetus drawn to the mother’s left thigh, which 
helps in delivering the posterior shoulder and 
arm. The fetal body is depressed and the delivery 
of anterior shoulder follows.

Delivery of the arms is not always easy, so in 
difficult cases, the posterior arm should be freed 
first, as more space is available on the posterior 
aspect of the pelvis.

Nuchal arms—One or both fetal arms occa-
sionally may be found around the back of the neck 
and impacted in pelvic inlet, called as nuchal arm. 
In such cases the fetus should be rotated by half 
circle in direction to release the nuchal arm. If this 
is not successful, then extraction can be done by 

hooking the arm with fingers and forcing the arm 
over the shoulder and down the ventral surface for 
the delivery of the arm. Fracture of the humerus or 
clavicle can occur during this maneuver.

32.5.7  Delivery of Aftercoming Head

• Burn-Marshall Maneuver: In this technique, 
the leg, the trunk, and the shoulders are deliv-
ered, remaining the head. The head is allowed 
to hand until the nape of the neck. The feet are 
grasped, and with gentle traction, it is swept 
over the mother’s abdomen. This leads to fetal 
head delivery. 
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• Mauriceau Maneuver: The index and middle 
finger of one hand are applied over the max-
illa, to flex the head, while the fetal body 
rests on the palm of the hand and forearm. 
Two fingers of the other hand are hooked 
over the fetal neck, and grasping shoulders, 
downward traction is applied till the suboc-

cipital region comes below the pubic sym-
physis. The assistant should give gentle 
suprapubic pressure to maintain head flexion; 
the fetus is then elevated toward the maternal 
abdomen, and the mouth, nose, brow, and 
occiput are delivered, respectively, over the 
perineum. 

b

a

c

d
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32.5.8  Forceps for Aftercoming Head

Piper forceps or divergent Laufe forceps may 
be used electively or when Mauriceau maneu-
ver cannot be accomplished. Blades should be 
applied directly to engage the head while keep-
ing it flexed with suprapubic pressure. The 
assistant has to hold the body of the fetus and 
arms wrapped in towel, so that it does not come 
in way of forceps application or traction. Piper 
forceps are used directly in one-knee kneeling 
position. Once applied, the head is delivered 
by gently pulling outward and raising handle 
simultaneously. This helps in delivering the 
face over the perineum. The body and head 
should move in unison to minimize trauma.

 

32.5.9  Entrapment of Aftercoming 
Head

In small preterm fetuses, incomplete cervical 
dilatation causes entrapment of aftercoming 
head. In this situation, manually, the cervix 
should be pushed over the occiput. If this fails, 

then Duhrssen’s incision should be taken on the 
cervix, and the head should be delivered. Other 
options are IV nitroglycerine for cervical relax-
ation. General anesthesia with halogenated 
agents can be helpful. Zavanelli maneuver can be 
useful in some cases. Symphysiotomy can also 
be used as an aid for entrapped aftercoming head.

 

32.5.10  Total Breech Extraction

Total extraction may be required sometimes, in 
cases of complete or incomplete breech. A hand 
has to be introduced, the feet have to be grasped, 
and the ankles are held with the second finger 
lying in between. The feet are brought out through 
the introitus with gentle traction.

As legs begin to emerge, downward traction 
continues. As the buttocks appear at the introitus, 
traction is applied till the hips are delivered. The 
fetal back rotates to anterior. Breech extraction is 
completed in a similar way as it is done in partial 
breech extraction.

In cesarean delivery all these maneuvers are 
used through hysterotomy incision.

32.5.11  Frank Breech

Moderate traction is exerted in each groin by a 
finger and is aided by episiotomy. Once breech 
is pulled out, steps of partial breech extraction 
are followed. If this doesn’t work, then breech 
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decomposition has to be used, which converts 
frank breech into footling breech within the birth 
canal. It may be difficult in cases of PROM where 
amniotic fluid is less or in cases of oligohydram-
nios. Uterine relaxants like general anesthesia, 
magnesium sulfate, or betamimetic agents can be 
used. Pinard maneuver helps in breech 
 decomposition. In Pinard maneuver, two fingers 
are inserted along one extremity to the knee, which 
is then pushed away from the midline after sponta-
neous flexion. With traction the foot is delivered.

 

32.6  Version

Changing fetal presentation by physical manipu-
lation, either by substituting one pole by the 
other, in longitudinal presentation, or converting 

transverse or oblique lie into longitudinal presen-
tation. In external version, manipulations are 
done through the abdominal wall, and in internal 
version, it is done inside the uterine cavity.

32.6.1  External Cephalic Version (ECV)

As per the American College of Obstetricians and 
Gynecologists (2012), versions should be offered 
to all near-term breech presentations. Average suc-
cess rate for version is 58% with range of 35–86%. 
Success rate is higher for transverse lie fetuses.

Indications: Breech presentation at or around 
36 weeks. If done prior to it, allows a breech to 
return, and at 36 weeks, if any iatrogenic compli-
cation occurs, immediate delivery can be done.

Contraindication: Conditions where vaginal 
delivery is contraindicated, e.g. placenta previa 
or non-reassuring fetal status, uterine malforma-
tions, multiple gestation, uterine bleeding, and 
rupture of membranes. Prior uterine surgeries 
come under relative contraindication.

Factors favoring successful outcome include 
multiparity, adequate amniotic fluid, fetal weight 
between 2500 and 3000 g, unengaged presenting 
part, and nonobese patient [9].

Scoring system was developed to predict suc-
cessful outcome of ECV. 

Parity

Dilation

EFW, g

Placenta

Station

Add 0
Points

Add 1
Points

Add 2 Points

0 1 >2

>3 cm 1–2 cm 0 cm

<2500 2500–
3500

>3500

Anterior Posterior Lateral/fundal

>–1 –2 <–3

Scores to Predict External Cephalic Version Success
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32.6.1.1  Complications
Prior counseling to the patient and relatives 
regarding success rates, conversion back to 
breech, and procedural risks should be done. 
Procedural risks include abruptio placentae, uter-
ine rupture, fetomaternal hemorrhage, preterm 
labor, fetal compromise, amniotic fluid embo-
lism, and rarely maternal death. Fetal death is a 
very rare complication.

32.6.1.2  Technique
ECV should be done in setting where emergency 
cesarean delivery setup is available. Prior to pro-

cedure sonographic examination should be per-
formed to assess presentation, amniotic fluid 
index, fetal anomalies, and placental locations. 
Rh-D-negative women should receive anti-D 
immunoglobulin.

Forward roll: Each pole of the fetus is held 
with one hand; the breech is dislodged from the 
maternal pelvis and gently displaced laterally, in 
clockwise direction toward the fundus; and fetal 
head is directed toward the pelvis.

Backward flip: If forward roll is unsuccessful, 
then backward flip is attempted, which is the 
opposite of forward roll. 

a
b c

d

Procedure should be done, preferably, in the 
operation theater. Version attempts should not 
be continued if patient complains of excessive 
discomfort and abnormal fetal heart rate.

After version nonstress test should be done 
immediately, to check for fetal distress.

32.6.1.3  Tocolysis
The American College of Obstetricians and 
Gynecologists suggests the use of tocolytic agents 
during the ECV procedure (2012). Betamimetics 
like terbutaline, ritodrine, or salbutamol, calcium 
channel blockers like nifedipine, and nitric oxide 
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donors like nitroglycerine can be used. As per 
Fernandez et  al., terbutaline is better than any 
other drug. As terbutaline is not available, at our 
institution we use nifedipine or isoxsuprine [10].

ACOG (2012) says there is not enough evi-
dence to recommend conduction analgesia rou-
tinely for ECV.

32.6.2  Internal Podalic Version (ICV)

In modern obstetrics, this maneuver is used only 
for delivering second twin. It should be done pref-
erably with intact membranes. A hand is inserted 
inside the uterine cavity. Accoucher holds one 
or both feet and gently pulls them through com-
pletely dilated cervix. The other hand should be 
used to push the fetus transabdominally. This is 
followed by breech extraction.
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Cord Prolapse and Transverse Lie

Aswath Kumar and Neetha George

33.1  Cord Prolapse

33.1.1  Definition

• Umbilical cord (funic) presentation—when 
the cord felt alongside the presenting part or 
below it in labor and membranes not 
ruptured

• Occult cord prolapse—when the membrane 
ruptured and the cord felt alongside the pre-
senting part

• Overt cord prolapse—when the cord felt 
below the presenting part with membranes 
ruptured; the cord may be in the vagina or out-
side the introitus (Fig. 33.1)

33.1.2  Incidence

0.6% of all deliveries

33.1.3  Etiology

The occurrence of cord prolapse is most com-
monly associated with:

 1. Breech, transverse, oblique, unstable lie, 
face, brow

 2. A high head at the onset of labor
 3. Multiple gestation—second of the twins
 4. Grand multiparity
 5. Abnormal placentation
 6. Preterm labor, rupture of membranes
 7. Polyhydramnios
 8. Obstetric manipulations such as ARM, ECV, 

IPV, manual rotation of fetal head, forceps 
delivery, application of scalp electrode, and 
IUPC

 9. CPD, contracted pelvis
 10. Long umbilical cord
 11. Fetal anomalies
 12. Male fetus

33.1.4  Pathophysiology

Cord compression or spasm of the cord (handling 
cord, atmospheric temperature) leads to hypoxia 
which is manifested as prolonged abrupt brady-
cardia or repetitive variable decelerations in CTG 
and meconium passage, low APGAR, and birth 
asphyxia leading to sudden IUD, neonatal death, 
or morbidity.

33.1.5  Diagnosis

The diagnosis is commonly made during a vagi-
nal examination; the examiner feels a soft, usually 
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pulsatile structure through the membranes or 
with membranes ruptured. The absence of pulsa-
tions and meconium passage are ominous signs.

A speculum examination should never be 
omitted in PROM and PPROM.  The only hint 
usually is variable deceleration or prolonged bra-
dycardia following rupture of membranes 
(Fig. 33.2).

33.1.6  Prevention

 1. ARM should be avoided when the present-
ing part is high or mobile. A stabilizing 
induction should be done in polyhydramnios 
with high head. A controlled ARM with a 
spinal needle can be done in cases of high 

head where contractions have been estab-
lished and fixity of the head is yet to occur. 
Facilities for a crash CS should be available 
in every labor room.

 2. Transverse, oblique, or unstable lie patients 
should be offered ECV after 34  weeks after 
informed consent. Oblique or transverse lie 
patients persisting after 37 weeks can be offered 
repeat ECV if no contradiction for the same.

 3. PROM/PPROM patients with mobile head 
should be restricted till the head is fixed.

 4. Upward pressure on the presenting part should 
be kept to minimum during per vaginum and 
ARM.

 5. If the cord presentation persists after the 
established labor, CS is indicated.

 6. Beware of cord prolapse, during amnioinfusion.

Fig. 33.1 Types of cord prolapse

Prolonged decelarationVariable decelaration

Fig. 33.2 CTG in cord prolapse
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33.1.7  Management

Retrofilling the bladder (Fig. 33.3a, b).

33.1.8  Fetal Complications

Among fetal complications prematurity and con-
genital malformations are the major adverse out-
comes associated with cord prolapse in our 
hospital settings, but one cannot forget birth 
asphyxia which is also associated with cord pro-
lapse. Asphyxia further results in hypoxic–isch-
emic encephalopathy and cerebral palsy. The 
cause of asphyxia is cord compression, and 
umbilical arterial vasospasm prevents venous and 
arterial blood flow to and from the fetus.

33.1.9  Summary 
and Recommendations

• The first sign of cord prolapse is usually 
severe, prolonged fetal bradycardia or moder-
ate to severe variable decelerations after a pre-
viously normal tracing. The prolapse may be 
overt or occult.

• Standard obstetrical management of cord pro-
lapse is prompt cesarean delivery to avoid 
fetal compromise or death from compression 
of the cord. However, vaginal delivery may be 
a reasonable option in select cases when deliv-
ery is imminent and can be safely assisted.

• Intrauterine resuscitation using maneuvers 
such as elevation of the presenting part manu-
ally or by retrofilling the bladder, placing the 
patient in a Trendelenburg or knee-chest posi-
tion, and administering a tocolytic may reduce 
pressure on the cord while preparations are 
being made for delivery.

• Reported perinatal mortality related to cord 
prolapse varies widely, from 0% to 3% for 
events occurring among patients monitored on 
a labor and delivery unit. Asphyxia and com-
plications related to prematurity and congeni-
tal anomalies are the major causes of poor 
outcome. The degree of cord compression, the 
interval between cord prolapse and delivery, 

and the successful use of intrauterine resusci-
tation maneuvers all impact the risk of 
asphyxia.

• Awareness of patients at high risk of prolapse 
may help facilitate prompt diagnosis and 
delivery when prolapse occurs.

• Transverse, oblique, or unstable lie patient 
should present to the hospital urgently when 
they begin labor or rupture membranes.

• In high-risk patients, the risk of cord prolapse 
may be reduced by minimizing the use of 
obstetric interventions that may disengage the 
presenting part and by performing controlled 
amniotomy.

• We do not routinely perform ultrasound 
examinations to assess umbilical cord posi-
tion near term, but would order an ultrasound 
examination to confirm cord position when 
there is a clinical suspicion of funic 
presentation.

• For patients with a funic presentation that has 
not resolved before labor at term, manage-
ment depends on the risk of cord prolapse.

• Patients with a floating vertex, cervical dila-
tion >2 cm, and persistent funic presentation 
at ≥39 weeks are at very high risk of cord pro-
lapse with rupture of membranes and unlikely 
to benefit from expectant management, espe-
cially if polyhydramnios is present. The 
authors offer these women induction of labor 
by “needling” the membranes in a controlled 
environment, with the anesthesia team ready 
for an emergency cesarean delivery in the 
event of cord prolapse.

• Patients in whom the vertex has descended, 
the cervix is not significantly dilated, and 
amniotic fluid volume is normal are at an 
increased risk of cord prolapse, but not the 
highest risk group. Advise these women to 
come to labor and delivery as soon as labor 
begins so that the cord position can be evalu-
ated. The patient can continue to labor with a 
goal of vaginal delivery if the funic presenta-
tion has resolved. If the funic presentation is 
confirmed, we monitor the patient/fetal heart 
rate continuously and perform a controlled 
amniotomy, with the anesthesia team ready 
for an emergency cesarean delivery in the 
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a

b

Fig. 33.3 (a) Retrofilling the bladder (b) Position for prolapse cord
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event of cord prolapse. Cesarean delivery 
without a trial of labor is also reasonable.

33.2  Transverse Lie

33.2.1  Definition

When the long axes of mother and fetus are at 
right angles to one another, a transverse lie is 
present. Because the shoulder is placed so fre-
quently in the brim of the inlet, this malposition 
is often referred to as the shoulder presentation. 
The denominator is the scapula (Sc); the situation 
of the head determines whether the position is 
left or right, and that of the back indicates whether 
it is anterior or posterior. Thus, LScP means that 
the lie is transverse, the head is on the mother’s 
left side, and the baby’s back is posterior. The 
part that actually lies over the pelvic brim may be 
the shoulder, back, abdomen, ribs, or flank. This 
is a serious malposition whose management 
should not be left to nature.

33.2.2  Incidence

The incidence of transverse lie is around 1:500. 
The incidence is higher before term (as high as 
1 in 50 at 32 weeks’ gestation).

33.2.3  Etiology

This abnormality is more common in multiparas 
than primigravidas because of the laxness of the 
uterine and abdominal muscles. Similar condi-
tions in which there is relatively excess space for 
the fetus are polyhydramnios and prematurity. 
Other causes include anything that prevents 
engagement of the head or the breech, such as 
placenta previa; an obstructing neoplasm; multi-
ple pregnancies; fetal anomalies; fetopelvic dis-
proportion; contracted pelvis; and uterine 
abnormalities such as uterus subseptus, uterus 
arcuatus, and uterus bicornis. In many instances, 
no etiologic factor can be determined, and we 

assume that the malposition is accidental. The 
head happens to be out of the lower uterine seg-
ment when labor starts, and the shoulder is 
pushed into the pelvic brim.

33.2.4  Diagnosis of Position: 
Transverse Lie

33.2.4.1  Abdominal Examination
The appearance of the abdomen is 
asymmetrical.

The long axis of the fetus is across the moth-
er’s abdomen.

The uterine fundus is lower than expected for 
the period of gestation. It has been described as a 
squat uterus. Its upper limit is near the umbilicus, 
and it is wider than usual.

Palpation of the upper and lower poles of the 
uterus reveals neither the head nor the breech. 
The head can be felt in one maternal flank. The 
buttocks are on the other side.

The abdomen is wide, whereas the uterine 
fundus extends to only slightly above the umbili-
cus. When the back is anterior, a hard resistance 
plane extends across the front of the abdomen. 
When it is posterior, irregular small parts are felt 
through the abdominal wall.

33.2.4.2  Vaginal Examination
The “gridiron” feel of the ribs and the palpation 
of the scapula and the clavicle on opposite sides 
of the thorax are distinguishing features. The 
position of the axilla indicates the side of the 
mother toward which the shoulder is directed.

33.2.5  Fetal Heart

Fetal heart is heard best at or just below the 
umbilicus.

33.2.6  Active Management

Admission is often advised from 37 to 39 weeks’ 
gestation, which provides the opportunity for (1) 
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daily observations of fetal lie and presentation to 
be made, (2) active treatment to correct the lie if 
necessary, (3) calling for immediate assistance 
upon membrane rupture or the onset of labor, and 
(4) urgent delivery if the lie is not longitudinal, 
fetal distress occurs, or the cord is presenting or 
has prolapsed. Evidence to support this approach 
is provided by one small study of expectant man-
agement for unstable lie after 37 weeks’ gesta-
tion that reported that 17% presented in labor 
with a transverse lie and 6% had a prolapsed cord 
resulting in neonatal death in 1%. 44 If spontane-
ous resolution to a longitudinal lie occurs and a 
cephalic or breech presentation is maintained for 
48 h, women may be discharged home to await 
labor. Some currently discourage labor with a 
breech presentation. If spontaneous resolution of 
an abnormal lie does not occur, an active approach 
to management may be adopted. External 
cephalic version can be attempted if facilities 
permit. Immediate delivery is mandatory in the 
event of placental abruption, membrane rupture, 
cord prolapse, or acute fetal distress for any rea-
son. Rhesus immunoprophylaxis should be given 
to at-risk women neither before nor soon after the 
version attempt and an estimate of the volume of 
any fetomaternal hemorrhage made about 20 min 
after the attempt at version, using the Kleihauer- 
Betke method or flow cytometry to determine 
whether additional prophylaxis is necessary. If a 
longitudinal lie is not maintained, the version can 
be repeated as often as necessary, and if unsuc-
cessful, women should be kept in the hospital. 
The success of version for unstable lie is unclear, 
but it is probably greater than for breech presen-
tation, which is usually quoted around 40–65%.

Tocolysis can be used, including infusions of 
ritodrine 50 μg/min for 15 min or terbutaline sul-
fate 250 μg intravenously over 1–2 min or GTN 
spray, but is often unnecessary with a transverse 
or oblique lie. In the event the lie remains unsta-
ble, a stabilizing induction may be performed 
usually at 38–39  weeks’ gestation. Following 
transfer to the labor suite, an external cephalic 
version is performed if necessary to convert the 
fetal lie to longitudinal. Once the fetus is in posi-
tion, regular abdominal palpations are performed 
to confirm the lie is maintained and a titrated 

intravenous infusion of oxytocin commenced to 
stimulate uterine contractility. Although contrac-
tions can also be stimulated with local (vaginal) 
or oral prostaglandins, this is probably less advis-
able because the response to prostaglandins can 
be unpredictable and occasionally hyperstimula-
tion occurs, which would be especially concern-
ing if the lie reverts to oblique or transverse, 
when tocolysis and/or emergency cesarean sec-
tion is required. As soon as contractions are 
occurring at 10-min intervals or more frequently, 
a low amniotomy ideally needling is performed, 
having ensured at vaginal examination that the lie 
is still longitudinal, the presentation is not com-
pound, and in particular, the cord is not present-
ing. If the cord presents, an emergency cesarean 
section is necessary. Once low amniotomy is per-
formed, a reasonable volume of amniotic fluid 
should be released, followed by confirmation that 
the cord has not prolapsed and the presenting part 
is fixed in the pelvic brim. Thereafter, once labor 
is established, management continues as for 
uncomplicated cases, being ever mindful that 
cord prolapse might still occur. Finally, a deci-
sion to deliver by elective antepartum cesarean 
section at 38–40 weeks’ gestation is a legitimate 
management option. Ideally, an attempt should 
be made to convert the lie to longitudinal imme-
diately before the laparotomy or after opening 
the peritoneum but before incising the uterus. If 
successful, a lower segment incision in the uterus 
can be used for the delivery.

Planned cesarean section is particularly appro-
priate if antenatal external cephalic version is 
contraindicated, previous attempts at version fail, 
or there is a mechanical obstruction to vaginal 
delivery.

ECV can be tried at any time before labor 
with intact membranes after 32 weeks and ide-
ally after 34 weeks. In difficult fetal extraction 
especially with no liquor with established 
labor, a low vertical incision of the lower seg-
ment may sometimes be required. If labor con-
tinues with transverse lie, the shoulder gets 
impacted in the upper part of the pelvis, and a 
retraction ring forms. With time, the retraction 
ring rises high, and the uterus will rupture 
especially in a multi with neglected shoulder 

A. Kumar and N. George



323

presentation. In primi, obstructed labor and 
Bandl’s ring are formed before rupture. Only if 
the fetus is small especially less than 800 g, 
spontaneous delivery as a corpore conduplicate 
is possible.

33.3  Intrapartum

When the fetal lie is transverse or oblique and the 
membranes rupture or labor starts, the options for 
management depend on (1) whether there is a 
cord presentation or prolapse, (2) the stage of 
labor whether before full cervical dilation or dur-
ing the second stage, and (3) whether the mem-
branes are intact or ruptured.

33.3.1  First Stage of Labor

Management depends on whether the fetal mem-
branes are intact or ruptured. With intact mem-
branes, an external version can be attempted. 
This is performed between contractions with or 
without tocolysis to relax the uterus before the 
attempt. Tocolytic agents that can be used in this 
situation include β-agonists such as terbutaline 
infused at 5–20  μg/min, salbutamol (albuterol) 
2.5–4.5 μg/min, ritodrine 100–350 μg/min, 60 or 
the oxytocin antagonist atosiban, given a single 
intravenous bolus dose of 6.75 mg.

If the version is successful, a repeat vaginal 
examination should be performed to exclude cord 
presentation or prolapse.
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Once this has been confirmed, labor can be 
allowed to establish, ensuring the lie remains 
longitudinal until the presenting part engages in 
the pelvis, with progress augmented with oxy-
tocin if necessary. If the version has been 
unsuccessful, delivery by cesarean section 
should be performed. With ruptured mem-
branes, delivery by cesarean section is gener-
ally the only option unless the woman is in very 
early labor and an attempt at external cephalic 
version is successful. A shoulder presentation, 
which may include an arm prolapsed into the 
vagina, is a serious situation. Clamping of the 
uterine wall around the fetus by a retraction or 
Bandl’s ring may have contributed. Delivery 
must be by cesarean section. Administration of 
a uterine relaxant such as halothane adminis-
tered by the anesthetist can facilitate the deliv-
ery, which is most safely achieved through a 
J-shaped, inverted T, or classic uterine incision. 
This incision allows the fetus to be withdrawn 
through the fundus of the uterus, whereas a 
Pfannenstiel incision makes it nearly impossi-
ble to manipulate the fetus into a position that 
will allow delivery without damage to the fetus 
and the uterus. This approach to delivery is still 
indicated even if the fetus has already died, to 

avoid uterine rupture and other serious uterine 
trauma at the time of the delivery (Fig. 33.4).

33.3.2  Second Stage of Labor 
with Intact Membranes

Only for the second baby of the twins.
If fetopelvic disproportion has been excluded, 

correction to a longitudinal lie by external 
cephalic or internal podalic version followed by 
an assisted vaginal cephalic or breech delivery 
should be anticipated. If internal podalic version 
is attempted, this requires adequate anesthesia 
(either general or fully effective regional block). 
Using appropriate aseptic techniques, the obste-
trician introduces a hand into the uterus, confirms 
the foot of the anteriorly positioned leg by identi-
fying the heel, and applies traction on the foot, 
withdrawing the foot and leg and subsequently 
the breech through the vagina. It is ideal if both 
feet can be grasped and pulled down, as this 
avoids the “splits,” with one leg down and one leg 
up, which can splint the baby and lead to a diffi-
cult delivery. The management is then as 
described for breech extraction. Great care must 
be taken to avoid both fetal bony injury and lac-

Scapula

Ribs

Humerus

Acromion process

Fig. 33.4 Correlating abdominal and vaginal examination findings
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eration of the uterus. Tocolysis may be helpful 
for this procedure. If the version is not success-
ful, delivery should be achieved by cesarean sec-
tion; attempts at version should be performed 
only when immediate resort to section is avail-
able. The obstetrician should be aware of the pos-
sibility of atonic primary postpartum hemorrhage 
when uterine relaxants have been administered to 
assist the delivery.

33.3.3  Second Stage of Labor 
with Ruptured Membranes

If there is a compound presentation involving a 
hand and the fetal head is engaged in the pelvis, it 
may be possible with vaginal manipulation to 

encourage the hand to withdraw from the pelvis so 
that an assisted vaginal delivery can continue. This 
should be done only in the second of twins. In all 
other cases, cesarean section is required. If the fetus 
is in a transverse or oblique lie or there is a signifi-
cant compound presentation, delivery should be 
performed as urgently as possible using a U-shaped, 
J-shaped, inverted T, or classic cesarean section 
incision unless an attempt at external version can be 
successfully made on opening the abdominal wall 
immediately before the uterus is incised. Struggling 
to deliver the fetus through a lower segment incision 
can cause serious trauma to the fetus, uterus, or 
both. Incision extensions may result in compro-
mised healing and a vulnerable area of scar integ-
rity, which may predispose to uterine rupture in 
future pregnancies or labors (Fig. 33.5).

33.3.4  Management of Unstable Lie
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Fig. 33.5 Internal 
podalic version
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Overdistended Uterus

Saswati Sanyal Choudhury

34.1  Introduction

Overdistended uterus is said to be present when 
the height of the fundus is greater than the gesta-
tional age. First consideration of this condition is 
wrong dates of last menstrual period. Other pos-
sible conditions are multiple pregnancy, polyhy-
dramnios, foetal macrosomia, foetal hydrops and 
presence of big uterine myomas. All these obstet-
ric complications have increased risk to the 
mother and foetus leading to increased maternal 
and perinatal mortality and morbidity. Each 
obstetric condition needs to be diagnosed for 
management. Emergency ultrasound in cases 
where the condition is not diagnosed before plays 
a vital role for proper diagnosis.

34.2  Diagnosis of Overdistended 
Uterus

34.2.1  Clinical Management

Symphyseal-fundal height is a screening tool for 
abnormal growth of foetus and uterine disten-
sion. Foetomaternal factors that may increase 
SFH are amount of amniotic fluid, amount of 

abdominal fat, presence of large fibroids and 
multifoetal pregnancy. Thorough clinical history 
of the patients to find out the duration of symp-
toms, confirmation of gestational weeks and 
whether she was already diagnosed to have one 
of these conditions are important.

Acute onset of sudden enlargement of the 
uterus with pain can be a presenting symptom of 
acute polyhydramnios.

If patient presents in shock and severe pallor, 
possibility of concealed accidental haemorrhage 
has also to be kept in mind.

Family history of diabetes mellitus or patient 
already diagnosed with DM usually means foetal 
macrosomia.

Patients with Rh-negative blood group have a 
possibility of foetal hydrops. Careful clinical 
examination can diagnose the causes of 
overdistension.

Associated firm localised swelling on uterine 
surface confirms uterine leiomyoma. She may 
also give history that she is a diagnosed case of 
fibromyoma.

Confirmation of accuracy of gestational age is 
very important to rule out wrong dates.

If only one foetus is felt on abdominal exami-
nation, then consider wrong dates, macrosomia 
or polyhydramnios.

If multiple foetal poles and multiple parts are 
felt, then multiple pregnancy is confirmed by 
ultrasound.
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34.2.2  General Management

Patient needs rest and propped-up position in 
severe cases especially with acute polyhydram-
nios and multiple pregnancy. Preterm labour is a 
known complication of overdistension for any 
causes. If there is shortening of the cervix on 
examination or there is uterine contraction, ste-
roid for foetal lung maturity must be given in pre-
term multiple pregnancy and hydramnios.

During labour close monitoring is done and 
delivery should occur in tertiary centres. Wide 
bore intravenous cannula should be kept in 
place in advance as postpartum haemorrhage is 
common in overdistension. Active management 
of the third stage is routinely done although it 
does not prevent PPH in all cases. Prostaglandin 
injections for controlling haemorrhage should 
be readily available. Blood should be kept 
crossmatched.

34.3  Management for Specific 
Conditions

34.3.1  Polyhydramnios

Clinically polyhydramnios is said to be present 
when AFI is more than 95th centile for gesta-
tional age or maximum vertical pool length of 
more than or equal to 8 cm and AFI more than or 
equal to 25  cm. Clinically, detectable polyhy-
dramnios occurs in 0.5–1% of pregnancies 
[1–7].

Patients usually present with respiratory 
embarrassment. Abdominal pain, preterm labour 
and PPROM are common presentations. There 
may be palpitation, leg oedema, vulval oedema 
and abdominal oedema. Patient may also have 
complains of aggravated piles and varicosities in 
lower extremities. Maternal mirror syndrome in 
which maternal condition mimics the foetus with 
signs of preeclampsia may be the presenting fea-
ture in foetal hydrops. Abdominal skin is 
stretched, shiny, oedematous and tense. Fluid 
thrill is found along with difficulty in palpation of 
foetal parts with presence of external ballotte-
ment and difficulty in locating foetal heart sound. 
Malpresentation is often associated.

34.3.2  Causes of Polyhydramnios

 1. Idiopathic
 2. Maternal causes:

 (a) Maternal diabetes
 (b) Maternal alloimmunisation
 (c) Cardiac or renal disease due to excessive 

transudation
 (d) Maternal substance abuse

 3. Foetal causes:
 (a) Parvovirus infection
 (b) Congenital syphilis
 (c) Foetal anomalies:
• CNS anomaly: anencephaly, spina bifida, 

meningocele
• Oesophageal atresia, trachea-oesophageal 

fistula
• High gut obstruction: duodenal atresia
• Thoracic tumours
• Facial dysmorphism, congenital goitre, 

cystic hygroma.
• Congenital diaphragmatic hernia
• Foetal Bartter syndrome
• Myotonic dystrophy
• Foetal sacrococcygeal teratoma
• Foetal vein of Galen syndrome
• TTTS in multiple pregnancy

 4. Placental causes: placental tumours

All these conditions need to be diagnosed as 
each of them has specific management. Detailed 
history of drug exposure, maternal diabetes, prior 
prenatal screening for aneuploidy, family history 
of myotonic dystrophy or past history of skeletal 
dysplasia or arthrogryposis and red cell alloim-
munisation are very important.

34.3.3  Investigations 
for Polyhydramnios

34.3.3.1  Maternal
Glucose tolerance test, blood grouping and anti-
body titre if not done already.

34.3.3.2  USG
 1. Degree of polyhydramnios.
 2. Presence of foetal anomalies especially those 

which impede foetal swallowing should be 
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looked for. Possible USG findings are markers 
of chromosomal defects, absence of stomach 
bubble or double bubble sign, diaphragmatic 
hernia, abnormal posture or absent movement 
which may suggest neuromuscular disorder 
and abnormal long bones which suggest skel-
etal dysplasia and are associated with 
polyhydramnios.

 3. Placental localisation, evidence of abruption 
and looking for any placental mass.

34.3.3.3  Doppler
Middle cerebral Doppler study for evidence of 
foetal anaemia, foetal cardiac scan and presence 
of tachyarrhythmia and evidence of TTTS are 
also essential for aetiological diagnosis.

34.3.3.4  Karyotyping
For anomalous foetus karyotyping also may be 
necessary.

34.3.3.5  Evidence of Infection
Serology for parvovirus and maternal screening 
for toxoplasmosis and cytomegalovirus can be 
linked up with foetal hydrops.

34.3.3.6  Maternal Complications 
of Polyhydramnios

There is increased risk of preterm delivery and 
perinatal mortality. Abnormal presentation lead-
ing to increased incidence of operative delivery is 
another maternal risk associated with polyhy-
dramnios. Placental abruption due to rapid 
decompression is a grave complication. Other 
risks are dependent on aetiology. Cord prolapse, 
dysfunctional labour, retained placenta and post-
partum haemorrhage are also common complica-
tions of gross polyhydramnios. Subinvolution of 
the uterus and puerperal sepsis are possible post-
partum maternal risks.

34.3.3.7  Foetal Complications
There is increased perinatal mortality.

34.3.3.8  Treatment Options 
for Polyhydramnios

Counselling forms an important part of manage-
ment. Even an USG is not sufficient to diagnose 
oesophageal atresia and tracheobronchial fistula, 

and these conditions are confirmed only after the 
baby is born so a guarded reassurance is necessary 
with apparently idiopathic cases of polyhydram-
nios. For mild cases expectant management is 
done. Indomethacin in a dose of 25 mg every 6 h 
till 32–34 weeks is also used by some authors, but 
it has a variety of foetal side effects including clo-
sure of ductus arteriosus, oligohydramnios and 
foetal renal damage although not all reports sup-
port these associations. Indomethacin reduces foe-
tal urine production through direct renal effect.

Amnioreduction is done in severe cases if 
patient is symptomatic and prolongation of preg-
nancy is indicated. It is done with an 18–20  g 
needle under USG guidance to avoid the placenta 
and with a large syringe or with vacuum bottles 
till AFI is 10–20 cm. The uterus should be moni-
tored for any contraction for 12–24 h, and follow-
 up at 1–3  weeks is indicated depending on 
severity. The procedure can be repeated if condi-
tion recurs [8].

Delivery is to be done in tertiary care, and 
involvement of neonatologist is necessary to 
manage newborns with prematurity and other 
high-risk neonates associated with polyhydram-
nios. AMTSL is routinely done for all cases, and 
close observation for PPH for 2  h following 
delivery may save maternal life.

34.3.4  Multiple Pregnancy

Use of assisted reproductive techniques has 
greatly increased the incidence of multiple preg-
nancy. Chorionicity of twins should be deter-
mined, and it is possible as early as first trimester. 
Routine first trimester USG is to be done in all 
patients with ART, family history of multiple 
pregnancy and elderly mothers as well as moth-
ers having previous multiple pregnancy.

34.3.4.1  Maternofoetal Outcome 
in Multiple Pregnancy

Most common complications of multiple preg-
nancy are preterm labour and PPROM. Mean age 
of gestation in twins is 37 weeks and 31 weeks 
for triplets. Twins are usually smaller at any given 
gestational age than singletons. Twin-to-twin 
transfusion syndrome occurs in monozygotic 
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twins due to vascular sharing of the placenta 
which leads to growth retardation of one foetus 
and cardiac failure of the other. Anaemia, pre-
eclampsia and placenta praevia are common 
complications of multiple pregnancy and add to 
the mortality and morbidity of both mother and 
foetus. Higher-order multiple pregnancy has 
much worse outcome than twin.

34.3.4.2  Management of Multiple 
Pregnancy in Labour Room

Ultrasonography is used to ascertain the chorion-
icity, foetal growth and signs of TTTS.  FGR is 
managed with regular monitoring and steroids for 
lung maturity. For severe TTTS, foetoscopic laser 
surgery can be done if available to divide vascular 
anastomoses. The presence of short cervix of less 
than 20 mm is a significantly higher risk of pre-
term labour and can be treated with steroid and 
progesterone. Tocolytics for short period can be 
used so that steroid works for lung maturity.

34.3.4.3  Delivery
If the patient is already in labour, IV cannula is 
fixed. Blood should be sent for crossmatching. If 
presentation of the first twin is cephalic, then vagi-
nal delivery is attempted. For all other cases of non-
vertex first twins, caesarean is a safer procedure.

The main risk of twin delivery is hypoxia for 
the second twin during protracted second stage 
and premature placental separation. Immediately 
after delivery of the first twin, continuous foetal 
monitoring of the second twin is to be done. After 
ascertaining the longitudinal lie, ARM is done 
and intravenous oxytocin is started. If the second 
twin is transverse, external cephalic version is 
done followed by ARM. If membrane is ruptured 
in transverse lie, internal podalic version in an 
expert hand can save the baby especially with 
cord prolapsed. In case of any signs of foetal dis-
tress with vertex presentation, vacuum extraction 
or breech extraction can be performed. Ideally, 
the second twin should be delivered within 
30  min. The third stage of labour should be 
actively managed [9]. In case of higher-order 
multiple gestation, selective foetal reduction with 
injection of potassium chloride in such cases as 
early in pregnancy as possible can reduce its 
complication rates.

34.3.5  Foetal Macrosomia

Assessment of foetal weight by ultrasound is very 
important to know the possibility of vaginal deliv-
ery. Associated diabetes mellitus must be kept in 
mind, and adequate control during labour is neces-
sary. Anticipation of prolonged labour and obstruc-
tion should be there, and partographic management 
is vital. The most dangerous complication is 
shoulder dystocia. By definition it is a delivery that 
requires additional obstetric manoeuvres to release 
the shoulders after gentle downward traction has 
failed [10]. It is usually unpredictable. Identification 
of risk factors and antenatal care plan that aims to 
modify them may reduce its incidence. RCOG 
guideline recommends elective CS in macrosomia 
(foetal weight  >4.5  kg) with diabetes [11]. 
Previous history of shoulder dystocia also needs 
elective caesarean section. Management aims pre-
vention of birth asphyxia while avoiding injury to 
foetus and mother.

First-line manoeuvres are McRoberts manoeu-
vre where woman is kept in supine position with 
hips acutely flexed and the knees closed to the 
chest which straightens lumbosacral angle allow-
ing descent of the posterior shoulder. It has a suc-
cess rate of 90%.

Directed suprapubic pressure continuously on 
the posterior aspect of anterior shoulder may 
facilitate its rotation to an oblique position, 
adduction of shoulders and reduction in bisacro-
mial diameter. Second-line manoeuvres are 
delivery of posterior arm, Rubin’s manoeuvre, 
Wood’s screw and reverse Wood’s screw where 
the aim is to rotate the shoulders to 180° and 
enable delivery by bringing down anterior shoul-
der posteriorly.

Third-line manoeuvres are Zavanelli manoeu-
vre and symphysiotomy.

34.3.6  Fibroid in Pregnancy

Uterine leiomyomas are found in 4% of all preg-
nancies. Out of these 10–30% of women develop 
complications during pregnancy [12]. A detailed 
history should be taken to find out whether she is 
a known case of fibroid. In addition to large for 
date uterus, palpable lumps on the uterine sur-
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face may be felt which can be multiple. 
Spontaneous abortion rate i higher in pregnant 
women with fibroids compared with control sub-
jects without fibroids (14% vs. 7.6%, respec-
tively) [13]. If the placenta is situated near 
fibroid, chances of early pregnancy haemorrhage 
are also high [14]. Chances of having placenta 
praevia are also twofold higher in some studies 
[15, 16]. Large fibroids causing distortion of 
uterine cavities can cause foetal compression 
deformities like torticollis and dolichocephaly 
[17, 18]. Foetal malpresentation may also occur 
with large fibroids, multiple fibroids and fibroids 
in lower segment [16, 19] like breech, transverse 
or oblique lies. Incidence is reported to be 13.4% 
vs. 4.5% in controls [15, 20]. Tenderness over 
fibroids can be elicited in fibroid with so-called 
red degeneration which can lead to preterm 
labour or abortion.

USG is the mainstay of diagnosis, and this is 
also important for its location like subserous, inter-
stitial or submucous or corporeal or cervical fibroid.

34.3.6.1  Management 
of Complications of Fibroid 
in Pregnancy

Management is basically conservative with reas-
surance in antenatal period. Special management 
is necessary if it is painful, previous myomec-
tomy and abnormal presentation. In case of pain, 
symptomatic treatment is required with 
paracetamol in moderate pain, and opioids may 
be necessary in severe cases. Majority of pain is 
self-limiting and pregnancy is unaffected.

Vaginal delivery even in the presence of large 
uterine fibroids (>5 cm) should not be regarded 
as a contraindication, and a trial of labour should 
be allowed [16, 20].

Incidence of postpartum haemorrhage in 
fibroid is conflicting. Pooled data suggests a 
slight rise of its incidence (2.5% vs. 1.4%) [15]. 
Distortion of cavity and effect on myometrial 
contraction by fibroids are thought to be the 
causes of postpartum haemorrhage and may land 
up in peripartum hysterectomy. Active manage-
ment of the third stage should be offered to all 
women with fibroid as a preventive measure. 
Incidence of retained placenta is also little higher 
(1.4% vs. 0.6%) [15].

In a systematic review, women with fibroids 
were at a 3.7-fold increased risk of caesarean 
delivery (48.8% vs. 13.3%, respectively) [15]. 
Elective CS is done in abnormal presentation with 
fibroid. Transabdominal USG and TVS is done to 
know the precise relationship of fibroids and pre-
senting part and exclude other cases of malpre-
sentation like placenta praevia. An experienced 
surgeon should do it in a planned way. Transverse 
incision is generally preferred, but midline may 
be required if fibroids are large and multiple. If 
the lower segment is occupied by a big fibroid, 
then options are myomectomy first and foetal 
extraction or an upper segment CS depending on 
the experience of the surgeon. The general rule is 
avoidance of fibroids wherever possible, and inci-
sion should be away from fibroid as it can warrant 
bleeding requiring blood transfusion, uterine 
artery ligation and/or puerperal hysterectomy [21, 
22]. Myomectomy at the time of caesarean deliv-
ery should only be performed if there is difficulty 
in extraction of the baby and closure of the wound. 
Alternative ways of delivery of foetus should be 
kept in mind, like use of vacuum extraction of ver-
tex or delivery as breech. Increased blood loss is 
anticipated and crossmatched blood should be 
ready. Risk of hysterectomy is very low but should 
be counselled beforehand.

Previous myomectomy may pose difficulty 
due to adhesion and intraoperative haemorrhage.

34.3.6.2  Myomectomy in Pregnancy
Some literatures have reported that antepartum 
myomectomy can be safely performed in the first 
and second trimester of pregnancy [23, 24]. 
Indications are severe pain from a degenerating 
subserosal or pedunculated fibroid, a large or rap-
idly growing fibroid or any large fibroid (>5 cm) 
located in the lower uterine segment.

Uterine artery ligation or uterine artery 
embolisation (UAE) may be done in selected 
cases of fibroids immediately after caesarean 
delivery which may reduce incidence of blood 
loss and chance of hysterectomy [25, 26].

Postpartum care includes monitoring of them 
as some intramural fibroid may become submu-
cous polyp and may cause bleeding in late post-
partum period and will need hysteroscopic 
removal in the near future.
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34.4  Conclusion

Overdistended uterus poses problems to both 
mother and child. Management depends on aetio-
logical factor. Anticipation of complications well 
in advance and preparedness to combat the com-
plications by experienced obstetricians will save 
invaluable lives of mothers.
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Shoulder Dystocia

Vandana Rani Bhuria

35.1  Introduction

Shoulder dystocia is an unexpected, uncertain, 
and unpreventable obstetric emergency. It is the 
nightmare of obstetricians, nurses, midwives, and 
other healthcare providers.

Shoulder dystocia (SD) is defined as a vaginal 
cephalic delivery that requires additional obstet-
ric maneuvers to deliver the fetus after the head 
has delivered and gentle downward traction has 
failed [1]. Though subjective in nature, both the 
American College of Obstetricians and 
Gynecologists Practice Bulletin [2] and the Royal 
College of Obstetricians and Gynaecologists 
Green Top Guidelines [3] are in agreement with 
this definition of shoulder dystocia. Shoulder 
dystocia (Fig. 35.1) occurs when either the ante-
rior or, less commonly, the posterior fetal shoul-
der is impacted on the maternal pubic symphysis 
or sacral promontory [3]. Typically shoulder dys-
tocia is diagnosed by the classic “turtle sign” 
(once the fetal head is delivered, it retracts back 
tightly against the maternal perineum) [4].

Spong and colleagues defined shoulder dysto-
cia as a “prolonged head-to-body delivery time 
(e.g., more than 60 s) and/or the necessitated use 
of ancillary obstetric maneuvers.” The 60-s inter-
val was selected as, in their study, it was approxi-
mately two standard deviations above the mean 

value for head-to-body time for uncomplicated 
deliveries [5].

35.1.1  Incidence

Incidence of shoulder dystocia varies worldwide 
from 0.6% to 3% among vaginal deliveries of 
fetuses in vertex presentation [6]. Differences in 
reported incidence may be present because of 
clinical variations in defining shoulder dystocia 
and the population studied and because of overdi-
agnosing or underdiagnosing milder forms of 
shoulder dystocia [2]. Studies involving the larg-
est number of vaginal deliveries (34,800–
267,228) report incidences between 0.58% and 
0.70% [7–12].

35.1.2  Pathophysiology

Of the three diameters of the pelvic brim, the 
anteroposterior is the narrowest, the oblique is 
larger, and the transverse diameter is the widest 
diameter. The fetal bisacromial diameter (12 cm) 
enters the pelvis at an oblique angle, with the 
posterior shoulder ahead of anterior one. It then 
rotates to the anteroposterior position at the pel-
vic outlet with the external rotation of the fetal 
head. The anterior shoulder then slides under the 
pubic symphysis for delivery.

During descent, if the fetal shoulders remain 
in an anteroposterior position or descend 
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 simultaneously rather than sequentially into the 
pelvic inlet, then the conditions are set for shoul-
der dystocia. In these cases, it is the anterior 
shoulder that becomes impacted behind the pubic 
symphysis and the posterior shoulder almost 
always descends below the sacral promontory. In 
extremely rare cases, both the shoulders may 
remain above the pelvic brim, resulting in bilat-
eral shoulder dystocia.

If the anterior or posterior shoulders remain 
impacted, the descent of fetal head continues; 
this may result in the stretching of the nerves in 
the brachial plexus which may cause nerve injury 
of fetus, further leading to neonatal brachial 
plexus palsy.

Compression of the umbilical cord or com-
pression of the vessels in the fetal neck by a 
tight nuchal cord or by combination of both 
may result in fetal acidemia. With the delivery 
of the head, the volume of uterine contents is 
reduced, and the uterus contracts down which 
diminishes or stops the blood flow to the inter-
villous space. Since the fetal chest is com-
pressed, the respiratory effort of fetus and 
oxygenation are impeded.

35.2  Risk Factors

Various antepartum and intrapartum factors have 
been reported to be associated with shoulder dys-
tocia (Table 35.1) [3, 13, 14], but these risk fac-
tors were found to have a low positive predictive 
value, both singly and in combination [15, 16].

35.2.1  Shoulder Dystocia 
and Macrosomia

A definite relationship exists between fetal size 
and shoulder dystocia [17], but it is not a good 
predictor: partly because it is difficult to predict 
fetal size accurately but also because the majority 
of infants with birth weight of equal to more than 
4500  g do not develop shoulder dystocia [18]. 
Equally important, 48% of the births complicated 
by shoulder dystocia occurs with infants weigh-
ing less than 4000 g [8]. The overall incidence of 
shoulder dystocia varies based on fetal weight, 
occurring in 0.6–1.4% of all infants with a birth 
weight of 2500–4000  g, increasing to a rate of 
5–9% among the fetuses weighing 4000–4500 g 
born in mothers without diabetes [14].

The diagnosis of fetal macrosomia is precise. 
Several ultrasound measurements to predict mac-
rosomia and an alert for shoulder dystocia have 
been proposed like abdominal circumference 
(AC  >  350  mm) [19], newborn shoulder width 
[20], and 3D ultrasound weight estimation [21]. 
However, ACOG supports the use of the 4500 g 
cutoff for diagnosis of macrosomia as it is; at this 
rate, sharp increase is seen in risk of morbidity 
for infants and mothers [22].

The prediction of macrosomia by ultrasound 
is limited by the fact that fetal weight prediction 
is less accurate at higher birth weights. 
Moreover, the third trimester ultrasound scans 
have a sensitivity of just 60% for macrosomia 
(over 4.5 kg) [23].

35.2.2  Shoulder Dystocia 
and Diabetes

Infants of diabetic mothers tend to have a two- to 
fourfold increased risk of shoulder dystocia as 
compared to infants of the same birth weight 
born to nondiabetic mothers [15, 17]. The shoul-
der girth of fetus is composed of tissues that are 
insulin sensitive and respond to hyperglycemia 
and hyperinsulinism, while the head circumfer-
ence and brain growth are less affected. As a 
result, higher shoulder-to-head circumference 
ratio is observed in infants of diabetic mothers 

Fig. 35.1 Shoulder dystocia
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further causing increased rates of shoulder 
dystocia.

Cohen reported that shoulder dystocia was 
predicted in 100% of diabetic pregnancies when 
the differences between the ultrasonic measure-
ments of biparietal diameter minus the abdomi-
nal circumference exceeded 2.5 cm [24].

35.2.3  Obesity and Shoulder 
Dystocia

WHO defined obesity as a body mass index 
(BMI) of 30 or greater. Worldwide, a staggering 
rise has been observed in the prevalence of obe-
sity. Etiology of obesity is multifactorial, mainly 
attributed to urbanization, changing dietary hab-
its and sedentary lifestyles. A number of compli-
cations are attributed to obesity including 
increased risk of pregnancy loss, congenital mal-
formations, gestational hypertension, and gesta-
tional diabetes mellitus. Intrapartum 
complications include increased risk of cesarean 
section, labor dystocia, instrumental delivery, 
and postpartum hemorrhage. Postpartum compli-
cations include increased rates of infection, 
thromboembolism, and increased hospital stay. 
Obese women tend to have increased risk of mac-
rosomic infants as compared to non-obese 
women. Weiss reported that the incidences of 
macrosomia, defined as the birth weight of over 
4000 g, was 8.3% in nonobese group, 13.3% in 
an obese group, and 14.6% among morbidly 
obese women [25]. The relationship between 
obesity and shoulder dystocia may be largely 

related to the increase in incidence of macroso-
mia seen in this group, rather than to obesity 
alone [26]. To support this notion, Robinson 
reported no increase in shoulder dystocia among 
obese women with infants of normal weight [27]. 
Thus, to conclude, obese women with macroso-
mic baby pose as a risk factor for shoulder dysto-
cia, but obesity alone cannot be taken as 
independent risk factor for shoulder dystocia.

35.2.4  Recurrent Shoulder Dystocia

A recent study showed that recurrent shoulder 
dystocia was higher than the general population 
(3.7% vs. 0.7%, OR 7.36, 95% CI 3.68–14.23, 
P < 0.01) [28]. However, the rate of recurrence 
appears to be lower than previously estimated by 
Bingham et al. [29] in 2010. According to their 
study, about 12% of parturients with a history of 
shoulder dystocia have a recurrent dystocia in 
subsequent pregnancy with a risk of about 1 in 8 
(OR 8.25). Brachial plexus injury occurs in 
19/1000 vaginal births during the first episode of 
shoulder dystocia and in 45/1000 vaginal births 
after recurrent shoulder dystocia [29]. However, 
the true incidence of recurrent shoulder dystocia 
remains unknown because obstetrician and 
patients often do not choose to attempt a trial of 
labor when there was a history of complicated 
delivery or an injured infant with brachial palsy 
[2]. However, in cases of previous shoulder dys-
tocia and brachial plexus injury or other 
 complication, cesarean section could be justified 
in next pregnancy. The woman and her attendants 

Table 35.1 Risk factors for shoulder dystocia

Sr. no. Prepregnancy Antepartum Intrapartum
1 Previous shoulder dystocia Diabetes mellitus Oxytocin augmentation
2 Prior macrosomia Excessive maternal weight 

gain
Prolonged active phase of first stage of labor

3 Pre-existing diabetes Suspected macrosomia Prolonged second stage of labor
4 Maternal obesity (BMI 

>30 kg/m2)
Short stature Secondary arrest in second stage

5 Prior gestational diabetes Post-term induction Protracted or failure of descent of head
6 Advanced maternal age Operative or assisted vaginal delivery (forceps/

vacuum)
7 Inappropriate maneuvers (fundal pressure)
8 Epidural anesthesia
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should always be explained about the risk of 
recurrence and should be given option of either 
the cesarean section or vaginal delivery. The fac-
tors such as the severity of any previous neonatal 
injury, any serious maternal intrapartum event, 
predicted fetal weight, and choice of mother and 
family should all be considered and discussed 
with the woman and her family while making 
plans for route of delivery.

35.3  Maternal and Neonatal 
Consequences

Shoulder dystocia results in a lot of maternal and 
fetal complications (Table  35.2). In general, 
shoulder dystocia poses a greater risk to the fetus 
than the mother. The number of maneuvers 
employed to relieve shoulder dystocia is directly 
proportional to the increase in fetal and neonatal 
morbidity [30].

35.3.1  Fetal Complications

 1. Neonatal Brachial Plexus Palsy (NBPP)
Brachial plexus injury is the most common 
and serious complication, occurring in 5–15% 
of neonates born after shoulder dystocia. The 
most common injuries can result in Erb’s or 
Erb-Duchenne palsy (injury to upper brachial 
plexus nerve roots, C5–C6) or Klumpke’s 
palsy (injury to the lower nerve roots, C8–T1). 
Rarely, the whole brachial plexus will be 
injured leading to flail arm.

A stretching force is transmitted to the tis-
sues that connect the fetal trunk and the fetal 
head-neck, under which lies the brachial 
plexus, leading to neonatal brachial plexus 
palsy (NBPP). Conjunction of events generat-
ing stretching and compression forces leading 
to NBPP are enumerated as follows:
 (a) Impaction of either the anterior or poste-

rior shoulder behind the pubic symphysis 
or sacral promontory, respectively, while 
the long axis of the fetus is pushed down 
the birth canal with each uterine 
contraction.

 (b) When the fetal neck is compressed against 
the maternal pubic symphysis or sacral 
promontory.

 (c) Any amount of traction applied by the 
birth attendant.
Neonatal Response
Neonatal response to injury in form of 
stretching and compression forces in 
cases of shoulder dystocia varies and 
depends on many variables like tensile 
strength of fetal tissues, the degree of pro-
tective tone of muscles around fetal shoul-
ders/neck, and the metabolic condition of 
fetus (measured by acid-base status).

In 2014, the ACOG Task Force on neo-
natal brachial plexus palsy (NBPP) 
reviewed the current literature, including 
consensus opinion as well as multiple pub-
lished cases of peer-reviewed literature 
related to brachial plexus injury. This 
report concludes that NBPP occur in 1.5 of 
1000 births. Only 50% of NBPP cases are 

Table 35.2 Complications of shoulder dystocia

Fetal complications Maternal complications
Brachial plexus injury (most common) Postpartum hemorrhage (both atonic and traumatic)
Fetal distress with or without permanent 
neurological damage

Complete perineal tears

Fetal death Extension of episiotomy, vulval hematoma
Clavicular fractures Bladder atony/rupture
Fractures of humerus Symphyseal separation or diathesis with or without transient femoral 

neuropathy
Rectovaginal fistula
Uterine rupture
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preceded by shoulder impaction. Greater 
than 80% cases of NBPP occur in women 
without any risk factors. In fact, NBPP has 
not only been associated with routine vagi-
nal deliveries not complicated by shoulder 
impaction but even with routine cesarean 
deliveries in 4% of cases. NBPP is associ-
ated with 4–40% of  clinically apparent 
cases of shoulder impaction. Most injuries 
resolve, however, the incidence of persis-
tent NBPP at 1  year of life ranges from 
0.5% to 1.6% [31, 32].

Although shoulder dystocia and dis-
impaction maneuvers historically have 
been attributed for the etiology of these 
palsies, brachial plexus injury may 
occur in utero [33]. Probable mecha-
nisms of intrauterine insult include the 
endogenous propulsive forces of labor, 
in utero position of the fetus, failure of 
the shoulders to rotate, and abnormal 
intrauterine pressures arising from uter-
ine anomalies (such as fibroids, intra-
uterine septum, bicornuate uterus); all 
these injuries may also contribute to 
brachial plexus injury [13, 14].

The timing of brachial plexus injury can 
be determined by electromyelography 
within 24–48  h of delivery. 
Electromyelographic evidence of muscular 
denervation normally requires 10–14 days 
to develop. Its presence in the early neona-
tal period strongly suggests an insult pre-
dating delivery [13].

 2. Fetal Asphyxia
In shoulder dystocia, the combination of 
hypoxia, obstructed cerebral venous return, 
and trauma during delivery renders the fetal 
brain vulnerable to damage. The umbilical 
artery pH is estimated to theoretically fall 0.04 
pH units per minute in the interval between 
delivery of the fetal head and trunk (mean 
umbilical artery pH at term is 7.27). In gen-
eral, to deliver a previously well-oxygenated 
fetus with normal acid-base status, the opera-
tor has 4–5 min to deliver the fetus before the 
possibility of permanent hypoxic damage.

Thus, there is time for the logical and sys-
temic application of maneuvers to safely 
deliver the fetus before the permanent hypoxic 
damage. On the other hand, if the fetus is 
already hypoxic when shoulder dystocia 
occurs, the time to permanent hypoxic dam-
age may be much shorter.

Severe cases of shoulder dystocia may 
even end in hypoxic ischemic encephalopathy 
and fetal death.

 3. Fractures
Fractures of clavicle and less commonly 
humerus are also reported in infants after shoul-
der dystocia. These fractures typically heal well 
without any deformities. Fracture or dislocation 
of the cervical spine is extremely infrequent but 
can be associated with desperate and ill- advised 
twisting maneuvers of the fetal head.

35.4  Maternal Complications

 1. Genital Tract Lacerations
Since extra space is required for the maneu-
vers to overcome shoulder dystocia; thus, 
extension of episiotomy and third and fourth 
degree perineal tears are more common with 
shoulder dystocia. With more sphincter lacer-
ations, the potential exists for a higher inci-
dence of long-term flatal and fecal 
incontinence.

 2. Postpartum Hemorrhage
Both traumatic (bleeding from lacerations) 
and atonic postpartum hemorrhage is seen 
after shoulder dystocia.

35.5  Prediction and Prevention

Shoulder dystocia is considered as a fatal, unpre-
dictable, and unpreventable obstetrical event. 
Even the identification of risk factors like sus-
pected fetal macrosomia, a history of prior shoul-
der impaction, excessive weight gain in 
pregnancy, prolonged pregnancy, advanced 
maternal age, male fetal gender, multiparity, oxy-
tocin augmentation, and prolonged second stage 
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and epidural anesthesia, the occurrence of shoul-
der dystocia cannot be accurately predicted. The 
predictive value of any one or combination of 
risk factors for shoulder dystocia is not high 
enough to be useful for prediction and prevention 
of shoulder dystocia. Therefore, accurate predic-
tion of shoulder dystocia is not possible, and 
thus, attempts to allow a practical prevention 
strategy have been unsuccessful till now.

35.5.1  Prevention

Identification of the risk factors predisposing to 
shoulder dystocia and anticipation of the problem 
may prove beneficial for the prevention of shoul-
der dystocia. The relationship between fetal mac-
rosomia and shoulder dystocia is well recognized. 
The concept of elective induction or elective 
cesarean section for prevention of shoulder dys-
tocia in macrosomic babies needs a second 
thought and is discussed.

ACOG states that “Elective induction of labor or 
elective cesarean delivery for all women suspected 
of carrying a macrosomic fetus is not appropriate” 
due to the fact that ultrasound is not considered as 
an accurate predictor of macrosomia [2].

The RCOG also affirms that elective cesarean 
section is not recommended for pregnancies 
complicated by suspected fetal macrosomia with-
out maternal diabetes mellitus [3].

It has been evaluated that to prevent one per-
manent neonatal brachial plexus injury, an addi-
tional 2345 cesarean sections would be required 
at a cost of 4.9 million dollars per year, if cesar-
ean section would be done for all fetuses sus-
pected of weighing 4000 g or more [34].

Although the diagnosis of fetal macrosomia is 
imprecise, planned cesarean delivery may be con-
sidered for suspected fetal macrosomia with esti-
mated fetal weight exceeding 5000 g in women 
without diabetes and 4500 g in women with dia-
betes (level C recommendation, ACOG) [2].

RCOG does not support induction of labor in 
women without diabetes at term where the fetus 
is thought to be macrosomic (grade A recommen-
dation, RCOG) [3]. A meta-analysis of random-
ized controlled trials of the effect of treatment in 
women with gestational diabetes concluded that 

early induction of labor reduces the incidence of 
shoulder dystocia [35]. The NICE diabetes guide-
lines recommend that diabetic pregnant women 
who have a normally grown fetus should be 
offered elective birth through induction of labor 
or by elective cesarean section if indicated, after 
38 completed weeks [36].

35.5.2  Diagnosis

Shoulder dystocia should be suspected when the 
underlying signs are present:

 1. Slow crowning of the fetal head.
 2. Difficulty with the delivery of face or chin.
 3. The fetal head retracts into the perineum (tur-

tle sign) after expulsion due to reverse traction 
from shoulders being impacted at the pelvic 
inlet.

 4. Failure of restitution of the fetal head.
 5. Failure of descent of shoulders.

Diagnosis is made when:

• Gentle downward traction of the fetal head 
fails to accomplish delivery of the anterior 
shoulder.

35.6  Management

The key to management of shoulder dystocia is 
anticipation and planning. The important principle 
to remember is that the problem with the shoulder 
is at the level of the pelvic brim. Thus, traction or 
twisting movements involving the head are illogi-
cal, ineffective, and potentially traumatic.

If the shoulder dystocia is diagnosed, avoid 
the P’s.

 1. Panic.
 2. Pulling on the head. Never put strong down-

ward pressure on the fetal head as it may cause 
injury to brachial plexus.

 3. Pushing (on the fundus). Fundal pressure is 
illogical and can only compound the problem 
by forcing the anterior shoulder against the 
unyielding symphysis.
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 4. Pivoting (sharply angulating the head using 
coccyx as a fulcrum).

Thus, excessive force to fetal head or neck and 
fundal pressure should be avoided, as they are 
unlikely to free the impaction and may further 
impact the shoulders and cause uterine rupture or 
other injury.

Timely management of shoulder dystocia 
requires prompt recognition and action. The 
health attendant should be instructed to observe 
for the signs of shoulder dystocia and to be vigi-
lant for timely action. At the point when shoulder 
dystocia is diagnosed, one of the major concerns 
is the risk of fetal hypoxia, further leading to 
hypoxic ischemic encephalopathy and further 
leading to infant death. Fetal hypoxic insult results 
from a number of reasons which include umbili-
cal cord compression between fetal body and 
maternal pelvis and compression of neck and cen-
tral venous congestion. This further reduces pla-
cental intervillous flow from prolonged increased 
intrauterine pressure and causes secondary fetal 
distress. The fifth CESDI report on shoulder dys-
tocia identified that 47% of the babies died within 
5 min of the head being delivered [37]. It is, there-
fore, important to manage the problem efficiently 
and carefully, efficiently as to avoid fetal hypoxic 
acidosis, and carefully so as to avoid unnecessary 
trauma (RCOG level III evidence) [3].

For the above mentioned reasons, shoulder 
dystocia should be managed systematically. The 
Advanced Life Support in Obstetrics has offered 
a structural framework for managing shoulder 
dystocia in a systematic manner, the “HELPERR” 
mnemonic [38].

H—Call for help.
E—Evaluate for episiotomy.
L—Legs (McRobert’s maneuver).
P—Suprapubic pressure.
E—Enter maneuvers (internal rotation).
R—Remove the post arm.
R—Roll the patient (all-fours positions).

The HELPERR mnemonic is designed to do 
one of the three things:

 1. Increase the functional size of the bony pelvis.

 2. Application of suprapubic pressure leads to 
decrease in bisacromial diameter of the fetus.

 3. Internal rotation maneuvers change the rela-
tionship of the bisacromial diameter within 
the bony pelvis.

35.6.1  H—Call for Help

Once shoulder dystocia is diagnosed, immedi-
ately call for extra help including an expert obste-
trician, a pediatric resuscitation, anesthetist, and 
midwives.

The woman should be made to bring the but-
tocks to the end of the bed.

• Provide a simple and clear explanation to the 
woman about the actions you are about to 
undertake.

• Ask for cooperation from the woman.
• Once diagnosed, the presence of additional 

assistance in the delivery room is critical. One 
person is designated for recording of events, 
obtaining required equipments, and notifying 
the clinician of time intervals.

• Documentation of maneuver used and the 
duration of each maneuver may be valuable to 
prompt the clinician to move on to other 
maneuvers, rather than persisting in one that is 
not working.

• The appropriate amount of time to be spent on 
each maneuver is 30 to 60 s.

The orders of steps need not to be the same as 
mnemonic suggests; it is more important that the 
maneuvers be employed efficiently and 
appropriately.

35.6.2  E—Evaluate for Episiotomy

Since shoulder dystocia is a bony impaction, so 
performing an episiotomy will not release the 
shoulders. Episiotomy is only required to make 
space for the obstetrician’s hand in the vagina for 
performing internal maneuvers, if required. Since 
maximum cases of shoulder dystocia are relieved 
by McRobert’s maneuver and suprapubic 
 pressure, episiotomy is not necessary in all the 

35 Shoulder Dystocia



340

cases of shoulder dystocia, unless internal 
maneuvers are required to release the shoulder 
(RCOG grade B recommendation) [3].

However, episiotomy may be more difficult to 
perform when the fetal head is tight against the 
perineum. It will be beneficial to perform episiot-
omy, if shoulder dystocia is strongly anticipated.

35.6.3  L—Legs (McRobert’s 
Maneuver)

Mechanism: This maneuver rotates the symphy-
sis superiorly and straightens the lumbosacral 
angle. These motions push the posterior shoulder 
over the sacral promontory, allowing it to fall into 
the hollow of the sacrum and rotate the symphy-
sis over the impacted shoulder.

In addition, it reduces the angle of inclination 
of the pelvis so that plane of pelvic inlet is 
brought perpendicular to the expulsive forces. 
The combination of these changes in the fetopel-
vic relationship reduces the propulsion- extraction 
forces necessary to deliver the shoulders.

Technique: With the woman in the recumbent 
position, the maternal hips are slightly abducted 
and acutely flexed by bringing the knees toward 
the chest, i.e., hyperflexion of maternal thighs 
against the abdomen (Fig. 35.2). Routine traction 

(as applied during a normal delivery) in an axial 
direction should then be applied to the fetal head 
to assess whether shoulders have been released.

McRobert’s maneuver is considered to be sim-
ple and most effective intervention, making it an 
ideal first step in management. The success of 
McRobert’s maneuver in resolving shoulder dys-
tocia (used either alone or in combination with 
suprapubic pressure) is reported between 42% 
and 90% [3].

McRobert’s maneuver has a low rate of com-
plication; therefore, its performance is a reason-
able initial approach (level C recommendation, 
ACOG) [2].

However, overly continued and aggressive 
hyperflexion and abduction of the maternal thighs 
onto the abdomen should be avoided because this 
is often associated with increased traction further 
leading to increased risk of brachial plexus injury.

35.6.4  P—Suprapubic Pressure 
(Rubin’s I Maneuver)

Mechanism: The suprapubic pressure pushes the 
posterior aspect of anterior shoulder toward the 
fetal chest further reducing the bisacromial diam-
eter. Actually, pushing behind the scapula tends 
to adduct the shoulders which are a narrower 
diameter than the abducted shoulders.

Technique: External manual suprapubic pres-
sure is applied for approximately 30–60  s while 
the delivering personnel continues gentle traction.

The suprapubic hand should be placed over 
the fetus’ anterior shoulder applying pressure in a 
“CPR” style in such a way that the shoulder will 
adduct or collapse anteriorly and pass under the 
symphysis. Simultaneously while the woman is 
placed in McRobert’s position, place both the 
hands over the posterior aspect of fetal shoulder, 
and apply continuous pressure in a downward 
and lateral motion (Fig. 35.3). Initially continu-
ous pressure is applied; but if it fails, a rocking 
motion is recommended to dislodge the shoulder 
from behind the pubic symphysis. Simultaneously, 
gentle traction is applied to deliver the shoulder.

If this maneuver fails, the next maneuver 
should be immediately attempted.Fig. 35.2 McRobert’s maneuver
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If these simple maneuvers fail, then, the obste-
trician should make a choice between the all- fours 
position and internal manipulation. The clinical 
judgment, individual circumstances, and experi-
ence of the delivery personnel should guide the 
obstetrician to decide their order. In the HELPERR 
mnemonic, the following order is suggested:

35.6.5  E—Enter Internal Maneuvers

35.6.5.1  Rubin’s II Maneuver
The narrowest diameter of the pelvic brim is the 
anteroposterior diameter; so, it is logical to rotate 
the fetal shoulders to wider oblique diameter. 
Under no circumstances should one twist the 
head in an attempt to rotate the shoulders. It will 
not work and will cause trauma to the brachial 
plexus and cervical spine.

In Rubin’s II maneuver, digital pressure is 
applied to the posterior aspect of anterior shoul-
der with two fingers of the hand inserted inside 
the vagina pushing it toward the fetal chest. This 
rotates the shoulders forward into wider oblique 
diameter (Fig. 35.4). McRobert’s maneuver can 
still be simultaneously applied during this 
maneuver which may help facilitate its success.

If the Rubin’s II maneuver is unsuccessful, 
then the obstetrician should proceed to the Woods 
corkscrew maneuver without any delay.

35.6.5.2  Woods Corkscrew Maneuver
Principle: Woods (1943) described the relation-
ship between the fetal shoulders and the pelvic 
bony landmarks which they must traverse: the 
symphysis pubis, sacral promontory, and coc-
cyx. Using wooden models, he described that the 
relationship between the fetal shoulders and 
these bony landmarks was similar to the threads 
of a screw. It is not possible to push or pull the 
shoulders through, but they can be “cork-
screwed” through the pelvis by rotating the 
shoulders 180° [39].

While maintaining the pressure of Rubin’s II 
maneuver, the obstetrician introduces the second 
hand and two fingers are placed on the anterior 
aspect of the fetal posterior shoulder. The fetal 
posterior shoulder is pushed off the midline to 
rotate the fetus 180° (Fig. 35.5). Because the fetal 
posterior shoulder is below the pelvic brim, as it 
rotates, it remains at that level and once in the 
anterior position is accessible for delivery. During 
this 180° rotation, the former anterior shoulder 
which started above the pelvic brim rotates to 
become the posterior shoulder and, in doing so, 
rotates below the level of the pelvic brim. Woods 
screw maneuver correctly defines the relation-
ship between the fetal shoulders and the pelvic 
brim and provides a logical solution, in the same 

Fig. 35.3 Suprapubic pressure

Fig. 35.4 Rubin’s II maneuver
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manner that Lovset’s maneuver does for delivery 
extended arms in breech presentation.

35.6.5.3  Reverse Woods Screw 
Maneuver

If Rubin’s II maneuver or Woods screw maneu-
ver fails, then we should move to reverse Woods 
screw maneuver.

In this maneuver, the fingers are placed on the 
back of the posterior shoulder of the fetus and 
attempt to rotate it through 180° in a direction 
opposite to that of Woods screw maneuver 
(Fig. 35.6). This maneuver adducts the fetal pos-
terior shoulder, thus rotating the shoulders into an 
oblique plane for delivery.

At times, these maneuvers are very difficult to 
perform, and it becomes necessary to push the 
fetus into the pelvis slightly to accomplish the 
maneuvers, especially in cases when the anterior 
shoulder is partially wedged under the symphysis.

35.6.6  R—Remove the Posterior Arm 
(Jacquemier’s Maneuver)

Unless it is the case of bilateral shoulder dysto-
cia, in all other cases, the posterior shoulder is 
accessible as it has descended beneath the sacral 
promontory into the sacral bay.

In order to effect this maneuver, the obstetrician 
must insert his hand far into the vagina and attempt 
to locate the posterior arm. Once forearm is 
located, the elbow is flexed so that arm can be 
delivered by a sweeping motion over the chest 
wall of the fetus. In practice, however, the fetus is 
so tightly lodged in the pelvis that this may not be 
successful. If so, one just has to reach further along 
the fetal forearm until one can grasp it and pull the 
arm across the fetal chest (Fig. 35.7). If done in 
correct manner, first the posterior hand followed 
by the arm and finally shoulder will be reduced, 
facilitating delivery of the infant. As the arm is 
removed, the fetus rotates in a corkscrew manner.

If delivery is not accomplished, then, support 
the posterior shoulder and trunk of the fetus, and 
rotate them 180°, which will bring the anterior 
shoulder to become the posterior shoulder, below 
the level of the pelvic brim, and allow its delivery.

Fig. 35.5 Woods screw maneuver

Fig. 35.6 Reverse Woods screw maneuver Fig. 35.7 Remove the posterior arm (Jacquemier’s 
Maneuver)
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Jacquemier’s maneuver is one of the maneu-
vers most likely to cause fractures of the clavicle 
and humerus. However, it is almost always suc-
cessful in delivering the fetus, and these fractures 
heal well without long-term sequelae, whereas 
the alternatives of fetal hypoxia, brachial plexus 
palsy, and cervical spine injury may not.

35.6.7  R—Roll the Patient (All-Fours 
Maneuver or Gaskin 
Maneuver)

Gaskin maneuver is a safe, effective, and rapid 
technique, named after midwife, Ina May Gaskin. 
In this maneuver, the woman is guided to the all- 
fours position on her hands and knees. This maneu-
ver exploits the effect of gravity, thereby, increasing 
space in the hollow of sacrum to facilitate delivery 
of the posterior shoulder and arm (Fig. 35.8).

Theoretically, the flexibility of sacroiliac joint 
may allow a 1–2 cm increase in the anteroposte-
rior diameter of the pelvic brim. As patient is 
turned from a supine to all-fours position, the 
sagittal measurements of the pelvic outlet 
increase up to 20  mm, and the true obstetrical 
conjugate increases by as much as 10 mm. After 
rotating to all-fours position, the fetal shoulder 

dislodges, and with the gentle traction, the poste-
rior shoulder is delivered first.

Disadvantages:

 1. To assist woman into all-fours position, it may 
require a number of personnel, and it is diffi-
cult for a woman who is fatigued by process 
of labor or restricted by intravenous lines, 
fetal monitors, or epidural anesthesia to stay 
in this position.

 2. Clinicians who are unfamiliar attending deliv-
ery in all-fours position may find difficulty in 
conducting delivery in this position. To over-
come this problem, one should go with the 
gravity first and, thus, provide gentle down-
ward traction to deliver the shoulder closest to 
the ceiling first.

35.6.8  “Last Resort” Maneuvers

“Last resort” or third-line maneuvers have been 
described, and clinician should proceed to these 
maneuvers in cases of failure of maneuvers dictated 
in the “HELPERR” mnemonic. These include:

 1. Cleidotomy
 2. Muscle relaxation
 3. Zavanelli maneuver
 4. Abdominal rescue
 5. Symphysiotomy

35.6.8.1  Cleidotomy
Cleidotomy means deliberate fracture of the 
fetal clavicle. It reduces the fetal bisacromial 
diameter, thereby, making the shoulders more 
flexible. Due to high complication rate, it is 
usually reserved for a dead fetus or an anomaly 
in the fetus incompatible with life 
(anencephaly).

Technique: Direct pressure is applied on the 
midportion of the fetal clavicle which will cause 
fracture of the clavicle, thereby reducing the 
bisacromial diameter. Cleidotomy can be per-
formed with a strong straight embryotomy scis-
sors. With the help of scissors, first cut the skin 
over the clavicle, and push the scissors round the 
bone. Considerable strength is often required for 
performing cleidotomy.Fig. 35.8 All-fours maneuver or Gaskin maneuver
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Complications: Underlying subclavian vessels 
and brachial plexus are vulnerable to trauma.

35.6.8.2  Muscle Relaxation
Agents like halothane and sublingual nitroglycer-
ine can be used to achieve musculoskeletal or 
uterine relaxation.

“Heroic” Measures
If the several attempts of the above measures 

are also unsuccessful, the following techniques 
have been described for cases of catastrophic 
shoulder impaction.

35.6.8.3  Zavanelli Maneuver 
(Cephalic Replacement)

Rare cases of shoulder dystocia, especially the 
bilateral shoulder dystocia, which are unrespon-
sive to traditional maneuvers, cephalic replace-
ment may prove as most appropriate. If the other 
more traditional maneuvers fail, it is important 
not to resort to trauma but to consider cephalic 
replacement.

The normal mechanism of delivery of the head 
of fetus is reversed by grasping the head, rotating 
it to the occipito-anterior position and flexing the 
head, which allows replacement in the vagina 
(Fig. 35.9).

In some cases, presumably those with bilateral 
shoulder dystocia, the head will return to the 
vagina with remarkable ease. However, in other 
cases, tocolysis will be required to assist this 

maneuver. Uterine relaxation can be achieved 
with intravenous nitroglycerine or terbutaline, 
and this can also help restore the uteroplacental 
circulation and fetal oxygenation. Once the fetal 
head has been reposited to the vagina and the 
fetal heart is normal, then, the baby is delivered 
by cesarean section.

Before proceeding to Zavanelli maneuver, an 
operating team with expert obstetrician, anesthe-
tist, and a neonatologist must be present. In cases 
where nuchal cord has already been clamped and 
cut, we should never attempt cephalic 
replacement.

While this technique is often successful, there 
can be associated maternal morbidity with uter-
ine rupture in up to 5% of cases and blood trans-
fusion required in some 10% [40, 41]. Perinatal 
death and morbidity from asphyxia and trauma 
are also encountered. These may have been due 
to other methods tried and failed before cephalic 
replacement.

35.6.8.4  Abdominal Rescue
This is another rare alternative approach for cases 
in which both the traditional maneuvers and 
cephalic replacement have failed. Abdominal res-
cue was described by O’Shaughnessy where a 
lower uterine segment incision facilitates vaginal 
delivery of impacted shoulders [42].

After confirming that the fetus is still alive, a 
lower segment cesarean section is done. The sur-
geon will then rotate the shoulder to the oblique 
position, facilitating descent of the posterior 
shoulder beneath the promontory where it can 
then be delivered directly. This is then followed 
by rotation of fetal body and rotation of former 
anterior shoulder beneath the pelvic brim to allow 
its delivery also.

35.6.8.5  Symphysiotomy
Symphysiotomy is a procedure in which the 
fibrous cartilage of pubic symphysis is divided 
under local anesthesia. However, none of the 
published series favors its successful use for 
relieving shoulder dystocia. Symphysiotomy is 
also associated with serious maternal morbidity 
and poor neonatal outcome (level III evidence, 
RCOG) [3].Fig. 35.9 Zavanelli technique
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Since there is potential low chance of fetal 
survival after significantly prolonged entrapment, 
this should be taken into account before perfor-
mance of these heroic maneuvers. Additionally, 
the associated significant maternal morbidity and 

mortality must be weighed against the likelihood 
of intact fetal survival.

The management protocol for shoulder dysto-
cia is presented in algorithm [43] below: 

Algorithm for the management of shoulder Dystocia

CALL FOR HELP
Midwife Coordinator,additional midwifery help,experienced

obstetrician,neonatal team and anaesthetist

Discourage
pushing

Lie flat and move
buttocks to edge of

bed

McROBERTS’ MANOEUVRE
(Thighs to abdomen)

SUPRAPUBIC PRESSURE
(and routine axial traction)

Consider episiotomy if it will
make internal manoeuvres

easier

Try either manoeuvre first 
depending on clinical
circumstances and 
operator experiance

DELIER POSTERIOR
ARM

INTERNAL ROTATIONAL
MANOEUVRES

Inform consultant
obstetrician and

anaesthetist

If above manoeuvres fall to release impacted
shoulders, consider

ALL FOURS POSITION (if appropriate)
OR

Repeat all the above again

Consider cleidotomy, Zavanelli manoeuvre or symphysiotomy

Baby to be reviewed by neonatalogist after birth and referred for Consultant Heonatal review if any concerns
DOCUMENT ALL ACTIONS ON PROFORMA AND COMPLETE CLINICAL INCIDENT REPORTING FORM.

35 Shoulder Dystocia
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35.7  The Role of Fundal Pressure

Fundal pressure in case of shoulder dystocia is 
illogical as it can only compound the problem by 
forcing the anterior shoulder against the unyield-
ing symphysis. Fundal pressure is associated 
with increased neonatal complications and may 
even result in uterine rupture [18].

35.7.1  Posterior Axilla Sling Traction 
(PAST) for Intractable 
Shoulder Dystocia

Cluver and Hofmeyr [44] had recorded 19 cases 
of shoulder dystocia where PAST had been used, 
and it was successful in 18 and partially success-
ful in 1 case. They had confirmed that when all 
other maneuvers for shoulder dystocia prove to 
be unsuccessful, PAST (posterior axillary sling 
traction) can be lifesaving resort. In this tech-
nique, a sling in form of a suction catheter or a 
firm urinary catheter is placed around the poste-
rior axilla. The suction catheter is folded over 
operator’s index finger forming a loop which is 
then fed posteriorly behind the posterior shoul-
der. The loop is pulled through creating a sling 
around the posterior shoulder. Traction is then 
applied to the sling to deliver the posterior shoul-
der. After that, the posterior arm is swept out eas-
ily as space is created after delivery of the 
posterior shoulder. If the abovementioned tech-
nique fails, shoulders can be rotated with help of 
sling. The sling traction is directed laterally 
toward the side of baby’s back and then anteri-
orly, while digital pressure is applied behind the 
anterior shoulder to assist rotation. This is still a 
new technique, and until more safety data are 
available, it should be kept reserved for cases in 
which other commonly used techniques have 
failed [44].

35.7.2  Postpartum Management

Maternal complications associated with shoulder 
dystocia are postpartum hemorrhage and com-
plete perineal tears. Cervicovaginal exploration 

should always be done after delivery of the baby 
to rule out cervical tears and vaginal lacerations. 
Other reported complications like bladder rup-
ture, uterine rupture, symphyseal separation, sac-
roiliac joint dislocation, and lateral femoral 
cutaneous neuropathy should always be kept in 
mind and ruled out to avoid the long-term 
complications.

The neonatal complications include brachial 
plexus injury, clavicle and humerus fractures, 
fetal asphyxia and sequelae, neurological dam-
age, and fetal demise. The care of newborn after 
shoulder dystocia should involve a multidisci-
plinary approach including pediatrics, pediatric 
neurology, physical therapy, and possible refer-
ence to a brachial plexus injury center. Clear 
communication with the parents regarding care 
plan should be done.

35.7.3  Risk Management

35.7.3.1  Training
Annual “skill drills” including shoulder dystocia, 
to improve awareness and for training of birth 
attendants, are recommended jointly by both the 
Royal College of Midwives and the RCOG [45].

35.8  Medical Simulation

Medical simulation is a relatively new field to 
provide training for rare, potentially catastrophic 
events that requires coordinated team work. The 
aim of medical simulation is to improve proce-
dural competency and quality of patient care and 
to reduce maternal and neonatal morbidity and 
mortality in obstetrical emergencies. Shoulder 
dystocia, being highly unexpected and unpredict-
able, poses a huge challenge for the healthcare 
workers and so is well suited for simulation train-
ing. Trained individuals are allowed to recognize 
the problem and to effectively and rapidly apply 
the maneuvers so that the fetal shoulder is disim-
pacted and the neonate is handed over to pediatri-
cian in a timely fashion [46].

Simulation training with repeated skill prac-
tice provides an opportunity to the healthcare 
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workers to experience the emergency scenario of 
shoulder dystocia without any risk to the actual 
patients and the neonates.

In the Unites States, shoulder dystocia train-
ing is now recommended by the Joint Commission 
on Accreditation of Healthcare Organizations. 
However, ACOG concludes—despite studies 
from Draycott and colleagues and others [47, 
48]—that, owing to “limited data,” till date “there 
is no evidence that introduction of simulation 
training can reduce the frequency of persistent 
NBPP.”

35.9  Documentation

After a shoulder dystocia, the event should be 
properly documented in the medical record. 
Always document the truth that you were aware 
of potential complications and you refrained 
from panicking, responded appropriately, and 
performed the appropriate maneuvers. The key 
points that should be mentioned:

• Risk factors for shoulder dystocia, if any
• Estimated fetal weight and pelvimetry
• Documentation of any labor abnormality
• Names of staff persons present at delivery, 

their role, and the time they arrived
• Timing of delivery of head
• Timing of delivery of shoulders
• Position of fetal head at time of delivery
• Which shoulder was the anterior shoulder
• Maneuvers performed, their timing and 

sequence
• Whether episiotomy was performed and lac-

erations, if any
• Whether fetal injuries were identified
• The estimated blood loss
• APGAR score
• The results of cord blood gas analysis

Poor inadequate documentation can be associ-
ated with serious medicolegal consequences. The 
use of structured proforma has been suggested to 
improve accurate record keeping in the clinical 
setting [7]. ACOG and RCOG [43] both have 
standardized reporting forms.

35.10  Conclusion

Despite its rarity, all healthcare professionals 
attending deliveries must be aware with the risk 
factors, management, and documentation of 
shoulder dystocia. A team oriented approach is 
imperative for the management of shoulder dys-
tocia with each team member familiar and 
trained in the manoeuvres used for relieving 
shoulder dystocia. RCOG has recommended 
annual skill drills for shoulder dystocia. Key 
points in successful management of shoulder 
dystocia include anticipation, constant prepared-
ness, team approach, and appropriate 
documentation.

35.11  Future Perspective

Future directions include:

• Further research on accurate prediction of risk 
factors of shoulder dystocia

• Improvement in diagnostic imaging for a more 
accurate prediction of fetal macrosomia

• Additional studies for more information about 
how shoulder dystocia related brachial plexus 
injury occur

• Prospective evaluation of periodic skill drills
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Postpartum Hemorrhage

Sheela V. Mane, Vijay Kumar Koravi, 
Priyanka Dilip Kumar, and Meenakshi Kandoria

36.1  Introduction

An error doesn’t become a mistake until you refuse 
to learn from it. —Orlando Battista

Hemorrhage, even to this day, is the major killer 
of pregnant women both in developing and devel-
oped countries. Postpartum hemorrhage (PPH) is 
a dreaded complication of labor and delivery and 
presents itself not only in women at high risk for 
the complication but also sometimes in appar-
ently low-risk gravida in the most innocuous and 
unexpected situations. Global statistics for 
causes of maternal mortality state that maternal 
anemia directly or indirectly is responsible in 
19.3% of cases, hemorrhage in 23.7%, pregnancy- 

induced hypertension (PIH) and eclampsia in 
13.1%, unsafe abortions in 12.6%, sepsis in 
10.6%, obstructed labor in 6.4%, and others in 
14.2%. It is obvious that hemorrhage remains the 
major killer, and healthcare workers need to be 
alerted and trained to handle this emergency [1].

It is important to understand “why bleeding 
occurs.” The rule of four Ts (tone, tissue, trauma, 
thrombin) will quickly take us to the cause. Atony 
of the uterus is responsible for 75–90% of the 
cases of PPH.  Trauma to the uterus, cervix, 
vagina and perineum, and tissue (retained pla-
centa and membranes) and coagulopathy will 
account for the rest.

Though contribution of PPH as a cause of 
maternal death is 25% globally. In India, PPH 
contributes to 38% of all maternal deaths, which 
is considerably high given the Indian Maternal 
Mortality Ratio (MMR) of 212/100,000, and not 
merely suboptimal obstetric care was responsi-
ble. The newer trend in obstetric morbidity due to 
rise in cesarean section and comorbidities like 
obesity, diabetes, human immunodeficiency virus 
(HIV) infections, and drug abuse is adding to the 
problems [2].

There is evidence showing that comprehen-
sive emergency obstetric care is responsible for 
33% reduction of maternal death.

Research by the Prevention of Maternal 
Mortality Project has indicated attention to three 
delays in the Emergency Obstetric Care (EmOC).
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Delay in:

• Decision to seek EmOC
• Reaching healthcare facility

• Obtaining treatment at healthcare facility
The third delay is detrimental and not uncom-

mon. Hard fact about mortality from PPH is that 
it is different from other major obstetric causes 
of death. If not managed, PPH can cause death 
in 8–12 h, obstructed labor in 2 days, and sepsis 
in 6 days, but with severe PPH, if not promptly 
managed, a woman can die in just 2  h after 
delivery [2].

36.2  Classification and Definitions

PPH can be primary or secondary, with primary 
hemorrhage occurring within the first 24  h of 
delivery and secondary between 24  h and 
6–12 weeks postpartum. Primary PPH occurs in 
4–6% of pregnancies and is caused by uterine 
atony in greater than 80% cases.

The classical definition of PPH is blood loss 
more than 500  mL within 24  h after vaginal 
delivery or more than 1000  mL after cesarean 
section. Significant blood loss can be well toler-
ated by most young healthy women, and an 
uncomplicated delivery often results in blood 
loss more than 500 mL without any compromise 
to the mother’s condition [3].

A decline in hematocrit of greater than 10% 
has also been used to define PPH. This hemato-
crit value provides an objective laboratory mea-
sure. However, this may not reflect the current 
hematologic status in acute situations since it 
can take hours for losses to create laboratory 
value changes. Hypotension, dizziness, pallor, 
and oliguria occur when blood loss is 
substantial.

Any bleeding that results in hemodynamic 
instability, if left untreated, should be considered 
PPH and managed accordingly.

In severe PPH if there is a blood loss of more 
than 1500  mL, decline in hemoglobin of more 
than 4 g/dL, acute transfusion of at least 4 units 
of red blood cells (RBCs), or surgical/nonsurgi-
cal hemostatic intervention (angiographic emboli-
zation, surgical arterial ligation, or hysterectomy), 
will need to be decided soon.

Definition of Major PPH:

• Blood loss of greater than 150 mL/min (within 
20 min causing loss of >50% of blood volume).

• Sudden blood loss of greater than 1500–
2000 mL (loss of 25–35% of blood volume).

• In major PPH if there is blood loss of more 
than 2500 mL, transfusion of more than 5 
units of packed red blood cells (PRBC) or 
treatment for ensuing coagulopathy will have 
to be done without delay [4].

36.2.1  Massive Blood Loss

This is defined as the loss of one blood volume in 
a 24-h period or transfusion of more than ten 
units of blood within a 24-h period. The rate of 
blood loss is an important factor. A practical defi-
nition is the loss of 50% of blood volume within 
a 3-h period or loss at a rate of 150 mL/min.

Circulating volume at term is approximately 
5 L. For an average built woman between 50 and 
70  kg, massive hemorrhage has occurred when 
the loss is estimated at 1.5–2.0 L.

This situation could be seen within 10–15 min 
of delivery; appropriate action (according to 
protocol) must be initiated to restore circulating 
blood volume and tissue oxygenation while 
awaiting blood products and laboratory test 
results to guide the replacement therapy [5].

36.2.1.1  Methods to Estimate Blood 
Loss

Underestimation of blood loss following deliv-
ery can be avoided if all shed blood is measured 
and sponges, wraps, swabs, etc. are carefully 
weighed. 
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• Visual estimation: This common method 
underestimates PPH by 30–50%. This inaccu-
racy increases as blood loss increases and 
delays diagnosis and timely action.

• Use of the blood collection drape: Funnel- 
shaped plastic bag hangs from the edge of the 
delivery table and is calibrated with two lines, 
alert line of yellow color at the 350 mL mark 
and a red action line at the 500 mL mark.

• Collection of blood in a kidney tray or in a 
calibrated container.

• Clotted blood volume represents half of the 
blood volume required to form the clots.

36.2.1.2  Initial Response 
Management

The golden hour refers to the first 60 min from 
the time of recognition of PPH. It is the time in 
which resuscitation must begin to achieve maxi-

mum survival. As more delay is there to start the 
resuscitation, the percentage of surviving patients 
decreases. Too little, too late is the cause of mor-
tality: too little IV fluids, blood, and clotting fac-
tors and too late resuscitation, blood replacement, 
and surgical measures to arrest bleeding [6].

The approach should be through a staged 
process:

• Call for and mobilize help.
• Communicate the problem to the woman, 

family members present, and multidisci-
plinary team members with timely escalation 
to senior obstetric and midwifery staff and 
involvement of hematologist, blood bank, 
and anesthetists. The lead clinician should 
delegate tasks during maternity emergency.

• Significant blood loss due to any cause requires 
standard maternal resuscitation measures.

25 ml peripad 50 ml peripad 100 ml peripad

100 ml chux 250 ml chux

350 ml chux 500 ml chux

A saturated 4×4 12-ply
sponge = 5 ml

Other methods of
quantification:
•
•
  Weight
  Direct
  Measurement

Dry
25ml 50ml 75ml 100ml

Quantified Blood Loss

18×18 laps:25 ml approx 50%; 50 ml approx 75%;
75 ml entire surface; 100 ml saturated and dripping
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 1. Airway, breathing, circulation.
 2. Two large-bore intravenous (IV) access—

Gray (No. 16) and green (No. 18); IV set, 
blood set, and three-way stopcock.

 3. Oxygen by face mask at the rate of 6–8 L/min.
 4. Infusion of crystalloids (normal saline (NS)/

Ringer’s lactate (RL)) three times in volume 
to the blood lost.

 5. Reserve/get two units of PRBC, depending on 
the extent of hemorrhage [7, 8].

36.2.2  Stage 1

Stage 1 is initiated when the estimated blood loss 
(EBL) is more than 500 mL after vaginal delivery 
or more than 1000 mL after cesarean section, or 
vital signs show more than 15% change from 
baseline (heart rate  >100  bpm, blood pressure 
85/45 mmHg, O2 saturation <95%).

Successful management of PPH requires that 
both components should be simultaneously and 
systematically addressed. Resuscitative mea-
sures, diagnosis, and treatment of the underlying 
cause must occur quickly before sequelae of 
severe hypovolemia develop.

36.2.2.1  Resuscitation
The goal of initial resuscitation is to achieve suf-
ficient circulating blood volume to enable trans-
fer of the patient to a site where effective 
treatment can occur. The degree of initial volume 
resuscitation will depend on the level of care that 
can be offered at the facility. If necessary, the 
patient must be accompanied by an experienced 
member of staff to a higher level of care.

Initial resuscitation is based on the airway, breath-
ing, circulation (ABC) approach with advanced 
resuscitation guided by the clinical situation.

36.2.2.2  Assessment
Monitor the conscious state and vital signs at regu-
lar intervals, oxygen saturation (by pulse oxime-
ter), uterine tone, and urine output. Maintain 
record of EBL.  It is important to recognize the 
clinical signs of varying degrees of blood loss.

Emergency response measures should be initi-
ated and steps taken to assure fluid resuscitation 

and core perfusion maintained via lower extrem-
ity elevation and in some cases anti-shock com-
pression wrap.

A designated “PPH box” is a good risk man-
agement approach as all necessary equipment is 
quickly available in it.

Administer oxygen via mask at 10  L/min; 
keep saturation more than 95%. If patient is not 
breathing, use assisted ventilation. Intubate the 
deeply unconscious.

• If no pulse, start cardiopulmonary resuscita-
tion (CPR).

• Position the woman to maximize venous 
return. Lower head of bed. Raising the legs 
improves venous return and is consistent with 
the positioning used to diagnose and treat the 
underlying causes of bleeding.

• Intravenous access—insert at least two (14 or 
16 gauge) cannulae.

• Full blood count (FBC), clotting screen 
[fibrinogen, activated partial thromboplastin 
time (APTT), prothrombin time (PT), 
D-dimer], collect blood for crossmatch.

• Insert indwelling urinary catheter—urine out-
put monitored at 15-min intervals.

• Avoid hypotension by adequate fluid replace-
ment in relation to ongoing measured blood loss.

• Avoid hypothermia, as this increases the risk 
of disseminated intravascular coagulation 
(DIC). Prewarm resuscitation fluids and use 
warm air blankets.

• Commence bimanual massage. Bimanual 
massage results in a decrease in bleeding even 
if the uterus remains relatively atonic, thus 
allowing resuscitation a chance to begin to 
catch up with blood loss.

• Documentation: Scribe assessments and 
response to management on the observation 
chart.

If the bleeding is rapid or woman is hemody-
namically unstable:

• Delegate two persons to continue with resus-
citative measures.

• If unsuccessful, perform aortocaval 
compression.
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36.2.2.3  Identify Cause and Stop 
the Bleeding

• Continue uterine massage to stimulate a con-
traction and expel any clots present.

• If bleeding continues despite a well-con-
tracted uterus, look for other causes (e.g., 
incomplete placenta, cervicovaginal tears, 
and hematomas). Use the four Ts mnemonic:

 – Tone (uterine), 70%
 – Trauma (uterine rupture/cervical or vaginal 

lacerations), 20%
 – Tissue (retained placental tissue), 10%
 – Thrombin (bleeding disorder), 1%

Bedside clotting test: Take 2 mL of venous blood 
into a plain glass test tube. Hold the tube in closed 
fist to keep it warm (+37 °C). After 4 min, tip the 
tube slowly to see if a clot is forming. Tip it again 
every minute until the blood clots and the tube can 
be turned upside down. If a clot does not form after 
7 min or a soft clot forms that breaks down easily, it 
is suggestive of a clotting disorder [9].

36.2.2.4  Fluid Resuscitation
Aggressively restore circulating fluid volume and 
thereby perfusion to vital structures. Volume 
replacement is guided by the patient’s response 
to initial therapy, not by the initial classification 
category.

• Perform initial resuscitation with large vol-
umes of crystalloid solution: normal saline 
(NS) 0.9%, compound sodium lactate solution 
(Hartmann’s solution), or lactated Ringer’s 
solution as rapid fluid bolus, 2 L over 10 min:

 – To resuscitate more quickly, administer IV 
fluids using a pressure infusion device/
blood pressure (BP) cuff.

 – When using crystalloid, the ratio of resusci-
tative IV fluid required to blood lost is 3:1 
because most of the infused fluid shifts from 
intravascular space to interstitial space. This 
shift, along with oxytocin use, may result in 
peripheral edema in the days following PPH.

 – If large amounts (>10 L) of crystalloids are 
being infused, Ringer’s lactate (RL) is pre-
ferred over NS.

 – Dextrose-containing solutions (5% dex-
trose in water or dextrose normal saline 

[DNS]) have no role in the management of 
PPH.

 – PPH of up to 1500 mL in a healthy woman 
can usually be managed by crystalloid infu-
sion alone if the cause of bleeding is arrested. 
Blood loss in excess of this usually requires 
the addition of a PRBC transfusion.

• Colloids (Haemaccel, Gelofusine, albumin, 
dextran, hydroxyethyl starch) are largely 
retained within the intravascular space. Large 
volumes of colloids (>1000–1500  mL/days) 
can have an adverse effect on hemostasis. No 
colloid solution has been demonstrated to be 
superior to NS. Colloids and blood can replace 
volume lost on one-to-one basis, whereas 3 
volumes of crystalloids are required to replace 
1 volume of blood lost [10].

• Administer uterotonic agents; a stepwise pro-
gression of medical therapy with uterotonics 
is undertaken.

• Commence vigorous massage and therapeutic 
oxytocin as a 5 U IV bolus, as 20 U in 1 L of NS 
IV runs as fast as possible, or as 10 U intramyo-
metrially with a spinal needle if no immediate 
IV access is available. Prepare and commence 
an oxytocin infusion, 40 U oxytocin in 1000 mL 
Hartmann’s solution or NS 0.9%.

• Repeat intramuscular (IM) bolus oxytocin 
10 U. Alternatively, repeat bolus of ergomet-
rine 250 mcg IM. The traditional second-line 
agent has been ergometrine.

• If there is no response to oxytocin infusion 
and no contraindication to ergometrine use, 
repeat ergometrine 25–50 mcg IV or 250 mcg 
IM after 2–3 min.

• Many use IM carboprost as a second-line agent. 
It is 80–90% effective in stopping PPH in cases 
refractory to oxytocin and ergometrine.

• Consider misoprostol 800 mcg per rectum. It 
remains the third-line agent.

Carbetocin is a long-acting synthetic oxytocin 
agonist that binds to smooth muscle receptors of 
the uterus and causes rhythmic contractions and 
increases the frequency of contractions and uter-
ine tone. It should not be used as a first-line agent. 
The toxicity spectrum is similar to that of oxyto-
cin. Dosage is 100 mcg slow IV injection 
[11–13].
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Prostaglandins enhance uterine contractility and 
cause vasoconstriction. They control PPH in 86% 
when used alone and in 95% when combined with 
oxytocin. In cases where it is not effective, chorio-
amnionitis or other risk factors for hemorrhage are 
often present. Prostaglandins given orally, sublin-
gually, or per rectum are less effective than oxyto-
cin or ergometrine given parenterally.

The use of any uterotonic agent has precau-
tions and contraindications especially when com-
bining these agents; the risks of their use must be 
weighed against the risks of intractable or uncon-
trolled hemorrhage.

Reassess at 10 min. For bleeding unresponsive 
to oxytocics, check for unrecognized lacerations 
and uterine rupture.

• If systolic blood pressure (SBP) is less than 
100 mmHg and pulse is more than 110, give 
colloid 500 mL, repeat twice if necessary, or 
1.5 L crystalloid if no colloid available.

• If SBP is less than 100, pulse is more than 
110, and 3.5 L of clear fluids have been given, 
notify blood bank, and start blood 
transfusion.

• Concerns of concealed hemorrhage and uterine 
overdistension have made the use of uterine 
packing very rare. Consider using balloon tam-
ponade with a Bakri balloon, Foley catheter, or 
Sengstaken-Blakemore tube and condom tam-
ponade which is useful in uterine atony and pla-
centa accreta. After 12  h, the balloon can be 
gradually deflated, and the catheter may be 
removed in 24 h if there is no bleeding.

• Explore the uterine cavity manually for 
retained placental fragments or lacerations 
(ideally under anesthesia). Uterine rupture 
needs repair of laceration/hysterectomy.

• Refractory uterine atony may need hysterec-
tomy or internal iliac artery ligation.

• Angiographic embolization for intractable 
puerperal hematomas can be used primarily 
when hemostasis is not obtained by surgical 
methods [14].

36.2.2.5  Blood Transfusion
Blood and blood product transfusion may be 
required if:

• Blood loss is continuing.
• Blood volume lost is more than 30%, add rule 

of 30.
• Patient’s clinical status reflects developing 

shock despite aggressive resuscitation.

Be aware of the capabilities of blood bank 
regarding timing, type, and amount of blood 
products available. Good communication with 
the blood transfusion service is essential. PRBCs 
are initially used with other blood components 
given if indicated. Uncrossmatched group—spe-
cific blood or O-negative blood—may be used 
until fully crossmatched blood becomes 
available.

• For catastrophic bleeding, rapidly transfuse 
2–4 U of whole blood to replace lost oxygen 
carrying capacity and to restore circulating 
volume. If using PRBCs which are very vis-
cous, the reduced infusion rate can be over-
come by adding 100 mL of NS to each unit. 
Do not use RL because the calcium contained 
in the solution may cause clotting:
 – Two units of O-negative blood should be 

transfused if crossmatched blood is 
unavailable.

 – Crossmatched or type-specific blood 
should be used as soon as it is available.

• Consider thawing two units fresh frozen 
plasma (FFP). One liter of FFP should be 
given (15  mL/kg) with every 6  U of blood 
transfused.

• Cryoprecipitate (more concentrated form of 
fibrinogen and other clotting factors (VIII, 
XIII, von Willebrand factor)) is used if there is 
DIC or if fibrinogen is less than 1 g/L.

• Use a blood warmer if the infusion rate 
(>100 mL/min) or the total volume infused is 
high.

• Check laboratory every 30–60  min when 
transfusion is initiated.

• Thrombocytopenia is likely after 1.5–2 
times the blood volume has been replaced. 
Use platelet transfusion to keep the platelet 
count more than 50 × 109/L or more than 
80–100 × 109/L if surgical intervention is 
necessary:
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 – Each unit of platelets increases the count 
by 10 × 109/L. These are usually given in 
packs of 5–6 U.

 – If bleeding is continuing and platelet count 
is less than 50 × 109/L, administer 10–12 U 
initially.

 – Platelet preparations contain some RBCs; 
administration of anti-D immunoglobulin 
is recommended for Rh-negative women 
once the crisis has passed [15].

• Monitor electrolyte and acid-base status:
 – Hypocalcemia due to citrate intoxication is 

rarely seen.
 – Hyperkalemia and acidosis due to the use 

of stored blood are theoretical risks and 
unimportant if perfusion of vital organs is 
maintained.

• How urgent is the blood chart?
• Other risks of transfusion include infection, 

transfusion reaction, and development of 
atypical antibodies.

• Intraoperative blood salvage use has been lim-
ited by theoretical concerns about amniotic 
fluid embolism and infection. It may be life-
saving in remote regions with limited blood 
banking services.

• Patients may refuse transfusion of blood prod-
ucts based on religious/other grounds, though 
refusal may not extend to all related products. 
Autotransfusion can be considered. Human 
erythropoietin and activated factor VIIIa are 
usually acceptable.

36.2.2.6  Coagulopathy
If coagulation test results are abnormal from the 
onset of PPH, strongly consider and treat an 
underlying cause (e.g., abruptio placentae, 
HELLP syndrome, fatty liver of pregnancy, intra-
uterine fetal demise, amniotic fluid embolus, sep-
ticemia, and pre-existing disorder). Seek the 
advice of a hematologist in case of massive trans-
fusion or coagulopathy.

Dilutional coagulopathy occurs when 80% of 
the original blood volume has been replaced. 
Infuse 4 U FFP followed by additional units to 
normalize the coagulation findings. Many recom-
mend addition of 1 U of FFP for every 5 U of 
PRBCs.

DIC may develop if shock has led to marked 
hypoperfusion of tissues, causing damage and 
release of tissue thromboplastins. Here, D-dimer 
levels are raised and fibrinogen levels are very 
low with a prolonged PT.

• Cryoprecipitate 6–12 U along with FFP is use-
ful because of the grossly reduced fibrinogen 
levels. Cryoprecipitate provides fibrinogen and 
is faster to prepare in the blood bank. It is help-
ful immediately before any surgical intervention 
in patients with abnormal coagulation test 
results.

• Recombinant activated factor (rFVIIa) has 
been useful in severe PPH complicated by 
DIC [16, 17].

• The use of heparin and antifibrinolytic therapy 
is not recommended in women with DIC of 
obstetric origin.

36.2.2.7  Other Hemostatic Agents
• Tranexamic acid (antifibrinolytic), 1  g, slow 

IV significantly decreases bleeding, but is not 
effective in major hemorrhage [18].

• Desmopressin (DDAVP): Its activity is based 
on increasing the level of coagulation factors 
VIII and von Willebrand and direct activation 
of platelets.

• Recombinant activated factor VIIa. Its use has 
the potential to increase thrombotic events and 
is only recommended:
 – After all conventional therapies have failed 

(10–12 U of PRBCs, 6–9 U of FFP, 2–3 U 
of platelets).

 – In the setting of DIC.
 – In patients refusing blood transfusion.
 – Dose: 30–90 mcg/kg.

 ◦ Repeated 20–30 min if less than 90 
mcg/kg was used, and there is no 
clinical response.

 ◦ If there is a response noted but with 
continued coagulopathy, additional 
dose is given in 2–3 h.

 – Platelet count should be greater than 
50,000, as well as normalizing any acidosis 
and hypothermia.

 – Conventional modalities should be contin-
ued along with this treatment [19].
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36.2.2.8  Endpoints of Initial 
Resuscitation

If blood loss has stopped, the endpoints are to 
normalize BP and to reduce heart rate to less than 
110 beats/min. At the same time, recovery to con-
scious level, breathing, and peripheral perfusion 
should also occur. These goals represent equiva-
lent replacement of the initial volume lost and 
should have been achieved within half to 1 h.

• Although urine output is a fairly useful guide 
to assessment of severity of shock, it should 
not be used as an endpoint to initial resuscita-
tion as this may lead to excessive volume 
administration and pulmonary edema. Renal 
function is often slow to return, and the initial 
insult may have caused acute renal failure.

• Hemoglobin and hematocrit are of little/no 
value in the initial resuscitation of acute 
hemorrhage.

• Central venous cannulation is of little value in 
the initial stages unless peripheral venous 
access proves impossible.

• Oxygen therapy should be continued even if 
the patient is breathing normally, and satura-
tion should be monitored continuously (pulse 
oximetry).

• Active management of body temperature 
should be maintained throughout. Use warm 
fluids and a forced air warmer or warmed 
blankets.

Failure to achieve a response to resuscitation 
implies continued bleeding, which must be iden-
tified and treated while resuscitation continues. 
The status of the patient, severity of bleeding, and 
response to initial management steps determine if 
and when the protocol for massive obstetric hem-
orrhage is instituted. Consultation with appropri-
ate specialists and placement in an intensive care 
setting are preferred.

36.2.3  Stage 2

If there is ongoing massive blood loss, bleeding 
reaches more than 1500  mL or unstable vital 
signs:

• Notify blood bank and request thawing of 
FFP, platelets, and cryoprecipitate. Ensure 
massive transfusion protocol is initiated. 
Utilize fluid warmer and rapidly transfuse:
 – 4 U PRBCs.
 – 4 U FFP.
 – 1 U platelets.
 – Blood is administered as component 

therapy, with a ratio of 1 PRBC:1 FFP/
freeze- dried plasma (FDP) after the first 
2 PRBCs.

 – If initial dose of transfusions do not correct 
the deficit or laboratory values, double the 
products until corrected. Ask blood bank to 
stay 4 U ahead during this event.

 – Up to 1 L of FFP and 10 units of cryopre-
cipitate (2 packs) may be given empirically 
while awaiting the results of coagulation 
studies.

• Notify the Intensive Care Unit (ICU) of 
potential admission for close surveillance. 
Pay close attention to the level of conscious-
ness, pulse, BP, and urine output. Pulse oxim-
etry is useful for evaluating tissue perfusion 
and oxygen saturation. Arterial line place-
ment aids in monitoring BP and allows easy 
access for blood work. Central venous pres-
sure (CVP) line placement is helpful for 
patients in critical condition with ongoing 
bleeding. As this is a poor indicator of blood 
volume, it should never be used alone to guide 
volume replacement. Frequent auscultation of 
the lung fields helps detect pulmonary edema 
or the development of adult respiratory dis-
tress syndrome.

• Closely monitor the complete blood count 
(CBC), coagulation (PT, APTT, fibrinogen, 
D-dimer), arterial blood gas (ABG), and acid- 
base status every 15–30 min:

 – Hemoglobin (Hb) is invariably overesti-
mated during resuscitation of ongoing 
hemorrhage. Maintain Hb greater than 
8 g/dL.

 – ABG: Acidosis is associated with inade-
quate perfusion. Rising lactate level indi-
cates inadequate tissue perfusion.

 – Platelet count and coagulation parameter 
abnormalities are common. If blood loss 
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continues following surgical correction, 
give platelet concentrate if count is  
less than 50 × 109/L and correct abnor-
mal coagulation (APTT and thrombin 
time, PT).

 – Urea and electrolytes: Electrolyte studies 
are not usually helpful during acute 
resuscitation. Administration of large 
volumes of blood can cause hyperkale-
mia or hypocalcemia that need correc-
tion. Acute renal failure is best monitored 
using urine output (>30  mL/h indicates 
adequate renal perfusion). Urea and cre-
atinine do not increase significantly until 
later.

• Consent patient for possible laparotomy/hys-
terectomy/interventional radiology.

• Ensure the availability of an operating 
room. Initiate B-Lynch suture, uterine 
artery ligation, and intrauterine packing/
balloon if not attempted yet. Consider hys-
terectomy if options exhausted or fertility is 
not desired [20–22].

• Alert interventional radiology (IR) to prepare 
for possible embolization.

• Inotropes: If patient remains shocked despite 
adequate volume resuscitation (no further 
bleeding, CVP >10  cm, mean arterial pres-
sure  <65  mmHg), then inotropic support is 
appropriate).

• Terminate the protocol once vital signs and 
labs are stable.

• Continue transfusions until patient’s vitals are 
stable and labs reach minimal values.

The following is a plan for managing massive 
obstetric hemorrhage adapted from Bonner. The 
word “order” is a useful mnemonic.

• Organization
 – Call experienced staff.
 – Alert the blood bank, ICU, IR and operat-

ing theater.
 – Record vital signs, urine output, and fluids, 

and drugs administered.
• Resuscitation

 – Administer oxygen by mask.
 – Place two large-bore (14-guage) IV lines.

 – Take blood for crossmatch of 6 U PRBCs, 
CBC, coagulation screen, urea, creatinine, 
and electrolytes.

 – Begin immediate rapid fluid replacement 
with NS/RL.

 – Transfuse PRBCs.
• Defective blood coagulation

 – Order coagulation screen (APTT) if fibrin-
ogen, PT, blood film, and D-dimer are 
abnormal.

 – Give FFP if coagulation tests are abnormal 
and sites are oozing.

 – Give cryoprecipitate if abnormal coagula-
tion tests are not corrected with FFP and 
bleeding continues.

 – Give platelet concentrates if the platelet 
count is less than 50 × 109/L and bleeding 
continues.

 – Before surgical intervention, use cryopre-
cipitate and platelet concentrates.

• Evaluation of response
 – Monitor pulse, BP, ABG, and acid-base 

status, and consider monitoring CVP.
 – Measure urine output using an indwelling 

catheter.
 – Order regular CBC and coagulation tests to 

guide blood component therapy.
• Remedy the cause of bleeding

 – If postpartum, use oxytocin, prostaglandin, 
or ergonovine.

 – Explore and empty the uterine cavity and 
consider uterine packing [23].

 – Examine the cervix and vagina, ligate any 
bleeding vessels, and repair trauma.

 – Ligate the uterine vessels (uterine and/or 
internal iliac arteries) [24–27].

 – Consider arterial embolization/hysterec-
tomy [28–31].

36.2.3.1  Transporting a Woman Who 
Is Bleeding

• Prepare for transfer when blood loss exceeds 
more than 350  mL in the first hour or more 
than 500 mL within 2 h of delivery.

• Send a skilled provider with the woman to 
ensure an open airway, to deliver first aid if the 
woman goes into shock, and to explain the 
care provided.
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• Elevate legs to improve blood supply to vital 
organs.

• Keep the woman warm.
• Continue uterine massage during transport.
• Provide bimanual uterine compression (exter-

nal if possible and internal if necessary).

• Ensure that referral facility knows what 
uterotonics the woman has been given and 
when.

36.2.3.2  The Non-pneumatic Anti-
shock Garment (NASG)

 

NASG is used as a lifesaving first-aid device in 
uncontrollable PPH. It controls bleeding, reverses 
shock, and stabilizes the patient’s condition to 
enable safe transport to a center, which is 
equipped with comprehensive obstetric care 
facilities [32, 33].

How Does NASG Work?
In hemorrhagic shock due to PPH, the brain, 
heart, and lungs are deprived of oxygen because 
the blood accumulates in the lower abdomen and 
legs as a result of blood loss.

Correct application of NASG delivers a pres-
sure of 20–40 mmHg to the lower body. The skin 
tight suit squeezes the blood back into circulation 
in order to supply oxygenated blood to the heart, 
brain, and lungs. The patient remains conscious, 
vital signs are stabilized, and organ damage is 
avoided so that she can be safely transported. 
Direct pressure on the fundus of the uterus 
reduces blood supply to the uterus, thereby 

reducing bleeding. In short, NASG acts like 
“autotransfusion.”

Advantages of NASG
The experts who pioneered the device are of the 
opinion that it can reduce death at childbirth by 
over 50%. According to Prof. Miller, it is a very 
potent first-aid device, which could have a huge 
impact on reducing the maternal morbidity and 
mortality [22].

The WHO recommends NASG in low 
resource settings, especially because it is cost-
effective and reusable. It has been used success-
fully in over 6000 women in 6 countries. In the 
UK and the USA, it is being used in remote rural 
areas and in Jehovah’s Witnesses women who 
decline blood transfusion. In African countries 
such as Zambia and Zimbabwe, it is being used 
in urban centers as well. The Tamil Nadu 
Government has made NASG available at all 
health centers and also in ambulances.
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The method of application of NASG, clean-
ing, storing, and its use in special situations are 
demonstrated in the YouTube video titled, 
“Saving Mothers’ Lives: An NASG Training 
Video.”
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Birth is a mystery. Words are not enough
Marie O’Connor

The Retained Placenta

Bipin Pandit and Pooja Bandekar

37.1  Background

The United Nations in 2000 have set Millennium 
Development Goals, one of which is to bring 
maternal mortality down by three quarters. To 
achieve the goal, postpartum haemorrhage 
(PPH)-related maternal deaths have to go down. 
Health workers of the low-resource countries 
need to have adequate relevant medication and to 
have training in first aid procedures. Most impor-
tant, there is a need of evidence-based guidelines 
on the various interventions across the world. 
This will help to lay the foundation for the strate-
gies, policies and programme development.

37.2  Introduction

Postpartum haemorrhage is an extremely impor-
tant causative factor of maternal mortality in the 
developing world. Postpartum haemorrhage 
associated with retained placenta amounts to 
almost 0.6–3.3% of normal deliveries [1–3]. 
Mortality is very low if timely hospital care and 
blood banks are available. In PPH, the overall 
case fatality rate is high. The commonest cause of 

death is haemorrhage, especially when timely 
manual removal is not available or when approach 
to hospital is difficult. Hence an immediate and 
effective medical method of management has a 
major role in reducing the maternal mortality.

37.3  What Is PPH?

Postpartum haemorrhage is defined as blood loss 
more than or equal to 500 mL within 24 h of 
birth; severe PPH is blood loss greater than or 
equal to 1000 mL within 24 h. Postpartum haem-
orrhage is the commonest cause of maternal mor-
tality. Majority of complications due to PPH 
occur in the first 24 h postdelivery (primary 
PPH), whereas any abnormal or excessive bleed-
ing from the birth canal occurring between 24 h 
and 12 weeks postpartum is regarded as second-
ary postpartum haemorrhage.

37.4  What Is Retained Placenta?

The placenta retained in utero, with its common-
est complication, PPH, is one of the nightmares 
of delivery events, which no ante-natal care can 
predict or even prevent [4, 5]. There are condi-
tions, first, in which the placenta remains in the 
uterus, retained placenta, or second, an adherent 
placenta.
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In retained placenta, the placenta may sepa-
rate partially or completely, but due to an associ-
ated secondary complication (usually 
mechanical), it fails to expel from the uterus, the 
most common cause being uterine inertia.

 

37.4.1  Pathophysiology

The key factor is the retro-placental 
myometrium.

Brandt in 1993 explained the role of a uter-
ine contraction in the process of detachment of 
the placenta from the decidual bed [6]. Herman 
first used ultrasonography to show that a retro- 
placental myometrial contraction is necessary 
to generate shearing forces between the pla-
centa and myometrium which finally leads to 
its separation. He divided the third stage into 
four phases according to the ultrasound appear-
ances [7].

In the latent phase, immediately after expul-
sion of the baby, the whole of the myometrium 
contracts apart from the retro-placental part. In 
the contraction phase, the retro-placental myo-
metrium contracts leading to the separation of 
the placenta from the decidua. In the next phase, 
uterine contraction leads to placental expul-
sion. Contractions occurring prior to delivery 
are insufficient to cause placental separation as 
the foetus prevents the myometrium from 
achieving the necessary strain for detachment 
[8]; some of the authors hence omit the contrac-
tion stage from the classification [9]. These 

authors have elaborated the events using 
Doppler. They say that the blood flow through 
the arcuate and radial arteries is decreased dur-
ing the latent phase and completely cuts off at 
the onset of the contraction phase [9]. This 
reduced blood flow is due to the myometrial 
‘physiological ligature’. Hence maternal blood 
flow to the placenta stops prior to ‘placental 
detachment and only blood from the intervil-
lous spaces is lost. USG studies also help to 
understand the causes of the retained placenta. 
The duration of the 3rd stage of labour depends 
on the duration of the latent phase and a pro-
longed 3rd stage is due to failure of contraction 
in the retro-placental area’. In the retained pla-
centa, there is an overall failure of retro-placen-
tal contraction. Doppler studies confirm that the 
blood flow through the myometrium to the pla-
centa continues irrespective of placenta accreta 
or prolonged latent phase [9], hence more 
chances of haemorrhage during manual removal 
of placenta. This also explains why partial or 
forced separation of the placenta prior to onset 
of the contraction phase is associated with high 
rates of haemorrhage. If the pro-contractile 
stimuli are strong enough, then labour can be 
successful despite of persisting, localised pla-
cental inhibition. But there will be more chance 
of retained placenta because of the strong per-
sistent placental inhibition of retro-placental 
myometrial contractility [10–13].

Many local inhibitors have been identified. 
Progesterone is an important inhibitor of myome-
trial contractility in animals; its role in women is 
under evaluation. The anti-progesterone mife-
pristone sensitises myometrium to given prosta-
glandins and hence is used for induction of labour 
in all trimesters of pregnancy in humans [14–16]. 
Recent evidence, however, suggests reduction in 
progesterone metabolites as its mechanism of 
action [17, 18]. Nitric oxide, a powerful smooth 
muscle relaxant, is produced in large amount by 
nitric oxide synthase (NOS) in the placenta [19]. 
It is rapidly oxidised following its production. 
Exogenous NO seems to relax myometrium. A 
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prolonged latent phase is an important cause of 
retained placenta. This could be either main-
tained by eliminating the inhibitor (e.g. by treat-
ment with an anti-progesterone) or by stimulation 
with oxytocics. Umbilical vein oxytocin is a 
localised stimulus to the retro-placental myome-
trium [20–22].

37.5  Management of Retained 
Placenta

37.5.1  Manual Removal

Presently commonest mode of treatment for a 
retained placenta is its manual removal under 
anaesthesia though the female is exposed to 
risks of anaesthesia as well as infections. Both 
risk factors are higher in the developing world. 
The time that is allowed before manual removal 
may vary; recommended is a delay of ½–1 h in 
the absence of haemorrhage. There is no 
increase in haemorrhage till 30 min postpartum 
[1]; also between 30 and 60  min almost 40% 
more of placentae will be spontaneously 
expelled with the loss of an average of just about 
0.3 L of blood [23].

There are multiple management options in 
cases of placenta accreta. Partial manual removal 
followed by curettage is used to remove maxi-
mum possible placenta. The remaining bits of tro-
phoblast is usually reabsorbed spontaneously, but 
the B-HCG take longer to return to normal [24]. 
In the placenta percreta, blood continues to flow 
via the area of invasion even after the maximum 
part of the placenta is removed due to the lack of 
the myometrial physiological ligature which 
would normally cease the flow [9]. In a LSCS, the 
haemostasis may be achieved through myometrial 
bed ligatures or through uterine or internal iliac 
artery ligation [25]. At times, a hysterectomy may 
be required. If placenta percreta is diagnosed 
antenatally using ultrasound [9], then it is advis-
able to opt for conservative treatment. This 
involves leaving the placenta in situ after delivery. 
The levels of B-HCG are followed serially and 
manual removal and curettage performed if indi-
cated [26]. Methotrexate may be beneficial [27].

37.5.1.1  WHO Recommendation
Stat dose of antibiotics (ampicillin or first- 
generation cephalosporin) post manual removal 
of the placenta (quality of evidence, very low; 
strength of recommendation, strong).
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37.5.2  Systemic Oxytocics

Their role is controversial. Due to prophylac-
tic oxytocin, most placental expulsion occur at 
20 and 40 min, irrespective of the number of 
placentae that eventually need manual removal 
[28].

A continuous infusion of 5 IU/h of oxytocin 
stimulates strong phasic contractions. Ergometrine 
produces a long continuous contraction for up to 
90  min and is the less frequently used drug. 
However, it is often used in rural areas to buy 
time, due to its easy availability and also as there 
is no need of intravenous infusion. E1 analogue, 
misoprostol, an orally active prostaglandin, has a 
similar effect for around 90 min [29]. It is cost-
effective, resistant to heat and has a good oral 
availability and hence an excellent drug for rural 
use.

37.5.2.1  WHO Recommendation
10  IU of oxytocin IM in combination with 
controlled cord traction can be offered  
(no formal scientific evidence of benefit or 
harm; strength of recommendation, weak). 
Ergometrine is not preferred drug, as it may 
cause tetanic uterine  contractions, which may 
delay delivery of the placenta (quality of evi-
dence, very low; strength of recommendation, 
weak). The use of prostaglandin E2 (dinopros-
tone) is not recommended (quality of evi-
dence, very low; strength of recommendation, 
strong) [30–32].

37.5.3  Umbilical Vein Oxytocin 
Injection

Direct delivery of oxytocin in the retro-pla-
cental myometrium is achieved by injecting it 
into the placental bed through the umbilical 
vein. The treatment is directed at the area with 
the contractile failure. Results have been var-
ied. A recent Cochrane review 34 concludes 
that the use of umbilical infusion of oxytocin 
is effective in the management of retained 
placenta, despite the fact that their meta-anal-
ysis showed the decrease in retained placenta 

rates are not significantly different than that 
obtained with expectant management.

The inconclusive results could be due to insuf-
ficient delivery of the oxytocin to the retro- 
placental myometrium or an inconsistency 
concerning the dose of oxytocin. There are no 
comparative studies to assess efficacy of different 
doses of oxytocin. Hence the choice of dosage of 
drug is largely empirical. Trials mainly use 
10–20  IU oxytocin, although doses of up to 
100  IU have been reported [33]. The trials that 
have used higher doses have found more success 
rates. A dose of as little as 5 IU when given to the 
mother IV can produce significant changes in 
maternal BP [34]. Although oxytocin can clearly 
pass via the placenta, the data is unclear as to how 
quickly this occurs or whether it is complete [35]. 
A full randomised trial of the appropriate dos-
ages is then required to review the efficacy of the 
technique.

37.5.3.1  WHO Recommendation
Intraumbilical vein injection of oxytocin with 
saline can be offered for the management of 
retained placenta (quality of evidence, moderate; 
strength of recommendation, weak). However 
manual removal of placenta always remains the 
definitive treatment. (No formal assessment of 
quality of evidence. Strength of recommenda-
tion: strong) [36–38].

 

37.6  Conclusion

The retro-placental myometrium is the key in 
placental separation in the third stage of labour. 
Retained placentae are related with a localised 
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retro-placental contractile failure. This belt fails 
to contract throughout labour in many female 
with dysfunctional labours. The use of umbilical 
vein injections of oxytocin helps retain placentae 
to be treated medically. Medical management of 
this pathology of retained placenta will become 
the treatment of choice if delivery of oxytocics to 

retro-placental myometrium is improved. This 
could have important public health implications 
in rural areas where facilities for manual removal 
are not available.

It makes sense that the placenta almost looks like a 
tree with many branches - a tree of life.

—Ricki Lake 

USG and colour Doppler images of retained placenta
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Placental Adhesive Disorders

Uday Thanawala and Saloni Suchak

Described by Irving and Hertig in 1937 as “the 
abnormal adherence, either in whole or in part, of 
the afterbirth to the underlying uterine wall”, this 
term is used to describe also percreta and increta. 
It occurs as a consequence of partial or complete 
absence of the decidua basalis and defective for-
mation of Nitabuch’s layer.

Increta
17%

Percreta
5%Accreta

78%

Normal
decidua

 

Depending on the degree of invasion, the 
adherent placentas can be:

• Accreta: placental villi attached to the 
myometrium

• Increta: invasion of the placental villi into the 
myometrium

• Percreta: placental villi completely penetrating 
the myometrium, including breaching the serosa 
and invading the surrounding structures, such as 
the bladder, broad ligament or sigmoid colon

Based on the number of lobules involved, the 
anomalous attachment can be described as:

• Total placenta accreta: involves all lobules
• Partial placenta accreta: involves at least two 

but not all of the lobules
• Focal placenta accreta: involves only a single 

lobule, either a portion or the entire lobule

38.1  A Dreadful Condition

An adherent placenta is an obstetrician’s night-
mare. Clinically it can lead to:

• Massive obstetric haemorrhage, leading to 
disseminated intravascular coagulopathy.

• Hysterectomy.
• Risk of surgical injury to the ureters, bladder, 

bowel, or neurovascular structures.
• ICU complications: adult respiratory distress 

syndrome, acute transfusion reaction, electro-
lyte imbalance and renal failure.

• Blood loss: The average blood loss at delivery 
in women with placenta accreta is 3000–5000 
mL [1].
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As many as 90% of patients with placenta 
accreta require blood transfusion, and 40% 
require more than 10 units of packed red blood 
cells.
Maternal mortality with placenta accreta has 

been reported to be as high as 7% [2]. Maternal 
death may occur despite optimal planning, trans-
fusion management and surgical care.

38.2  Incidence Is Increasing!

The reported incidence of placenta accreta has 
increased from approximately 0.8 per 1000 deliv-
eries in the 1980s to 3 per 1000 deliveries in the 
past decade.

• 1 in 4027 pregnancies in the 1970s
• 1 in 2510 pregnancies in the 1980s [3]
• 1 in 533 pregnancies for the period of 1982–

2002 [4]

Why Is This Happening?
It has been noticed that the rising incidence of 

placenta accreta parallels rising caesarean section 
rate [5]. It is possibly the incision on the uterus 
which causes abnormal vascularization and tis-
sue oxygenation of the scar area resulting in 
defective decidualization and excessive tropho-
blastic invasion.

38.2.1  Risk Factors

Accordingly women at the highest risk for pla-
centa accreta are the ones who have had myome-
trial damage from a previous caesarean delivery 

followed by implantation of the placenta over 
previous uterine scar. The risk for placenta 
accreta in a patient with placenta praevia and 
prior caesarean delivery increases with the num-
ber of previous caesareans. Silver and colleagues 
reported the risk for the first, second, third, fourth 
and fifth or greater caesarean delivery to be 3.3%, 
11%, 40%, 61% and 67% [6]. Additional risk fac-
tors include uterine surgery such as myomec-
tomy, endometrial ablation and dilatation and 
curettage. The reported incidence of placenta 
accreta has increased from approximately 0.8 per 
1000 deliveries in the 1980s to 3 per 1000 deliv-
eries in the past decade [7] (Table 38.1).

95% of women have identifiable risk factors, 
and one should be always aware of this in the his-
tory. If a patient has a placenta praevia or low- 
lying placenta, especially when she has had a 
previous LSCS, look for it! This is important 
since only a high degree of suspicion is the key to 
have a prenatal diagnosis of this condition—in 
which undiagnosed leads to definite morbidity 
and even mortality.

38.2.2  Diagnosis: Ultrasound?/
Colour Doppler?/MRI?

Prenatal diagnosis and knowledge of the extent 
of placental invasion are instrumental in optimiz-
ing patient outcomes in placenta accreta. 
Foreknowledge allows for referral to a tertiary 
care centre, multidisciplinary approach when 
necessary and meticulous planning.

All antenatal patients need to have a routine 
ultrasound scanning at 20 weeks of gestation that 
should include placental localization [9].

Table 38.1 Categorizing risk factors

Most frequent Frequent Infrequent Non-specific
•  Previous 

caesarean [8]
• Placenta praevia
•  Multiple and 

abrasive D and C

•  Anterior placenta and previous 
iterative caesarean sections

•  Placental insertion in area of 
previous uterine surgery

•  Endometrial infection after 
abortion

• Endometrial thermablation
• Radiation
•  Placenta praevia and 

assisted conception 
techniques

•  Tabaquism 
(TOBACCO 
ADDICTION)

• Age over 35 years
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38.2.2.1  Ultrasound
• In general, greyscale predicts abnormal pla-

centation with a sensitivity of 77–86%, speci-
ficity 96–98%, positive predictive value 
63–88% and a negative predictive value 
95–98%. Suspected diagnosis of placenta 
praevia at 20 weeks of gestation by abdominal 
scan should be confirmed by transvaginal scan 
[9]. TVS will reclassify 26–60% of cases 
where the abdominal scan diagnosed a low- 
lying placenta, meaning fewer women will 
need follow-up. Numerous prospective obser-
vational trials have used TVS to diagnose pla-
centa praevia, and none has experienced any 
haemorrhagic complications, thus confirming 
the safety of this technique. So, do not hesitate 
to do a TVS in case of a placenta praevia [10, 
11]. With three-dimensional power Doppler, 
visualizing numerous coherent vessels on the 
basal view has been reported to have a sensi-
tivity of 97% and a specificity of 92% 
(Table 38.2).

38.2.2.2  Colour Doppler
• Diffuse or focal lacunar flow
• Vascular lakes with turbulent flow (peak sys-

tolic velocity over 15 cm/s)
• Hyper-vascularity of serosa-bladder interface
• Markedly dilated vessels over peripheral sub-

placental zone

• The additional use of colour Doppler does not 
significantly improve diagnostic sensitivity 
over grey-scale ultrasonography alone.

38.2.2.3  Magnetic Resonance 
Imaging

The most valuable features of placenta accreta on 
MRI are:

• Dark intraplacental bands on T2-weighted 
sequences

• Uterine bulging
• Heterogeneous signal intensity within the 

placenta
• The American College of Radiology recom-

mends that MRI be used in pregnancy only if 
the diagnostic information cannot be obtained 
with ultrasonography [14]. They further spec-
ify that MRI contrast agents should not be 
used, and the use is only justified with “over-
whelming potential benefit to the patient or 
fetus”. The benefits are proper planning and 
optimizing the maternal outcome. Antenatal 
ultrasound can be complemented by magnetic 
resonance imaging in equivocal cases to dis-
tinguish those women at special risk of pla-
centa accreta [9].

As of today, the mainstay of prenatal diagno-
sis for abnormal placentation remains ultra-
sound with MRI being used only as an adjunct 
in intermediate cases. An ultrasound or MRI 
diagnosis of placenta accreta predicts the need 
for hysterectomy with a sensitivity of 78%, 
67% and a specificity of 67%, 50%, respec-
tively [15].

Follow-up scan at 32 weeks: Placenta praevia 
or suspected placenta accreta, imaging should be 
performed at around 32 weeks of gestation to 
clarify the diagnosis and allow planning for third- 
trimester management, further imaging and 
delivery [9].
• 90% of major praevias at this gestation will 

persist [16].

Table 38.2 Ultrasonographic findings

Ultrasonographic findings suggestive of placenta 
accreta are as follows
1.  Loss of normal hypoechoic retroplacental zone
2.  Multiple vascular lacunae (irregular vascular 

spaces) with placenta giving “Swiss cheese” 
appearance [12]

3.  Blood vessels or placental tissue bridging 
uterine-placental margin, myometrial-bladder 
interface or crossing uterine serosa

4. Retroplacental myometrial thickness <1 mm
5.  Numerous coherent vessels visualized with 

three-dimensional power Doppler in basal  
view [13]
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38.3  Antenatal Management

If women are managed at home, they must have 
safety precautions in place and have ready access 
to the hospital. They must report any bleeding, 
contractions or pain (including vague suprapubic 
period-like aches). Anaemia corrected by IV iron 
in the antenatal period/packed cell transfusion 
where near to term. A haematocrit greater than 30 
is a reasonable goal [17]. Most patients who 
undergo an obstetric hysterectomy will need a 
blood transfusion, hence ensuring that the patient 
does not have any rare alloantibodies before 
delivery is also important.

All these patients have to receive antenatal 
steroids at 26 weeks of gestation (2 doses of 
12  mg betamethasone 24 h apart or 4 doses of 
8 mg dexamethasone 12 h apart).

Prolonged inpatient care can be associated 
with an increased risk of thromboembolism; 
therefore, mobility should be encouraged together 
with the use of thromboembolic deterrent stock-
ings and adequate hydration. Limiting anticoagu-
lant thromboprophylaxis to those at high risk of 
thromboembolism seems reasonable [18].

38.4  Delivery Preparation (Care 
Bundle)

Referral to a tertiary centre and a multidisci-
plinary approach is of the utmost importance.

The six elements considered to be reflective of 
good care were:

 1. Consultant obstetrician planned and directly 
supervising delivery.

 2. Consultant anaesthetist planned and directly 
supervising anaesthetic at delivery.

 3. Blood and blood products available.
 4. Multidisciplinary involvement in pre-op 

planning.
 5. Discussion and consent include possible inter-

ventions (such as hysterectomy, leaving the 
placenta in place, cell salvage and interven-
tion radiology).

 6. Local availability of a level 2 critical care bed.

38.5  Timing of Delivery

The ACOG in July 2012 were of the opinion that 
the delivery timing for placenta accreta must be 
individualized. Patient must be counselled for 
high potential of hysterectomy, profuse haemor-
rhage, probable blood transfusion, increased 
complications and possible maternal death. 
Compared to a peripartum hysterectomy, a 
planned obstetric hysterectomy has been shown 
to have decreased intraoperative blood loss, less 
intraoperative hypotension and decreased need of 
blood transfusion. The benefit of a planned deliv-
ery before the onset of labour must be weighed 
against the risk of prematurity for the neonate. 
Patients with placenta praevia and a cervical 
length less than 30 mm at 32 weeks have been 
found to have an increased risk of haemorrhage, 
uterine activity and preterm birth [19].

An expert opinion in 2010 recommended the 
delivery for an uncomplicated praevia at 36–37 
weeks and at 34–35 weeks for a suspected pla-
cental invasion [20]. According to a recent survey 
of 508 members of the Society for Maternal Fetal 
Medicine, many maternal-fetal medicine practi-
tioners perform amniocentesis for fetal lung 
maturity before delivery (46.8%) which they 
most commonly schedule at 36 weeks (48.4%). 
In the Indian context, doing an amniocentesis 
for lung maturity is not practical, and that is 
the reason that all these cases should receive 
antenatal steroids at 26 weeks. A contingency 
plan for an emergency hysterectomy must be out-
lined including protocols for massive transfu-
sions and the multidisciplinary team contact in 
the afterhours.

In summary, each patient must be evaluated, 
and an individualized delivery plan must be 
formed based on placental location, extent of 
invasion, cervical length, clinical course in preg-
nancy and the capabilities of the delivering facil-
ity and care team.

• Consent: The different risks and treatment 
options should have been discussed and a plan 
agreed, which should be reflected clearly in 
the consent form.
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• This should include the anticipated skin and 
uterine incisions and whether conservative 
management of the placenta or proceeding 
straight to hysterectomy is preferred in the 
situation where accreta is confirmed at 
surgery.

Additional possible interventions in the case 
of massive haemorrhage should also be dis-
cussed, including cell salvage and interventional 
radiology when available.

38.6  Preoperative Planning

Pneumatic compression stockings should be 
placed preoperatively and maintained until the 
patient is fully ambulatory.

Prophylactic Antibiotics
Preoperative cystoscopy with placement of 

ureteral stents may help prevent inadvertent uri-
nary tract injury.

Packed red blood cells and thawed fresh fro-
zen plasma should be available in the operating 
room.

Blood bank should be placed on alert for a 
potential massive haemorrhage. Current recom-
mendations for blood replacement in trauma situ-
ations suggest a 1:1 ratio of packed cells to fresh 
frozen plasma.

Surgical Plan
• Scan to map the placenta to guide about skin 

incision.
• Attempting placental separation risks hyster-

ectomy in up to 100% of cases and therefore is 
illogical.

• Consider opening the uterus at a site distant 
from the placenta and delivering the baby 
without disturbing the placenta.

• Conservative management of placenta accreta 
when the woman is already bleeding is 
unlikely to be successful and risks wasting 
valuable time [21].

38.6.1  Anaesthesia

Neuraxial anaesthesia has become more common 
in deliveries involving placenta accreta. 
Continuous epidural and combined spinal- 
epidural anaesthesia are both viable options with 
a reported rate of conversion to general anaesthe-
sia of about 28–29% when regional anaesthesia 
was first used [22]. General anaesthesia is recom-
mended in a difficult airway, extensive dissec-
tion, prolonged operating time and massive 
haemorrhage where anticipated.

38.6.2  Interventional Radiology

Therapies in conjunction with interventional 
radiology, such as internal iliac balloon catheter-
ization or postpartum arterial embolization, have 
been described with mixed results. Usually pre-
operative placement of bilateral endovascular 
internal iliac artery balloons occurs followed by 
inflation and subsequent occlusion of the bilat-
eral internal iliac arteries after delivery of the 
infant. Decreased mean blood loss, mean blood 
volume transfused and duration of surgery have 
been reported in some studies but with no differ-
ence in mean haemoglobin change or intensive 
care unit admission.

38.7  Surgical Technique

Position: Consideration should be given in plac-
ing the patient on the operating table in special-
ized stirrups in a modified dorsal lithotomy 
position with left lateral tilt to allow for direct 
assessment of vaginal bleeding, provide access 
for placement of a vaginal pack and allow addi-
tional space for a surgical assistant.

Incision: Most caesarean deliveries are now 
performed via a Pfannenstiel incision; in the 
presence of a probable accreta, a median or para-
median skin incision may be preferable for the 
advantages of improved visibility and superior 
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access to the fundus or even posterior uterine 
wall for possible alternative hysterotomy sites as 
well as for hysterectomy. If the surgery is begun 
with a Pfannenstiel incision and exposure is not 
adequate, the best approach is to perform a modi-
fied Cherney incision.

Abnormal placentation can create aberrant 
vasculature and dilated vessels over the area of 
the placental insertion. In cases of placental 
accreta, the areas of placental invasion outside 
the uterus may also be affected by the abnormal 
blood supply. Care should be taken not to com-
promise the parasitic vasculature when entering 
the abdomen and exposing the uterus. With 
extensive placental invasion, profuse haemor-
rhage immediately develops with attempted pla-
cental delivery or if the placenta is incised during 
the hysterotomy. With uteroplacental blood flow 
at 700–900 mL/min near term, every minute of 
haemorrhage avoided is significant. If the pla-
centa is in the lower uterine segment and espe-
cially in the setting of a percreta, fully developing 
the bladder flap and dissecting it around the pla-
cental invasion before hysterotomy can aid in 
prompt haemorrhage control and hysterectomy if 
necessary. In addition to preparing the bladder 
flap and avoiding damage to dilated vasculature, 
making the hysterotomy well away from the pla-
centa will further avoid massive haemorrhage. A 
trans-fundal or even posterior uterine wall inci-
sion may be required depending on placental 
location [23, 24].

With suspected placenta accreta, the most 
conservative approach to avoid life-threatening 
haemorrhage is proceeding to planned hysterec-
tomy with no attempt at placental delivery and 
the placenta left in situ. After the delivery, the 
cord is ligated and cut close to the placenta, the 
placenta is not delivered, and the edges of the 
vertical incision are quickly re-approximated, 
with either three or four towel clips or with a 
mass running suture, for haemostasis. Ensure 
adequate uterine tone with pitocin or other utero-
tonics as needed. Quick haemostasis can be 
gained by the delayed ligation technique where 
round ligaments, utero-ovarian ligaments and 
tubes, and uterine vessels are doubly clamped 
and cut from their attachments before any ties are 

placed. Delayed bleeding once the engorged ves-
sels normalize can be avoided by using two 
Heaney clamps for the vascular uterine and 
adnexal pedicles with a simple suture replacing 
the proximal clamp and a Heaney-transfixing 
suture replacing the distal. When placental blad-
der invasion is suspected, the extent of invasion 
can be evaluated by cystotomy once the uterine 
blood supply is interrupted. If the trigone is not 
involved in the placental invasion, the involved 
portion of the bladder can be resected or left 
adherent to the uterus (Table 38.3).

With imaging modalities having only a 
63–88% positive predictive value, when future 
fertility is desired and index of suspicion for pla-
centa accreta is low, an initial attempt to deliver 
the placenta is reasonable. If the placenta sepa-
rates or the diagnosis of accreta was not antici-
pated, a focal area of invasion or bleeding from 
the placental bed may be discovered after placen-
tal removal. If oversewing the placental bed is not 
adequate, successful treatment with uterine tam-
ponade via a balloon or packing has been 
described [25]. A haemostatic square suturing 
technique to approximate posterior and anterior 
uterine walls, especially in areas with heavy 
bleeding, has also been reported. Of the 23 cases 
where the square suturing technique was 
described, all resumed normal menstrual func-
tion, and six had confirmation of normal postpar-
tum uterine cavities [26].

38.7.1  Persistent Haemorrhage

Massive haemorrhage can lead to coagulopathy, 
and tissue oedema/friability can lead to bleeding 
not fully controlled after removal of the uterus. 
Uterine artery and hypogastric artery ligation are 

Table 38.3 Surgical Technique

Surgical Technique
• Dorsal lithotomy position (advisable)
• Vertical midline skin incision
• Dissect bladder flap before delivery
• Classical uterine incision away from the placenta
• No attempt at placenta removal
• Placenta left in situ
• Hysterectomy
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often mentioned in conjunction with severe post-
partum haemorrhage. The technique requires sur-
gical experience in the retroperitoneum, and 
visualization may be difficult with severe haem-
orrhage. Careful manipulation of the hypogastric 
artery must be performed lateral to medial, and 
absorbable suture should be placed 3 cm distal to 
the bifurcation of the common iliac artery to 
avoid the posterior branch of the internal iliac 
artery. Possible complications include limb and/
or tissue ischemia as well as haemorrhage if the 
iliac vein is compromised during dissection [27].

38.7.2  Resuscitation

When a large blood loss is anticipated, several 
techniques can be used to decrease the chance of 
allogenic transfusion.

• Autologous blood donation/transfusion
• Acute normovolaemic haemodilution
• Intraoperative cell salvage
• Haemostatic resuscitation

Autologous transfusions can be done after 30 
weeks but require a haematocrit of 34 and at least 
2 weeks recovery before surgery. Acute normo-
volaemic haemodilution (ANH) is begun in the 
operating room before the start of surgery where 
2–3 units of whole blood are collected from the 
patient and replaced by colloid/crystalloid to 
maintain normovolaemia. The patient must have 
an initial haemoglobin of at least 10 g/dL, no his-
tory of cardiac disease and a predicted blood loss 
of at least 20% of the patient blood volume. The 
blood can be stored at room temperature for at 
least 6 h. In the late 1990s, patients with massive 
haemorrhage were resuscitated with large vol-
umes of crystalloid and packed red blood cells 
(PRBCs). Other products such as fresh frozen 
plasma (FFP), platelets and cryoprecipitate were 
used only as indicated by abnormal haematologic 
parameters such as fibrinogen <100  mg/dL, 
platelets <50,000/mm3 or abnormal coagulations 
studies. This approach prevented coagulopathies 
in massive haemorrhage, and also the liberal use 
of crystalloid/PRBCs alone creates a dilution of 

clotting factors or “dilutional coagulopathy”. 
Hypothermia and acidosis can further aggravate 
the patient coagulation dysfunction.

The use of whole blood in obstetric haemor-
rhage has been shown to address possible coagu-
lopathy, decrease the rate of acute tubular necrosis 
and reduce the donor exposures. Aggressive crys-
talloid resuscitation is avoided not only to pre-
vent haemodilution but also to circumvent clots 
breaking free after volume expansion and increas-
ing blood pressure. In addition, keeping the sys-
tolic blood pressure between 80 and 100 mmHg 
may be optimal to limit continuing blood loss.

Recombinant factor VIIa has been shown to 
limit the amount of blood products transfused in 
haemorrhage but has not been shown to have a 
survival benefit. Recombinant factor VIIa binds 
to tissue factor and activates the clotting cascade 
so fibrinogen and clotting factors must be present 
for it to be effective. There are also valid con-
cerns about thromboembolism associated with its 
use.

These theories have led to haemostatic resus-
citation, which has three main concepts:

• Permissive hypotension
• 1:1:1 ratio transfusion of PRBC/FFP/platelets
• Early use of recombinant factor VIIa

Although these concepts were developed for 
trauma patients, some evidence exists that 
increased fibrinolytic activity and similar pro-
cesses also occur in obstetric haemorrhage, and 
this modern resuscitation technique is often used 
in massive obstetric haemorrhage.

38.8  Conservative Surgery: 
Leaving the Placenta In Situ

Alternative approaches to the management of 
placenta accreta have been reported whereby the 
placenta is left in situ and a hysterectomy is not 
performed. Most involve ligation of the umbilical 
cord close to the insertion site, either avoiding 
attempts at placental separation completely or 
minimizing the placental size with resection and 
retention of only the adherent placental segments, 
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and closure of the hysterotomy without hysterec-
tomy. Additional treatments used with alternative 
approaches included arterial ligation (such as 
uterine or bilateral hypogastric artery ligation), 
embolization with interventional radiology, 
administration of uterotonics and/or methotrex-
ate therapy. The placenta is either reabsorbed or 
removed at a later date with curettage and/or hys-
teroscopic resection [28].

Risks with this approach

• Outcome unpredictable.
• Increased risk of significant complications, 

like infection and haemorrhage, as well as the 
need for later hysterectomy.

• Reported cases of subsequent successful preg-
nancy in patients treated with this approach 
are rare.

In a paper by Bretelle, of the 26 patients 
treated with this approach, 21 (80.7%) success-
fully avoided hysterectomy, whereas 5 (19.3%) 
eventually required it. However, the majority of 
the 21 patients who avoided hysterectomy did 
require additional treatment, including hypogas-
tric artery ligation, arterial embolization, metho-
trexate, blood product transfusion, antibiotics or 
curettage. Except in specific cases, hysterectomy 
remains the treatment of choice for patients with 
placenta accreta [29].

38.9  Methotrexate

• As methotrexate is a folate antagonist and 
decreases trophoblast activity, it has been sug-
gested that administration will decrease pla-
cental vascularity and lead to placental 
necrosis and absorption. But here the tropho-
blasts are no longer dividing, thereby render-
ing methotrexate ineffective. Small studies 
have reported mixed results. No convincing 
data for the use of methotrexate for postpar-
tum management of placenta accreta [30].

The dosing of methotrexate that has been used 
is highly variable, ranging from one 50-mg intra-
muscular postpartum dose to a 50-mg dose 
injected into the umbilical vein at the time of cae-

sarean section with a 50-mg intramuscular dose 
postoperatively within 4 days followed by weekly 
50-mg intramuscular doses for up to 4 weeks [31].

Common toxicities are nausea, vomiting, diar-
rhoea and mucosal ulcers, but numerous other 
side effects exist including leukopenia, anaemia, 
gastrointestinal ulcerations, dose-related hepato-
toxicity and a rare hypersensitivity-like lung 
reaction. Many patients treated conservatively 
and studied retrospectively did not receive meth-
otrexate, and placental absorption still occurred.

38.10  Postoperative Care

Patients undergoing peripartum hysterectomy are 
in danger of complications related to intraopera-
tive hypotension, anaemia, continued coagulopa-
thy, possible recurrent haemorrhage and 
prolonged operative time. Respiratory, cardiac, 
renal, endocrine and other organ system dysfunc-
tions are common. Pulmonary oedema, acute 
respiratory distress syndrome, renal failure 
requiring dialysis, acute tubular necrosis and, 
with large transfusions, transfusion-related lung 
injury have all been reported [32].

Patients should have close monitoring of their 
vital signs, strict inputs and outputs recorded 
with urine output being measured via an indwell-
ing urinary catheter, centralized monitoring with 
assessment of peripheral oxygenation by pulse 
oximetry and initial trending of electrolytes, 
complete blood counts and coagulation studies to 
include fibrinogen. Correction of persistent 
severe anaemia or coagulopathies with further 
blood products and treatment of electrolyte 
abnormalities is important for continued stabili-
zation of the patient. Appropriate thrombopro-
phylaxis based on the patient’s individual risk 
factors and postpartum hypercoagulability state 
should also be initiated. The surgeon should have 
a low threshold for re-exploration and haemor-
rhage control when bleeding is suspected [33].

38.11  Case Report

The author Dr. Saloni Suchak has managed a 
case conservatively.
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36-year-old gravida 2, para 1 living 1 previ-
ous LSCS with placenta percreta and placenta 
covering that is diagnosed at 20+ weeks. At 38 
weeks, planned for elective LSCS with con-
sent taken for an obstetric hysterectomy. 
Blood and blood products kept ready and 
managed in a hospital set-up with a good ICU 
backup. Abdomen opened via a midline verti-
cal incision and on opening placenta noted 
extending laterally on both sides till the lateral 
pelvic wall with no place to place any clamps, 
placenta over the lower segment. Classical C 
section done avoiding incision over placenta. 
Baby delivered by breech extraction, cord cut 
and placenta put back into the uterine cavity 
with no attempt at separation. Uterus closed 
and procedure completed with adequate hae-
mostasis. Post-op patient was given inj metho-
trexate on day 0, 4 and 7 and then repeated on 
day 14. Beta HCG levels were monitored, and 
patient was also given inj leucovorin as per the 
protocol. RFTs and LFTs monitored closely. 
Patient did not require any transfusions. The 
placental bulk slowly reduced with time and 
vascularity decreased over the next 3 months. 
Patient had a bout of bleeding around a month 
post-op where she passed some placental bits. 
Six months later the retained bits were com-
pletely resorbed. Good antibiotic cover and 
close monitoring helped in the successful out-
come of this case.

38.12  Summary

• Management of placenta accreta at a tertiary 
care centre and a multidisciplinary team 
approach improve patient outcomes.

• Greyscale ultrasound has 77–86% sensitivity 
and 96–98% specificity for diagnosis of pla-
centa accreta.

• MRI should only be used in ambiguous cases, 
and gadolinium contrast should be avoided.

• Delivery timing should be individualized but 
generally around 34–35 weeks estimated ges-
tational age.

• Acute normovolaemic haemodilution, intra-
operative cell salvage, whole blood use and 

haemostatic resuscitation can all be tools to 
aid in treatment of predicted increased blood 
loss.

• Interventional radiology techniques, such as 
hypogastric or aortic occlusion, may be used 
but likely do not alter overall major clinical 
outcomes.

• Planned caesarean hysterectomy with no 
attempt at placental delivery is the treatment 
of choice.

• Alternative approaches, such as leaving the 
placenta in situ without hysterectomy, have 
increased risks and should be reserved for 
individualized patients.

• Patients should be monitored closely postop-
eratively and may require intensive care unit 
admission.
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Inversion Uterus

Pratima Mittal and Jyotsna Suri

39.1  Introduction

Inversion of the puerperal uterus, which is the 
passage of the uterine fundus through the endo-
metrial cavity and the cervix, is the turning of the 
uterus inside out (Fig. 39.1). It is a rare but cata-
strophic complication of the third stage of labor, 
which is associated with a very high maternal 
morbidity and mortality, and hence it is very 
important for all obstetricians to be familiar with 
the emergency management of this condition. 

The incidence of uterine inversion has been vari-
ably reported from 1  in 1200–57,000 deliveries 
[1]. A retrospective review over a 24-year period 
estimated an incidence of 1 in 3737 after vaginal 
delivery and 1 in 1860 after cesarean section [2]. 
After the institution of active management of the 
third stage of labor in 1988, the incidence of 
inversion following vaginal delivery has fallen 
4.4-fold [2].

39.2  Classification

Inversion of the uterus can be categorized into 
four degrees, according to the extent of inversion 
of the fundus [3] (Fig. 39.2):

• First degree: the fundus dips into the uterine 
cavity; also known as incomplete inversion.

• Second degree: the fundus traverses the uter-
ine cavity through the cervix; also known as 
complete inversion.

• Third degree: the fundus protrudes up to or 
beyond the introitus; also called the prolapsed 
inversion.

• Fourth degree: the uterus and vagina invert 
completely and come out of the introitus; 
referred to as total inversion. This condition is 
most often seen in the non-puerperal state.

It has been observed that most of the cases 
(90%) present as second- or third-degree acute 
inversion to the emergency room [1].
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The classification according to timing since 
delivery is as follows [4]:

• Acute inversion—occurs within 24  h of 
delivery and before contraction of the cervi-
cal ring

• Subacute inversion—presents from 24  h to 
4 weeks after delivery and after contraction of 
the cervical ring

• Chronic inversion—presents after 4 weeks of 
delivery

Acute presentation is the most common, 
whereas chronic inversion is the rarest, making it 
a diagnostic dilemma [4].

39.3  Risk Factors 
and Pathogenesis

The pathogenesis of inversion of the puerperal 
uterus is not clearly known. However the factors 
which have been associated with this condition 
are as follows [5, 6].

39.3.1  Factors Related to Labor 
Management

Mismanaged third stage of labor has been con-
sidered historically as a very important pathoge-
netic mechanism in the causation of inversion 

First degree inversion Second degree inversion

Third degree inversion Fourth degree inversion

Fig. 39.2 Degrees of uterine inversion
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uterus. However a recently published RCT has 
shown inconsistent results between third stage 
management and inversion of the uterus [7]. The 
practices which have been associated with inver-
sion of uterus are:

• Excessive cord traction especially on a fundal 
placenta

• Fundal pressure (Credé’s maneuver) during 
the third stage of labor

• Rapid labor and delivery
• Use of tocolytic-relaxed uterus and lower 

segment

39.3.2  Placental Factors [5, 6]

• Fundal attachment of placenta
• Retained placenta
• Placenta accreta (especially if fundal)
• Short cord

39.3.3  Maternal Factors

• Anomalies of uterus
• Uterine fibroids
• Nulliparity

39.3.4  Fetal factors

• Macrosomia

39.4  Diagnosis

Clinical presentation is usually diagnostic, espe-
cially in the case of complete inversion. The post-
partum patient usually presents with a smooth 
round mass protruding through the introitus and 
postpartum hemorrhage, which may be accompa-
nied by shock. Since the shock is usually out of 
proportion to the blood loss, it is considered to be 
of neurogenic origin, chiefly due stretching of the 
parasympathetic nerves in the pelvis and 
increased vagal tone. However it is possible that 
the blood loss is underestimated as is often the 

case, and the pathogenesis of shock is hypovolae-
mia [8]. Other presenting features can be abdom-
inal pain and sometimes retention of urine. Per 
abdomen examination reveals loss of the fundus 
in the periumbilical area. Vaginal examination 
confirms the presence of a firm globular mass 
protruding from the cervix. In case of prolapsed 
inversion, the inverted uterus will be seen lying 
outside the introitus.

The diagnosis of incomplete inversion is more 
challenging, as the bleeding and pain may be 
milder. The abdominal examination shows 
absence of the normal globular fundus of the 
uterus; instead the fundus may appear cupped. 
Examination through the dilated cervix reveals 
the fundus within the uterine cavity.

39.4.1  Role of Imaging Modalities

Imaging is not required normally for the diag-
nosis. In some cases where the differential 
diagnosis of a prolapsed fibroid is considered, 
an ultrasound scan may be useful. A homoge-
nous mass in the uterine cavity and absence of 
fundus confirm the diagnosis. MRI is rarely 
required.

39.5  Management

The patient should be managed with great alac-
rity as delay has shown to increase the maternal 
morbidity and mortality.

39.5.1  Principles of Management

• Reposit the prolapsed uterus—with or without 
anesthesia

• Treat the shock/PPH
• Prevent reinversion

Repositioning the prolapsed uterus is to be 
done as soon as the diagnosis is made; delay may 
lead to formation of the cervical constriction ring, 
which makes the repositioning more difficult and 
may result in need for surgical intervention.

39 Inversion Uterus
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39.5.2  Manual Replacement

The steps of management of an acute case where 
manual replacement is possible:

• Call for help and mobilize the OT staff, anes-
thetist, and an experienced obstetrician.

• Rusticate the patient using the ABC approach. 
Insert two wide bore canulae, and draw blood 
for blood grouping, cross matching, hemogram, 
and coagulation study. Give boluses of crystal-
loid fluid till the patient stabilizes. Blood prod-
ucts are to be transfused if inversion is 
accompanied with PPH, which is often the case.

• Stop administration of any uterotonic drug as 
this will make repositioning more difficult.

• Do not try to remove the placenta if it is still 
attached to the uterus. This can lead to torren-
tial bleeding and collapse of the patient [5].

• In case of bradycardia due to vagal stimulation, 
injection of atropine, 0.5 mg I/V, can be given.

• Manual repositioning should be attempted 
without any delay. The right hand of the obste-
trician should be inserted along the axis of the 
vagina, and the fundus should be gently 
pushed in a direction toward the umbilicus 
(Fig.  39.3). This procedure is known as the 
Johnson maneuver.

• In case a cervical ring is felt, give pressure on 
the part of the uterus closest to the cervical 

ring, and then proceed upward, i.e., the por-
tion which prolapsed last is reposited first and 
the part which prolapsed first (the fundus) is 
reposited in the end.

• If manual reposition fails due to constriction 
ring, uterine relaxants can be given and 
another attempt made. Any of the following 
relaxants can be given—nitroglycerine 50 μg 
IV, terbutaline 0.25 mg I/V or S/C and magne-
sium sulfate 4–6 g I/V over 20 min. Inhalational 
agents like isoflurane and halothane can also 
be given. These can only be administered in 
the operating room after securing the airway 
of the patient.

• An alternative to manual replacement is the 
hydrostatic method popularized by 
O’Sullivan and published in British Medical 
Journal in 1945. A pressure of 3–5  L of 
warm water held about a meter above the 
patient is allowed to flow into the vagina via 
tubing which is placed into the posterior for-
nix. The pressure of fluid is maintained with 
the palm of the surgeon and by the labial 
apposition around the surgeons palm by the 
assistant [9]. A modification of the procedure 
uses a vacuum cup to which the tubing is 
attached. The vacuum cup is placed in the 
vagina, and the seal between the cup and 
vagina prevents leakage of the fluid [10, 11] 
(Fig. 39.4).

Fig. 39.3 The direction in which the inverted uterus is reposited
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39.5.3  Surgical Methods

Surgical means are resorted to when manual 
reposition is not successful due to a tight con-
striction ring. The surgery may be conducted by 
the abdominal or the vaginal route.
Abdominal approach:

 1. Huntington procedure—during laparotomy, 
the fundal structures are identified inside the 
cup of inversion. Babcock clamps are used to 
hold both the round ligaments. Progressive 
upward traction and reclamping are performed 
till the inversion is corrected. The whole pro-
cess can be facilitated by pushing the fundus 
of the uterus vaginally by an assistant.

 2. Haultain procedure—this procedure involves 
the bisection of the posterior aspect of the cer-
vical constriction ring. Once the ring is 
released, a manual reposition or the 
Huntington procedure can be performed to 

bring the uterus back to its anatomical posi-
tion followed by repair of the incision.

Vaginal approach:
Spinelli procedure—this approach is rarely 

used. The cervical constriction ring is incised 
anteriorly, and the manual replacement of the 
inverted uterus is done, followed by a repair of 
the incision. The risk of bladder injury limits the 
practice of this approach.

39.6  Interventions Post 
Correction

• If the placenta is still attached to the uterus, 
we can wait for its spontaneous separation. 
Alternatively manual removal can be done in 
the operation theater so that any complication 
can be handled immediately.

• It is important that the uterus should remain 
contracted after it is reposited back, to prevent 
PPH and reinversion. The fundus should be 
stabilized by the surgeon till it is firmly con-
tracted and in position.

• 20–40 units of oxytocin in 1 L of crystalloid 
should be infused at the rate of 125  mL/h. 
Other oxytocics which can be given are 250 
μg carboprost I/M, repeated 6 hourly for 24 h 
(contraindicated in respiratory disorders); 
misoprostol, 800 μg inserted in the vagina or 
rectum; and methylergonovine 200 μg I/M, 6 
hourly for 24  h (contraindicated in uncon-
trolled hypertension).

• Broad-spectrum antibiotics should be admin-
istered to prevent endometritis and puerperal 
sepsis.

39.7  Recurrence of Inversion 
in Next Pregnancy

The risk of recurrence of inversion in the next 
pregnancy has not been studied extensively. The 
available literature does not indicate an 
increased risk for inversion in the subsequent 
pregnancies [2].

Fig. 39.4 Modification of the O’Sullivan hydrostatic 
method. Here a vacuum cup is to create a seal after plac-
ing the inverted uterus into the vagina. Note the fluid 
which is flowing under pressure through the vacuum cup

39 Inversion Uterus



386

39.8  Summary and Key Points

• Inversion of the uterus is a catastrophic 
event which entails a high maternal mortal-
ity and morbidity due to massive postpar-
tum hemorrhage and shock. It is therefore 
important to recognize and treat it with 
great alacrity.

• The uterine inversion can be classified accord-
ing to the degree of inversion and the timing of 
presentation in relation to the delivery.

• The most commonly seen presentation is 
complete or prolapsed inversion of acute 
onset.

• Mismanaged third stage of labor and pla-
cental, maternal, and fetal factors are asso-
ciated with the pathogenesis of uterine 
inversion.

• The principles of treatment include prompt 
repositioning of the uterus, management of 
shock and PPH, and prevention of 
reinversion.

• No attempt should be made to deliver the pla-
centa before repositioning an inverted uterus 
as it can lead to torrential hemorrhage.

• Repositioning is best achieved by the Johnson 
maneuver if the cervical constriction ring has 
not formed. Uterine relaxants can be used as 
adjuvants for the procedure.

• Hydrostatic method and its modification using 
the vacuum cup also have good results and 
should be attempted before a surgical 
intervention.

• The surgical method which is preferred is the 
Huntington method as it does not involve giv-
ing an incision over the uterus. In case it is not 
successful, the Haultain method may be used. 
Vaginal surgical approach is rarely 
advocated.

• Post reposition of the uterus of the patient 
should be given uterotonics for at least 24 h to 
prevent reinversion.
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Rupture Uterus

Rujuta Fuke

40.1  Introduction

Rupture uterus is an acute catastrophic event 
occurring during pregnancy and labor resulting in 
grave complications to mother and the baby con-
stituting obstetric emergency. High degree of sus-
picion and clinical skills are required to tackle 
this complication; failure to do so causes high 
rate of stillbirths and maternal morbidity and 
even mortality. The signs and symptoms associ-
ated with this acute obstetric emergency are usu-
ally nonspecific, causing delay in diagnosis and 
initiation of definitive management. The short 
time for instituting definitive therapeutic action 
makes uterine rupture in pregnancy a much 
feared event for medical practitioners.

40.2  Definition

Rupture uterus is defined as disruption of all the 
layers of uterus including visceral peritoneum 
(serosa) after 28 weeks of gestation with or with-
out the baby lying in the peritoneal cavity. At 
times it may cause massive hemorrhage from 
edges of the disruption leading to hemoperito-
neum and shock.

40.3  Incidence

The incidence of uterine rupture differs in scarred 
and unscarred uterus, common in former than lat-
ter. The incidence of uterine rupture is approxi-
mately 1 in 1536 pregnancies (0.07%). In modern 
industrialized countries, the uterine rupture rate 
during pregnancy for a woman with a normal, 
unscarred uterus is 1  in 8434 pregnancies 
(0.012%) [1]. The incidence of scar rupture as 
found out in a retrospective analysis of 7 years 
study in a tertiary hospital in India was 1 in 1633 
deliveries (0.061%) [2]. The prevalence more or 
less has remained constant over a period of time. 
Due to improved obstetric care in case of compli-
cated obstructed labor and institutional deliver-
ies, the rate of rupture uterus has decreased, but at 
the same time, there is increased incidence of 
uterine rupture in previous cesarean section 
cases.

40.4  Risk Factors

Following are the risk factors associated with 
rupture uterus:

 1. Scarred uterus—Scarred uterus of previous 
cesarean section is more prone for rupture as 
uterus is actively contracting in postpartum 
period, resulting in weakening of the scar [3, 4]. 
The occurrence of scar rupture is determined by 
number of previous cesarean section, previous 
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myomectomy, previous metroplasty, inter con-
ceptional period and type of uterine incision like 
low transverse, low vertical, classical in upper 
segment, high transverse, T-shaped. Likewise, 
vaginal delivery after previous cesarean section, 
post operative period like postpartum sepsis or 
wound infection, or resuturing and obstetric 
complication in present pregnancy like grand 
multipara, elderly, big baby, abnormal presenta-
tion, multiple pregnancy, contracted pelvis, dys-
tocia, abnormal placentation and accidental 
hemorrhage, use of oxytocics to augment or 
induce labor all determine the occurrence of the 
scar rupture.

 2. Multiparity—There is thinning of uterine wall 
due to repeated childbirths, resulting in 
increased chances of spontaneous rupture [5]. If 
the pregnancy is complicated by previous scar, 
the chances of rupture uterus are doubled.

 3. Maternal age—Advanced maternal age is 
directly proportional to the incidence of rup-
ture uterus as often the baby is macrosomic 
causing uterine dystocia [6].

 4. Placentation—Abnormal placentation like 
accrete, percreta, increta, previa, and abrup-
tion all weaken the uterine wall musculature 
and cause abnormal uterine activity and 
increased chances of uterine rupture.

 5. Injudicious use of oxytocics—Oxytocics 
like oxytocin and prostaglandins when used 
inadvertently can lead to uterine rupture 
especially in grand multipara and previous 
cesarean section patients [7–10].

 6. Multiple gestations—Overdistension due to 
multiple gestations or polyhydramnios in 
unscarred uterus is rarely responsible for 
uterine rupture, but when it is complicated 
by previous cesarean scar or pregnancy, 
complication mentioned earlier leads to 
increased chances of scar rupture. The 
ACOG 2010 guidelines for VBAC recom-
mend that women with one previous cesar-
ean delivery with a low transverse incision, 
who are otherwise appropriate candidates for 
twin vaginal delivery, may be considered 
candidates for TOLAC [11].

 7. Uterine anomalies like bicornuate uterus 
(Fig. 40.1) [12].

 8. Dystocia and uncoordinated uterine action 
and hyperstimulation of uterus leading to 
obstructed labor can result in uterine rupture.

 9. Trophoblastic invasion of the myometrium 
by weakening the uterine musculature.

 10. Instrumentation like attempted forceps deliv-
ery through incompletely dilated cervix can 
cause uterine rupture.

 11. Uterine manipulation like external cephalic 
version, internal podalic version, and manual 
removal of placenta all cause increased 
chances of uterine rupture in scarred and 
unscarred uterus.

 12. Trauma to the uterus in the form of either 
direct blow to the abdomen or fall or acci-
dents can result in traumatic rupture of the 
uterus.

 13. Couvelaire uterus as in abruption of the pla-
centa—The blood from concealed hemor-
rhage is accumulated in the uterine walls 
causing weakening of the musculature with 
abnormal uncoordinated uterine action.

40.4.1  Rupture of the Unscarred 
Uterus

Rupture of unscarred uterus also known as sponta-
neous rupture is usually an uncommon occurrence. 
A healthy uterus is unlikely to give way in labor 

Fig. 40.1 Rupture of the uterus at fundus in bicornuate 
uterus. The fetus was lying in the peritoneal cavity with 
hemoperitoneum. Uterine repair was done to conserve 
future childbearing (Image is from personal collection of 
the author)
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and less so in pregnancy. The causes are previous 
damage to the uterine wall due to previous dilata-
tion and curettage or manual removal of the pla-
centa, grand multipara due to thin uterine walls, 
congenital malformation of the uterus like bicor-
nuate uterus, and weakening of walls in couvelaire 
changes of uterus in abruptio placenta. During 
labor, however, the causes of rupture of unscarred 
uterus include obstructed labor and grand multip-
ara more so with the inadvertent use of oxytocics.

The rupture of the uterus is usually complete 
and involves the upper segment and occurs later in 
pregnancy. The rupture due to obstructed labor 
involves the thinned-out lower segment and 
 usually extends from one lateral side of the uterus 
to the upper segment, whereas the nonobstructive 
rupture involves fundal region and usually 
complete.

40.4.2  Rupture of the Scarred Uterus

The rate of primary cesarean section is alarm-
ingly increasing since the last two decades posing 
a major threat in rising incidence of scar rupture 
as the main reason of increased uterine rupture. 
The scar of myomectomy and metroplasty rarely 
gives way as these procedures are done in non-
pregnant state and scar heals well due to uterine 
quiescence, and when they rupture, they give way 
in late third trimester or early in labor [13]. On 
the contrary, the scar of previous cesarean section 
and hysterotomy is of more concern especially on 
the latter.

The scar of classical cesarean section is likely 
to rupture in later months of pregnancy, whereas 
scar of lower-segment cesarean section gives way 
during labor predominantly. However, the scar of 
classical cesarean section, hysterotomy, and myo-
mectomy is more at risk of rupture during labor. 
Rupture in previous low transverse uterine inci-
sion is increased by a subsequent trial of labor, 
subsequent augmentation of labor, subsequent 
induction of labor, the use of prostaglandins, 
inter-delivery interval (cesarean delivery and sub-
sequent conception if it is <6 months), one layer 
versus two layer closure, more than one prior 
delivery, maternal age, fetal macrosomia, multi-

ple gestations, and gestation beyond 40  weeks 
[14]. Previous successful vaginal delivery and 
subsequent successful VBAC have a protective 
association. Current ACOG guidelines discourage 
the use of prostaglandins to induce labor in most 
women with a previous cesarean delivery.

The incidence of scar rupture is 1–2% in 
lower-segment scar, whereas it is five to ten times 
more in classical cesarean section.

Other causes of uterine rupture are direct 
trauma to the uterus as in accidents of external 
blow or due to iatrogenic procedures like internal 
podalic version, instrumental deliveries, breech 
extraction through incompletely dilated cervix, 
manual removal of the placenta, injudicious 
administration of oxytocics, and the use of prosta-
glandins in previously scarred uterus (Fig. 40.1).

40.5  Pathology of Uterine 
Rupture

40.5.1  Types

 1. Incomplete rupture: Incomplete rupture usu-
ally results from rupture of previous lower- 
segment uterine scar and may extend up to the 
cervix and fornix causing colporrhexis. It may 
result from upward extension of cervical tear 
during difficult instrumental delivery with or 
without formation of broad ligament hema-
toma. In incomplete rupture, the peritoneal 
layer is intact, and the placenta and fetus remain 
inside the uterine cavity, or part of the fetus 
may lie between the layers of broad ligament.

 2. Complete rupture: Complete rupture occurs 
when the scar of classical cesarean section 
gives way in upper segment or in spontaneous 
rupture of obstructive or nonobstructive vari-
ety. In complete rupture, the peritoneal coat is 
not intact resulting in fetus with or without 
placenta escaping out of uterus and lying in 
peritoneal cavity. The uterus remains con-
tracted without much of blood loss unless a 
major vessel is affected.

 3. Scar dehiscence: Scar dehiscence occurs 
when part of the previous scar and not the 
entire length is disrupted. The fetal mem-
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branes remain intact with minimal or no 
bleeding.

 4. Scar rupture: Scar rupture occurs when the 
entire length of the scar along with membranes 
is disrupted. There is a varying amount of 
bleeding from the margins or its extensions.
Although a uterine scar is a well-known risk 
factor for uterine rupture (most of which arise 
from prior cesarean delivery), the majority of 
events involving the disruption of uterine scars 
result in uterine scar dehiscence rather than 
uterine rupture. These two entities must be 
clearly distinguished, as the options for clini-
cal management and the resulting clinical out-
comes differ significantly.

40.5.2  Sites

The upper segment and fundus are involved in 
spontaneous nonobstructive rupture, whereas in 
obstructive type, the anterior lower segment is 
involved. The rupture occurs transversely extend-
ing into lateral surface of the uterus damaging 
major blood vessels. The margins are ragged and 
necrosed. Sometimes, in obstructive variety pos-
terior wall rupture also occurs due to compres-
sion of the presenting part against sacral 
promontory for prolonged duration. This can 
extend downward to involve the cervix, vagina, 
and bladder. In case of rupture of previous scar, 
the rupture occurs at the site of the scar. The mar-
gins are cleaned and fibrosed with minimal 
bleeding. The rent at the lower segment can 
involve the lateral sides and cause damage to 
blood vessels resulting hemoperitoneum and 
hemorrhagic shock. In case of traumatic rupture 
because of destructive operations and instrumen-
tal deliveries, the rupture of uterus is same as that 
occurs in spontaneous obstructive variety but 
with much damage to surrounding structures and 
at times difficult to define anatomy for repair.

40.5.3  Clinical Manifestations 
of Uterine Rupture

There are no universal criteria to diagnose uterine 
rupture as clinical manifestations depend on the 

timing, site, and extent of uterine rupture. 
Familiarity with this entity and high index of sus-
picion are required to diagnose the condition. 
However, the following are some of the symp-
toms and signs that may lead one to suspect the 
diagnosis.

40.5.4  Symptoms

 1. Abdominal pain—Patient usually complains 
of dull abdominal pain. It is difficult to notice 
as patient is already in labor pain. However, it 
is constant dull aching unlike episodic uterine 
contractions and confined to suprapubic 
region in previous cesarean section scars. It is 
accompanied by difficulty in passing urine 
and pain during micturition. The pain may 
become severe with the feeling of something 
giving way.

 2. Vaginal bleeding—The pain is accompanied 
by slight vaginal bleeding.

 3. Feeling of something giving way with acute 
pain—This usually marks the complete rup-
ture. The onset may not be dramatic in case of 
previous lower-segment cesarean section 
scarred uterus and sometimes referred to as 
“silent rupture.”

 4. Fainting attack—Patient may have fainting 
attack and collapse because of hemorrhage 
and shock or vagal stimulation due to intense 
pain.

 5. In case of traumatic rupture, event leading to 
rupture is usually evident like history of 
trauma, accident or operative vaginal delivery, 
destructive procedures, uterine manipulation, 
manual removal of placenta, etc.

40.5.5  Signs

 1. Tachycardia—It is usually the first sign of 
impending scar rupture.

 2. Hypotension—It occurs secondary to hypo-
volemic shock due to intraperitoneal 
bleeding.

 3. Suprapubic tenderness—It is palpable over 
previous scar site and is the sign of scar 
dehiscence.
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 4. Hematuria—It may be present especially in 
obstructed labor or rupture involving the uri-
nary bladder.

 5. Signs of obstructed labor—Exhaustion, 
dehydration, tachycardia, increased tempera-
ture, distended tender lower segment, 
Bandl’s ring, dry edematous vagina, fetal 
distress, or absent fetal heart sounds.

 6. Non-reassuring fetal heart rate pattern—Fetal 
heart rate variability and persistent, pro-
longed fetal bradycardia are pathognomonic 
of scar dehiscence and scar rupture [15].

 7. Intrauterine fetal death—If definitive surgi-
cal intervention is not undertaken in crucial 
period of 35 min, it can result in fetal demise.

 8. Palpation of fetal parts superficially—Fetal 
parts are palpable superficially in case of 
complete rupture.

 9. Cessation of uterine contractions—With 
complete rupture, uterine contractions cease 
and pain diminishes.

 10. Loss of uterine contour—It may be accom-
panied by loss of ovoid uterine contour.

 11. Shock and signs of intraperitoneal bleed-
ing—It occurs depending on the site, type, 
and extent of uterine rupture.

 12. Recession of fetal parts on per vaginal exam-
ination—Loss of station of presenting part 
should raise a suspicion of uterine rupture 
because of the withdrawing of fetal parts in 
the abdominal cavity.

 13. In case of rupture following instrumental 
delivery, exploration of uterus to feel the rent 
confirms the diagnosis. Shortening of the 
cord immediately following a difficult vagi-
nal delivery is also one indication of uterine 
rupture.

40.5.6  Consequences of Uterine 
Rupture [16]

 1. Fetal: fetal hypoxia/anoxia, fetal acidosis, 
admission to neonatal intensive care unit, and 
fetal/neonatal death.

 2. Maternal: severe maternal blood loss and ane-
mia, hypovolemic shock, maternal bladder 
injury, obstetric hysterectomy, and maternal 
death.

40.6  Management of Ruptured 
Uterus

The most critical aspects of treatment in the case 
of uterine rupture are establishing a timely diag-
nosis and minimizing the time from the onset of 
signs and symptoms until the start of definitive 
surgical therapy. Once a diagnosis of uterine rup-
ture is established, the immediate stabilization of 
the mother and the delivery of the fetus are 
imperative.

As a rule, the time available for successful 
intervention after frank uterine rupture and before 
the onset of major fetal morbidity is only 
10–37 min [17]. Therefore, once the diagnosis of 
uterine rupture is considered, all available 
resources must quickly and effectively be mobi-
lized to successfully institute a timely surgical 
treatment that results in favorable outcomes for 
both the newborn and the mother. The treatment 
is based on two principles, resuscitation followed 
by laparotomy and sometimes both 
simultaneously.

 1. Call for help—The juniors working in labor 
room (LR) should immediately notify the 
senior about the incidence and ask for help 
from rest of the LR staff.

 2. Quick history and examination with monitor-
ing of vitals.

 3. Secure an intravenous line—This is utmost 
important before the patient goes in hypovole-
mic shock with collapsed veins preferably 
with wide bore cannula.

 4. Oxygen by ventimask—To increase the oxy-
gen saturation of the mother in hemorrhagic 
shock and prevent fetal anoxia.

 5. Blood for grouping and cross matching—The 
blood should be withdrawn from the same 
wide gauge cannula for IV line, and adequate 
blood should be arranged for transfusion.

 6. Treatment of hypovolemic shock—By means 
of IV fluids and plasma volume, expanders 
should be initiated.

Definitive surgical management: The defini-
tive management is surgical. Urgent laparotomy is 
needed. It is better to call a general surgeon if need 
arises or if we are suspecting trauma to the blad-
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der. The fetus may be in the uterus in partial rup-
ture or may be in the peritoneal cavity along with 
the placenta. In that case, it is more likely to be 
dead. The fetus is extracted by entering the abdo-
men quickly by midline infraumbilical incision.

After the fetus is successfully delivered, the 
type of surgical treatment for the mother depends 
on the factors like type and extent of uterine rup-
ture, amount of bleeding, general condition of 
the mother, and desire for future childbearing.

Uterine bleeding is typically most profuse 
when the uterine tear is longitudinal rather than 
transverse.

Conservative surgical management involv-
ing uterine repair should be reserved for women 
who have the following findings:

 1. Desire for future childbearing.
 2. Low transverse uterine rupture.
 3. No extension of the tear to the broad ligament, 

cervix, or paracolpos.
 4. Easily controllable uterine hemorrhage.
 5. Good general condition.
 6. No clinical or laboratory evidence of 

coagulopathy.

Repair is done usually in previously scarred 
uterus when the margins of the defect are clean 
and regular and bleeding less. It is done by excis-
ing the fibrous tissue at the margins. Sometimes, 
rupture in unscarred uterus has to be repaired in 
view of future childbearing, but in that case 
chances of peritonitis, septicemia, and rupture 
uterus in next pregnancy are very common. Repair 
if done is usually combined with sterilization oper-
ation in patients with completed childbearing.

Hysterectomy should be considered the treat-
ment of choice when intractable uterine bleeding 
occurs or when the uterine rupture sites are mul-
tiple, longitudinal, or low lying. Usually because 
of poor general condition of patient, a quick sub-
total hysterectomy is done, thus minimizing 
operative time and injury to the bladder and ure-
ters. However if condition permits then a total 
hysterectomy may be done. In case of broad liga-
ment hematoma, the anterior leaf of broad liga-
ment is opened, hematoma is drained, bleeding 
points are secured, and anterior leaf is sutured. In 
case of failure to secure bleeding points, anterior 

division of anterior iliac artery is ligated. Care is 
taken not to injure ureters at any point of time.

Because of the short time available for suc-
cessful intervention, the following two premises 
should always be kept firmly in mind: (1) main-
tain a suitably high level of suspicion regarding a 
potential diagnosis of uterine rupture, especially 
in high-risk patients, and (2) when in doubt, act 
quickly and definitively.

Prevention: The following measures are to be 
adopted to prevent catastrophic uterine rupture in 
pregnancy and labor.

 1. Identification of high-risk cases like history 
of previous cesarean section, myomectomy, 
hysterotomy, abnormal presentation, con-
tracted pelvis, big baby, and grand multipara 
to provide quality antenatal care and educa-
tion to them.

 2. Proper documentation of operative proce-
dures like hysterotomy, myomectomy, or 
classical or t-shaped uterine scar in the dis-
charge card so that in next pregnancy these 
patients are identified and labeled as high 
risk.

 3. Encouraging institutional deliveries of all 
patients, high risk in particular.

 4. Indoor admission at 36  weeks in patients 
with history of previous myomectomy, clas-
sical cesarean section, or hysterotomy.

 5. Strict vigilance during labor in these high- 
risk patients.

 6. No undue force to be used in external 
cephalic version, and there is no role of inter-
nal podalic version in modern obstetrics.

 7. Proper selection of cases for vaginal birth 
after cesarean section (VBAC).

 8. Judicious use of oxytocics.
 9. Prompt measures to tackle prolonged and 

obstructed labor.
 10. Attempted forceps delivery and breech 

extraction through incompletely dilated cer-
vix are to be avoided.

 11. The cervix and uterus are to be explored after 
instrumental delivery and destructive 
procedures.

 12. Manual removal of the placenta in morbidly 
adherent placenta should be attempted by 
senior experienced obstetricians.
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 13. Labor room should be well equipped to 
tackle any obstetric emergency preferably 
with attached operation theater.

 14. Acute obstetric emergency drills should be 
practiced by labor room team to face such 
emergencies.

40.6.1  Prognosis

Prognosis depends on many factors like etiology, 
site of rupture, preceding events, maternal gen-
eral condition, early diagnosis, and quick inter-
vention. Lower scar rupture has better prognosis 
than spontaneous obstructed variety with high 
maternal and fetal death rate.

40.7  Conclusion

Rupture uterus constitutes one of the many obstet-
ric emergencies that are frightening to the labor 
room residents. Rupture of the uterus can be spon-
taneous, scar rupture, or iatrogenic. Rupture of the 
uterus may occur either during pregnancy or dur-
ing labor. The diagnosis of rupture uterus is diffi-
cult. Strict vigilance on the signs and symptoms 
and high index of suspicion are necessary to diag-
nose the entity. An abnormal CTG should not be 
overlooked especially in high-risk patients for scar 
rupture. Management is centered on prompt mea-
sures involving senior or experienced consultants. 
It involves immediate resuscitation and laparot-
omy often resulting in obstetric hysterectomy. 
Repair may be done in cases where margins are 
clean. Repair and permanent sterilization is done 
when the woman has completed her family to 
avoid the future catastrophes. Obstetric emergency 
drill training should be regularly practiced by the 
labor room team to face such emergencies.
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Broad Ligament Haematoma

Vaishali Korde-Nayak and Parag Biniwale

41.1  Introduction

During pregnancy the uterus, vagina and vulva 
have rich vascular supplies. Any significant 
trauma during birth process may result in forma-
tion of a haematoma. Puerperal genital haemato-
mas are relatively uncommon causes of PPH but 
can lead to serious morbidity and even maternal 
death [1]. The reported incidence of significant 
postpartum haematoma is around 1  in 500–700 
deliveries [2].

Supralevator haematomas also known as 
broad ligament haematomas are rare, with widely 
varying incidence of between 1:500 and 1:20,000 
deliveries [3]. As the symptoms are nonspecific 
and size dependent and bleeding is often con-
cealed, most of them are difficult to diagnose.

Whitridge Williams was the first person to 
report broad ligament haematoma in 1904 [4]. 
He reported a series of cases in a monograph on 
subperitoneal haematoma. He studied 33 cases 
of spontaneous broad ligament haematomas and 
ascribed them to capillary bleeding [4] 
(Fig. 41.1).

41.2  Types of Puerperal Genital 
Haematomas

 1. Infralevator Haematomas
 (a) Location—Below the levator ani muscle
 (b) Include the vulva, perineum and lower 

vagina, episiotomy site
 (c) More common than supralevator variety
 (d) Occur following vaginal birth/instrumen-

tal deliveries/big baby/any other obstetric 
trauma

 2. Supralevator Haematomas
 (a) Location—Above the levator ani muscle, 

in the leaves of broad ligament
 (b) Mostly due to an extension of cervical 

tear, forniceal tear or uterine incision and 
uterine rupture

 (c) Less common than infralevator 
haematomas

 (d) Can be associated with spontaneous vagi-
nal birth, but commonly occur following 
instrumental vaginal deliveries, difficult 
caesarean section or vaginal birth after 
caesarean (VBAC), etc.

Broad ligament haematoma occurs secondary 
to lacerations/tear in the upper vagina, cervix or 
uterus that extends into uterine or vaginal vessels 
or vessels of the broad ligament. The engorged 
vessels of pregnancy bleed profusely in the space 
between the leaves of broad ligament accommo-
dating significant blood collection.
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This is mainly seen in:

• Extension of cervical tear or primary colpor-
rhexis (vault rupture)

• LSCS scar rupture
• Spontaneous rupture of paravaginal venous 

plexus adjacent to the vault

The diagnosis is usually delayed, as there are 
no obvious symptoms like pain or vaginal bleed-
ing. Sometimes unexplained shock with features 
suggestive of internal haemorrhage immediately 
following delivery raises the suspicion. Maternal 

mortality chances are high if the diagnosis is 
delayed. So strong suspicion, good clinical 
examination and prompt treatment are the key 
words in the management.

Broad ligament haematoma can occur with 
the following obstetric incidences

• Spontaneous vaginal birth
• Episiotomy
• Caesarean section
• Precipitate labour
• Instrumental vaginal delivery (commonly 

forceps)

Branches of uterine artery:

Round ligament
Tubal
Ovarian

Lateral
Middle
Medial

Tubal branches of
ovarian vessels:

Ovarian
vessels

Ureter

Uterine vessels

Vaginal branches
of uterine artery

Vaginal artery

Levator ani muscle

Perineal membrane

Internal pudendal artery

Perineal artery

Superficial perineal
(Colles’ fascia)

Fig. 41.1 Blood supply of the female genital tract [5]
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• Assisted breech delivery
• Twins
• Prolonged second stage of labour
• Big baby
• Vaginal birth after caesarean (VBAC)
• Hereditary clotting deficiencies
• Vulvar varicosities
• Pre-eclampsia [6, 7]

Fifty percent of these haematomas are 
diagnosed immediately, while the other 50% 
are discovered within 24  h [7]. The arterial 
origin haematomas are rapidly expanding and 
appear bright or dark red, while the slow 
expanding haematomas are of venous origin 
and appear dark red or bluish in colour [7]. It 
may be concealed with no obvious vaginal 
bleeding.

41.2.1  Symptomatology

Symptoms can be quite vague and usually 
develop within a few hours of delivery. They 
depend upon the size of the haematoma (amount 
of blood loss), the rate at which its formation 
occurs and the type of haematoma.

Haematomas are usually diagnosed when 
patient presents with haemorrhagic shock or 
even death, due to its insidious nature [7]. The 
speed of diagnosis depends on the extent of the 
bleeding, its associated consequences and the 
level of awareness and suspicion of the medical 
staff.

41.2.2  Clinical Presentation

• Features of hypotensive shock.
• Disproportionate pallor to the visible blood 

loss.
• Persistent throbbing pelvic pain/back pain 

may be there.
• Inability to pass urine.
• Pressure in the recto-anal area/fullness.

• An urge to push within the first few hours after 
delivery.

• Headache, dizziness, restlessness.

A broad ligament haematoma can present with 
abdominal pain, but often it first presents with 
signs of hypovolaemia, including cardiovascular 
collapse.

General Exam—signs of shock, e.g. pallor, 
sweaty, cold, clammy, dizzy, elevated pulse, 
decreased blood pressure.

P/A Exam
• A swelling/mass may be felt just above the 

inguinal ligament.
• The uterus gets pushed upward/laterally to the 

opposite side of the broad ligament 
haematoma.

P/V Exam
• Occlusion of the vaginal canal by a bulge
• A boggy mass/swelling felt through the 

fornix

P/R Exam—Presence of the soft boggy 
mass.

41.2.3  Differential Diagnosis

• Intraperitoneal haemorrhage
• Rectus sheath haematoma
• Ovarian mass/pelvic mass
• An abscess

41.3  Investigations

41.3.1  Blood Tests

Sudden fall in haematocrit levels is suggestive of 
internal haemorrhage. A full blood count and 
coagulation screen are most important to deter-
mine baseline values. Crossmatching and replac-
ing adequate blood units as per the clinical picture 
is crucial.
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41.3.2  Imaging

• USG
• CT scan
• MRI

Radiological investigations are not only use-
ful for diagnosis but also to assess the volume of 
blood loss and any extension into the pelvis. 
They also help in monitoring progress or resolu-
tion of the haematoma.

MRI is the most precise investigation to define 
the exact location, size and extent of a haema-
toma. It can also help to differentiate between a 
pelvic mass, such as an abscess or endometrioma. 
But USG is the most commonly available, non- 
invasive investigation with good sensitivity. In 
emergency, bedside USG is the boon.

41.4  Management

41.4.1  Resuscitation

• Assess approximate blood loss.
• In case of hypovolemic shock, immediate 

resuscitative measures are the first line of 
treatment, like wide bore IV cannula inser-
tion bilaterally and aggressive IV fluid 
replacement with crystalloids/colloids (e.g. 
Hartmann’s, sodium chloride 0.9%).

• Blood samples for haematocrit, coagulation 
profile and crossmatch. Replace adequate 
blood units.

• Indwelling urinary catheter to monitor urinary 
output, to maintain fluid balance and also to 
tackle urinary retention resulting from pain 
and/or the pressure of haematoma.

• The aim of treatment is to stop further blood 
loss, minimize tissue damage and relieve 
pain.

• Broad-spectrum IV antibiotics cover to reduce 
the risk of infection of the haematoma.

• In case of conservative management, con-
tinuous monitoring is required to ensure 
that the haematoma is not increasing in size 
further.

41.4.2  Definitive Treatment

• Definitive treatment varies depending on size 
of hematoma, its location and haemodynamic 
stability of patient.

• Small non-spreading broad ligament haema-
tomas are self-limiting and can be managed 
conservatively. Radiological confirmation is 
required of resolving haematoma.

• Larger and expanding subperitoneal haemato-
mas require emergency exploration. The ante-
rior leaf of the broad ligament (peritoneum) is 
to be incised, and the blood clots are to be 
scooped out.

• The bleeding points, if visible, are to be 
secured and ligated.

• Random blind sutures should not be placed to 
prevent ureteric damage.

• If the oozing continues, bilateral internal iliac 
artery ligation should be considered. Packing 
can also be considered.

• The presence of associated scar dehiscence/
rupture uterus may modify the treatment.

• Abdominal drain is useful to assess the post-
operative loss.

• As recurrence is common, strict vigilance 
after primary repair/packing is required. 
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41.4.3  Recurrence

Recurrence is known for haematomas; so continu-
ous monitoring of the vitals is very crucial postop-
eratively. Haematomas can recur after surgical 
management. Continued monitoring for signs of 
blood loss is essential. Replacement of lost blood 
units is equally important for good haemostasis. If 
it recurs, further surgical exploration along with 
bilateral internal iliac ligation or more radical sur-
gery like hysterectomy may be necessary [8].

41.4.4  Newer Modalities

41.4.4.1  Pelvic Arteriography 
and Arterial Embolization

Recently under radiological guidance, pelvic 
arteriography and arterial embolization have 
been found effective to control postpartum 
 haemorrhage and haematomas [9–11]. The suc-
cess rate in controlling bleeding from haemato-
mas is over 90% in the recent studies published 
[9–11].

Broad ligament haematoma [8].
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Through the femoral artery, pelvic vasculature 
is accessed; bleeding vessel-showing extravasa-
tion of dye is identified and selectively emboli-
zed. Different embolic agents—temporary like 
absorbable gelfoam or permanent like metal 
coils—are used [8]. Temporary embolic agents 
have less risk of the ischemic problems [12]. The 
duration of occlusion is usually 2–3 weeks, with 
good revascularization later on.

Embolization is a good conservative option 
to preserve fertility and menstrual function 
[12]. Brown et  al. in 1979 reported the first 
successful case of embolization for an intrac-
table haematoma [13]. The patient continued to 
bleed despite abdominal hysterectomy and 
bilateral internal artery ligation [13]. Even 
though not many studies have been published 
since then, all have reported effective control 
of the bleeding and acceptable short-term 
results [14–16].

Previous studies suggest that selective embo-
lization should be used as the first-line treatment 
for haematomas and persistent PPH. Bienstman- 
Pailleux et al. [17] have suggested an algorithm 
by which we should first consider pelvic arterial 
embolization and then the conventional 
surgeries.

41.4.4.2  Advantages of Selective 
Embolization

• It avoids the risk of exploratory laparotomy 
(and hysterectomy).

• The option of surgery can be considered only 
in case the interventional procedure fails.

• Attempting embolization, after surgical inter-
nal iliac ligation, increases the difficulty of the 
procedure.

41.4.4.3  Complications
• Accidental embolization of peripheral vessels 

leading to serious ischemic complications 
(usually collateral circulation protects).

• Vessel perforation [12].
• Allergy to contrast.
• Low-grade fever [12, 18].
• Site specific/groin haematoma [12].
• Post embolization pain/pain in buttock (isch-

emic) [12].

• Pelvic infections [12, 18].
• Ovarian failure, though rare, has been reported 

[18].

41.4.4.4  Limitations of Selective 
Embolization

• Non-availability of facilities for interventional 
radiology universally.

• Non-availability of expertise, especially dur-
ing emergency and in vicinity of the labour 
room [19, 20].

• Patient needs to be haemodynamically stable 
[19, 20].

• The time consumed during procedure is 
around 1–2 h.

41.4.5  Postpartum Care

• Monitor vitals and vigilance for recurrence of 
haematoma.

• Effective analgesia with paracetamol/NSAID 
(NSAID are contraindicated in PPH, severe 
preeclampsia, renal disorders).

• No rectal administration of analgesics.
• Indwelling catheter until haemodynamically 

stable.
• Continue broad-spectrum antibiotic cover.

41.5  Conclusion

Broad ligament haematomas are less common 
but can be associated with serious maternal mor-
bidity and mortality.

The common presenting symptom may be 
hypovolemic shock in absence of significant pain 
in abdomen or vaginal bleeding. As enormous 
amount of blood can get accumulated in broad 
ligament without distending the sensitive labia 
and perineum, so they may remain painless, 
while making the patient haemodynamically 
unstable.

The primary aims of treatment are to prevent 
further blood loss and correct hypovolemia. The 
optimal management of genital haematoma is 
still debatable. The treatment is variable depend-
ing on the size, location of haematoma and 
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haemodynamic stability of patient. In situations 
where facilities for selective arterial embolization 
are not available, conventional exploration 
including incision, evacuation and drainage of 
haematoma, ligation of bleeding vessels when-
ever possible and vaginal packing remains the 
gold standard. Replacement of adequate blood 
volume and coagulation factors is crucial for 
complete haemostasis.

Ligation is not always effective in the treat-
ment of pelvic haemorrhage [21].

Thus selective embolization can act as both a 
diagnostic and therapeutic tool. Bleeding sites 
can be identified and embolization can be done 
using a gelfoam material. Usually the occlusion 
remains for 2–3 weeks, with good revasculariza-
tion later on [21].

Selective angiographic embolization, per-
formed by an experienced and well-trained 
radiology team, carries minimal risks. So, 
whenever available, it should be used as the 
first line of treatment. A multicentre random-
ized controlled trial is warranted to compare 
and clarify its role to conventional and con-
servative therapy [22].

41.5.1  Relative Ethical Issues

• Dilemma while choosing the most appropriate 
treatment when research on the condition is 
scarce?

• Would interventional radiology be cost- 
effective in treating PPH and haematomas?
Ref.: Puerperal genital haematomas, South 

Australian Perinatal Practice Guidelines [23].
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Amniotic Fluid Embolism

Kiran Pandey and Amrita Singh

42.1  Introduction

Amniotic fluid embolism is an obstetric emer-
gency in which amniotic fluid, fetal cells, hair, or 
other debris enters mother’s bloodstream through 
placental bed and thereby initiates allergic reac-
tion resulting in cardiopulmonary collapse, respi-
ratory compromise, and coagulopathy leading to 
massive hemorrhage.

Amniotic fluid embolism (AFE) was first 
described in 1926 by J.R. Meyer, but its real sig-
nificance as a killer disease was probably recog-
nized in 1941 when Steiner and Lushbaugh, 
who published an autopsy series of eight preg-
nant women who died due to sudden shock dur-
ing labor, believed that AFE was the commonest 
cause of death in the first 10 h after delivery.

The term AFE is a misnomer now also 
known as “sudden obstetric collapse syn-
drome” and “anaphylactoid syndrome of 
pregnancy”.

AFE is classically characterized by a triad 
of hypoxia, hypotension, and consumptive 
coagulopathy; however many a times nonclassi-
cal presentation may also dominate (Fig. 42.1).

42.2  Incidence

AFE is more likely underreported in many 
medical communities as it is a diagnosis of 
exclusion with no specific diagnostic tests.

AFI is a rare condition ranging from 1 in 8000 
to 1 in 80,000 deliveries as per the study done by 
Gilbert and Danielsen [1]. Reported incidence 
varies from 1.9/100,000 to 6/100,000 according 
to some studies.

42.2.1  Maternal Mortality

The case fatality of all the cases ranges from 
11% to 43% (Fig. 42.2).

AFE is the fifth most common cause of 
mortality [2]. Traditionally AFE was associ-
ated with an 80% mortality rate. More recent 
reports would suggest the mortality is between 
20% and 40%, with some as low as 13%.K. Pandey (*) · A. Singh 
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Fig. 42.1 Classical triad of AFE
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Neonatal outcome is poor, if AFE develop 
antenatally and survivors however have long- 
term neurological impairments.

42.2.2  Recurrence

According to a review by Agustin Conde et al 
published in American Journal of Obstetrics 
& Gynaecology, 2009, a total of 9 cases of suc-
cessfull pregnancy following AFE have been 
reported.

On the basis of available limited experience 
and evidences, AFE is found to be nonrecur-
rent [3].

42.3  Predisposing Causes

In order for amniotic fluid to enter circulation, 
there are three prerequisites:

 1. Ruptured membranes
 2. Ruptured uterine or cervical vein
 3. Pressure gradient from the uterus to vein

Various risk factors include [4]:

• Maternal age >35 years
• Placenta previa and abruption
• Cesarean sections or assisted delivery proce-

dures (forceps, vacuum)
• Eclampsia
• Fetal distress
• Induction/augmentation of labor
• Meconium-stained amniotic fluid
• Tears in uterine or other large pelvic veins

Association of uterine hypertonus appears 
to be an effect rather than cause of AFI. It is 
likely because uterine blood flow ceases when 
intrauterine pressure exceeds 35–40 mmHg [5].

42.4  Pathogenesis

The pathogenesis of AFE is complicated and not 
clear; its development envisages mechanical 
obstruction of the pulmonary vessels by amniotic 
fluid components leading to release of humoral 
and immunological factors.

The case fatality of all the cases ranges from 11– 43 percent    

MINUTES                                          HOURS                               DAYS

CARDIOPULMONARY
COLLAPSE  

54%

HEMODYNAMIC
COLLAPSE 

50%

HEMORRHAGE

40%

CEREBRAL HYPOPERFUSION

50%
MULTIORGAN

DYSFUNCTION 

MATERNAL  MORTALITY

Fig. 42.2 Mortality rate according to antecedent cause on time scale

K. Pandey and A. Singh



405

42.4.1  Pathophysiology [6]

Entrance of amniotic fluid to maternal 
circulation:

• Endocervical veins
• Placental insertion site
• Site of uterine trauma (Figs. 42.3 and 42.4)

Persistent
neurologic deficits

Hypoxia
Seizures

Cardiogenic and
noncardiogenic

pulmonary edema
+

Intrapulmonary shunting
+

Bronchoconstriction

Desaturation

43
Decreased coronary

blood flow

Decreased
inotropism

Decreased
cardiac output

Pulmonary congestion

2

5

Hypotension
Shock

Dyspnoea
Bronchospasm

Cyanosis
Pulmonary edema

Amniotic fluid enters the
maternal lung circulation

Amniotic fluid enters
the maternal body circulation

by intrapulmonary shunts

Dyspnoea

venous
circulation

arterial
circulation

Thromboplastin release

Disseminated
intravascular coagulation

1Amniotic fluid enters the
maternal circulation

Decreased uterine perfusion
Hypoxia

Bleeding out of the
uterus

Fetal hypoxia

Bradycardia

Fetal death

Bleeding

6

5

+

Fig. 42.3 Pathophysiology of amniotic fluid embolism
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42.4.2  Clinical Presentation [7] 
(Table 42.1)

Warning Signs

First phase:
In the first phase, the patient experiences acute 
shortness of breath due to pulmonary hypertension. 
This rapidly progresses to cardiac failure because 
of pressure overload leading to a reduction of per-
fusion to the heart, lungs, and finally brain. Not 

Exposure to amniotic fluid or foetal antigens

Immunological
release of
mediators

Mechanical
obstruction

Complement
system

activation
Coagulation

system
activation

Consumption
coagulopathy

Cardiopulmonary
collapse

and death

Left ventricular failure
Neurological problems - coma, seizures, residual deficits
Acute respiratory distress syndrome
Other organ dysfunction (e.g. Acute kidney injury) 

Suspension

Cardiopulmonary effects

1. Mechanical obstruction of pulmonary veins by amniotic fluid components
2. Anaphylactoid reaction: numerous vasoactive substances (bradykinin, histamine, others) and 
procoagulant substances in amniotic fluid can lead to endothelial activation and massive inflammatory reaction
similar to anaphylaxis.
Due to presence of
• Lag period
• Amniotic fluid debris in non AFES mother
3. Complement activation:  the reason behind why some women tolerate transfer of amniotic fluid 
component with no problem or clinical symptoms and others do not is complement activation does not occur in 
some women.

Acute pulmonary hypertension
Hypoxia

Right ventricular failure

Solution (Biochemical mediators)

Lanugo hair
Vernix caseosa
Fetal squames

Bile stained 
meconium
Fetal gut mucin
Trophoblasts

•
•
•
•

•
•

Surfactant
Endothelin
Leukotrienes C4 & D4
IL-1 and TNF-α
Thromboxane A2
Prostaglandins
Arachidonic acid
Thromboplastin
Collagen and Tissue factor III
Phospholipase A2
PF III

•
•
•
•
•
•
•
•
•
•
•

Fig. 42.4 Proposed hypothesis and mechanisms

Table 42.1 Symptoms of AFE in diagnosed cases

Hypotension 60% Cyanosis 90%
Fetal distress 90% Coagulopathy 50%
Pulmonary edema  
or ARDS

45% Dyspnea 75%

Cardiopulmonary arrest 65% Seizures 15%• Respiratory distress
• Chest pain
• Light-headedness
• Restlessness
• Panic
• Tingling in fingers
• Nausea, vomiting

K. Pandey and A. Singh
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long after this stage, the patient will lose conscious-
ness due to circulatory collapse leading to death of 
mother unless managed on war footing.

Second phase:
About 40% of the initial survivors will pass 

onto the hemorrhagic phase after left heart fail-

ure. The blood loses its ability to clot and there 
is excessive bleeding. Collapse of the cardio-
vascular system leads to fetal distress and 
death unless the child is delivered swiftly 
(Fig. 42.5).

First phase

Pulmonary
vasocostriction

increased
pulmonary
resistance

pulmonary
hypertension

Right heart failure
due to pressure

overload

VIQ Mismatch
Respiratory

failure

Maternal
Mortality

Fetal
Distress

Fetal
Mortality

DIC

MI

Right
Heart
Failure

Left
Heart
Failure

Reactive
hypovolemia

Pulmonary
oedema

Acute CHF

Second
phase

Fig. 42.5 First and second phase of AFE
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Various systemic changes are as follows [4]:

 1. Cardiovascular system: severe pulmonary 
hypertension leading to right heart failure and 
subsequently left heart failure too.

 2. Hematological changes:
Within 4 h there is rise in APTT and PT with 
fall in fibrinogen level.

 3. Respiratory changes:
Hypoxia secondary to:
 (a) Pulmonary vasoconstriction and cardio-

genic pulmonary edema because of left 
heart failure

 (b) Inflammation of pulmonary vasculature 
leading to capillary leak and noncardio-
genic pulmonary edema.

 4. Neurological changes
Encephalopathy and seizures due to hypoxia 
(Fig. 42.6).

42.5  Diagnosis

42.5.1  Diagnostic Criteria for AFI

There is no uniform criteria for amniotic fluid 
embolism which is a diagnosis of exclusion; cur-
rently the most cited ones are those of UKOSS (UK 
Obstetric Surveillance System) and Benson.

In case of sudden postpartum collapse or 
maternal death of unexplained etiology within 
30 min from the onset of birth, AFE should be 
considered as its etiology as per UK registry.

As per UK Obstetric Surveillance System 
(UKOSS) 2010 and Benson [8]:

Pregnant women presenting with cardiovascu-
lar collapse within 48 h after birth or during labor 
and no other clear cause can be elicited, possibil-
ity of AFE to be considered with one or more of 
the following symptoms (Table 42.2).

42.6  Laboratory Diagnosis

There are no specific laboratory tests to diag-
nose AFE:

• Hemodynamic parameters, ECG, blood 
gas analysis, chest X-ray, and laboratory 
tests (including blood count, cardiac 
enzymes, and coagulation tests) and spe-
cific tests such as transesophageal echo-
cardiography (TEE) and ROTEM which 
measures the viscoelastic properties of the 
blood clot.

• Zinc coproporphyrin, sialyl-Tn antigen, trypt-
ase, or C3 and C4 complement and detection 
of insulin-like growth factor- binding protein 
have not been established in routine clinical 
diagnosis but are promising markers.

Fig. 42.6 HRCT of the chest showing ground glass infiltrate in AFE

Table 42.2 Symptoms of AFE for the diagnosis accord-
ing to UKOSS 2010 and Benson [8]

• Hypotension (and/or cardiac arrest)
• Respiratory distress
• Disseminated intravascular coagulation
• Coma and/or seizures
• Acute fetal compromise
• Cardiac arrest
• Cardiac arrhythmia

K. Pandey and A. Singh
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• As fetal cells can be detected in 21–100% of 
pregnant women without AFE, it is not pathog-
nomonic for diagnosis.

Therefore laboratory diagnosis can be divided 
into two categories for confirming diagnosis and 
for treatment monitoring.

For treatment optimization and monitoring:

• Complete blood count.
• Coagulation parameters.
• Including FDP, fibrinogen levels, derranged 

coagulation profile with increased APTT 
and PT and arterial blood gases revealing 
hypoxemia will help in making the diagno-
sis of AFE.

• Spo2, co2, ph, as well as perfusion index is 
measured.

• Chest X-ray may show an enlarged right 
atrium and ventricle and prominent proximal 
pulmonary artery and pulmonary edema.

• V/Q mismatch.
• Echocardiogram may demonstrate acute left 

heart failure, acute right heart failure, or severe 
pulmonary hypertension.

Transesophageal echocardiography is bene-
ficial to demonstrate regional wall motion abnor-
malities and evaluate valve function, ejection 
fraction, right-sided pressures, chamber size, and 
visualization of debris. In two case reports during 
the acute phase of AFE, TEE findings revealed 
severe pulmonary hypertension and acute right 
ventricular failure with a leftward deviation of the 
interatrial and interventricular septa.

42.7  Rotational 
Thromboelastometry

ROTEM test [9] measures the viscoelastic proper-
ties of the blood clot. These properties are presumed 
to represent the coagulation profile of the patient. 
ROTEM assess the rotational changes of a system 
composed of a needle and cup. The blood is placed 
inside the cup and the needle is inserted into the 
blood. While the system rotates, the blood is allowed 
to coagulate. The coagulation process changes the 

rotational properties of the system and a computer 
draws a graph of the events. These are less useful for 
confirming diagnosis but much more so for moni-
toring and treatment optimization (Table 42.3).

42.8  Differential Diagnosis of AFE 
(Table 42.4 and 42.5)

42.8.1  Treatment

42.8.1.1  Targets of Management
 1. Maintaining cardiovascular and pulmo-

nary equilibrium
 2. Systolic blood pressure >90 mmHg
 3. Urine output >25 mL/h
 4. Arterial pO2 >60 mmHg

 (a) Establishing and maintaining uterine 
tone

 (b) Correct coagulation abnormalities 
(Figs. 42.7 and 42.8)

Table 42.3 Required investigations

Treatment optimization and 
monitoring

For confirmation of 
diagnosis [10, 11]

Complete blood count
Coagulation parameter
Arterial blood gases
Chest X-ray
V/Q mismatch
Echocardiogram
Transesophageal 
echocardiography
Rotational 
thromboelastometry
ROTEM test

Cervical histology
Serum tryptase
Serum sialyl-Tn antigen
Zinc coproporphyrin
PMV analysis (if PA 
catheter in situ)

Table 42.4 Differential diagnosis according to the asso-
ciation with pregnancy

Pregnancy-specific 
diagnosis

Incidental causes 
associated with 
pregnancy

Medical 
disorders 
associated with 
pregnancy

Acute 
hemorrhage
Uterine rupture
Eclampsia
Peripartum 
cardiomyopathy

High regional 
block local 
Anesthetic 
toxicity
Air embolism
Anaphylaxis
Transfusion 
reaction

Pulmonary 
embolism
Sepsis
Cardiac 
ischemia
Arrhythmia

42 Amniotic Fluid Embolism
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Prodromal symptoms: sudden cardiopulmonary collapse
/coagulopathy/suspected AFE 

LOGISTICS
Information to

anaesthesiology, surgic
al team, neonatologist
Prepare resuscitation

facilities

EMERGENCY MEASURES:
Safeguard Airway, tracheal intubation, ventilation with

oxygen
Invasive ventilation: Adjust PEEP

Monitoring BP, SpO2, ecg
One - Two large bore I.V. access

Vasopressor support

Adequate Blood Pressure

YES NO

Transfer to ICU Vasopressor support
CPR as indicated

With
adequate
BP and 
oxygen

Persistent uterine
haemorrhage or still BP is not

adequate

If persistent pulmonary arrest
Continue vasopressor support

Cesarean delivery within 5 min if
possible

Signs of DIC:
Consider hysterictomy

Factor 7
Uterine Artery Embolisation

Regular monitoring of treatment: circulation monitoring, rotational
throboelastometry, laboratory testing

Consider other diagnosis
TEE, EMO, Right ventricular

assist device,
cardiopulmonary

bypass, inhaled nitric oxide,
inhaled prostacycin

TREATMENT
Intensive care

monitoring, volum
replacement,

catecholamine
treatment, treatment for
hyperfibrinolysis, admini

stration of fibrinogen
concentrate, red blood

cell
Concentrate, ffp, platelet

Replacement
Uterotonic,

Prostaglandin
inhibitor

Fig. 42.7 Management protocol
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Fig. 42.8 Extracorporeal membrane oxygen system
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42.8.2  Modern Approach

42.8.2.1  Modern Strategies 
for Treatment of AFE

Indication Strategies
Right sided heart failure 
and pulmonary 
hypertension

Right ventricular assist 
device (RVAD); Consider 
ECMO
Inhaled nitric oxide

Pulmonary hypertension 
and severe hypoxia

Inhaled epoprostenol

Left sided heart failure 
and severe hypoxia

Intra-aortic balloon pump 
counter pulsation
Extracorporeal membrane 
oxygenation (ECMO)
Cardiopulmonary bypass

Massive hemorrhage Uterine artery 
embolization
Recombinant factor Vila

Removal of circulating 
amniotic fluid contents 
and improve organ 
perfusion

Continuous hemofiltration
Plasmapheresis
Cell salvage combined 
with blood filtration

Disseminated 
intravascular 
coagulation

Serum protease inhibitors

Anaphylaxis High-dose corticosteroid 
administration

Cardiopulmonary bypass, nitric oxide, and plas-
mapheresis are specific interventions which have 
been described in exceptional circumstances.

In the event of cardiorespiratory arrest, three 
additional considerations should be kept in 
mind during CPR on a pregnant woman [4]:

 1. Left lateral tilt to reduce the impact of aor-
tocaval compression on venous return dur-
ing resuscitation.

 2. Early intubation to secure the airway as 
there is high maternal oxygen consumption 
and reduced FRC.

 3. If there is no response to CPR then after 4 min 
of traditional resuscitation measures and if 
the fetus is over 20 weeks gestation, a peri-
mortem cesarean should be performed with 
the aim of achieving delivery within 5 min.

42.8.2.2  Forensic Postmortem 
Evidence of AFE

Unexpected and sudden maternal death during 
childbirth raises suspicion on diagnosis towards  
AFE, and [13, 14] in 30–40% of cases of histo-

logically confirmed AFE, hemorrhagic shock has 
been found as cause of death [15].

 1. Detection of formed amniotic fluid component 
such as lamellar, adjacent epidermal squames, 
meconium component, or lanugo hairs consti-
tutes histological evidence of AFE [16, 17].

 2. Embolic material is found mainly in pulmo-
nary arterioles and capillaries. Fibrin thrombi 
in connection with amniotic fluid are univer-
sal and can be detected even after a survival 
time of 2 h or more [15].

 3. Conventional stains such as hematoxylin and 
eosin as a surveillance and immunohisto-
chemical staining of fetal epithelial cells using 
cytokeratin is now the standard procedure, 
and representative samples from each lung 
segment should be taken [17].

 4. Morphologically determined severity of 
AFE doesn’t correlate with severity of 
symptoms [15].

 5. An absence of histological evidence of amni-
otic fluid components in the lung following 
clinical manifestation of AFE and maternal 
death rules out AFE; in case of anaphylactoid 
reaction, the transfer of a small histomorpho-
logically undetected amount of amniotic fluid 
into the maternal circulation may be the cause, 
but in such cases there would be no histologi-
cal evidence of DIC [15].

 6. If the mother survives longer, it should be 
borne in mind that as yet there is no reliable 
information on how long amniotic fluid com-
ponents remain in the circulation [15].
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A blood vessel enclosed by lamellar epithe-
lial squames (long dotted arrow) embedded in a 
fibrin thrombus (two transparent arrows). The 
lower part of the picture shows a transparent, 
cylindrical structure corresponding to a lanugo 
hair (short dotted arrow). Hematoxylin and 
eosin staining: 200×. Survival time: 8-h immu-
nohistochemically marked epithelial squames in 
pulmonary arterioles (arrows). Cytokeratin, 
200×.

42.9  Medicolegal Pitfalls

Sudden unexpected death of a pregnant woman 
of unknown cause must be classified as unex-
plained death, and autopsy must be requested; 
not requesting is a pitfall.

Failure to respond is a pitfall. AFE is a clinical 
diagnosis. Steps must be taken to stabilize the 
patient as soon as symptoms manifest.

Failure to perform perimortem cesarean deliv-
ery in a timely fashion is a pitfall.

Failure to consider the diagnosis during legal 
abortion is a pitfall.

42.10  Summary

• AFE is a sudden and unexpected rare but 
life-threatening complication of pregnancy.

• It is one of the leading causes of death 
resulting directly from child birth; case- 
related mortality is 11–44%.

• It has a complex pathogenesis and serious impli-
cations for both mother and infant associated 
with high rates of mortality and morbidity.

• Main risk factors are maternal 
age  >35  years, cesarean section, placenta 
previa, and multiple pregnancy.

• Diagnosis of exclusion.
• Suspect AFE when confronted with any 

pregnant patient who has sudden onset of 
respiratory distress, cardiac collapse, sei-
zures, unexplained fetal distress, and 
abnormal bleeding. Obstetricians should 
be alert to the symptoms of AFE and strive 
for prompt and aggressive treatment.
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Postpartum Maternal Collapse

Smiti Nanda and Deepti Jain

43.1  Introduction

Postpartum maternal collapse is a serious emer-
gency which occurs just after delivery and affects 
the cardiorespiratory system and/or brain. There is 
alteration in the conscious level and death may also 
occur. The incidence of maternal collapse has been 
found to be between 0.14 and 6/1000 (14 and 
600/100,000) births in the United Kingdom, after 
an analysis of severe maternal morbidity and mater-
nal mortality rates in the United Kingdom [1].

Since postpartum collapse is a rare event, it is 
important that the staff in labour room is skilled 
in initial resuscitation techniques, to diagnose the 
cause of collapse and avert morbidity and 
mortality.

43.2  Causes of Maternal Collapse

Postpartum collapse may result from obstetrical 
conditions, i.e. those related directly to preg-
nancy and childbirth [2]. However medical and 
surgical conditions associated with pregnancy 
can also get aggravated during labour and may 
result in collapse.

The Resuscitation Council (UK) employs the 
well-known ‘aide-memoire’ for the common 
reversible causes of collapse, which includes the 
4Ts and the 4Hs [1]. Eclampsia and intracranial 
haemorrhage are two potential causes of collapse 
in pregnant women and hence are being added to 
the list of causes of maternal collapse (Table 43.1).

Here in this chapter, we discuss maternal collapse 
chiefly occurring during labour or just after delivery, 
i.e. postpartum maternal collapse. The causes of 
postpartum collapse are now detailed below.

 1. Haemorrhage
In a pregnant woman, the increase in car-

diac output by about 30–60% till 32–36 
weeks and the hyperdynamic circulation 
results in excessive blood loss from the 
uterus after delivery. If the mother is anae-
mic or there is a coexistent coagulation dis-
order, the blood loss can be more detrimental 
for the mother. Concealed haemorrhage 
often delays action in a woman with collapse 
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Table 43.1 Causes of maternal collapse

S. no 4Hs 4Ts
Specific to 
pregnancy

1 Hypovolaemia Thromboembolism Pre-
eclampsia

2 Hypoxia Toxicity Eclampsia
3 Hypo/

hyperkalemia, 
other 
electrolyte 
disturbances

Tension 
pneumothorax

4 Hypothermia Tamponade

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-10-4953-8_43&domain=pdf
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and needs to be looked for wherever hypovo-
laemia is suspected.

One quarter of all maternal deaths result 
from severe obstetric haemorrhage, and 
hence it is a significant cause of collapse. 
Postpartum haemorrhage can be caused by 
uterine atony and trauma (such as in case of 
uterine rupture, cervical/vaginal lacerations) 
and also due to coagulopathy. Visible haem-
orrhage in a case of collapse is detected ear-
lier and thus with a better salvage rate. 
However in concealed haemorrhage such as 
in caesarean section, in large perineal hema-
tomas, a high degree of suspicion is required 
for early detection and management.

 2. Thromboembolism
It was found to be the commonest cause 

of maternal death in the last CEMACH 
report. There were 41 deaths from thrombo-
embolism (33 pulmonary embolisms and 8 
cerebral venous thromboses) [3].

 3. Amniotic fluid embolism has been found to 
have a frequency of about 7.7 per 100,000 
deliveries, with a mortality rate of about 
60–80% [4].

The classic signs of amniotic fluid embo-
lism are:
• Respiratory distress
• Altered mental state
• Profound hypotension
• Severe hypoxia
• Coagulopathy and eventually death

These symptoms occur during labour or 
within 30 min of delivery.

 4. In the CEMACH report, cardiac disease was 
found to be a significant cause of maternal 
death, responsible for 48 maternal deaths [3]. 
The high-risk cardiac group for postpartum 
collapse includes patients with coronary artery 
disease, pulmonary hypertension, endocardi-
tis, cardiomyopathy and dysrhythmias.

 5. Sepsis
Sepsis is a leading cause of maternal mor-

bidity and mortality in intensive care units. The 
obstetric patient in labour can develop sepsis 
because of associated conditions such as pyelo-
nephritis, chorioamnionitis, endometritis, pan-
creatitis, etc. Sepsis, severe sepsis and finally 
septic shock lead to collapse. Streptococci 

groups A, B and D, pneumococcus and 
Escherichia coli are the common pathogens 
responsible for sepsis in obstetrics [1].

 6. Drug Toxicity/Overdose
Drugs used in anaesthesia and labour room 

should be classified and stored in labelled con-
tainers to avoid inadvertent faulty administra-
tion in a hurry. Magnesium sulphate given in a 
patient with renal impairment, opioids and local 
anaesthetic agents given intravenously by mis-
take are the drugs causing overdose or toxicity.

 7. Eclampsia
The occurrence of seizures in a pregnant 

woman with a history suggestive of pre- 
eclampsia can lead to an early diagnosis of 
eclampsia. In a woman with seizures and 
collapse, in the absence of hypertension and 
albuminuria, epilepsy or other neurological 
causes should be looked for.

 8. Intracranial Haemorrhage
Patients with uncontrolled hypertension, 

particularly systolic hypertension, may 
develop intracranial haemorrhage during 
labour or after delivery. However intracra-
nial haemorrhage may also occur from rup-
tured aneurysms and arteriovenous 
malformations.

 9. Anaphylaxis
Anaphylaxis is referred to a severe sys-

temic hypersensitivity reaction with respira-
tory, cutaneous, circulatory and gastrointestinal 
disturbance, followed by collapse. The inci-
dence of anaphylaxis is between 3 and 10/1000 
and a mortality rate of around 1% [5].
• A patient with anaphylaxis may develop 

severe airway and/or breathing and/or cir-
culatory disturbance.

• The skin and muscle may show general-
ized flushing, urticaria and angioedema.

 10. Acute Inversion of the Uterus
Acute inversion often occurs when deliv-

eries are conducted at home by untrained 
helpers. The uterus is pulled inside out when 
traction is applied on the umbilical cord 
before placental separation has been 
achieved. Inversion uterus may result in col-
lapse because of a vasovagal reaction. A fatal 
haemorrhage may also ensue following uter-
ine inversion leading to collapse.
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 11. Miscellaneous
Maternal collapse following delivery may 

occur due to hypoglycaemia and other meta-
bolic/electrolyte disturbances. Pregnant women 
with diabetes or renal insufficiency are espe-
cially susceptible to electrolyte disturbances. 
Airway obstruction because of aspiration or for-
eign body may also lead to collapse (Fig. 43.1).

43.3  Management of Maternal 
Collapse

For management of maternal collapse, resuscita-
tion is the initial basic step, followed by ascertain-
ing the cause of collapse, and then appropriate 
steps are taken to correct the underlying disorder 
(Fig. 43.2).

CAUSES

Eclampsia,
Intracranial
haemorrhage  

Pulmonary embolism
Amniotic fluid
embolism   

Anaphylaxis
Trauma

Drug Toxicity - Local
anaesthetic drugs,
magnesium sulphate    

Sepsis
Supine Hypotension
(spinal anaesthesia) 

Cardiac Causes
Aortic Dissection 

Hypoglycemia 
Acute inversion
uterus

Haemorrhage:
Postpartum
haemorrhage,
Splenic,hepatic   

Fig. 43.1 Causes of postpartum collapse
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Call Anaesthetist, Obstetrician, intensivist

PULSE OXYMETRY
BLOOD PRESSURE

OPEN AIRWAYS

Raise footend if  suspecting haemorrhage,
hypotension a

CPR 30:2, UNTILL  DEFIBRILLATOR / MONITOR ATTACHED,
100 % OXYGEN, INTUBATE  EARLY, INSERT TWO CANNULAE
(WIDE BORE )     

CPR  GIVES NO RESPONSE
AFTER 4 MIN  

Decide with Anaesthetist
to continue /stop CPR 

ASSESS RHYTHM

SPONTANEOUS BLOOD
CIRCULATION STARTS

START POST CARDIAC
ASSESSMENT, OXYGENATION,
VENTILATION,TREAT CAUSE,
12 LEAD ECG     

IF DYSARRYTHYMIA

CALL CARDIAC TEAM 

Fig. 43.2 Management of postpartum collapse (algorithm)
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43.4  Maternal Resuscitation

In 2010, the UK Resuscitation Council formu-
lated guidelines for resuscitation in a patient with 
collapse, and these are now recommended for use 
in pregnant women with collapse [6].

43.4.1  Basic Steps in Resuscitation 
in Obstetric Collapse

‘Call for help’ is the basic requirement when col-
lapse occurs in labour room. A consultant obste-
trician, anaesthetist, haematologist and intensivist 
need to be called urgently as soon as the informa-
tion regarding a collapse case is received from 
the labour room. The ABCDE approach is fol-
lowed with.

 Step 1. Airway
An endotracheal tube should be 

inserted as quickly as possible to facili-
tate good oxygen delivery and effective 
ventilation.

 Step 2. Breathing
100% oxygen should be provided by 

endotracheal tube. However till the time 
intubation has not been achieved, oxygen 
should be given with bag and mask, and 
chest compressions are begun and per-
formed in a ratio of 30 compressions:2 
ventilations.

 Step 3. Circulation
 (a) At the outset, as a clear airway has 

been ensured. Chest compressions 
should be started immediately. Chest 
compressions are performed vigor-
ously and continued till an adequate 
cardiac output and cardiac rhythm is 
restored. The hands should be placed 
over the Centre of the chest, and the 
chest is compressed at right angles to 
the chest wall to a depth of 5 cm but 
less than 6 cm. Chest compressions 
and ventilations are performed in a 
ratio of 100:10 per minute.

 (b) Two wide gauge canulae are inserted 
and intravenous fluids given aggres-

sively, if haemorrhage is suspected. 
However, in a case of pre-eclampsia 
or eclampsia, careful volume of fluid 
should be given to prevent fluid 
overload.

 (c) If cardiac rhythm is not restored, a 
defibrillator is used in similar set-
tings as for the nonpregnant patient.

 Step 4. Drugs
The drugs should be used in the same 

algorithm and doses as in any other 
patient with collapse.

A resuscitation emergency tray con-
taining life-saving drugs such as nor-
adrenaline, adrenaline, dobutamine, 
dopamine, atropine, hydrocortisone, 
oxytocin, Methergin, midazolam, 
frusemide, Epsolin and labetalol should 
always be kept ready for use.

Resuscitation should be continued 
until a decision to stop the same is taken 
by the consultant anaesthetist and 
obstetrician.

 Step 5.  After the patient has been resuscitated, 
efforts should now be made to quickly 
diagnose the cause of collapse which 
should then be treated accordingly. A 
quick history is taken which includes ill-
nesses associated with pregnancy like 
heart disease, diabetes and anaemia. The 
history of similar occurrences in previ-
ous deliveries is elicited as conditions 
like peripartum cardiomyopathy tend to 
recur in future deliveries. An inquiry 
regarding surgeries such as caesarean 
section, hysterotomy and myomectomy 
is made, as the scarred uterus may have 
ruptured during labour. The antenatal 
chart is studied to learn about events of 
pregnancy like pre-eclampsia, severe 
anaemia, hypertension, pyelonephritis or 
antepartum haemorrhage, which may 
have contributed to the present collapsed 
state. The record of labour is checked to 
know about intrapartum haemorrhage, 
excessive use of uterotonics like oxyto-
cin and misoprostol and instrumentation 
in the second stage such as vacuum or 
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forceps application. Drugs administered 
during labour like narcotic analgesics, 
magnesium sulphate and antibiotics are 
taken note of, which may have caused 
overdose toxicity, respiratory depression 
or anaphylaxis. In the history of the third 
stage of labour, events like undue pulling 
on the cord before placental separation, 
third stage haemorrhage, manual removal 
of placenta, breathlessness and convul-
sions are also searched for.

The general physical examination of 
the mother is done recording the rate and 
volume of pulse, blood pressure, oxygen 
saturation and level of consciousness. 
The cardiac and respiratory functions are 
then assessed. A churning sound in the 
heart, if heard, is suggestive of air embo-
lism. On auscultation of the chest, rales if 
present are suggestive of pulmonary 
oedema. The uterine contour is checked 
on examination of the abdomen. A firm 
and rounded, contracted uterus rules out 
atonic postpartum haemorrhage and 
inversion uterus. Free fluid may be felt on 
abdominal examination in case of intra-
peritoneal haemorrhage. An inspection of 
the vulva is done to see if haemorrhage is 
still continuing. After the delivery of pla-
centa, pelvic examination is done to look 
for cervical tears, vaginal lacerations and 
incomplete inversion of the uterus.

43.5  Management of the Cause 
of Collapse

 1. Haemorrhage
Postpartum haemorrhage should first be 

managed aggressively with blood transfu-
sion. Further treatment is given, depending 
upon the aetiology whether it is atonic, trau-
matic or coagulopathy. If haemorrhage is 
due to an atonic uterus, the management 
includes bimanual uterine compression, sys-
tematic stepwise use of interventions to stop 
bleeding with uterotonics (oxytocin, 

15-methyl prostaglandin F2 alpha, misopro-
stol, ergometrine), uterine tamponade with 
balloon, insertion of brace suture), advanced 
surgical interventions (uterine devasculariza-
tion by ligation of uterine or internal iliac 
arteries), interventional radiology and defini-
tive surgery (hysterectomy). In case of trau-
matic postpartum haemorrhage, bleeding is 
stopped with suturing of vaginal or cervical 
tears, evacuation of perineal haematomas 
and repair of vaginal vault or uterine rupture. 
In case of suspected coagulation disorders, 
fresh blood and blood components are uti-
lized to combat haemorrhage.

 2. Venous Thromboembolism
Pulmonary embolism just after delivery 

presents with shock, refractory hypoxemia 
and/or right ventricular dysfunction on echo-
cardiogram. Following resuscitation, in the 
women with pulmonary embolism, intrave-
nous unfractionated heparin is the preferred 
treatment, because of its quick onset of 
action and extensive use in this situation.

In massive life-threatening pulmonary 
embolism with haemodynamic compromise 
(or with limb or life-threatening ischaemic 
complications from extensive iliofemoral 
vein thrombosis), thrombolytic therapy is 
considered [7].

In high-risk obstetric patients such as 
those with obesity and hereditary or acquired 
thrombophilias, thromboprophylaxis may 
help in reducing maternal morbidity and 
mortality.

 3. Eclampsia
Magnesium sulphate protocol should be 

started for eclampsia. The blood pressure 
should be lowered as soon as possible using 
an intravenous agent such as labetalol. Fluid 
balance is important, and since there is gen-
eralized vasoconstriction, overloading is to 
be avoided. Further investigations should be 
considered urgently to establish if other sys-
tems are involved in the process such as 
thrombocytopenia and hepatic or renal dys-
function. Brain imaging is required urgently 
in case of repeated seizures or focal neuro-
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logical deficit, suggesting possible intracra-
nial pathology.

 4. Amniotic Fluid Embolism
The primary goal of management of 

amniotic fluid embolism includes cardiopul-
monary stabilization in order to maintain 
vascular perfusion and prevent hypoxia. 
Fresh blood and blood products are arranged 
pre-emptively, as coagulopathy often follows 
amniotic fluid embolism.

 5. Coagulopathy
In the patient with evidence of coagula-

tory dysfunction, fresh frozen plasma should 
be infused aggressively. Other therapies like 
steroids, heparin, plasmapheresis and hae-
mofiltration have been tried but clear evi-
dence is still lacking.

 6. Cardiac Disease
After the collapsed mother has been 

resuscitated, cardiac disease is managed by 
the hospital cardiology team.

In a case of myocardial infarction, anti-
thrombin therapy can be given, although 
with a risk of placental site haemorrhage. If 
required, percutaneous angioplasty can be 
performed as a definitive treatment modal-
ity [8].

 7. Sepsis
The guidelines given by surviving sepsis 

campaign for the management of sepsis can 
be utilized in cases with postpartum collapse 
also. Survival rates in severe sepsis can be 
improved by giving appropriate antimicro-
bial therapy very quickly in the initial hours 
of sepsis along with rapid resuscitative 
efforts.
• Serum lactate is measured.
• Blood cultures and culture swabs are 

taken prior to antibiotic therapy.
• Broad spectrum antibiotics are adminis-

tered early, preferably within the first hour 
of diagnosis of severe sepsis and shock.

• If patient is in hypotension and/or lactate 
is 7.4 nmol/L or more:
 (a) 20  mL/kg of crystalloid/colloid is 

transfused.

 (b) When adequate volume or fluid has 
been transfused, blood pressure is 
managed with vasopressors (norepi-
nephrine, epinephrine) and or inotro-
pic drugs (e.g. dobutamine) to 
maintain mean arterial pressure above 
65 mmHg.

 (c) In refractory hypotension, steroids 
can be used.

•  Oxygen saturation is maintained with 
facial oxygen. If haemoglobin is below 
7 g/dL, blood transfusion is given.

•  The focus of sepsis is now removed 
and thromboprophylaxis may be given 
[9].

 8. Drug Overdose Toxicity
 (a) Magnesium sulphate toxicity is treated 

with 10  mL of 10% calcium gluconate 
given slowly intravenously.

 (b) Systemic local anaesthetic agent toxicity 
is now managed with lipid rescue.

Cardiac arrest due to local anaesthetic 
toxicity not responding to standard 
therapy is now being treated with an 
intravenous infusion of 20% lipid ther-
apy [10].

 9. Intracranial Haemorrhage
A diagnosis should be established with an 

expert neuroradiology team and the patient 
managed depending upon the diagnosis 
made after imaging.

 10. Anaphylaxis
• Anaphylaxis is treated with 500  μg 

(0.5  mL) of 1:1000 adrenaline given by 
intramuscular route.

• Adrenaline treatment can be repeated 
after 5 min if there is no response.

• Chlorpheniramine 10 mg and hydrocorti-
sone 200 mg can be given both intramus-
cularly and slowly intravenously [11, 12] 
(Fig. 43.3).

• All cases of postpartum maternal col-
lapse should be reviewed by a team of 
experts and new hospital guidelines for-
mulated to insure better salvage rates in 
the future.
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Adult Cardiac Arrest Algorithm–2015 Update

1

2

3

4

9

5

6 10

11

7

8

12

Start CPR
Give oxygen
Attach monitor/defibrillator

Asystole/PEA

Rhythm
shockable?

Rhythm
shockable?

Rhythm
shockable?

Rhythm
shockable?

Rhythm
shockable?

VF/pVT

CPR 2 min

IV/IO access

IV/IO access
Epinephrine every 3-5 min
Consider advanced airway,
capnography

Epinephrine every 3-5 min
Consider advanced airway,
capnography

CPR 2 minCPR 2 min

CPR 2 minCPR 2 min
Amiodarone
Treat reversible causes

Go to 5 or 7If no signs of return of
spontaneous circulation
(ROSC), go to 10 or 11
If ROSC, go to
Post-Cardiac Arrest Care

CPR Quality

Push hard (at least 2 inches
[5 cm]) and fast (100-120/min)
and allow complete chest recoil.

Minimize interruptions in
compressions.
Avoid excessive ventilation.
Rotate compressor every
2 minutes, or sooner if fatigued.
If no advanced airway,
30:2 compression-ventilation
ratio.

Quantitative waveform
capnography
– If PETCO

2
 <10 mm Hg, attempt

  to improve CPR quality.

Intra-arterial pressure
– If relaxation phase (dia-
stolic) pressure <20 mm Hg,
attempt to improve CPR
quality.

Shock Energy for Defibrillation

Biphasic: Manufacturer
recommendation (eg, initial
dose of 120-200 J); if unknown,
use maximum available.
Second and subsequent doses
should be equivalent, and higher
doses may be considered.

Monophasic: 360 J

Drug Therapy

Epinephrine IV/IO dose:
1 mg every 3-5 minutes
Amiodarone IV/IO dose: First
dose:300 mg bolus. Second
dose: 150 mg.

Advanced Airway

Endotracheal intubation or
supraglottic advanced airway

Waveform capnography or
capnometry to confirm and
monitor ET tube placement

Once advanced airway in place,
give 1 breath every 6 seconds
(10 breaths/min) with continuous
chest compressions

Return of Spontaneous
Circulation (ROSC)

Pulse and blood pressure
Abrupt sustained increase in
PETCO

2
 (typically ≥40 mm Hg)

Spontaneous arterial pressure
waves with intra-arterial
monitoring

Reversible Causes

Hypovolemia
Hypoxia
Hydrogen ion (acidosis)
Hypo-/hyperkalemia
Hypothermia
Tension pneumothorax
Tamponade, cardiac
Toxins
Thrombosis,pulmonary
Thrombosis, coronary

Treat reversible causes

Yes

Yes

Yes

Yes

Yes
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Fig. 43.3 Steps of CPR (AHA guidelines) [14]
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43.6  Prevention

Good antenatal care can help identify many risk 
factors. Identification of risk factors, involve-
ment of specialists from related fields, careful 
management in labour such as following the 
partogram, wise decision-making during the 
second stage of labour regarding operative pro-
cedures and close watch for vitals and haemor-
rhage in the third stage can go a long way in 
preventing the catastrophic condition of col-
lapse. Lastly, if collapse does occur, aggressive 
stepwise resuscitation, diagnosis and treatment 
of the cause leading to collapse can help in pre-
venting maternal mortality and giving us better 
salvage rates [13].
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Postpartum Sepsis

Madhu Nagpal

44.1  Introduction

Maternal sepsis contributes to nearly 10–15% of 
maternal morbidity and 8–10% of maternal mor-
tality. It is still responsible for poor general health 
of women in developing countries [1]. The mater-
nal sepsis is seen in 0.1–0.6 per 1000 deliveries in 
developed countries resulting in high mortality 
rate of 10% [2]. In developing world, the inci-
dence of sepsis varies from 0.03% to 0.7% con-
tributing to almost one third of all maternal 
deaths [3]. As per WHO fact sheet 2010 [4], sep-
sis results in maternal mortality in 8%. In India it 
is still a direct cause of death in 13% as per report 
of ICMR [5]. There are many reasons for it, one 
being late recognition of severe sepsis and late 
arrival at the referral site, despite intensive plan-
ning in policy making and interventions adopted 
during policy implementation. A decline in num-
ber of total maternal mortality by 4.5% annually 
has been observed due to improved maternal 
healthcare in the last few years, although pro-
posed decline of 5.5% has not been achieved to 
meet WHO-defined millennium development 
goal 5 (MDG-5).

44.2  Definition

Postpartum sepsis is defined as any genital tract 
infection which occurs within 28 days of miscar-
riage, induced abortions and childbirth. Any 
maternal fever more than 38 °C on 2 successive 
days in the first 10 postpartum days excluding the 
first 24 h indicates puerperal infection. Although 
institutional deliveries are being encouraged 
where aseptic norms for childbirth are observed 
rigidly now, incidence of sepsis after delivery is 
significantly high. The number of illegal abor-
tions has also declined due to strict observance of 
norms of MTP Act and PC-PNDT Act.

44.3  Sepsis

Sepsis is broadly defined as infection leading to 
systemic inflammatory response syndrome in 
various intensities from mild to severe. It is mild 
when there is initial inflammatory response rep-
resented by pyrexia and pain. It is called severe 
sepsis when it has either induced tissue hypoper-
fusion recognizable as systolic blood pressure 
being <90 mmHg, MAP <70 mmHg, SBP fall by 
>40 mmHg or SBP being <2SD below normal for 
patient’s age after excluding other causes of 
hypotension, increased lactate levels and oligu-
ria. Septic shock is defined as severe hypotension 
as a result of severe sepsis which becomes refrac-
tory to fluid resuscitation, further progressing to 
multiorgan dysfunction syndrome (MODS).
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44.4  Sepsis and Pregnancy 
Physiology

Pregnancy is a special situation where maternal 
physiological changes are significantly altered with 
a little reserve for compensation in case of sepsis. 
The cardiovascular system undergoes hyperdy-
namic circulatory changes with increased blood 
volume, increased cardiac output and reduced sys-
temic vascular resistance. There is decrease in 
albumen levels predisposing to pulmonary oedema 
due to hyperpermeability of capillaries and 
increased minute ventilation leading to fluid shift to 
third space. The respiratory system changes bring 
mild respiratory alkalosis with mild metabolic aci-
dosis with little compensatory reserve in sepsis. All 
the more the interpretation of physiological limits 
is individually variable and ill defined.

44.5  Sepsis Microbiology

The causative organisms are a spectrum of aero-
bic Gram-positive as well as Gram-negative bac-
teria besides anaerobic infections.

The common aerobic Gram-positive bacteria 
are beta-haemolytic streptococci—groups A, B 
and D, Streptococcus faecalis, Staphylococcus 
aureus and enterococci. The Gram-negative 
intestinal bacilli are Escherichia coli, Proteus 
mirabilis and Klebsiella pneumoniae. The Gram 
variable organism is Gardnerella vaginalis. The 
anaerobic group includes commonly 
Peptococcus, Peptostreptococcus, anaerobic strep-
tococci, Bacteroides fragilis, Bovis and fusobacte-
ria. Some uncommon infections of Clostridia 
group as Cl. welchii and Cl. tetani and others 
from Mobiluncus species and Prevotella species 
may occur. Some specific organisms in obstetri-
cal practice are Chlamydia trachomatis, 
Mycoplasma hominis and Neisseria gonorrhoeae.

44.6  Sepsis Pathology

The normal flora inhabiting the lower genital 
tract or neighbouring urinary or anal tract acts as 
an inoculum on the devitalized, traumatized 

mucosal surface or raw placental site, which pro-
motes bacterial proliferation and spreads into the 
bloodstream to manifest as clinical infection.

Puerperal infection is usually multimicrobial 
causing endometritis/endomyometritis originat-
ing from sloughed out infected decidua, placental 
site and underlying myometrium. It spreads out 
via the bloodstream and lymphatics and by conti-
guity. There occurs inflammation of pelvic cellu-
lar tissues as well as exudation and pus formation 
presenting as infected adnexal masses. The resul-
tant parametritis may spread as pelvic cellulitis 
and peritonitis and form pelvic abscess with a 
collection in the pouch of Douglas, trying to 
spread into generalized peritoneal cavity as well 
as subhepatic region under the diaphragm. The 
salpingitis whether perisalpingitis, interstitial 
salpingitis or sometimes endosalpingitis may 
form tubo-ovarian abscess and rupture. The 
broad ligament abscess may point towards ingui-
nal ligament. The severe form of infection may 
exhibit as septicaemia and septicaemic endotoxic 
shock. The exotoxins of Staphylococcus aureus 
in puerperium may cause toxic shock syndrome. 
At times, necrotizing fasciitis may occur due to 
Group B haemolytic streptococci or due to poly-
microbial infection.

44.7  Pathogenesis

It is related to interaction of host factors with 
infecting organisms and type of procedural inter-
ference. The mechanism is a host response initia-
tion leading to hyperinflammation as systemic 
inflammatory response syndrome (SIRS) stimu-
lating resultant compensatory anti-inflammatory 
response of complement system and coagulation 
cascade. This provokes acute phase reaction with 
leucocyte recruitment and oxidative stress. There 
occurs leukocyte apoptosis with microcirculatory 
dysfunction and metabolic alterations of the 
autonomic nervous system causing 
 neuroendocrinal reaction and multiorgan dys-
function or failure.

The host factors are local tissue factors which 
are related to tissue necrosis or haematoma result-
ing in  local hypoperfusion and resultant loss of 
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tissue integrity. Various cellular energy processes 
are disturbed resulting in damage of local endo-
thelial, parenchymal or immune competent cells, 
thus affecting membrane permeability; cellular 
electrolyte transfer involving Na, K and calcium; 
as well as release of neurotransmitters or hor-
mones. This activates various cytokines, lipid per-
oxidation and release of free radicals and enzymes 
like phospholipases, proteases and endonucleases 
resulting in membrane disintegration and DNA 
damage. This causes apoptosis and necrosis of 
local endothelial, parenchymal and immune cells. 
The systemic factors are related to severity of tis-
sue insult, haemorrhagic shock as well as insuffi-
cient lactate clearance. The injury factor depends 
on site of injury like abdominal or vaginal, so type 
of mutilation, extent of tears, lacerations and 
operative interventions are important factors. The 
therapeutic factors include any delay in recogniz-
ing injury, delayed institution of antibiotics and 
delay in doing reparative procedures. The other 
issues are need of ventilation, prolonged ICU 
stay, massive blood transfusions or occurrence of 
resistant nosocomial infections. The individual 
patient factors are also related to genetic predis-
position to exaggerated inflammatory response 
and coagulation cascade due to gene polymor-
phisms of TNF β2/β2 and heat shock protein 
70-2A/A genotypes resulting in increased mortal-
ity of septic patients. The patient may be diabetic, 
may be alcohol and drug user or may be suffering 
from chronic renal insufficiency or chronic 
obstructive airway disease besides having 
immunosuppression.

The infective organisms are usually from the 
perineum and vagina, and the invasion is due to 
inadequate levels of asepsis observed or improper 
tissue handling during surgical procedures where 
tissue devitalization has occurred due to pro-
longed operative time or where it has already 
been a handled case from domiciliary settings.

44.8  Risk Factors

They are many antenatal factors like miscar-
riage, prolonged rupture of membrane, chorio-
amnionitis, preterm labour, poor economic status, 

malnutrition, obesity, anaemia, diabetes, upper 
respiratory tract infection in the subject and her 
close associates, winter season, previous history 
of pelvic infection, genital tuberculosis, drug 
abuse and immunosuppression. Some intrapar-
tum factors are prolonged labour with ruptured 
membranes, repeated per vaginum examinations, 
difficult instrumental delivery, emergency cae-
sarean section, postpartum haemorrhage, manual 
removal of placenta, exploration for retained 
products of conception, unhygienic conditions at 
birth place and lack of aseptic precautions. Many 
a times the risk factors are more than one, so risk 
of developing severe sepsis is compounded, e.g. 
with diabetes and obesity requiring emergency 
caesarean—the risk of developing severe sepsis 
is more than the nondiabetic subject. Some social 
and demographic factors prevalent in developing 
countries in low-resource settings are traditional 
birth attendant practices, unclean domiciliary 
childbirth, delayed recognition of sepsis, poor 
accessibility to healthcare, lack of awareness and 
social taboos.

44.9  Clinical Symptomatology

Clinical features reflect the severity of underlying 
pathology. The subject complains of low-grade 
fever, pain in the lower abdomen and associated 
uterine tenderness in endometritis. With endo-
myometritis, the fever may be high grade with 
rigors with significant tachycardia where per 
vaginum examination reveals subinvoluted ten-
der uterus with foul smelling lochia. This with 
parametrial tenderness may represent parametri-
tis where per vaginum examination reveals poste-
rior fornix tenderness, induration and nodularity 
explaining uterosacral ligament involvement jus-
tifying abdominal and pelvic pain both. The exci-
tation pain on cervical motion is indicative of 
parametritis and pelvic peritonitis. The toxic look 
of patient with all of the above symptoms and 
presence of loose stools may suggest pelvic 
abscess formation which on P/V and P/R exami-
nation is seen as a bulge in posterior fornix due to 
collection in the pouch of Douglas. The most 
severe presentation is in situation of surgical 
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complications due to injury of the bowel or blad-
der, septicaemic shock with multiple organ fail-
ure resulting in renal and hepatic impairment and 
coagulation failure as terminal end disease.

44.10  Septic Shock

It is due to toxins liberated in the bloodstream 
leading to septicaemia. The first stage is revers-
ible and has two phases. The initial phase is warm 
phase due to vasodilatation where hypotension is 
associated with fever 101–105  °F with rigors, 
tachycardia, tachypnoea and flushed skin. The 
patient is usually alert. Oliguria may ensue. 
Leucopenia exists. The latter phase is that of 
vasoconstriction where the patient has cold 
clammy skin, subnormal temperature, bradycar-
dia, cyanosis, occasional jaundice, disseminated 
intravascular coagulopathy (DIC) and oliguria. 
Leucocytosis exists.

The second stage is irreversible due to pro-
longed cellular hypoxia resulting in metabolic 
acidosis, acute renal failure, cardiovascular fail-
ure, pulmonary oedema, adrenal failure exhibited 
as multiorgan dysfunction syndrome (MODS) 
and finally death.

This needs differentiation from amniotic fluid 
embolism, pulmonary embolism, adult respira-
tory distress syndrome and myocardial 
infarction.

Grossly sepsis can be graded as:

• Grade I—when sepsis is limited to the uterus 
only

• Grade II—when it is beyond the uterus but 
limited to the pelvis

• Grade III—when it is beyond the pelvis pre-
senting as generalized peritonitis, endotoxic 
shock, acute renal failure and jaundice

44.11  Diagnosis

History of exact chronology of the events lead-
ing to sepsis is very important and all details 
questioned from the subject or the relatives. The 
type of childbirth process, settings in which it 

was done and also if any complication occurred 
for which any added intervention was performed 
are enquired. The information related to urinary 
and bowel function is recorded. The associated 
obstetrical complication with preexisting medi-
cal or surgical comorbidity should be considered 
while planning further management. If the 
patient has been received from outside, the refer-
ral notes should be thoroughly checked to note 
antibiotics given, record of any drug allergy and 
blood transfusions in view of existing clinical 
status.

Examination—Thorough general physical 
examination is performed and vitals are moni-
tored. The urine output and proper bowel func-
tion are ascertained. Per abdomen as well as per 
vaginum examination is done to know pelvic 
findings related to the vagina, cervix, uterus and 
adnexa. Per rectum examination is done for any 
additional information. The derangement of clin-
ical parameters is proportionate to the severity of 
sepsis and organ damage.

The additional findings of middle ear infec-
tion or sinusitis potentiating CNS involvement, 
rectal or vaginal pain or discharge indicating 
genital tract infections, upper respiratory tract 
infections or respiratory symptoms indicating 
group A streptococcus or influenza are 
important.

The following “red flag” signs and symptoms 
should be considered important for early diagno-
sis and assessment for underlying sepsis as per 
Centre for Maternal and Child Enquiries 
(CMACE) UK report 2011 [6]. If the woman 
looks anxious and sick and presents with persis-
tent vaginal bleeding and pain in the lower abdo-
men in the postpartum period, sepsis should be 
ruled out first.

The definitive signs of sepsis are:

• Hyperthermia >38  °C or unexplained 
hypothermia

• Persistent tachycardia >100/min
• Dyspnoea particularly a respiratory rate >20/

min
• Pain abdomen or chest pain
• Vomiting and/or diarrhoea
• Pain and tenderness in renal angle
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• Significant vaginal discharge/foul smelling 
infected lochia

• Uterine tenderness

The observations of an inpatient should be 
marked on a Modified Early Obstetric Warning 
Score (MEOWS) chart [7] by the resident staff 
and appropriately observed more frequently, 
alerting senior obstetricians so that periodical 
review is done. If early signs are recognized in 
time, then critical and advanced problematic situ-
ations can be avoided and timely intervention 
instituted by involving senior multispecialty team 
members from anaesthesia, obstetrics, critical 
care and microbiology department.

The MEOWS chart drafted after the seventh 
CEMACH report [8] is commonly used. It has a 
“track and trigger” system, where, if a parameter 
falls outside a defined range, a response is trig-
gered. As for monitoring of sepsis, temperature, 
blood pressure, respiratory rate, oxygen satura-
tion, conscious level (using the Awake, Voice, 
Pain, Unresponsive scale) and pain scores should 
be charted 12 hourly.

A trigger is marked as severe, red parameter, 
or less severe, yellow trigger. The appropriate 
actions include more intensive and frequent 
observations with periodical clinical review. The 
MEOWS parameters are documented as (see 
Annexure 1):

Red trigger
Yellow 
trigger

•  Temperature, °C <35 or >38 35–36
•  Systolic BP, 

mmHg
<90 or >160 150–160 

or 90–100
•  Diastolic BP, 

mmHg
>100 90–100

•  Resp. rate, 
breaths/min

<10 or >30 21–30

•  Heart rate, beats/
min

<40 or >120 100–120 
or 40–50

•  Oxygen 
saturations, %

<95

• Pain score 2–3
•  Neurological 

response
Nonresponsive  to 
pain stimulus/voice

The response to this observation necessitates 
accelerating the action for starting oxygen 

10 L/min and recording parameters every half 
an hour. The specialist obstetric and anaesthetic 
team members can review observations and 
revise prescription after repeat history and 
examination. The MEOWS triggers can predict 
maternal morbidity with a sensitivity of 89% 
and specificity of 79%. The positive p-value 
was slightly lower at 39%, but the negative 
p-value was as high as 98%, suggesting its ben-
eficial role in recognizing sepsis early in 
patients with abnormal physiological parame-
ters [7]. This is useful in reducing maternal 
death. The decision to refer to a tertiary care 
and intensive management can be made. The 
referral document should be properly scruti-
nized and detailed clinical history and examina-
tion findings recorded.

The diagnostic criteria for infection are as fol-
lows as per Surviving Sepsis Campaign—
International guidelines for management of 
severe sepsis and septic shock [9]: General vari-
ables are:

• Temperature (>38.0  °C), hypothermia (core 
temperature <36 °C)

• Pulse rate >90/min
• Resp. rate (>20 breaths/min)
• Altered mental status
• Significant oedema or positive fluid balance 

(>20 mL/kg over 24 h)
• Hyperglycaemia (plasma glucose >140 mg/dL 

or 7.7 mmol/L) in the absence of diabetes

Inflammatory variables are:

• WBC count >12,000/μL, WBC count <4000/
μL

• Plasma C-reactive proteins value >2 SD above 
the normal value

• Plasma procalcitonin value >2 SD above the 
normal

Haemodynamic variables are:

• Arterial hypotension (SBP <90  mmHg, 
MAP <70  mmHg or an SBP decrease 
>40 mmHg)
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Organ dysfunction variables are:

• Arterial hypoxaemia (PaO2/FIO2 <300)
• Acute oliguria (urine output <0.5 mL/kg/h for 

at least 2  h despite adequate fluid 
resuscitation)

• Serum creatinine level rise >0.5  mg/dL or 
44.2 μmol/L

• Coagulation abnormalities (INR >1.5 or 
APTT >60 s)

• Thrombocytopenia (platelet count <100,000/
μL)

• Hyperbilirubinemia (plasma total bilirubin 
>4 mg/dL or 70 μmol/L)

• Paralytic ileus (absent bowel sounds)

Tissue perfusion variables are:

• Hyperlactatemia (>1 mmol/L)
• Decreased capillary refill or mottling

Features of severe sepsis or sepsis-induced tis-
sue hypoperfusion or organ dysfunction/sepsis- 
induced hypotension are:

• Lactate levels >2 mmol/L
• Urinary output <0.5  mL/kg/h for more than 

2 h despite adequate fluid resuscitation
• Acute lung injury with PaO2/FIO2 <250 in the 

absence of pneumonia
• Acute lung injury with PaO2/FIO2 <200 in the 

presence of pneumonia
• Serum creatinine level >2.0  mg/dL 

(176.8 μmol/L)
• Serum bilirubin >2 mg/dL (34.2 μmol/L)
• Platelet count <100,000/μL
• Coagulopathy as international normalized 

ratio (INR) >1.5

The organ system function is represented as 
per below:

Central nervous system Glasgow coma score
Respiratory system PaO2/F1O
Cardiovascular system Blood pressure  measure
Haematological system Platelet count
Hepatic function Serum bilirubin level
Renal function Serum creatinine level
Gastrointestinal system No appropriate parameter 

available

44.12  Investigations

The requisitioned laboratory tests are directed 
towards appropriate diagnosis, treatment, prog-
nosis and prevention of organ damage.

Complete blood count—Hb, PCV,TLC, DLC, 
platelet count, blood sugar, liver function tests, 
renal function tests, thyroid function tests, 
C-reactive protein, viral markers, serum electro-
lytes (Na, K, calcium, coagulation profile), pro-
thrombin index, FDP, procalcitonin, serum 
lactate levels, Rh ABO, peripheral blood film for 
malarial parasite. Blood is sent for culture sensi-
tivity testing.

Urine tests—Routine albumin, sugar, micro-
scopic examination for pus cells, bile products, 
urinary protein quantification, calcium creatinine 
ratio and urine culture sensitivity is done.

Vaginal endocervical swab for culture sensi-
tivity of aerobic and anaerobic bacteria is sent.

Ultrasonography is done for total abdomen 
and pelvis to ascertain pathology of genital 
organs like retained products, adnexal masses 
and pelvic abscess. Colour Doppler for suspected 
thrombosis of leg and pelvic veins is a useful 
investigation.

Chest X-ray—reveals atelectasis, pleural effu-
sion, pneumonia, and pulmonary tuberculosis.

CT scan is done to know the extent of local 
pelvic pathology as well as for interventional 
purposes.

The biochemical prognostic markers are:
CRP evaluation is done periodically to know 

response to therapy and in case of deterioration it 
suggests impending organ failure.

Procalcitonin (PCT)—the elevated levels 
from D1 to D5 are strongly indicative of sepsis 
with multiorgan dysfunction.

Cytokines—TNFα, IL-6, IL-8, IL-10 and 
IL-18 estimations are available in specified labo-
ratory settings only.

44.13  Management Plan

The management approach is for early recogni-
tion, aggressive resuscitation and intensive treat-
ment with early antibiotics, source control and 
repeated review by senior doctors and midwives.
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Early recognition of sepsis is the hallmark of 
effective treatment policy.

The aggressive resuscitation and treatment is 
instituted.

The Surviving Sepsis Campaign (SSC) 2002 
has considerably increased awareness of sepsis 
management by developing guidelines for evidence- 
based management to improve outcome and reduce 
maternal morbidity and mortality [9]. The updated 
Guidelines 2012 are followed now for assessment 
and management of subjects with sepsis and septic 
shock. The Royal College of Obstetricians and 
Gynaecologists recommends the SSC approach 
[10] to manage maternal sepsis which offers modi-
fied resuscitation bundle to be initiated in the first 
6 h of diagnosis of sepsis as below:

 (a) To obtain blood sample for blood cultures 
prior to antibiotic administration

 (b) To administer broad-spectrum antibiotic 
within the first hour of recognition of severe 
sepsis

 (c) To measure serum lactate immediately
In case of hypotension and/or a serum lactate 
value >4 mmol/L, infuse an initial minimum 
20 mL/kg of crystalloid or an equivalent to 
target a level of mean arterial pressure (MAP) 
of >65 mmHg.
Apply facial oxygen mask to maintain oxy-
gen saturation.
If hypotension persists despite fluid resusci-
tation (septic shock) and/or lactate value 
>4  mmol/L, then target achieving a central 
venous pressure (CVP) of ≥8 mmHg and a 
central venous oxygen saturation (SvO2) 
≥70%.

The aim of obtaining blood cultures prior to 
giving antibiotics is that although almost half of 
the subjects with severe sepsis have a bacterae-
mia at the time of presentation, it may be further 
masked by another half if antibiotics are given 
prior to obtaining the culture sample. So there 
should be no unnecessary delay in taking sample 
for blood culture and starting antibiotic therapy. 
The best approach is to obtain blood sample for 
culture at the same time while establishing intra-
venous cannulation in order to give antibiotics. 
The aseptic precautions to avoid sample contami-

nation should be observed. If the patient has other 
indwelling catheters and canulas, particularly 
central venous lines, additional samples should 
be drawn from these invasive sites. In case of 
infection, they can be replaced.

The other relevant samples are urine, sputum 
and vaginal and wound swabs. Sometimes breast 
milk, throat swabs, cerebrospinal fluid and stool 
samples are also taken.

The choice of antibiotic is made with the aim 
to cover all common infecting aerobic Gram- 
positive, Gram-negative and anaerobic organ-
isms. Early goal-directed antibiotic therapy is 
instituted [11].

Where the organism is not specified yet and 
the subject is still not critically ill, the first choice 
is:

• Co-amoxiclav (1.2 g 8 hourly) plus metroni-
dazole (500 mg 8 hourly)
Ampicillin (1 g 6 hourly) plus metronidazole 
(500 mg 8 hourly)
Cefuroxime (1.5 g 8 hourly) plus metronida-
zole (500 mg 8 hourly)
Cefotaxime (1–2 g 6–12 hourly) plus metroni-
dazole (500 mg 8 hourly)

• Clarithromycin (500 mg 12 hourly) with sen-
sitivity to penicillin and cephalosporins
Clindamycin (600 mg to 1.2 g by intravenous 
infusion three or four times daily)

• Gentamicin injection (3–5  mg/kg body wt 
daily in divided doses every 8 hourly slowly)

For severe sepsis or septic shock [12]:

• Piperacillin–tazobactam (4.5  g 6 hourly) 
Ciprofloxacin (600  mg 12 hourly) plus 
gentamycin

• Meropenem (500  mg to 1  g 8 hourly by IV 
injection over 5 min) plus gentamycin

For suspected group A streptococcal infection, 
give:

• Clindamycin (600 mg to 1.2 g by intravenous 
route three or four times daily) is more effec-
tive than penicillin as it inhibits exotoxin 
production.
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The antibiotic cover is continued for 2 weeks 
or till complete cure is achieved under vigilant 
control of culture sensitivity reports or microbi-
ologist’s opinion. The spectrum initially started 
as broad spectrum can be converted to narrow 
spectrum for rational use and can be changed if 
clinical response is not observed.

The fluid resuscitation using boluses of 
20 mL/kg should be started as early as possible, 
with some patients requiring repeated fluid 
boluses to achieve MAP of 65 mmHg as a target. 
While intravascular depletion may cause persis-
tent hypotension, other possible causes such as 
loss of vasomotor tone and myocardial depres-
sion as a result of septic mediators should be con-
sidered. Other significant alternative reasons 
include haemorrhage, oxytocic drugs and renal 
failure.

While achieving MAP >65 mmHg is an ideal 
aim, other significant targets to fluid resuscitation 
are serum lactate levels, skin perfusion, mental 
status and more importantly urinary output. The 
optimal MAP target in pregnant women with sep-
sis is not defined, and presuming that the mater-
nity subjects are usually young having fewer 
comorbidities than other older septic patients, it 
is possible that lower MAP values may be well 
tolerated. In the absence of strong clinical evi-
dence to support, it is fairly justifiable to target a 
MAP of 65 mmHg.

The raised serum lactate level indicates inad-
equate tissue oxygenation, and a level of 
>4  mmol/L is associated with poor outcome 
reflecting either severe type of illness or inade-
quate treatment even in the absence of 
hypotension.

The vasopressors may be needed in case of 
emergent life-threatening hypotension even 
when circulating volume has not yet been ade-
quately restored but are mostly used when hypo-
tension persists, despite adequate fluid 
resuscitation. Noradrenaline administration as 
an infusion is recommended to aid perfusion 

pressure, targeting a MAP of 65 mmHg, under 
vigilance of critical care intensivists. Second-
line agents include adrenaline and vasopressin, 
which should only be used in specialist critical 
care areas. Dopamine is not recommended for 
routine use but may be used as an alternative 
agent in some patients having bradycardiac side 
effects of noradrenaline. In patients with 
impaired cardiac output resulting from myocar-
dial dysfunction, dobutamine is beneficial to aid 
with inotropy.

The source control is the process of specific 
management of the focus of infection, and it 
requires surgical intervention or procedure for 
sepsis reduction:

• Plan early delivery of baby for 
chorioamnionitis.

• Do evacuation of the uterus if retained prod-
ucts of conception seen.

• Do manual removal of placenta for retained 
placenta.

• Remove foreign body as early as possible.
• Do laparotomy for uterine or bowel injury 

(usually postpartum).
• Do debridement for wound infection and anti-

septic dressing.
• Do needle aspiration/incision and drainage for 

severe mastitis/breast abscess.
• Do incision and drainage for perineal/pelvic 

abscess.
• Do repair of genital tract injury.

Other aspects of supportive therapy in severe 
sepsis which need attention are:

• Glucose/fluid control
• Electrolyte balance
• Prophylaxis for venous thromboembolism
• Prophylaxis for stress ulcer
• Avoiding or treating anaemia as needed
• Corticoid therapy
• Intravenous immunoglobulin therapy
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The patient management area as HDU/ ICU 
will depend on several factors including severity 
of sepsis, evidence of one or more organ failures, 
stage of pregnancy or labour and availability of 
infrastructure and provision of facilities includ-
ing skilled medics and paramedics in critical 
care.

The indications for transfer to critical care in 
maternal sepsis are as below:

• Cardiovascular system—where persistent 
hypotension or lactatemia exists despite ade-
quate fluid resuscitation necessitating the need 
for vasopressor or inotropic therapy

• Respiratory system—with pulmonary 
oedema, requirement of mechanical ventila-
tion and airway protection

• Renal system—where severe acute kidney 
injury is recognized and dialysis is warranted

• Neurological system—when conscious level 
of the subject remains low

• Multiorgan failure, uncorrected acidosis and 
persistent hypothermia

Preventive obstetrics is a new concept based 
on awareness and knowledge of all measures of 
general infection control applicable to site, sub-
ject and procedure essential to reduce maternal 
sepsis:

• Good nutritional support and anaemia preven-
tion or treatment in antenatal period

• Hospital infection control measures including 
environmental cleanliness

• Handwashing/hygiene
• Avoidance/early detection of infection, pre-

vention of nosocomial infections
• Asepsis during procedure, clean equipment, 

barrier nursing of infected subjects
• Antibiotic prophylaxis before surgical 

intervention

• Screening and treatment for group B strepto-
cocci colonization, bacterial vaginosis

• Treatment of chorioamnionitis before and dur-
ing labour

• Clinical monitoring and management to avoid 
prolonged labour

• Reduction of obstetrical complications during 
instrumental deliveries

• Behavioural and organizational change with 
strong implementation policy

• Issue of hospital guidelines and antibiograms
• Training of medical and paramedical staff
• Periodical audit/quality improvement

Prophylactic antibiotic 1  h prior to cae-
sarean delivery reduces risk of infection by 
70–80%. Appropriate management of preg-
nancy-related conditions like chorioamnion-
itis, endometritis, septic incomplete 
abortion, wound infection and mastitis is 
recommended. Some other nonpregnancy- 
related comorbidities affecting sepsis sever-
ity like influenza, pneumonia, pharyngitis, 
appendicitis, cholecystitis, pyelonephritis, 
meningitis, etc. should be treated 
vigorously.

44.14  Conclusion

Sepsis can be identified early—from its clinical 
presentation related to its underlying condition. 
The severity of sepsis is variable depending on 
many factors. The early recognition and manage-
ment can prevent serious maternal morbidity and 
mortality. The preventive community obstetrics 
has a definitive role in improving general health 
of women. The need of critical care units and 
skilled staff is important for survival of severe 
sepsis subjects in shock or with multiorgan 
failure.
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 Annexure 1: The MEOWS Chart  
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Secondary PPH

Kumud Bala Gupta and Anshu Kakkar

45.1  Introduction

Postpartum haemorrhage is the most common 
cause of maternal mortality worldwide. Most 
cases of morbidity and mortality due to PPH 
occur within the first 24 h of delivery. However, 
the jeopardy of PPH is rising with the secondary 
form of PPH occurring between 24  h and 
12 weeks postpartum, when the woman is already 
discharged home. As what has been reported by 
many studies, women presenting with secondary 
postpartum haemorrhage usually do so during 
second postpartum week, with the next largest 
proportion during the third week. In developed 
countries, secondary postpartum haemorrhage 
occurs in <1–2% of pregnancies.

45.2  Definition

Postpartum haemorrhage can be divided into two 
categories. Primary postpartum haemorrhage is 
defined as blood loss equal to or greater than 
500  mL within the first 24  h after birth. Blood 
loss greater than or equal to 1000 mL is labelled 

as severe postpartum haemorrhage. Secondary 
postpartum haemorrhage is defined as any abnor-
mal and excessive bleeding from the birth canal 
occurring after 24 h and 12 weeks postnatally [1]. 
It is much less common than primary PPH, occur-
ring in about 1% of deliveries. The majority of 
cases occur within 3  weeks of delivery. The 
amount of bleeding is usually less than primary 
PPH. Definition of secondary PPH does not 
include volume of blood loss or the condition of 
women, it may vary from mild inconvenience to 
fatal.

45.3  Causes

The four main causes of secondary PPH can be 
summarized as 4 ‘T’s which include tissue 
(retained placenta, placenta accreta), tone (atonic 
uterus, subinvolution at placental site), trauma of 
genital tract (vaginal, cervical laceration, uterine 
rupture or vulval haematoma) and thrombogenic 
disorders (Von Willebrand’s disease, carrier of 
haemophilia A or B, factor XI deficiency or use 
of anticoagulants, e.g. warfarin). Extremely rare 
causes also have to be considered, including tro-
phoblastic disease, chronic uterine inversion and 
the development of false aneurysm or arteriove-
nous fistula at the site of a healing caesarean sec-
tion scar [2]. Placental site vessel subinvolution 
is also one of the rare causes of secondary PPH, 
and this situation is frequently underdiagnosed 
by clinicians.
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45.4  Risk Factors

Risk factors for PPH include grand multiparity, 
multiple gestation, preeclampsia, IUGR, previ-
ous spontaneous miscarriage or retained placenta 
in previous pregnancies. The conditions associ-
ated with abnormal maternal trophoblastic inter-
actions have higher tendency of retained products 
and secondary PPH [3]. Immediate PPH is a risk 
factor for secondary PPH. Hence, it is likely that 
risk factors for primary PPH are also risk factor 
for secondary PPH.

45.5  Diagnoses

Secondary PPH is a diagnosis of exclusion. It 
usually presents 7–14 days after delivery and 
may present as slight to excessive bleeding. 
Small amount of bleeding may persist for several 
weeks after delivery; therefore some bleeding 
defined as secondary PPH may be normal [4]. It 
is important to exclude normal resumption of 
menstrual period after childbirth, common side 
effect of hormonal contraception given during 
this period.

45.6  Management

The management of patient with secondary 
PPH includes stabilization of patient and inves-
tigation for cause. If the bleeding is mild and 
settling, the uterus is not tender and is appro-
priately involuted, there are no other signs of 
sepsis, initial observation is justified. 
Ultrasound may help this decision if it suggests 
that the uterus is empty and without retained 
placental tissue. In the patients with heavy 
bleeding or signs of sepsis, the primary treat-
ment includes uterotonics and antibiotics. 
Surgical intervention is only needed in the 
patients where bleeding is uncontrolled and 
should be done after appropriate antibiotic 
cover for at least 24 h [5].

Detailed history should be taken regard-
ing antenatal high risk factor, obstetric his-
tory, labour events, mode of delivery, 

intrapartum or postpartum complications and 
postpartum contraception, history of fever, 
pain in the abdomen and amount of bleeding. 
Antenatal and delivery records should be 
checked. It is important to know the place of 
delivery, especially in low- resource areas as 
the deliveries conducted at home are more 
often associated with retained placenta and 
endometritis.

Examination includes temperature, pulse and 
blood pressure, clinical assessment of anaemia, 
abdominal distention, uterine involution, tender-
ness and tone, amount of bleeding, foul-smelling 
lochia, healing of episiotomy or perineal tear. 
The lower genital tract and cervix should be care-
fully inspected under anaesthesia for any lacera-
tion and discharging haematoma. Complete 
haemogram and high vaginal swab should be sent 
for investigation. Ultrasound is helpful in diag-
nosing retained product of conception; however, 
it may not be accurate, so it should be overruled 
by clinical consideration. If the bleeding is mild 
and settling and there are no signs of sepsis, ini-
tial observation is justified. The patients with 
heavy bleeding, subinvoluted uterus and signs of 
sepsis require intravenous fluid replacement with 
crystalloid, uterotonic drugs and broad-spectrum 
antibiotics to cover gram-positive, gram-negative 
and anaerobic organisms. Patients with anaemia 
or heavy bleeding may also require blood 
transfusion.

In case of retained placental tissue (found in 
1/3 of cases), uterine exploration under anaesthe-
sia is required after antibiotic cover. Usually the 
cervix is open enough to admit finger and uterine 
cavity can be explored. The products can be 
removed by sponge forceps followed by gentle 
suction curettage. However, since puerperal 
uterus is soft, it is prone to perforation. The tissue 
removed should be sent for culture and sensitiv-
ity as well as histopathology to rule out tropho-
blastic disease [6].

Secondary PPH from dehiscent lower segment 
caesarean section incision is certainly a rare con-
dition. The possible causes as mentioned in the 
literature can be defective drainage leading to 
marked uterine distension followed by dehis-
cence or infection. Uterine packing is done to 
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control the haemorrhage; however, it is associ-
ated with recurrence of bleeding after removal of 
pack. Supravaginal hysterectomy is definitive 
and the safest treatment in such rare cases.

Various studies have shown that conservative 
medical approach for secondary PPH is superior 
to surgical treatment as the letter is associated 
with increased rate of secondary infertility.

45.7  Conclusion

Secondary postpartum haemorrhage occurs in 
just 1% of women, is associated with primary 
postpartum haemorrhage and retained placenta 
and may result in significant maternal morbidity. 
This problem deserves more attention than it has 
received in recent years.

Secondary PPH Flow Chart
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Blood and Blood Product 
Transfusion

Suchitra N. Pandit and Deepali P. Kale

46.1  Introduction

Obstetric hemorrhage contributes to major causes 
of maternal mortality; it may be life-threatening 
in 1–2% of the deliveries [1, 2].

Delay to recognize the severe hemorrhage or 
underestimation of the blood loss often leads to 
inadequate replacement of blood and blood prod-
ucts further leading to development of dissemi-
nated coagulopathy, adding risk to maternal life. 
Also delayed treatment increases the chance of 
patient to undergo multiple transfusions.

The key measure in the management of major 
obstetric hemorrhages is transfusion of blood and 
blood products. However, the decision about time 
of transfusion and whether to transfuse or not to 
transfuse the bleeding patient can sometimes be 
complex. It is obviously not without the risks, so 
the transfusion has to be justified in all cases.

A better understanding of the risks of transfu-
sion over the last century has given a boost for the 
developments of more sophisticated donor test-
ing like pre-transfusion infection screening tests, 
pre-transfusion testing, recipient identification, 
and improvements in blood component charac-

teristics and quality (e.g., leukoreduction, irradia-
tion, pathogen inactivation).

The transfusion needs can be curtailed by 
optimizing the hemoglobin levels in the antenatal 
period thereby reducing the occurrence of ane-
mia, prompt management of third stage of labor, 
and use of prophylactic measures for minimizing 
anticipated blood loss in cases of placenta 
previa.

46.2  Measures to Minimize 
the Risks of Transfusion

• Screening for anemia is to be offered during 
the admission and at 28 weeks in singleton 
gestations and an additional full blood count 
at 20–24 weeks to be done for women with 
multiple gestations [3, 4] as recommended by 
the National Institute for Health and Care 
Excellence (NICE).

• Hemoglobin level optimization in the antena-
tal period remains the main strategy for reduc-
ing the need for blood transfusion. Anemia in 
pregnancy is defined as hemoglobin levels of 
less than 11 g% in the first trimester, 10.5 g%, 
and less than 10 g% in the postpartum period.

• Oral iron on trial basis for 2 weeks is the ini-
tial step in management of normocytic normo-
chromic anemia and warrants further 
evaluation if no rise in hemoglobin levels in a 
compliant patient. Antenatal use of oral iron 
along with or without folic acid has shown 
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50% reduction in anemia in the third trimester 
of pregnancy [5].

• If the patient at term does not respond to oral 
iron, parenteral iron is subsequent line of 
management. The advantages are shorter 
duration of therapy and rapid response com-
pared to oral iron therapy [5].

• Anemic patients are at the risk of antepartum 
and postpartum hemorrhage.

• Blood loss in the third stage of labor can be 
avoided by active management of third stage.

• Delivery in an equipped hospital with blood 
bank and resuscitation facilities is recom-
mended for women who are at a high risk of 
hemorrhage [5].

46.3  General Principles of Blood 
Transfusion

 1. Consent
• Valid consent should be obtained wherever 

possible before resuming blood transfu-
sion. In case of emergency situation, infor-
mation about blood transfusion should be 
given retrospectively as it may not be pos-
sible to obtain the consent before the 
transfusion.

• The discussion about the need for transfu-
sion and the consent should be documented 
in the patients’ clinical record sheets.

• In case of Jehovah’s witness the patients 
who decline transfusion of specific blood 
components need to be documented in case 
records. The discussions should be con-
veyed to all the staffs and the clinicians [6, 
7].

 2. Requirements for Group and Screen 
Samples and Cross Matching
• Blood group and antibody status deter-

mined at the time of antenatal registration 
and at 28 weeks for all women [8, 9].

• Samples used in pregnancy for screening 
and blood group and typing should prefer-
ably be less than 3 days old.

• High-risk women like those having low- 
lying placenta or morbid adhesions of 
placenta with no significant alloantibod-

ies should be the candidates for antici-
pated transfusion.

• Weekly group and screen samples should 
be sent to exclude or identify new antibody 
formation and to ensure the availability of 
blood if the need arises.

• Maternal alloantibodies can cause hemo-
lytic disease in newborn and are of impor-
tance in selection of blood for transfusion 
in the mother. Care should be taken to 
avoid the risk of hemolytic transfusion 
reactions [10].

• Transfusion or pregnancy may stimulate an 
unexpected antibody production against 
the red cell antigen by mounting primary 
or secondary immune response [11].

• A 3-day rule can be formally deviated in 
pregnant women without clinically signifi-
cant alloantibodies. In the case of major 
obstetric emergencies like placenta previa, 
once-a-week testing can be done to check 
for alloantibodies.

• Close liaison with the hospital blood bank 
is necessary.

 3. Specification of Blood Products in 
Pregnancy and Puerperium
• Patient should receive compatible red cells 

of ABO, RhD, and K (Kell) types and 
should be transfused appropriately.

• Blood components should be screened for 
CMV (cytomegalovirus).

• Antenatal women who are Rh-negative 
should be given Rh-negative blood or 
blood components to curtail the risk of Rh 
isoimmunization [11].

• Immediate issue of O-negative, RhD- 
negative, and K-negative units should be 
requested in case of major obstetric hemor-
rhage, and their provision should be 
ensured in case of emergency situation till 
the group-specific blood is available.

• Development or detection of atypical red 
cell antibody is done by screening for these 
antibodies. The relevant antibody or anti-
bodies are detected by specific further test-
ing. A specific red cell unit negative for red 
cell antigens is then selected for 
transfusion.
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 4. Intraoperative Cell Salvage
• Intraoperative cell salvage (IOCS) is 

reserved for non-obstetric patients where 
the anticipated blood loss induces ane-
mia or where expected blood loss 
exceeds 20% of estimated blood volume 
[12–14].

• Current evidences recommend the usage of 
IOCS in obstetrics [15, 16]; however the 
routine practice of IOCS in obstetrics 
needs to be supported by more evidence 
from randomized controlled trials.

• Cell salvage should be performed by an 
experienced team.

• Injection anti-D 1500IU should be admin-
istered if cell salvage is used during cesar-
ean section in RhD-negative non-sensitized 
women and fetal blood group is positive 
(cord blood).

• A need for more anti-D is assessed post-
transfusion by estimation of FMH >30–
40  mL performed on maternal blood 
sample.

 5. Obstetric Hemorrhage Management with 
Blood Components

Measures to Prevent Postpartum Blood Loss
Postpartum blood loss can be reduced by 

means of mechanical measures like allow-
ing the placenta to get separated and 
expelled spontaneously.

Uterine atony, bimanual uterine compression, 
and uterine packing are the primary measures 
to be taken in case of obstetric hemorrhage 
along with active management in the third 
stage of labor.

Meanwhile the pharmacological agents like oxy-
tocic, ergometrine, and prostaglandin ana-
logues should be administered.

Obstetricians should be trained with the surgical 
methods to prevent postpartum hemorrhage 
like uterine compression sutures and stepwise 
devascularization of the uterus.

A set of protocols for the management of major 
obstetric hemorrhage is displayed in the labor 
ward, and regular drills should be done as a 
process of audit.

 (a) RBC Transfusion
• The clinical and hematological judge-

ments should be the basis of RBC transfu-
sion [17].

• The red cell transfusion is usually 
advised when hemoglobin levels are 
below 6 g%.

• The organ ischemia, the rate risk of any 
potential or actual bleeding, the patient’s 
intravascular volume status, and the risk 
of complications due to inadequate oxy-
genation are guide for decision to trans-
fuse [18].

• In case of an acute hemorrhage, a patient 
may have normal initial hemoglobin to 
begin with, but the hemoglobin level 
can drop subsequently to a significant 
level below the normal. Hence clinical 
judgment is of utmost importance to 
avoid losing the vital time of 
resuscitation.

• O- and RhD-negative red cells should be 
transfused in situations of severe uncon-
trollable hemorrhage. The risk of incom-
patibility may arise due to irregular 
antibodies where the blood group is not 
known. The working staff must be aware 
of all the available blood group types in 
the blood bank fridge.

• Components Description
• Red blood cells are derived as RBC con-

centrate from whole blood donations. It is 
prepared by centrifugation or collected by 
apheresis method. The addition of citrate 
(anticoagulant) along with one or more 
preservative solutions gives hematocrit 
ranging from approximately 50–65% to 
65–80%.

• An average of about 50  mL of donor 
plasma (147–278 mg of iron) mostly in 
the form of hemoglobin, with additions of 
preservatives and anticoagulant constitute 
the RBC concentrate [19, 20].

• Recommendations
• The aim to maintain hematocrit is mini-

mally at 21–24%. Majority of protocols 
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recommend 6 units of packed red blood 
cells be prepared [21–24].

• In a 70 kg patient, a single unit of PRBCs 
would raise the hematocrit by approxi-
mately 3–4% [25].

• However, due to rise of expanded blood 
volume during pregnancy, the expected 
increase in hematocrit may be slightly less.

 (b) Platelets
• A platelet count below 50  ×  109/L in an 

acutely bleeding patient is an indication for 
transfusion of platelets which is a critical 
level of platelets essential for hemostasis.

• Platelet count can be used as a only guide 
if patients clinical condition warrants fur-
ther platelet transfusion.

• However platelet transfusion may be 
decided to be given at count of 75 × 109 to 
be on a safer margin if there is ongoing 
hemorrhage [26].

• Platelet availability should be confirmed, 
and communication with the respective 
blood bank should be maintained.

• The ABO blood group platelet concen-
trate is preferably given as same group of 
recipient. Some studies have demon-
strated that transfusion of non-identical 
platelets has been associated with the 
poor increments in the platelet counts 
which is clinically insignificant in terms 
of hemostatic effectiveness [27].

• When there is limited supply of platelet 
concentrate or when HLA-matched plate-
lets are required and the best match is not 
ABO compatible in such scenario, trans-
fusion of ABO non-identical platelets 
may be acceptable [27].

• To avoid development of anti-D anti-
bodies, RhD-negative platelet concen-
trate should be given to RhD-negative 
women [27].

• Anti-D immunoglobulin 250  IU is given 
if RhD-positive platelets are transfused to 
RhD-negative women. It is sufficient for 
covering the possible sensitization by five 
adult therapeutic doses of platelets. It 
should be administered within a period of 
6 weeks [27].

• Administration
• A separate set used for platelet transfu-

sion is recommended [28].
• Description of Components
• The standard equivalent of 6 units of 

whole blood-derived pooled platelets is 
one platelet pheresis unit. It can increase 
the platelet count in a 70  kg patient by 
approximately 40–50,000/μL [25].

• Dosage
• To prevent or to treat hemorrhage 4–10 

units of RDPs or one SDP are indicated as 
per the requirements to maintain target 
platelets.

• Response
• The platelet count should be repeated 

between 10 min and 3 h posttransfusion.
• The conditions like presence of fever, 

sepsis, splenomegaly, severe bleeding, 
consumptive coagulopathy, HLA alloim-
munization, and treatment with certain 
drugs (e.g., amphotericin B) affect the 
response to platelet transfusion adversely 
[29–31].

• Platelet counts are used only to guide the 
need for transfusion. It should be inter-
preted according to patients’ clinical con-
dition [32].

 (c) Fresh Frozen Plasma (FFP)
• During major obstetric hemorrhage, 

advisable dose for FFP is 12–15mg/kg 
administered in every 6 units of RBC; the 
results of coagulation tests are a guide for 
further transfusions.

• Target for prothrombin time (PT) and 
activated partial thromboplastin time 
(APTI) is to maintain them below 1.5× 
normal [33].

• During a bleeding episode as a line of 
investigations, regular full blood count and 
coagulation tests should be performed.

• FFP will take 30 min to defrost.
• Simultaneous resuscitation should be con-

tinued with volume-expanding fluids or 
red cells appropriately.

• Component Description
• Fresh frozen plasma contains all the coag-

ulation factors. It can be used up to 24 h 
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after defrost and up to 5 days if relabeled 
as “thawed plasma.”

• Use of FFP and PRBCs in a contemporary 
manner is recommended during massive 
hemorrhage.

• One unit of FFP has a volume of approxi-
mately 250 mL.

• FFP should contain the functional quanti-
ties of all coagulation factors. It must be 
frozen at -18C or colder within 6–8 h of 
collection [20, 34, 35].

• The half-life of a specific factor, the pre-
transfusion levels, the desired posttransfu-
sion levels, and the expected duration of 
desired levels determine the dose of spe-
cific factor when they are used to correct 
isolated coagulation factor (e.g., factor V 
or XI) [36–38] .

 (d) Cryoprecipitate
• In case of major obstetric hemorrhage, 

standard dose of 2–5 pools of cryoprecipi-
tate should be administered at early stage.

• Further cryoprecipitate transfusions 
should be guided by fibrinogen levels for 
which the aim should be more than 1.5 g/L.

• FFP and cyroprecipitate of similar groups 
as that of recipient should be used. FFP of 
different ABO are acceptable in case of 
unavailability provided that it would have 
high titres of anti-A or anti-B activity 
[38].

• Anti-D prophylaxis is required if RhD- 
negative women receive Rh-positive FFP 
or cryoprecipitate [38].

• Each unit contains 150 mg of fibrinogen 
for a total of at least 1500 mg in a pool of 
10 units in a total volume of approxi-
mately 80–100 cc. Cryoprecipitate release 
from blood bank is generally in groups of 
6–10 units.

• Expected increase in  the fibrinogen level 
of a 70  kg patient is by approximately 
75 mg/dL with 10 units of cryoprecipitate. 
It is worth noting that a 10 unit pool repre-
sents ten separate donor exposures.

• In the presence of ongoing bleeding and 
hyperfibrinogenemia, additional units of 
cryoprecipitate should be used.

46.4  Pharmacological Measures 
to Manage Major Obstetric 
Hemorrhage

• Recombinant Factor VIIa (rVIIa)
• Factor VIIa is licensed for treatment of inher-

ited bleeding disorders and plays an important 
role in initiation of blood coagulation process.

• Trauma and Obstetric cases dosage of 
60–90 mcg/kg is recommended in trauma and 
obstetrical [39, 40].

• No evidences are found to support the prophy-
lactic use of rVIIa in order to reduce blood 
loss for cesarean sections. In case of intracta-
ble obstetric hemorrhage, administration of 
rVIIa should be done in liaison with hematol-
ogist consultation.

• Role of Antifibrinolytics
• Tranexamic acid as an antifibrinolytic is used 

to prevent excessive blood loss [41–43].
• Obstetric Protocols for Managing the 

Intrapartum Anemia
• The set of standard criteria should be used for 

red cell transfusions in women who are not 
actively bleeding, if hemoglobin is less than 
7 g/dL in labor, or during the immediate post-
partum period. In the clinical condition, medi-
cal history is used to guide decision of 
transfusion. In postpartum women if hemo-
globin is less than 7 g/dL, decision to trans-
fuse is made on an individual basis.

• Prompt identification of the anemia and treat-
ment impacts the reduction of the need for 
blood transfusion.

• Women Who Are Not Willing to Accept 
Blood Transfusion (Jehovah’s Witness)

• These are certain groups of people who refuse 
blood transfusion for their religious reasons. 
Management of their pregnancy can pose a 
significant challenge [44–46].

• All women refusing blood transfusion need 
multidisciplinary team management.

• Hemoglobin should be optimized to prevent 
anemia. Early use of iron replacement is indi-
cated for correction of anemia. Parenteral iron 
is indicated if no response to oral iron is noted.

• Proper documentation of discussion and con-
sent or the refusal of blood and its components 
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or other transfusion-sparing techniques should 
be made in the antenatal records.

• Pharmacological, surgical, and mechanical 
measures should be sought to prevent blood 
loss and to minimize the need for blood trans-
fusion and subsequent risks associated with it.

• Intraoperative cell salvage can be an option 
for the patient who refuses allogenic blood 
transfusion.

• Women must understand the implications of 
refusing the blood and also should be aware of 
the mortality data for Jehovah’s witnesses 
compared to the non-Jehovah’s witness.

• Women should bear some identification marks 
like wrist bands labeled as “no blood” so it is 
communicated to all the staff and treating 
team.

46.5  Immediate Steps for All 
Reactions

The transfusion must be stopped immediately; 
intravenous access must be kept open with 0.9% 
sodium chloride (Table 46.1).

All transfusion-related reactions must be 
notified to the blood bank in a written format 
along with the transfusion reaction section of 
the blood bag which should be completely filled 
and sent.

If transfusion is terminated, freshly col-
lected blood and urine samples should be sent 
to the blood bank. The blood unit and the 
administration set should be sent to the blood 
bank.

PBRCS
• Initial request: 4–6 units of RBCs
• O-negative or type-specific blood initially 

until cross match units are released

FFP
• RBCs to FFP ratio not to exceed 3:2
• Infuse FFP to maintain INR <1.5

Platelets
• Single donor apheresis platelet pack.
• In the face of ongoing hemorrhage, infuse to 

maintain platelet count >50,000–100,000/μL.

Cryoprecipitate
• Initial request: 10 units’ cryoprecipitate if 

fibrinogen is less than 100 mg/dL
• Additional units to maintain fibrinogen con-

centration 100–125 mg/dL

46.6  Recombinant Activated 
Factor VII (rVII)

If available, it is used when there is continued 
hemorrhage and all other blood replacement ther-
apies have failed (i.e., after the use of 10–12 units 
of PRBC, 6–12 units of FFP, and 2–3 units of 
platelets). It is expensive and not available in all 
hospitals.

Summary of Recommendations

• For massive obstetrical hemorrhage, use a 
ratio of PRBCs to FFP to platelets that is 6 

Table 46.1 Adverse transfusion reactions

Acute reactions Delayed reactions
Hemolysis- 
immunologic (acute 
hemolytic transfusion 
reaction)

Immunologic: delayed 
hemolytic transfusion 
reaction

Febrile nonhemolytic Graft-versus-host disease
Anaphylaxis Posttransfusion purpura
Urticaria Red cell alloimmunization
Transfusion-related 
acute
Lung injury (TRALI), 
noncardiogenic
Pulmonary
Edema

Platelet refractoriness

Congestive heart 
failure

Immunomodulation

Septic complication Nonimmunologic; iron 
overload

Hypothermia, 
hyperkalemia, 
hypocalcemia

Infections
HIV, hepatitis B, hepatitis C, 
CMV, protozoal infection 
HTLV, Parvo B19
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units of PRBC/4 units of FFP/1 unit of phere-
sis platelets.

• If hemorrhage is ongoing after initial treat-
ment, consider increasing the amount of FFP 
to a ratio of 4 units of PRBC/4 units of FFP/1 
unit of pheresis platelets.

• If there is no response to initial therapy and 
the bleeding exceeds the expected volume for 
routine delivery, request laboratory analysis 
for the following immediately:

 – CBC with platelets
 – PT/PTT
 – Fibrinogen

• Repeat laboratory investigations 1–3 every 
30 min until patient is stable.

46.7  Conclusion

The main aim is to provide adequate blood prod-
uct replacement and to prevent or rectify DIC.

Identification and correction of anemia in the 
antenatal period may reduce the need for blood 
transfusion.

The pharmacological, mechanical, and surgi-
cal measures to prevent blood loss should also be 
adopted for the same purpose of preventing intra-
partum and postpartum anemia.

To eliminate transfusion, an integrated strat-
egy for blood safety is necessary.
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Neonatal Resuscitation

R. K. Kaushal

47.1  Introduction

To resuscitate means to revive from unconscious-
ness or apparent death. Neonatal resuscitation is 
an attempt to facilitate the dynamic transition 
from foetal to extrauterine physiology. Perinatal 
hypoxia is one of the leading causes of perinatal 
mortality in developing countries, and birth 
asphyxia is an important cause of static develop-
mental, neurologic handicap in later life. Ninety 
percent newly born babies need little or no assis-
tance to begin breathing at birth. Others will need 
some assistance, and <1% would require more 
extensive resuscitative measures [1].

47.2  Anticipation 
and Preparedness

It is possible to anticipate birth asphyxia in a setting 
of high-risk deliveries [2] (List 47.1). But some 
unforeseen events may take place, and a depressed 
baby at birth may come as a surprise. So each and 
every delivery must be considered a potential emer-
gency, and at each delivery, there should be at least 
one trained person whose primary responsibility is 
to take care of the baby and is capable of resuscita-
tion or to initiate resuscitation and call for more 
skilled available help if required. In case of multi-
ple births, equal number of such trained personnel 

should be available. All the equipment essential for 
neonatal resuscitation, in functional order, should 
be available at all delivery points [1] (List 47.2).
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List 47.1: Predisposing Risk Factors for Birth 
Asphyxia
 1. Maternal Factors

 (a) Antepartum
• Elderly mothers (>35 years)
• Short stature
• Systemic medical illness
• Bad obstetrical history
• Diabetes mellitus
• Hypertension, eclampsia
• Oligo-/polyhydramnios
•  Post-term/multiple gestation/

abnormal presentation
•  Maternal medication/substance 

abuse
• Rh isoimmunization
• Unsupervised pregnancy

 (b) Intrapartum
•  Difficult/traumatic/operative 

delivery
•  Meconium-stained amniotic fluid 

(MSAF)
•  Prolonged labour/rupture of mem-

branes (24hrs)
• Precipitate/premature labour
• Use of narcotics/GA
• Significant intrapartum bleeding

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-10-4953-8_47&domain=pdf
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Fig. 47.1 Resuscitation trolley

 2. Foetal Factors
•  Intrauterine growth retardation 

(IUGR)
• Foetal distress
• Foetal hydrops
• Foetal malformations
• Macrosomia

List 47.2: Essential Resuscitation Equipment 
and Material
Resuscitation Platform
Resuscitation trolley with baby mattress, 
overhead heat source and timer (Fig. 47.1)

Suction Equipment
•  Mechanical suction machine with pres-

sure gauge
• Mucus aspirator (standby)
• Meconium aspirator
•  Suction catheters 5, 6, 8, 10, 12 and 14F
• Nasogastric tubes

Positive Pressure Ventilation Equipment
•  Self-inflating resuscitation bag 200, 500 

and 750 cc
• Oxygen reservoir
• Flow-inflating bag
• T-piece resuscitator
• Oxygen source
• Compressed gas source
• Oxygen blender
•  Cushioned rim face masks of different 

sizes
• Pulse oximeter with neonatal probe
•  Laryngoscope with straight blades ‘0’ 

and ‘1’ sizes
•  Endotracheal tubes 2.5, 3.0, 3.5, and 

4.0 mm
• Stylet, scissors
• Laryngeal mask airway (LMA)

Umbilical Vein Catheterization 
Equipment
• Surgical blades
• Umbilical vein catheters 3.5 and 5F
• Three-way stopcock

Medications
• Epinephrine
•  Volume expanders—normal saline, 

Ringer’s lactate
• Sterile water
•  Sodium bicarbonate, naloxone 

hydrochloride

Miscellaneous
• Hand sanitizer, antiseptic solution
• Syringes of different sizes
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ation (colour or preferably Spo2 with pulse 
oximetry), are evaluated frequently. HR is the 
most important of the three.

47.2.1  Initial Steps

First 60 s after birth (FGM) is crucial to stabilize, 
assess and begin ventilation if required [3]. The 
sequence of initial steps is as follows:

• Provide warmth.
•  Position and clear the secretions to establish 

the open airway.
• Dry, remove wet linen and reposition.
• Stimulate breathing if needed.

Baby is born wet, has to be kept uncovered if 
resuscitation is required and hence is predisposed 
to hypothermia. So baby should be kept under 
heat source to maintain body temperature. At the 
same time, take precautions to avoid hyperther-
mia. To keep the airway open, baby is put supine 
with neck in ‘sniffing’ position, i.e. slightly 
extended to align posterior pharynx, larynx and 
trachea in line to allow unrestricted air entry. It is 
best achieved by putting a rolled towel under the 
shoulders with an elevation of 2–2.5 cm off the 
mattress. Airway should be cleared by suction if 
there is obvious obstruction or there is need for 
positive pressure ventilation (PPV).

Clear fluid/secretions can be cleaned by wiping 
the mouth with clean gauze/cloth or suction with 
bulb syringe or suction catheter. With mechanical 
suction, the negative pressure should not exceed 
80–100  mmHg. Suction mouth before nose to 
ensure that there is nothing in the mouth for the 
newborn to aspirate if she/he gasps, while the nose 
is being suctioned first. It can easily be remem-
bered by thinking ‘M’ comes before ‘N’ in alpha-
bets. If the baby is born through MSAF or 
meconium is present on baby’s skin or in the upper 
airway, assess whether the baby is vigorous or 
nonvigorous by observing breathing, HR and mus-
cle tone. Baby is nonvigorous if breathing is 
depressed or HR is <100 bpm or muscle tone is 

•  Gloves, clean warm linen, micropore 
sticking tape

• Cardiac monitor with electrodes
• Stethoscope
• Transport incubator

Sequence of resuscitation: Steps and 
sequence of resuscitation are based on cycle of 
assessment, decision and action.

Assessment Before Birth
Look for any of high-risk conditions predispos-
ing for birth asphyxia as per List 47.1. Specially 
note gestational age, amniotic fluid clear or 
meconium-stained amniotic fluid (MSAF) and 
singleton or multiple gestation [2].

Assessment After Birth
 Answer three questions by looking at the baby:
Gestation—Is it full term?
Respiration—Breathing or crying?
Muscle tone/Activity—Is it good?

If the answer to all three questions is ‘yes’, the 
baby stays with mother for routine care, ongoing 
evaluation and stabilization.
Routine Care
•  Provide warmth—place the baby skin to skin 

on mother’s abdomen covered with warm clean 
linen.

• Clear airway if indicated.
• Wipe the baby dry with warm clean linen.
• Initiate breast feeding.
•  Ongoing observation of breathing, colour and 

activity.

If the answer to any of the above three ques-
tions is ‘no’, the baby will need resuscitation in 
one or more of the following categories of inter-
vention in sequence (ABCD):

 A. Airway and stabilization—Initial steps
 B. Breathing—Ventilation of lungs
 C. Circulation—Chest compressions
 D. Drug administration—Epinephrine and 

volume expanders
At each category of intervention, three 

signs, respiration, HR and state of oxygen-
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weak. In vigorous baby the airway is cleaned as 
described above. In a nonvigorous baby in addi-
tion to upper airway, clearing of trachea by endo-
tracheal suction is required to prevent complications 
of meconium aspiration. Endotracheal suction in 
these babies is still practised even though limited 
data has not established its significant benefit.

Tracheal suction: Clear the mouth and poste-
rior pharynx to visualize the glottis, intubate with 
appropriate-size endotracheal tube (ET tube), 
and apply direct suction to the ET tube for 3–5 s 
as you withdraw the tube. Repeat the procedure 
as necessary until little or no meconium is recov-
ered or baby’s HR indicates that resuscitation 
with PPV must proceed without delay.

Once the airway is clear, quickly dry the head 
and body with clean, warm linen to prevent evap-
orative heat loss. Discard wet linen; rewrap in 
dry, warm, clean linen; and reposition head in 
sniffing position. Clearing the airway and drying 
will provide stimulation for most babies to initi-
ate breathing. If normal breathing is not estab-
lished at this stage, additional tactile stimulation 
may be provided once or twice by flicking the 
soles or gently rubbing the back, trunk or extrem-
ities. If the newborn is still not breathing nor-
mally, assume the baby to be in terminal apnoea 
where no amount of further stimulation will 
work, and proceed to the next step.

Evaluation After Completion of Initial 
Steps

On completion of initial steps within about 
30 s, evaluate respiration, HR and colour or pref-
erably Spo2.

Respiration: Look for cry or normal breath-
ing or laboured breathing or apnoea.

HR: Palpate and count pulse rate at the base of 
umbilical cord, or listen to heart beat with stetho-
scope over precordium; count for 6 s, and multiply 
it with 10 to give quick estimate of HR per minute.

Skin colour: Generally skin colour is a good 
visible indicator of state of oxygenation. Central 
cyanosis is suggestive of low blood oxygenation. 
However an oximeter should be used to confirm 
the perception of cyanosis because normal tran-
sition of blood oxygen saturation from birth 

level of 60% takes about 10 min to reach 90% at 
a state of eventual air breathing in a healthy new-
born [4] (Box 47.1). Skin colour is also affected 
by pigmentation. So baby may appear slightly 
cyanotic for first few minutes after birth. Hence 
it is recommended to monitor SPo2 with pulse 
oximeter instead of skin colour in the following 
situations [1]:

• To confirm perception of cyanosis
• Presence of central cyanosis
• Administration of oxygen to a newborn
• Anticipated resuscitation beyond initial steps
• PPV required longer than few breaths

Monitoring Spo2: Attach pulse oximeter 
probe in a preductal site, i.e. right wrist or hand, 
over hypothenar eminence before attaching to the 
instrument to achieve signals quickly [1]. It will 
display SPo2 as well as HR. However attaching 
pulse oximeter should not affect or delay further 
resuscitation.

Decision and Action
 1. Normal breathing or crying: Keep with mother 

for routine care.
 2. Laboured breathing or persistent cyanosis with 

HR >100 bpm: Presence of grunting or intercos-
tal recessions or baby working hard to breathe 
indicates laboured breathing. Such a baby needs 
continuous positive airway pressure (CPAP) 
or free-flow oxygen if CPAP is not possible.

 3. Apnoea or gasping or HR < 100 bpm: Proceed 
to ventilation of lungs with PPV (Sect. 47.2.2).

Box 47.1: Targeted Preductal Spo2 After 
Birth

1 min 60–65%
2 min 65–70%
3 min 70–75%
4 min 75–80%
5 min 80–85%
10 min 85–90%
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How to deliver CPAP: It is a technique to 
provide positive pressure throughout the cycle of 
breathing to the airway of a spontaneously 
breathing baby, so as to prevent the collapse of 
alveoli at the end of expiration, thereby improv-
ing oxygenation and decreasing work of breath-
ing especially in preterm babies with low 
surfactant. It can be done with flow-inflating bag 
(not with self-inflating bag) or T-piece resuscita-
tor and appropriate-size face mask. Bag should 
be connected to a source of compressed gas, oxy-
gen blender and pressure gauge. Desired amount 
of CPAP can be adjusted through flow control-
ling valve. The mask is held tightly over baby’s 
face. Generally positive pressure of 4–6  cm is 
adequate. If CPAP is required for a little longer, 
use nasal prongs instead of face mask.

Oxygen: In term babies begin with 21% oxy-
gen, if there is no improvement in HR or SPo2, 
use higher concentration by graded increase to 
100% to attain target SPo2 (Box 47.1). In pre-
term babies, start with 30–90% oxygen, and then 
titrate its concentration to achieve target SPo2. 
Avoid giving 100% oxygen for more than a few 
minutes to prevent oxygen toxicity [2].

How long to give CPAP: Stop CPAP when 
baby has normal breathing, no cyanosis or main-
taining expected SPo2 in room air and HR is per-
sistently >100  bpm. Persistent cyanosis or 
subnormal SPo2 despite adequate breathing is 
suggestive of congenital cyanotic heart disease or 
persistent pulmonary hypertension of newborn 
(PPHN).

47.2.2  Positive Pressure Ventilation 
(PPV)

Indications: Apnoea or Gasping or HR <100 bpm 
or Failure of CPAP

PPV can be delivered with any of the three 
devices, viz. self-inflating or flow-inflating bags 
or T-piece resuscitator attached to appropriate- 
size cushioned face mask. The latter two devices 
need compressed gas source. Self-inflating bag 
(Fig. 47.2) is a simple, easy-to-use, handy device 
which can be used in room air without source of 
compressed gas. In fact it should be available at 
all delivery points as a standby if either of the 
other two in use at a particular place goes out of 

Fig. 47.2 Self-inflating resuscitation bag and cushioned face mask

47 Neonatal Resuscitation



456

order. When attached to oxygen source without 
and with oxygen reservoir (Fig. 47.3), it delivers 
40% and 90–100% oxygen, respectively.

How to Give PPV with Self-Inflating Bag
Assemble the selected appropriate-size bag and 
face mask, and attach to oxygen reservoir and 
oxygen source. Attach pulse oximeter if not 
already in place. Test all components of the 
equipment for any cracks/leaks and proper func-
tioning by blocking the mask or patient outlet 
with the palm of your hand. Set the pop-off 
valve to release at 30–40 cm of water, so as to 
avoid barotrauma to the lungs in case of inad-
vertent excess pressure. Position yourself on 
baby’s side or head end to use the device effec-
tively, and leave the chest and abdomen for 
visual monitoring and easy access for possible 
further interventions like chest compressions 
and umbilical vessel canulation. Ventilate in 
open airway (sniffing) position at a rate of 
40–60 breaths per minute following a sequence 
of ‘squeeze’: two–three ‘squeeze’, two–three 
‘squeeze’, etc. with a pressure of 30–40 cm of 
water for first breath and 15–20 cm for subse-
quent breaths. Squeeze represents inspiration 
and two–three represents expiration (inward 
movement of chest wall).

Indicators of effective ventilation: Rising 
HR is the first and most important indicator of 
good response to ventilation and is associated 
with rise in SPo2. If the response is poor after 
5–10 breaths, check for breath sounds on both 
sides of chest and chest rise with each breath. 
Poor breath sounds/chest rise indicates inade-
quate seal between mask-face interface or 
blocked airway or low inflation pressure. Take 
proper steps to overcome these problems. It can 
be remembered by the acronym ‘MR SOPA’ and 
addressed in sequence (Table 47.1).

Evaluation, Decision and Action After 30 s 
of PPV

 1. Rising HR and SPo2: Continue PPV, and mon-
itor HR, breath sounds and chest movement to 
avoid over-/underinflation. When HR is stabi-
lized above 100 bpm, reduce the rate and pres-
sure of PPV; observe for effective spontaneous 
breathing. Discontinue PPV once the HR is 
persistently above 100 bpm, sustained effec-
tive spontaneous respiration and SPo2 in the 
target range on room air. Keep baby in special 
newborn care unit (SNCU) or neonatal inten-
sive care unit (NICU) for post-resuscitation 
care.

Fig. 47.3 Closed-end oxygen reservoir
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 2. HR >60  bpm to <100  bpm: Continue PPV 
while monitoring HR and respiratory effort 
every 30 s. At the same time, ensure effective 
ventilation, adjust oxygen concentration to 
meet target SPo2, and also look for any under-
lying complications. If PPV with mask is con-
tinuing for more than 2–3  min, put in 
orogastric tube; leave it in place to prevent 
gastric distension which may hamper ventila-
tion or cause aspiration. ET intubation with 
appropriate-size ET tube should be done at 
this stage to improve ventilation if not already 
done.

 3. HR <60 bpm and deterioration of baby’s con-
dition: Continue PPV with 100% oxygen, and 
begin coordinated chest compressions.

47.2.3  Chest Compressions or 
External Cardiac Massage

Indication: HR <60 bpm despite at least 30 s of 
effective PPV.

Basis of chest compressions: Baby with per-
sistent bradycardia has depressed myocardial 
contractility and thus ineffective circulation 
resulting in progressive hypoxemia and acidosis. 
Chest compressions and coordinated PPV with 
100% oxygen improve circulation and oxygen-
ation of vital organs including myocardium.

Site of compressions: Lower third of sternum 
between xiphoid process and imaginary line 
between the nipples (Fig. 47.4).

Position of the baby and resuscitators: 
Position is the same as for PPV but ensure firm 
support to the back. At least two persons are 
required at this stage: one to perform PPV and 
the other for chest compressions. It is important 
that both position themselves and work in a way 
that each can do effective job without interfering 
with the other. Person giving PPV stands on side 
and the other performing chest compressions on 
the head end so as to leave abdomen unobstructed 
for securing umbilical line and drug administra-
tion if needed.

Technique:

 1. Two thumb technique: Here two thumbs are 
placed side by side or one over the other at the 
site mentioned above to provide vertical com-
pressions; the hand and fingers encircle the 
chest to support the back/spine (Fig. 47.4).

 2. Two-finger technique: Here the tips of two 
fingers (nails trimmed), middle finger with 
either index or ring finger of one hand, are 
placed perpendicular at the site described 
above, and the other hand is placed under 
the centre of back/spine to provide support 
(Fig. 47.4).

Depth of compressions: Approximately 1/3 of 
AP diameter of the chest followed by slightly lon-
ger release to allow the heart to refill. Do not lift 
thumbs or fingers completely off the chest to avoid 
waste of time in relocating compression area or 
lose control over the depth of compression.

Rate and rhythm of PPV and compres-
sions: PPV and chest compressions are to be 
coordinated because if both are given simultane-
ously, it will decrease the efficacy of each other. 
Ninety chest compressions are to be coordinated 
with 30 PPVs, making a total of 120 events per 
minute or one cycle of 3 compressions and 1 PPV 
(3:1) in 2 s. The chest compressor counts aloud 
while providing three compressions ‘one and two 
and three’ followed by breath, i.e. squeezing the 
bag by the person giving PPV, in a sequence of 
‘one and two and three and breathe’ and so on.

Table 47.1 Corrective steps for effective ventilation

Acronym Corrective step Aim
M Mask 

adjustment
To ensure proper seal

R Reposition Head in ‘sniffing’ position
S Suction of 

mouth, nose 
and pharynx

Clear secretions if any to 
maintain open airway

O Open mouth Slightly open mouth, and 
lift the jaw forward to 
ensure open airway

P Pressure Gradually increase the 
inflation pressure to hear 
B/L breath sounds and 
chest rise. Increase oxygen 
concentration

A Alternative 
airway

Consider ET tube 
placement or laryngeal 
mask airway
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Evaluation After 45–60  s of Coordinated 
Chest Compressions and PPVAssess HR with-
out interrupting chest compressions and PPV.

Decision and Action

 1. HR >100 bpm: Stop chest compressions and 
follow as described above under PPV.

 2. HR >60 and <100 bpm: Stop chest compres-
sions, and continue PPV with 100% oxygen at 
a rate of 40–60/min, and reassess after 30 s.

 3. HR <60 bpm with no improvement in baby’s 
condition: Perform chest compression and ven-
tilation corrective steps—MRSOPA 
(Table 47.1); continue coordinated chest com-
pression and PPV with 100% oxygen, and pro-
ceed to the next step ‘D’, i.e. drug administration. 
Perform ET intubation if not already done.

Endotracheal intubation: It is relatively a 
more difficult skill to master and needs frequent 
practice to maintain success.

Indications for ET Intubation

• Tracheal suction as described earlier.
• PPV over prolonged period.

• PPV with mask not effective despite all cor-
rective steps at any stage of resuscitation.

• Facilitate coordination, and maximize efficacy 
of ventilation with chest compressions.

• Surfactant administration, suspected dia-
phragmatic hernia and extreme prematurity.

Selection of laryngoscope, laryngoscope 
blade and ET tube: Neonatal laryngoscope with 
straight blade, size ‘0’ for preterm/VLBW and 
‘1’ for full-term baby (Fig. 47.5). Size and lip to 
tip length of ET tube are selected according to 
gestation and birth weight of the baby (Table 47.2)

ET tube connector should be placed at a dis-
tance of 4–5  cm proximal to lips (total length 
13–15 cm). CO2 detector if available may be used 
to verify the placement of ET tube.

a b

Fig. 47.4 Two-finger (a) and two-thumb (b) technique of chest compression

Table 47.2 Size and length of ET tube

Birth weight 
(g)

Gestation 
(weeks)

Inner diameter of 
ET tube (mm)

Lip to tip 
length (cm)

<1000 28 2.5 6
1000–2000 28–34 3.0 7
2000–3000 34–38 3.5 8–9
>3000 >38 3.5–4 9–10
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47.2.4  Drug Administration 
(Medication)

Despite good ventilation and augmented cardiac 
output with chest compressions, a very small 
number of neonates (<0.1%) will still have HR 
<60 bpm. It may be due to myocardial dysfunc-
tion due to severe asphyxia or shock due to blood 
loss. If HR and SPo2 are normal on PPV but 
poor or no respiratory drive, it may be due to 
hypoxic ischaemic damage to the brain, severe 
acidosis, structural anomaly of the brain, neuro-
muscular disorder or drugs received by mother 
such as narcotics, magnesium sulphate and gen-
eral anaesthesia.

Types of Medication: Intravenous access 
should be established by canulating umbilical 
vein.

 1. Adrenaline: It is indicated when HR remains 
<60 bpm after effective ventilation (with ET 
tube) along with coordinated chest compres-
sions over 45–60 s. Its ionotropic and chrono-
tropic action will increase the HR and 
myocardial contractility.

Dose: 0.1–0.3  mL/kg of 1:10,000 solu-
tion (prepared by 10 times dilution of 
1:1000 adrenaline), i.e. 0.01–0.03  mg/kg, 
IV, rapidly followed by 0.5–1.0  mL flush 
with normal saline to ensure that drug has 
reached the circulation. Adrenaline can also 
be given through ET tube, while IV access 
is being obtained, as 0.5–1.0  mL/kg 
1:10,000 (0.05–0.01  mg/kg), followed by 
several PP breaths to distribute the drug 
throughout the lungs for rapid distribution 
and absorption.

Response: While continuing PPV and 
chest compressions, check HR about 1  min 
after adrenaline administration.

 (a) HR >60  bpm: Discontinue chest com-
pressions; continue PPV and monitoring.

 (b) HR <60 bpm: Continue coordinated PPV 
with chest compressions, and repeat 
adrenaline every 3–5  min. Assess for 
hypovolemic shock as evidenced by pal-
lor, delayed capillary refill time (CRT) 
and/or weak pulse.

 2. Volume expanders: Indication—hypovole-
mic shock.

Fig. 47.5 Laryngoscope with neonatal straight blades
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 10 mL/kg of normal saline or Ringer’s lac-
tate or O-/Rh-negative blood specially if 
there is setting for blood loss, given IV 
over 5–10 min.

 3. Naloxone: Indication: Poor or no respiratory 
drive with normal HR and SPo2 on PPV 
with history of maternal narcotic adminis-
tration within 4  h. Since safety and long-
term effects are not yet well established, 
naloxone is generally not necessary as long 
as baby can be adequately ventilated till the 
effect of narcotic weans off [1]. Dose: 
0.1  mg/kg IV.  Continue PPV till spontane-
ous breathing is established.

 4. Sodium bicarbonate: Its use in neonatal 
resuscitation is controversial because it is 
hypertonic, irritant and may cause intraven-
tricular haemorrhage (IVH) and worsen intra-
cellular acidosis. In case of severe metabolic 
acidosis, it may be administered as 2 meqv/kg 
at 1  meqv/min slowly IV while maintaining 
adequate ventilation.

Post-resuscitation care: Neonates who 
have required resuscitation beyond initial steps 
are at risk of developing problems associated 
with perinatal compromise even after success-
ful resuscitation. The likelihood of developing 
post-resuscitation complications is directly 
proportional to the length and extent of resus-
citation required. So most of these resuscitated 
babies with HR >100 bpm and normal expected 
SPo2 require only routine care, many will 
require frequent monitoring of vitals and 
awareness of potential complications, and few 
will need continued respiratory support and 
laboratory studies like haematocrit, blood 
sugar, electrolytes and blood gas analysis in 
SNCU/NICU.

Resuscitation failure: If baby shows poor or 
no response to resuscitation, suspect conditions 
like pneumothorax, hydrothorax, PPHN, con-
genital pneumonia, hypoplastic lung, diaphrag-
matic hernia and congenital cyanotic heart 
disease, and take appropriate steps accordingly.

Decision to Abandon Resuscitation [1]

 1. Confirm absent heartbeat for at least 10 min: 
Current data indicate that after 10 min of asys-
tole, survival is either unlikely, or it is with 
severe disability.

 2. Severe bradycardia without improvement in 
general condition despite adequate resusci-
tation; it may be discontinued on a case-to-
case basis and parental consent based on 
their threshold of acceptable risk of 
morbidity.

 3. Do not resuscitate: There are situations 
where gestation, birth weight and or con-
genital malformations are associated with 
almost certain early death or survival with 
unacceptably high morbidity. Here again 
after parental consent, it is appropriate not 
to initiate resuscitation in the following 
situations:
 – Confirmed gestation <23 weeks or birth 

weight <400 g
 – Anencephaly
 – Confirmed lethal genetic disorder or mal-

formation like trisomy 13 and 18

47.3  Conclusion

Three to five percent of neonates develop birth 
asphyxia, and FGM is of utmost importance 
for its prevention, timely assessment and effec-
tive management. Most of the times, it can be 
predicted in high-risk settings, but at times it 
may occur as a surprise. Hence a person skilled 
in neonatal resuscitation must be available at 
all delivery points. Anticipation, adequate pre-
paredness in terms of personnel and equip-
ment, timely recognition and quick corrective 
measures are critical for success of neonatal 
resuscitation. ABCD of resuscitation consists 
of maintaining open airway, breathing by 
effective lung ventilation, circulation by chest 
compressions and rarely drug administration to 
augment circulation.
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Neonatal Resuscitation Algorithm

Before Birth

Yes
After Birth

No             

30 Sec A A

No

No

Yes Yes

60 sec B

No

Yes

Yes

No

Yes

C

No

Yes

D

Antenatal counselling,
Gestation/Singleton/Multiple
Amniotic fluid/Team briefing  

Term  Gestation?
Breathing/Crying?
Good muscle tone? 

Good muscle 

Initial Steps: Provide warmth,
Position, Clear airway,
Reposition, Dry Stimulate
breathing    

PPV + SPo2 Monitoring

Apnea or Gasping
or HR<100 bpm 

Laboured breathing/
Persistent cyanosis 

Check airway, SPo2
monitoring, CPAP 

HR <100 bpm

HR>100 bpm, breathing,
SPo2 normal 

MR SOPA, Ventilatory
corrective steps 

Post resuscitation care in
SNCU/NICU 

HR <60 bpm

Chest compressions + PVV,
ET intubation, 100% oxygen  

HR <60 bpm

I/V Adrenaline, Volume expanders

Routine Care: Stay with mother,
Provide warmth, Dry, Initiate breast
feeding, Monitor HR, breathing, activity 
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Neonatal Injuries

Piyush Gautam and Nivedita Sharma

Definition: Birth injury may be defined as an 
impairment of the infant’s body or structure due 
to adverse influences, which occurred at birth. 
Injury may occur during the antenatal or intrapar-
tum period or even during resuscitation and is 
often unavoidable [1].

Birth injuries are commonly seen by physi-
cians looking after newborn infants. They may 
range from the relatively common soft tissue 
injuries that most often require careful observa-
tion to the more severe injuries like intracranial 
bleeding that may be life-threatening and need 
immediate intervention. The risk of birth 
trauma does not decrease after a cesarean sec-
tion, especially after failed forceps or vacuum 
extraction [2].

48.1  Risk Factors

In cases where labor is complicated by fetal size, 
prematurity, or malpresentation, normal intrapar-
tum compressions, contortions, and forces can 
lead to injury. The following factors may increase 
the risk of birth injury:

Maternal factors:

 1. Primiparity
 2. Maternal short stature
 3. Maternal pelvic anomalies

Fetal factors:

 1. Macrosomia
 2. Very low birth weight
 3. Extreme prematurity
 4. Fetal anomalies
 5. Malpresentation (breech, face, shoulder 

dystocia)

Related to delivery:

 1. Prolonged labor
 2. Unusually rapid labor
 3. Use of forceps or vacuum extraction

48.2  Evaluation

A newborn at risk for birth injury should be thor-
oughly examined from head to toe, including a 
detailed neurological examination, as injury may 
be occult. Things to be looked for are symmetry 
of structure and function, cranial nerves, range of 
motion of individual joints, and integrity of the 
scalp and skin.

Table 48.1 enlists common injuries encoun-
tered in a newborn.
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48.3  Soft Tissue Injury

This is the most common form of traumatic 
birth injury and includes petechiae, ecchymo-
sis, and bruising. Most of these injuries result 
from difficult extractions from the breech posi-
tion, shoulder dystocia, and use of the vacuum 
or forceps. Soft tissue injuries, though usually 
minor, may increase the risk of significant 
hyperbilirubinemia.

Petechiae are usually present over the head, 
neck, and upper chest. These are present after birth, 
do not increase, and are not associated with bleed-
ing from other sites. A platelet count should be 
obtained if there is bleeding from other sites or the 
petechiae progress. Breech delivery can lead to 
severe vaginal or scrotal edema and bruising. This 
usually resolves spontaneously, though drainage of 
a testicular hematoma may rarely be required [2].

An electrode placed on the scalp for fetal heart 
monitoring may cause abrasions or lacerations, 
which may get secondarily infected. If malposi-
tioned, it may cause facial or ocular trauma.

Subcutaneous fat necrosis is an area of indura-
tion due to local ischemia from trauma. It is usu-
ally seen late during the first week, has red or 

purple discoloration, and resolves spontaneously 
by 6–8 weeks [2].

48.4  Sternocleidomastoid (SCM) 
Injury

Congenital muscular torticollis is seen in approx-
imately 0.4% of births [4]. One of the mecha-
nisms proposed to cause this condition is manual 
stretching of the neck causing rupture of the mus-
cle with formation of a hematoma and subse-
quent fibrosis leading to torticollis. The infant 
usually presents at 2–3 weeks of age with head 
tilt to the side of the lesion, with a 1–2 cm pal-
pable mass in SCM region.

Management involves physiotherapy, with 
stretching exercises done many times in a 
day, that results in 90% recovery within 3–4 
months [4].

48.5  Extracranial Injuries

48.5.1  Caput Succedaneum

A caput succedaneum is a subcutaneous, extra-
periosteal fluid collection that extends over the 
presenting portion of the scalp. It has poorly 
defined margins and extends across suture lines. 
It resolves spontaneously over a few days and no 
treatment is required.

48.5.2  Cephalhematoma

Cephalhematoma results from collection of blood 
in the subperiosteal space, due to rupture of 
superficial veins between the skull and perios-
teum (Fig. 48.1). It may occur in up to 2.5% of 
live births, the incidence being higher in forceps 
and vacuum deliveries [2]. It is usually present 
over the parietal or occipital bone and does not 
cross suture lines. Hemorrhage is rarely serious 
enough to necessitate blood transfusion though it 
may result in significant hyperbilirubinemia. 

Table 48.1 Common injuries encountered in a newborn

Type of injury Example
Soft tissue 
injuries

Abrasions, bruises, lacerations, 
subcutaneous fat necrosis

Extracranial 
bleeding

Cephalhematoma, subgaleal bleed

Intracranial 
bleeding

Subarachnoid, epidural, subdural, 
cerebral, cerebellar hemorrhage

Nerve injuries Facial nerve, brachial plexus, phrenic 
nerve, recurrent laryngeal nerve

Spinal cord 
injuries

Epidural hemorrhage of the cervical 
cord

Fractures/
dislocations

Clavicle, humerus, femur, skull

Torticollis Due to bleeding in the 
sternocleidomastoid muscle

Eye injuries Subconjunctival, retinal, vitreous 
hemorrhage, orbital fracture

Solid organ 
injury

Liver, spleen, adrenal gland
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Linear skull fractures may be associated in up to 
5% cases, but they usually do not require any 
treatment [2].

Diagnosis is clinical, but if there are neuro-
logical signs and symptoms, a computed tomog-
raphy (CT) scan of the head must be done to rule 
out intracranial involvement.

Management involves observation only, as 
most lesions resolve spontaneously over a few 
weeks. Attempts at aspiration and incision may 
introduce infection and are contraindicated.

48.5.3  Subgaleal Hemorrhage

Hemorrhage under the aponeurosis of the scalp 
results in a subgaleal bleed. The overall inci-
dence is 1 in 2000 births but may be as high as 
1  in 200, most commonly seen in vacuum or 
forceps deliveries, especially with multiple 
attempts [2]. The injury results from rupture of 
emissary veins between the scalp and intracra-
nial venous sinuses due to traction on the scalp. 
It is usually seen within the first few hours of 
birth as a fluctuant swelling that crosses suture 
lines.

Diagnosis is purely clinical. Blood loss may 
be significant and may result in shock. The 

newborn must therefore be monitored closely 
for signs of hypovolemia like tachycardia, fee-
ble pulses, and prolonged capillary refill. 
Laboratory investigations include serial hema-
tocrit monitoring and bilirubin levels. A coagu-
lation profile may be considered to rule out a 
bleeding disorder [3].

Treatment is largely supportive. Significant 
bleeding may require fluid replacement or even 
blood transfusion.

48.6  Cranial Injuries

Skull fractures can be linear, usually involving 
the parietal bone, or depressed, involving the 
parietal or frontal bones. Depressed fractures 
often follow the use of forceps (Fig.  48.2). 
Occipital bone fractures are seen with breech 
deliveries. Due to the resilient nature of the 
bone, skull fractures in neonates are usually 
depressed that results in a “ping-pong” defor-
mity without discontinuity. Treatment is usu-
ally not required as majority of infants are 
asymptomatic, unless there is associated intra-
cranial bleed. A CT scan of the head must be 
done and a neurosurgical consultation taken if 
intracranial injury is suspected [2].

Fig. 48.1 Neonate with a large cephalhematoma in the 
left parietal region

Fig. 48.2 CT scan showing linear undisplaced fracture of 
the right parietal bone extending into the sagittal suture
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48.7  Intracranial Injury

In term infants, symptomatic intracranial hemor-
rhage occurs in approximately 5.1–5.9 per 10,000 
live births [5, 6]. Risk factors are macrosomia, 
forceps delivery, vacuum extraction, and pro-
longed second stage of labor. Although the neo-
nate may be asymptomatic after birth, majority 
will present within 48 h of birth, most commonly 
with apnea and seizures [7].

Intracranial bleed can be subdural, epidural, 
subarachnoid, or intraparenchymal.

48.7.1  Subdural Hemorrhage

Subdural hemorrhage is the most common 
intracranial bleed resulting from birth trauma. 
The incidence ranges from 2.9 per 10,000 live 
births in spontaneous vaginal deliveries to 
8–10 per 10,000 live births in vacuum and for-
ceps deliveries [5]. Risk factors include large 
fetal head, rigid pelvis, breech, face, presenta-
tion, prolonged labor, difficult instrumental 
delivery, or rarely a bleeding diathesis. 
Subdural hemorrhage results from rupture of 
the draining veins and venous sinuses in the 
subdural space. The ruptured vessels may 
range from small superficial veins to large 
venous sinuses when the symptoms are severe. 
Symptoms include altered level of conscious-
ness, irritability, seizures, bulging fontanelle, 
apnea, and focal neurological signs.

A CT scan of the head is the diagnostic proce-
dure of choice. An ultrasound done at the bedside 
may pick up the bleed in some cases. MRI may 
sometimes be required to more clearly delineate 
posterior fossa bleeds. Since subdural hemato-
mas may be associated with coagulation disor-
ders, a coagulation profile must be obtained [8]. 
Most infants can be managed with supportive 
care and control of seizures, if any. Surgical evac-
uation may be needed in cases with a large bleed 
and signs of brainstem compression or hydro-
cephalus [8, 9].

48.7.2  Epidural Hemorrhage

Injury to the middle meningeal artery results in 
epidural hemorrhage, though it is rarely seen. A 
cephalhematoma or a skull fracture is frequently 
found in association [10]. The newborn may 
present with diffuse neurologic symptoms, sei-
zures, and a bulging fontanelle.

A CT scan of the head will show a high- 
density lentiform lesion in the temporoparietal 
region. An epidural hematoma will require surgi-
cal drainage in most cases.

48.7.3  Subarachnoid Hemorrhage

Symptomatic subarachnoid hemorrhage occurs 
in 1.3 per 10,000 live births in spontaneous 
vaginal deliveries to 2 or 3 per 10,000 live 
births in vacuum and forceps deliveries [11]. 
The incidence is higher in preterm and asphyx-
iated newborns. It results from rupture of small 
leptomeningeal vessels or the bridging veins in 
the subarachnoid space. Symptoms include 
irritability, seizures, or depressed sensorium.

CT scan of the head is the diagnostic proce-
dure of choice. Ultrasonography is relatively 
insensitive.

Management is largely supportive. A post-
hemorrhagic hydrocephalus may develop in 
case of a large bleed; therefore, the infant must 
be followed up with serial cranial ultrasound 
and measurement of head size [12] (Fig. 48.3).

48.8  Neurological Injuries

48.8.1  Facial Nerve Palsy

Facial nerve palsy is the most common nerve 
injury in newborns, occurring in approxi-
mately 1% of births [2]. Compression of the 
nerve by forceps or prolonged pressure against 
the maternal sacral promontory is the usual 
cause. The newborn usually presents with a 
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lower motor neuron neuron facial palsy with flat-
tened nasolabial fold, deviation of the angle of 
the mouth toward the normal side, and inability 
to wrinkle the forehead and completely close the 
affected eye.

Differential diagnosis includes congenital 
nerve palsy, which commonly has other features 
of craniofacial dysmorphism or multisystem find-
ings, e.g., Moebius, DiGeorge, and Goldenhar 
syndromes and trisomy 13 and trisomy 18 syn-
dromes [13]. In congenital hypoplasia of the 
depressor anguli oris muscle, there is a localized 
movement abnormality of the corner of the mouth.

Prognosis is excellent with complete recovery 
occurring by 3 weeks. Management includes pre-
vention of corneal injury by using artificial tears 
and eye patch [1].

48.8.2  Spinal Cord Injury

Spinal cord injuries at birth are rare, but extremely 
serious. Risk factors include breech delivery, shoul-
der dystocia, and hyperextended neck in vaginal 

delivery. Clinical presentation depends on the site 
and severity of injury, ranging from subtle neuro-
logical signs to paraparesis and respiratory failure. 
Diagnosis can be confirmed by MRI of the spine. 
Management is supportive and involves stabiliza-
tion of the head, neck, and spine. Early neurosur-
gery consultation must be taken. Prognosis is 
generally poor, especially if the infant remains ven-
tilator dependent for more than 24 h [14].

48.8.3  Phrenic Nerve Injury

Phrenic nerve injury leads to paralysis of the ipsi-
lateral diaphragm (C3–C5). The nerve is injured 
where it crosses the brachial plexus, resulting in 
injury to the brachial plexus in approximately 
75% of cases [3].

The injury is usually unilateral and occurs 
due to excessive traction on the neck and arm, 
as may occur in breech and difficult forceps 
deliveries. The infant presents with respiratory 
distress, with decreased movement of the hemi-
thorax and reduced breath sounds on the 
affected side. Chest radiographs reveals eleva-
tion of the affected diaphragm. The diagnosis 
can be confirmed by ultrasonography or fluo-
roscopy that shows paradoxical movement of 
the diaphragm during inspiration [1].

Management involves respiratory support 
with continuous positive airway pressure or 
mechanical ventilation. Recovery occurs in 1–3 
months in most cases. Refractory cases may 
require surgical plication of the diaphragm [3].

48.8.4  Brachial Plexus Injury

Brachial plexus injury occurs in 0.1–0.2% of 
births, risk factors being shoulder dystocia, mac-
rosomia, breech presentation, and instrumental 
deliveries [3].

Brachia plexus injury can present as Erb’s 
palsy, Klumpke’s palsy, and injury to the entire 
plexus.

Fig. 48.3 Parenchymal bleed in bilateral cerebellar 
hemispheres with bilateral tentorial subdural hemorrhage
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48.8.4.1  Erb’s Palsy
Erb’s palsy is the most common type, occurring 
in approximately 90% of cases. It involves injury 
to the upper trunk of the brachial plexus (C5, C6, 
and C7). The involved arm is held in the “waiter’s 
tip” position, with adduction and internal rotation 
of the shoulder, extension of the elbow, pronation 
of the forearm, and flexion of the wrist and fin-
gers (Fig. 48.4). The Moro reflex is asymmetric 
and biceps reflex is absent. It is associated with 
diaphragmatic paralysis in 5% cases.

48.8.4.2 Klumpke’s palsy
Klumpke’s palsy is rare and occurs in less than 
1% cases. Involvement of C8 and T1 nerves 
results in weakness of the intrinsic muscles of the 
hand and long flexors of the wrist and fingers. 
The grasp reflex is absent but the biceps reflex is 
present.

In up to 10% cases, the entire plexus is 
involved, resulting in a flaccid extremity with 
absent reflexes.

A good physical examination is all that is 
required to make the diagnosis. A radiograph of 
the shoulder and upper arm must however be 
done as fractures of the clavicle and humerus 
may be associated. Absence of neurological signs 
often rules out brain injury.

Spontaneous recovery occurs in approxi-
mately 90% of brachial plexus injuries. The prog-

nosis is poorer in total plexus and lower plexus 
injuries. Treatment is mainly conservative and 
involves passive range of motion exercises to pre-
vent contractures. Physical therapy must be 
started after 7–10 days when post-injury neuritis 
has resolved [3].

48.8.5  Recurrent Laryngeal Nerve 
Injury

During breech or forceps delivery, excessive trac-
tion on the fetal head can lead to injury of the 
recurrent laryngeal nerve. The injury is usually 
unilateral and the infant is often asymptomatic at 
rest, having hoarseness and inspiratory stridor on 
crying. Bilateral involvement results in stridor, 
severe respiratory distress, and cyanosis [1].

Differential Diagnosis: If a newborn presents 
with the above mentioned symptoms in absence 
of a history of trauma, one must consider con-
genital laryngeal and central nervous system 
malformations and mediastinal masses.

Diagnosis can be made by using direct or 
fiber-optic laryngoscopy.

Spontaneous recovery usually occurs in uni-
lateral injury by 6 weeks of age. Bilateral paraly-
sis has a variable prognosis and may occasionally 
require tracheostomy [1].

48.8.6  Facial Injuries

48.8.6.1  Nasal Injuries
Nasal septal dislocation is the most common 
nasal injury, having an incidence of 0.6–0.9%. 
The infant presents with features of upper airway 
obstruction. On examination, the nose is deviated 
to one side, with asymmetric nares and flattening 
of the side of the dislocation. On applying pres-
sure on the tip of the nose, there is collapse of the 
nostrils and the deviated septum becomes more 
apparent. In the misshapen nose, however, com-
pression does not cause nasal deviation. Since 
delay in treatment can lead to long-term cosmetic 
deformity, urgent ENT consultation should be 
sought. The dislocation is relieved by rhinoscopy 
and manual reduction [3].

Fig. 48.4 Asymmetric Moro’s reflex with porter’s tip 
hand in a macrosomic infant of a diabetic mother with 
left-sided Erb’s palsy
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48.8.6.2  Ocular Injuries
Minor ocular injuries, including subconjunctival 
and retinal hemorrhages, are commonly seen 
after vaginal delivery. Malpositioned forceps can 
lead to ocular and periorbital injury including 
orbital fracture, vitreous hemorrhage, corneal 
injury, and lacrimal duct injury. Retinal and sub-
conjunctival hemorrhages resolve spontaneously 
within a few days. In case of significant ocular 
injury, prompt ophthalmology consultation must 
be taken [1].

48.8.6.3  Ear Injuries
Ear injury may occur during forceps application 
resulting in abrasions, lacerations, and hematoma 
formation. Complications include cauliflower 
ear, perichondritis, and ossicular disarticulation. 
If cartilage and temporal bone are involved, ENT 
consultation must be taken. A hematoma of the 
pinna must be drained to prevent development of 
a cauliflower ear [1].

48.9  Bone Injuries

Clavicular fracture is the most common bony 
injury during delivery, with an incidence of 0.5–
1.5% of live births.

Fractures most commonly occur during nor-
mal, spontaneous vaginal delivery, but the inci-
dence increases with vigorous manipulations, as 
may occur in case of shoulder dystocia and 
breech extractions.

The humerus is the most common long bone 
to get fractured. The neonate may remain 
asymptomatic if the fracture is nondisplaced. 
The first sign may be a callus at 7–10 days of 
age. A complete fracture may present with a 
crepitus, a palpable callus, or an obvious defor-
mity in case of humeral fracture. There may be 
pseudoparalysis of the affected arm. Fractures 
of the humerus and clavicle may be associated 
with brachial plexus and radial nerve injuries. 
Fracture of the femur is most commonly seen 
after a breech delivery. Examination reveals an 
obvious deformity of the thigh, decreased limb 
movement, and tenderness on palpation. An 
X-ray will confirm the diagnosis [1].

48.9.1  Treatment

Clavicular fracture management involves allevia-
tion of pain with analgesics. Movement can be 
decreased by pinning the infant’s sleeve to the 
shirt until callus is formed. Humeral fracture 
needs splinting for 2 weeks. Displaced fracture 
will need closed reduction and casting. Femoral 
fracture is managed with traction and suspension 
of both legs with a spica cast, even if there is uni-
lateral involvement [1].

48.10  Intra-abdominal Injury

Intra-abdominal injuries are uncommon and 
include rupture or subcapsular hemorrhage into 
the liver, spleen, or adrenal gland. Liver is the 
most commonly injured solid organ. Risk factors 
are macrosomia, breech delivery, asphyxia, and 
hepatosplenomegaly. There will be signs of hypo-
volemia including lethargy, pallor, tachypnea, and 
tachycardia that may progress to shock. An 
abdominal ultrasound will confirm the diagnosis.

Management includes restoration of blood 
volume using crystalloids, blood transfusion, and 
correction of coagulopathy. Adrenal insufficiency 
may need steroid therapy. Surgical consultation 
must be taken, as a laparotomy may be required.

48.11  Prevention

The occurrence of birth injuries is often unpre-
dictable and unavoidable. But anticipation of 
injury in certain high-risk situations can either 
prevent the injury or help in early diagnosis. 
Some measures that can help in injury prevention 
are the following:

During antenatal period:
 1. Screen out women with high-risk factors, e.g., 

those with cephalopelvic disproportion, mac-
rosomia, and malpresentation.

During intranatal period:
 1. Perform continuous fetal monitoring.
 2. Avoid difficult forceps.
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 3. Judicious selection of suitable candidates for 
instrumental delivery.

 4. Breech delivery by skilled personnel.

48.12  Summary

With improvement in obstetric care, perinatal 
morbidity and mortality due to birth injury has 
decreased over the past 25 years [2]. But clini-
cians caring for newborns will continue to 
encounter birth-related injuries. Furthermore, 
associated clinical problems after birth may mask 
the signs and symptoms of many injuries; as a 
result, one may miss the injury. It is therefore 
important for the attending clinician to anticipate 
and recognize such injuries so that the morbidity 
and mortality resulting from birth trauma is 
reduced.
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Postexposure Prophylaxis in HIV

Pranav Sood and Shivani Sood

ARV drugs are in use since the last three decades 
for postexposure prophylaxis following occupa-
tional exposure to HIV, but more recently, the same 
has been extended to accidental exposure like 
unprotected intercourse, sexual assault, needle 
prick injuries, IV drug users, etc. Use of ART for 
postexposure prophylaxis is supported by animal 
studies [1], a case control study [2], and systematic 
reviews which have demonstrated reduced risk of 
acquiring chronic infection and cost-effectiveness 
in high-risk groups [3, 4]. That ARV drugs are 
effective in postexposure prophylaxis is further 
supported by their role in preexposure prophylaxis 
and in preventing mother-to-child transmission.

Postexposure prophylaxis cannot be consid-
ered 100% effective because its effectiveness 
depends upon a number of factors like timing of 
initiation, adherence to treatment, completion of 
course, drug resistance, viral load, etc. 
Postexposure prophylaxis should form a part of 
wider strategy to prevent acquiring HIV infection, 
HBV, HCV, and other blood-borne viruses [5, 6].

Exposures that may warrant postexposure 
prophylaxis include:

 1. Parenteral or mucous membrane exposure 
(sexual exposure and splashes to the eye, 
nose, or oral cavity)

 2. Body fluids like blood, blood-stained saliva, 
CSF, breast milk, genital secretions, and pleu-

ral, pericardial, synovial, rectal, and perito-
neal fluids.

 3. With high background prevalence of HIV 
infection, all exposures can be considered.

Exposures that do not require postexposure 
prophylaxis include:

 1. When the source is known to be HIV negative, 
etc.

 2. When the exposed individual is known to be 
HIV positive

 3. Exposure to body fluids that do not pose a sig-
nificant risk like tears, sweat, urine, non- 
blood- stained saliva, etc.
Percutaneous needle stick injury has a risk of 
23 in 10,000 exposures to an infected source [7].
Steps to be taken in case of accidental expo-

sure to HIV:

 1. HIV testing of exposed person and source if 
possible.

 2. First aid in case of a broken skin or wound.
 3. Counseling if postexposure prophylaxis is to 

be prescribed:
 (a) Risks and benefits
 (b) Side effects
 (c) Risk of HIV
 (d) Consent

 4. Postexposure prophylaxis should be started as 
early as possible preferably within 72  h of 
exposure.

 5. 28-day prescription.
P. Sood (*) · S. Sood 
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 6. Assessment of underlying comorbidities and 
drug-drug interactions.

 7. Retesting at 3 months.
 8. Preventive measures.

According to ART guidance, postexposure 
prophylaxis can be dispensed by trained nurses, 
midwives, and nonphysicians [3].

Recent WHO guidelines recommend triple 
combination therapy:

 1. Simplified prescribing.
 2. Availability of

 (a) Better tolerated
 (b) Less toxic drugs
 (c) Difficulty in assessing drug interactions

 3. Completion rates are similar compared to two 
drug regimes.

Doses of ARV drugs for HIV postexposure prophy-
laxis for adults and adolescents

Tenofovir (TDF) 300 mg once daily
Lamivudine (3TC) 150 mg twice daily or 

300 mg once daily
Emtricitabine (FTC) 200 mg once daily
Lopinavir/ritonavir 400 mg/100 mg twice daily 

or 800mg/(LPV/r)
200 mg once daily

Atazanavir/ritonavir 
(ATV/r)

300 mg + 100 mg once daily

Raltegravir (RAL) 400 mg twice daily
Darunavir + ritonavir 
(DRV/r)

800 mg + 100 mg once daily 
or 600 mg + 100 mg twice 
daily

Efavirenz (EFV) 600 mg once daily

Tenofovir and lamivudine are the combina-
tion of choice for HIV postexposure prophy-
laxis (strong recommendation, low-quality 
evidence).

Lopinavir/ritonavir or atazanavir/ritonavir is 
the preferred third drug (conditional recommen-
dation, very low-quality evidence). These are 
widely available in low- and middle-income 
group countries.

RAL, DRV/r, and EFV can be considered if 
available, with limited availability owing to 
higher cost.

Indirect comparisons have been made between 
zidovudine  +  lamivudine [8–19] and tenofo-
vir  +  lamivudine [20–22] in several studies. 
Completion rates were 78% in the latter group 
compared to 59% in the former. Discontinuation 
rate was higher in the former group in compari-
son to the latter (3.2 vs. 0.3%) due to some 
adverse event.

Newer drugs, dolutegravir (high potency 
and tolerability), rilpivirine (high tolerability), 
and elvitegravir (high tolerability and conve-
nient coformulation), have promise, but there 
are no current recommendations for their use.

Efavirenz is also recommended as an alterna-
tive third-line drug for postexposure prophylaxis. 
It is well tolerated but has limited acceptability in 
HIV-negative individuals (nervous system and 
mental events).

Doses of ARV drugs for HIV postexposure 
prophylaxis for adults and adolescents

LPV/r ATV/r RAL DRV/r EFV NVP

Discontinuation rate in 
postexposure 
prophylaxis

Low (use for  
preventing 
mother-to- child 
transmission of HIV)

No data Low (use for  
preventing 
mother-to- child 
transmission of HIV)

Daily dosing Twice daily One tablet 
once daily

Twice 
daily

Once or 
twice daily

Once 
daily

Twice daily

Availability of 
heat-stable age- 
appropriate formulation

Yes No Yes No Yes Yes

Accessibility in country 
(registration status)

High Low Low Low High (>3 
years)

High (all ages)

Accessibility by health 
providers

High High High High High High

Availability of WHO 
prequalified generic 
formulation

Yes Yes No No Yes Yes

Age indication >14 years >3 months >2 weeks >3 years >3 
months

<2 years
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Characteristics of third drug options for HIV postexposure prophylaxis for adults and 
adolescents

LPV/r ATV/r RAL DRV/r EFV
Discontinuation rate in 
postexposure prophylaxis

7% 21% 2% 6% No data

Daily dosing Two tablets 
twice daily

One tablet 
once daily

One tablet 
twice daily

One tablet once 
or twice daily

One tablet 
once daily

Availability of heat-stable 
formulation

Yes Yes Yes No Yes

Accessibility in country 
(registration status)

High Low Low Low High

Accessibility by health providers High High High High Low
Availability of WHO prequalified 
generic formulation

Yes No No No Yes

Side Effects
Tenofovir is associated with low rate of renal 

toxicity. It should be avoided in the following 
conditions:

 (a) If GFR <50 mL/min
 (b) Long-standing diabetes
 (c) Uncontrolled hypertension
 (d) Renal failure

Tenofovir- and lamivudine-based postexpo-
sure chemotherapy is associated with potential 
risk of hepatic flares especially in people infected 
with HBV [23, 24].

 (a) HBV testing is not a precondition for starting 
postexposure prophylaxis.

 (b) Should be done in centers where testing 
facilities are available.

 (c) People with established infections should 
be monitored for hepatic flares after 
discontinuation.

Nevirapine is not recommended for use in 
adolescents and adults because of life- 
threatening complications and interactions with 
other drugs [25].

Postexposure Prophylaxis ARV Regimens: 
Children (≤10 Years Old)

Zidovudine +  lamivudine is the treatment of 
choice.

Abacavir + lamivudine is alternative.
Tenofovir + lamivudine is another alternative 

(strong recommendation, low-quality 
evidence).

Lopinavir/ritonavir is the preferred third drug 
(conditional recommendation, very low-quality 
evidence).

Alternative regime includes ATV/r, R AL, 
DRV, EFV, and NVP.

Zidovudine
 (a) Anemia, transient and mild
 (b) Seen in infants receiving postnatal 

prophylaxis
 (c) In HIV-positive children receiving 

zidovudine

Abacavir
 (a) Hypersensitivity reactions
 (b) Particularly in Caucasian and Asian children

Lopinavir/ritonavir oral liquids should not be 
used for preterm infants or infants <2 weeks.

Nevirapine is used in these infants.
Toxicity profile of nevirapine remains unclear 

beyond 2 years, and there are concerns of serious 
adverse effects which limit its use beyond 2 
years.
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Ultrasonography in Labor

Neha Gupta

50.1  Introduction

Digital pelvic examination has been the gold stan-
dard of monitoring the progress of labor, even 
though it is quite uncomfortable for the patient. It 
is imprecise [1] and subjective in nature. It has 
high interobserver variations and inaccuracies [2] 
in the assessment, which is a well-established 
fact. With the advent of portable machines and 
availability of ultrasound machines in the labor 
room, now the concept of sono-obstetrician is 
evolving rather than just the obstetric sonogram.

Over the last 30 years, intrapartum sonogra-
phy has gone a long way from the assessment of 
the fetal heart rate in labor or locating the pla-
centa to assessing the progress of labor. There are 
now extensive studies available which explore 
the use of this noninvasive, cheap, and highly 
informative modality in assessing the progress of 
labor, identifying the cases of arrest of labor, and 
timely deciding the mode of delivery.

Hence, in this chapter, I outline the require-
ments for doing intrapartum sonography and its 
role during labor progression in accordance with 
the best available evidence and my own experi-
ence (Table 50.1).

50.2  General Setup During Labor

Examiner: The intrapartum ultrasound should 
be done by an expert who has the knowledge 
about the use of ultrasound as well its use in 
labor. As we still know, that use of ultrasound in 
labor is not a routine in many centers. Still, in our 
teaching, there is a great gap between knowing 
the delivery skills and obstetricians having 
sonography skills.

Ultrasound probes: It is not really required 
to have really expensive machines to do the intra-
partum sonography. I have used convex abdomi-
nal as well as the volume probes. I have not used 
transvaginal probes for doing intrapartum ultra-
sound, though there are some studies which are 
using TVS probes for measuring preinduction 
cervical length.
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Table 50.1 Uses of ultrasound in the intrapartum 
setting [3]

Basic uses
1. Identification of fetal heartbeat
2. Determination of fetal presentation
3. Estimation of fetal weight
4. Site of the placenta
5. Determination of the degree of flexion of the head
6. Assistance in the birth of second twin
7. Postpartum bleeding
Advanced uses
1.  Determination of fetal head position, station, and 

rotation
2. Diagnosis of protracted labor
3. Assessment of intrapartum fetal well-being

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-10-4953-8_50&domain=pdf
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50.3  Ultrasound Machine Settings

The settings of the ultrasound machine to be 
employed for the adequate visualization of ade-
quate intrapartum fetal head are [4]:

 1. Lowest possible angle of insonation
 2. Lower output frequency
 3. Highest insonation depth
 4. Wide volumetric area with low sound 

volumes

50.4  Types of Ultrasound 
Exploration Techniques

 1. Transabdominal—The abdominal probe (con-
vex or volume) is kept transversally in the 
suprapubic region of the maternal abdomen. 
This is mainly for assessing head rotation.

 2. Translabial or transperineal—The abdominal 
probe is placed inside a rubber glove covered 
with an ultrasound gel and then placed longi-
tudinally in the medial sagittal position 
between both labia majora and below the sym-

physis pubis with right side of the probe fac-
ing toward the anus (Fig. 50.1).
Turing the probe transversely will give the 
cervix and head.

50.5  Ultrasound Prior 
to Induction of Labor

Induction of labor is a common obstetric inter-
vention, performed in about 20% of pregnancies 
[6]. However, about 20% of women having 
induction of labor, need a cesarean section for 
delivery either because of failed induction, fail-
ure to progress in labor, or fetal distress [7].

50.5.1  Preinduction Cervical Length

The measurement of cervical length within 24 h 
prior to the induction of labor by means of trans-
vaginal ultrasound is an excellent predictor of the 
likelihood of vaginal delivery.

The Pandis et al [8] suggested 28 mm for the 
cervical length and 3 as the Bishop score are the 

Fig. 50.1 Transperineal sagittal application of the 2D 
transducer (a) gives views of the maternal symphysis 
pubis and the upper part of the cervix lying just above the 

upper part of the fetal skull (b). Rotation of the 2D trans-
ducer by 90° (c) provides a view of the cervix (d) [5]
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best cutoff points for the prediction of successful 
induction. However, the cervical length appears 
to be a better predictor than the Bishop score, 
with a sensitivity of 87% and a specificity of 71% 
compared to 58% and 77%, respectively [8].

There will be reduction in the need of prosta-
glandin by 50% for the induction of labor in nul-
lipara at term if 28 mm is the cut off used for 
pre-induction transvaginal cervical length [9].

Other parameters like angle of progression 
and elastography score of the cervix have also 
been used to predict their accuracy, but have not 
found to be useful [10].

50.6  Ultrasound-Based Prolonged 
Pregnancy Clinic

The risk of intrauterine and postnatal death is 
increased from 2.4 per 1000 pregnancies at 40 weeks 
to 5.8 at 43 weeks. Hence, postdate pregnancy is the 
most common cause of induction of labor.

Rao et al. [11] proposed an ultrasound-based 
assessment of the cervix and well-being of the 
fetus around the 40th week of gestation. Unless 
there is evidence of a specific medical or obstet-
ric indication, induction of labor is delayed by 
7–10 days, thereby increasing the percentage of 
females going into spontaneous labor by about 
80% [ 11].

Hence, the concept of ultrasound-based pro-
longed pregnancy clinic has been introduced.

50.7  Ultrasound During Labor

Digital vaginal examination is used to assess the 
progression of labor. The parameters assessed are 
the cervical dilatation and effacement and head 
rotation and station. All these parameters can be 
assessed by means of ultrasound as well. Just by 

using a combination of transabdominal and trans-
perineal ultrasound, we can gauge the progress of 
labor.

The major advantage is that the ultrasound 
being noninvasive and nonintrusive modality, 
avoids the discomfort associated with the digital 
vaginal examination. We are not proposing to do 
away with the digital vaginal examination but to 
use ultrasound as an adjunct to it. By using ultra-
sound, the number of per vaginum examination 
can be decreased, and the incidence of chorioam-
nionitis can be decreased from 10% for 13 vagi-
nal examinations [12] to 4% for 2 DVE.

50.7.1  First Stage

The parameters assessed in the first stage are 
head rotation, head station, and cervical 
dilatation.

50.7.1.1  Head Rotation
Head rotation is the easiest parameter to assess 
on the scan. As a obstetrician I feel, it is the most 
difficult parameter to assess on DVE especially 
in the presence of caput. It has been seen that the 
assessment of the position of the occiput is inac-
curate in majority of the DVE (digital vaginal 
examinations) [12, 13].

When we do DVE, we assess the head rotation 
by determining the position of the posterior fon-
tanel and label it according to a 12-hour clock 
(with 12.00 h representing occiput anterior posi-
tion and 03.00 h representing left occiput trans-
verse position). Almost similar method was 
proposed by Akmal et al. [14].

Preinduction transvaginal cervical 
length of 28 mm or less measurement is 
a useful predictor for the likelihood of 
vaginal delivery.

Fetal head rotation was defined with 2D 
ultrasound by keeping the probe trans-
verse at the suprapubic region. Using 
the fetal spine or orbits as the landmark 
and occiput as the denominator, it was 
expressed according to a 12-hour clock 
as for the digital VE (Figs. 50.2 and 
50.3)
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The interobserver agreement was nearly 15° in 
90% of cases and 30° in all cases for sonograph-
ically determined fetal occiput during labor [14].

If you have experience in the obstetric scan-
ning, then determining the fetal position, based on 
such landmarks as the fetal orbits, cerebellum, 
midline echo of the brain, and occiput, is easy and 
highly reproducible (Figs. 50.3, 50.4, and 50.5).

The use of vaginal examination, transabdomi-
nal ultrasound, and transvaginal ultrasound to 
determine fetal head position was compared by 
Zahalka et  al. They found that the transvaginal 
ultrasound was the most precise method [15].

A high body mass index is the only significant 
factor that can make transabdominal ultrasound 
exploration difficult.

When we did a pilot study on about 12 women, 
we found that head rotation was easily picked up 
on scan by suprapubic transabdominal scan in 
100% of examinations.

50.7.1.2  Head Station
Ultrasound during labor can clearly determine 
the position of the fetal head. This information 
provides objective data to pinpoint the labors 
whose progress is slow.

Anterior

Posterior

Transverse Transverse

• OA    >09.30 and <02.30
• LOT  ≥02.30 and ≤03.30
• ROT ≥08.30 and  ≤09.30
• OP   >03.30 and  <08.30

Fig. 50.2  
Determination of 
occipital position

Fig. 50.3 Cavum septum pellucidum is present toward left and occiput toward right (GE denotes right side of the 
probe). The midline echo is almost horizontal as shown by arrow, hence ROT
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The reliability of DVE in the assessment of 
fetal head station was demonstrated by Dupuis 
et al. [17] using a birth simulator.

A fetal head mannequin was placed in the 
birth simulator and the operators then determined 
the head position clinically. The head position 
was incorrectly assessed by 50–88% of residents 
and in 36–80% of cases for obstetricians. The 
misdiagnosis of a station as midpelvic rather than 
high-pelvic accounted for 88% and 67% of the 
errors made by residents and obstetricians, 
respectively. This misinterpretation of the head 
station can have serious implications for the man-
agement of patients in labor.

Various parameters have been used to demon-
strate head progression during labor. These were 
done translabially and the technique as described 
above was followed (Table 50.2):

 1. Head–perineum distance (Fig.  50.6)—The 
fetal head–perineum distance (HPD) is 
measured as the shortest distance from the 

outer bony limit of the fetal skull to the skin 
surface of the perineum by a transperineal 
ultrasound examination in a transverse 
view. The transducer is moved until the short-
est distance to the fetal head is visualized [18]. 
It is also used as a parameter to assess the head 
descent to assess progress of labor in 
SONOPARTOGRAM [19].

An advantage is that it is a quiet easy 
parameter to perform [18] which does not 
require much expertise. We also had used it 
and believe the same.

However, the measurements may vary with 
the degree of compression of the soft tissue 
especially when the head is not engaged.

Fig. 50.4 If orbits are seen by suprapubic transabdominal scan—occipitoposterior position [16]

Fig. 50.5 If the spine is seen by suprapubic transabdominal scan—occipitoanterior position [16]

Table 50.2 Co-relation between fetal head descent and 
head–perineum distance [20]

HPD (mm)
High cavity 50
Mid cavity 38
Low cavity 20

50 Ultrasonography in Labor



482

 2. Angle of progression—The most important 
measurement is the angle of progression of 
the fetal head. It is defined as the angle 
between a line through the midline of the 
pubic symphysis and a line from the inferior 
apex of the symphysis to the leading part of 
the fetal skull (Fig. 50.7).

An angle of progression of 120° or greater 
is an excellent predictor of a successful 
 vaginal delivery. Kalache et al. [21] evaluated 
this measurement prospectively in women at 
term with failure to progress in the second 
stage of labor and concluded that if the angle 
of progression was ≥120°, the probability of 
either an easy and successful vacuum extrac-
tion or a spontaneous vaginal delivery was 
90%. Barbera et al. [22] found a good intra- 
and interobserver variability for measure-
ments of the angle of progression.

 3. Head direction [23]—It is the line drawn 
through the midline of the fetal head and its 
correlation with the line drawn through the 
middle of the symphysis pubis (Fig. 50.8). 
Three types of head directions were deter-
mined: head down, horizontal, and head up:
 (a) Head up is when the head points upward.
 (b) Head down is when the leading part of 

the head is pointing downward in the 
pelvis.

 (c) All other angles are considered 
horizontal.

The head direction, together with the 
descent in the maternal pelvis, is a good indi-
cator of successful vaginal delivery. An 
upward direction of the fetal head is a good 
prognostic sign for vaginal delivery, in con-
trast with a downward or horizontal head 
direction.

Among all parameters, this is the easiest to 
perform and understand. It does not involve 
any measurement and just a glance will let us 
know that:
 – If the head is down, then the head is in the 

upper 1/3 of the pelvis.
 – When horizontal, the head is in the 

midpelvis.

Fig. 50.6 Head–perineum distance—transperineal ultrasound with probe in transverse direction, shortest distance 
between the skull and skin of the perineum

The angle of progression >120° in-
creases the likelihood of vaginal deliv-
ery. It has the best inter- and intra-ob-
server reproducibility when studying 
fetal head descent during labor.
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a b

Fig. 50.7 (a) Ultrasound image and drawing demonstrat-
ing the angle of fetal head progression, described as the 
angle between a line through the midline of the pubic 
symphysis (continuous yellow line) and a line from the 

inferior apex of the symphysis to the leading part of the 
fetal skull (interrupted yellow line). (b) The image shows 
the equivalent diagram of the angle of the progression of 
the fetal head

a b c

Fig. 50.8 Categorization of fetal head direction (indicated by black arrows) in longitudinal translabial sonograms 
compared: (a) downward direction; (b) horizontal direction; (c) upward direction [23]
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 – When pointing upward, then the head is in 
lower 1/3 of the pelvis [24].

 4. Head–symphysis distance (HSD)—It is the 
distance between the lowest edge of the sym-
physis pubis and the nearest point of the fetal 
skull along a line passing perpendicular to the 
long axis of the symphysis pubis [25] 
(Fig. 50.9). As the head descends and rotates, 
HSD decreases.

 5. Head progression distance (HPD)—This is 
done in transperineal sagittal mode. This was 
defined by Gilboa et  al. [26] in the second 
stage of labor. The ultrasound transducer, cov-
ered with a glove and ultrasound gel, was 
placed on the perineum in a sagittal position 
(Fig.  50.10), and measurements were made 
during maternal pushing.

Fig. 50.9 Arrow denotes head–symphysis distance

Fig. 50.10 Sonographic assessment of head progression 
distance (HPD): the transducer position on the perineum 
in the sagittal plane is tilted to demonstrate the pubic sym-

physis in a horizontal view. IPL, infrapubic line (Adapted 
from Kalache et al. [21])
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50.7.1.3  Cervical Dilatation
The difference of ≥2 cm in the measurement of 
cervical dilatation between the two examiners 
has been observed in more than 11% of occa-
sions [1]. Electromechanical devices [27] and 
3D ultrasonography [28] have also been used 
for the assessment of the cervical dilatation.

2D Method
The method of measurement of cervical dilata-
tion by means of two-dimensional gray-scale 
ultrasound was introduced by Hassan et al. [5].

The transducer is placed on the perineum at 
the level of the posterior fourchette in a longi-
tudinal position (Fig.  50.11a). By means of 
slight sideward movements of the probe, the 
views of the maternal pubic symphysis and 
fetal skull landmarks can be obtained 
(Fig. 50.11b).

The anterior part of the cervix was identified 
above the upper part of the fetal skull in a sagittal 
view. The transducer is then rotated by 90° 
(Fig. 50.11c) without losing the upper part of the 
cervix image. Slight sideward movements of the 
transducer were performed to obtain clear views 
of the cervix. The circular aspect of the cervix 
was obtained (Fig. 50.11d). The cervical dilata-
tion was measured in the anteroposterior plane 
with the cursors placed on the inner part of the 
cervical tissue anteriorly and posteriorly (inner–
inner) (Fig. 50.12).

According to them, there was positive correla-
tion between 2D ultrasound measurement of 

a b

c d

Fig. 50.11 Two-dimensional (2D) ultrasound technique 
to measure cervical dilatation in labor. Transperineal sag-
ittal application of the 2D transducer (a) gives views of 
the maternal symphysis pubis and the upper part of the 

cervix lying just above the upper part of the fetal skull (b). 
Rotation of the 2D transducer by 90° (c) provides a view 
of the cervix (d)

The HPD was measured as the perpen-
dicular distance from the IPL (a line 
drawn vertically from the inferior edge 
of the echogenic core of the symphysis 
pubis) to the lowest part of the fetal 
bony skull.
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cervical dilatation and digital vaginal examina-
tion (P < 0.001).

Assessment of Progression of Labor
Sonopartogram [19] is the concept introduced by 
Hassan et al. It is a sonographic analysis of the 
progress of labor. It is a simple and an objective 
way of monitoring the key parameters of labor. 
The sonopartogram is based on the conventional 
partogram, but adapted for recording of ultra-
sound parameters (Fig. 50.13):

 1. Cervical dilatation—based on 2D method 
described above.

 2. Fetal head descent as head–perineum 
distance.

 3. Fetal head rotation on a 12-hour clock.
 4. Caput—transperineally in a sagittal view as 

the maximum distance between the fetal skin 
and bone of the leading arc of the skull (proxi-
mal skull to outer skin).

 5. Molding is seen when the skull bones of the 
vertex overlap.

The acquisition of data regarding the prog-
ress of labor was more complete for the 
sonopartogram than the conventional parto-
gram. The agreement between digital VE and 
US was good for cervical dilatation and head 
rotation but less for head descent. US assess-
ment of the progress of labor is feasible in 
most cases.

When we did the pilot study in our depart-
ment on 15 women, our experience was that 
the data could be acquired in all the cases. The 
head rotation and HPD were the easiest to mea-
sure. The cervical dilatation on ultrasound 
needs little practice. But with this sonoparto-
gram, we could reduce the number of per vagi-
num examinations. It gave as an insight into 
stalled labor as occipitoposterior or still in 
transverse position after the full dilatation.

Caput and molding could easily be assessed.
What I felt was that head–perineum dis-

tance was not well co-relating with the head 
station and hence preferred the use of HEAD 
DIRECTION to assess the head station, and 

a

dc

b

Fig. 50.12 Representative images obtained by two-dimensional (2D) ultrasound at cervical dilatations of (a) 7.1 cm, 
(b) 9.5 cm, (c) 5.3 cm, and (d) 6.6 cm
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hence we used a modified version of sonopar-
togram—MODIFIED SONOPARTOGRAM.

Assessment of Intrapartum Fetal Well- 
Being (Intrapartum Doppler)
Uterine, umbilical, middle cerebral arteries and 
ductus have been studied for the assessment of 
intrapartum detection of acidosis [29]. However, 
till now none seems promising. The use of these 
tools is limited to the context of research trials.

50.7.2  Second Stage

The second stage starts after the full dilatation of 
the cervix:

 1. Head progression distance, angle of progres-
sion, and head direction—all seen on trans-

perineal sagittal scan that can provide great 
details about the head descent.

 2. The head rotation can be easily assessed trans-
abdominally, sometimes when the head has 
entered the pelvis and is usually greater than 0 
station. Midline angle [30] is a useful param-
eter in that aspect.

Midline angle—on transperineal axial plane—
is the angle between the anteroposterior axis of 
the maternal pelvis. It is helpful in assessing the 
angle of rotation of the fetal skull (< or >45) 
(Fig. 50.14).

Advantages of using intrapartum assessment 
of labor

 1. With the systematic use of these parameters 
in women for whom no or inadequate pro-
gression of labor is suspected, we could 
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Fig. 50.13 A sample sonopartogram showing fetal head descent, cervical dilatation, and head rotation with explana-
tory ultrasound images
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objectively demonstrate the presence of 
such diagnoses. These parameters would 
result in more accurate diagnoses and more 
exact indications for C-sections.

 2. Diagnosis of fetal head position in protracted 
labors especially in the presence of caput and 
molding—as occipitoposterior position [31] 
would provide explanation to that.

 3. Head station, degree of head rotation, and 
amount of caput and molding can be assessed 
sonographically, and it can be utilized for the 
application of vacuum or forceps [32]. It will 
minimize the failure associated with the same.

50.7.3  Third Stage of Labor

Third stage of labor is defined as the part of labor 
from the birth of the baby until the placenta 
(afterbirth) and fetal membranes are delivered.

Krapp et al. used real-time and color Doppler 
imaging to characterize the normal and abnormal 
third stage of labor [33]. Placental separation 
from the myometrium was defined clinically and 
correlated with cessation of color Doppler- 
detected blood flow in basal plate vessels.

Three sonographic phases of separation were the 
interval between delivery of the fetus and the begin-
ning of placental separation (latent phase), the 
monophasic or multiphasic shearing off of the pla-

centa (detachment phase), and the interval between 
completed placental separation and vaginal delivery 
of the placenta (expulsion phase) [33].

50.8  Conclusion

Availability of portable ultrasound machines has 
made its way in intrapartum ultrasonography 
such that now from ultrasonographic obstetrics, 
we are becoming sono-obstetricians. Increasing 
utilization is improving our knowledge of dynam-
ics of childbirth. Sonopartogram is a good tool to 
assess the progress of labor. As an obstetrician 
and fetal medicine specialist, I believe ultrasono-
graphic examination provides adjunctive infor-
mation about the progress of labor along with per 
vaginum examination.
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Cardiopulmonary Resuscitation

Gian Chauhan and Kartik Syal

51.1  Introduction

Cardiac arrest in pregnancy is among the most 
challenging clinical scenarios. Although most 
features of resuscitating a pregnant woman fol-
lows same protocols as of adult resuscitation, 
but several aspects and considerations are 
uniquely different. The most obvious differ-
ences in pregnant woman resuscitation are that 
there are two lives involved in it, the mother 
and the fetus, and physiological changes in 
pregnancy, which are not there in nonpregnant 
adult patient. Inpatient sample from the USA 
nationwide suggests that cardiac arrest occurs 
in 1:12,000 admissions for delivery [1]. 
Globally, 800 maternal deaths occur daily [2, 
3]. The Centers for Disease Control and 
Prevention have documented steady increase in 
maternal mortality trends in the USA, since 
1989 to 2009, from 7.2 deaths per 100 000 live 
births in 1987 to 17.8 deaths per 1,00,000 live 
births in 2009 [4].

Management of cardiac arrest in pregnancy, 
labor, and delivery has received very limited 
attention. Knowledge deficits [5, 6]and poor 
resuscitation skills [7] could be major contributor 
to poor outcomes. Despite these problems, recent 
data show that the rate of survival after maternal 
cardiac arrest may be as high as 58.9% [1]; 

though higher than in most other arrest popula-
tions, this class of patients has mostly healthy 
bodies and comes into dangerous situation only 
due to exaggeration of physiological changes; 
thus further improvement of survival justifies 
appropriate training and preparation for such 
events despite their rarity.

The best outcome for neonatal survival is 
likely to be achieved only by successful maternal 
resuscitation. Some of the key steps in resuscitat-
ing a pregnant woman are timely initiation of 
uninterrupted chest compressions, left lateral dis-
placement of uterus, midsternal hand positioning, 
use of small size endotracheal tube, continuous 
cricoid pressure, and intravenous access above 
the gravid uterine level; but there are many road-
blocks in proper implementation of these proto-
cols, which needs urgent attention.

First and foremost, since maternal cardiac 
arrest is such a rare occurrence on labor and 
delivery floors, obstetric care providers have 
very infrequent exposure to this catastrophic 
situation. Current advanced cardiac life support 
(ACLS) requirements and training are insuffi-
cient for sustaining resuscitation skills [8]. 
Surveys conducted on obstetric anesthesiolo-
gists, obstetricians, and emergency care physi-
cians have found the knowledge regarding basic 
concepts of CPR in pregnant women to be 
grossly inadequate [5, 9]. They recommend that 
ACLS and CPR for parturients should be taught 
in a better manner and repeated at regular inter-
vals to practitioners at all levels.
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Secondly, the single most important step in 
successful resuscitation [10] is timely initia-
tion of uninterrupted chest compressions along 
with recognition of cardiac rhythm and timely 
use of defibrillator. Further, titling the pregnant 
patient during the cardiac arrest usually takes 
time, resulting in significant uncalled interrup-
tions in chest compressions. Supine manual 
leftward displacement (LUD) of the uterus has 
been found to be as effective as a left lateral tilt 
[11]. A recent simulation study shows [12] that 
this position could also be favorable for rescu-
ers to perform high-quality supine chest com-
pressions [13].

Thirdly, recent AHA guidelines emphasize 
more on initiating cesarean delivery within 
4  min of maternal cardiac arrest [14]. Since 
30% of the cardiac output is shunted to gravid 
uterus and unless the fetus is delivered within 
this time period, cardiac compressions may not 
be effective in maintaining the maternal car-
diac output.

When performed, cesarean delivery should 
occur at the site of the arrest. Equipments for 
cesarean delivery should be readily available. 
Hospital should develop clear protocols to estab-
lish first responder’s role and have the appropri-
ate number of staff to respond to a pregnant 
patient in cardiac arrest. Hospital should also 
have clear and effective system of activation of 
maternal cardiac arrest team, with roles clearly 
defined.

All the important factors related to maternal 
arrest, including maternal physiology, as it relates 
to resuscitation, causes of arrest, pre-event plan-
ning of the critically ill pregnant patient, risk 
stratification during pregnancy, management of 
the critically ill pregnant patient, basic life sup-
port (BLS), advanced cardiovascular life support 
(ACLS) in pregnancy, neonatal issues, emer-
gency medical service (EMS) care, immediate 
postarrest care, medicolegal considerations 
(emergency doctrine principle works here, imply-
ing lack of intervention would have led to patient 
deterioration), and knowledge translation, train-
ing, and education recommendations, all are the 
hallmark of improving maternal cardiac arrest 
outcome.

51.2  Causes of Cardiac Arrest 
in Pregnancy

The most common causes of cardiac arrest are 
hemorrhage, cardiovascular diseases (myocardial 
infarction, aortic dissection, and myocarditis), 
amniotic fluid embolism, sepsis, aspiration pneu-
monitis, pulmonary embolism, and eclampsia [1, 
15]. Important iatrogenic causes of maternal car-
diac arrest include hypermagnesemia from mag-
nesium sulfate administration and anesthetic 
complications.

After hemorrhage, common cardiac cause for 
cardiac arrest during pregnancy is myocardial 
infarction which may be due to premature coro-
nary artery/aortic atherosclerosis or dissection. 
This relates in part to an increase in proportion of 
pregnancies in women post 35 years of age. The 
paradoxical, generally unlooked for, age- and 
gender-related incidence of myocardial infarc-
tion in this category of patients places them at a 
position of risk having previously unrecognized 
heart disease, making it a particular challenge for 
prediction and prevention. The second most com-
mon cardiovascular cause is aortic dissection/
aneurysm, and the third is the category of com-
plex congenital heart diseases. The latter cate-
gory is at the other extreme of risk, with an 
extraordinarily high incidence of cardiac arrest 
and death during pregnancy, labor, and delivery. 
The most common etiologies of maternal arrest 
are given in Table 51.1.

51.3  Important Physiological 
Changes in Pregnancy

Fetal development and maternal maintenance of 
pregnancy require multiorgan physiological 
adaptations that are important to understand for 
the team responding to cardiopulmonary arrest 
during pregnancy.

51.3.1  Cardiovascular System

Cardiac output rises 30–50% as a result of 
increased stroke volume and, to a lesser extent, 
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increased maternal heart rate (15–20  bpm) [16, 
17]. Systemic vascular resistance decreases as a 
result of an increase in several endogenous vaso-
dilators, including progesterone, estrogen, and 
nitric oxide, leading to a decrease in mean arte-
rial pressure, reaching a nadir in the second tri-
mester [18]. The enlarging uterus can produce 

increased afterload through compression of the 
aorta and decreased venous return through com-
pression of the inferior vena cava, starting at 
12–14 weeks of gestational age [19]. As a result, 
the supine position, which is most favorable for 
resuscitation, can lead to hypotension [19, 20]. A 
magnetic resonance imaging study comparing 

Table 51.1 Most common etiologies of maternal arrest and mortality

Letter Cause Etiology
A Anesthetic complications

Accident/trauma
High neuraxial block
Hypotension
Loss of airway
Aspiration
Respiratory depression
Local anesthetic systemic toxicity
Trauma
Suicide

B Bleeding Coagulopathy
Uterine atony
Placenta accrete
Placenta Abruption
Placenta previa
Retained product of conception
Uterine rupture
Surgical
Transfusion reaction

C Cardiovascular causes Myocardial infarction
Aortic dissection
Cardiomyopathy
Arrhythmias
Valve disease
Congenital heart disease

D Drugs Oxytocin
Magnesium
Drug error
Opioids
Insulin
Anaphylaxis

E Embolic causes Amniotic fluid embolus
Pulmonary embolus
Cerebrovascular event
Venous air embolism

F Fever Sepsis
Infection

G General 5Hs 5Ts
Hypovolemia Tension pneumothorax
Hypoxia Tamponade cardiac
Hydrogen ion (acidosis) Toxins
Hypo-/hyperkalemia Thrombosis pulmonary
Hypothermia Thrombosis coronary

H Hypertension Preeclampsia
Eclampsia
HELLP syndrome
Intracranial bleed
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the maternal hemodynamic in the left lateral 
position with those in the supine position was 
performed [21]. The study found that at 20 weeks 
of gestational age, there was a significant increase 
in ejection fraction of 8% and stroke volume of 
27% in the left lateral position. At 32 weeks, 
there was increase in ejection fraction of 11%, in 
end-diastolic volume of 21%, in stroke volume of 
35%, and in cardiac output of 24% in the left lat-
eral position [21].

These changes put the heart in higher-than- 
normal workload adapted somewhat by hormone- 
induced decreased SVR which is partially 
obliterated by increasing gravid uterus. Thus 
very less margin for necessity to increase cardiac 
output is left in later half of pregnancy. Also there 
is significant compression of large vessels by the 
growing uterus which impedes resuscitation 
efforts.

Uteroplacental blood flow increases from 50 
to close to 1000 mL/min during pregnancy, which 
is up to a maximum of 20% of maternal cardiac 
output at term [22]. Expanded intravascular space 
and a fall in uterine vascular resistance facilitate 
sufficient placental blood flow. Overall uterine 
vascular reactivity is altered, which is character-
ized by decreased tone, enhanced vasodilation, 
and blunted vasoconstriction, thus bringing the 
fetus in greater advantage in view of critically ill 
scenarios. Systemic hypotension though can 
overwhelm the compensatory mechanisms, 
which attempt to maintain uterine blood flow.

51.3.2  Respiratory System

Functional residual capacity decreases by 
10–25% during pregnancy as the uterus enlarges 
and elevates the diaphragm. Increased ventilation 
(i.e., increase in tidal volume and minute ventila-
tion) occurs, beginning in first trimester, reaching 
at a level 20–40% above baseline by term, medi-
ated by the elevated serum progesterone level 
[23]. This produces a mild respiratory alkalosis 
with compensatory renal excretion of bicarbon-
ate, resulting in an arterial carbon dioxide pres-
sure of ~28–32 mmHg (3.7–4.3 kPa) and plasma 
bicarbonate level of 18–21  meq/L [24]. These 
changes mask the symptoms of some sinister 

problems like embolism which may lead to a 
“near-miss” situation.

Oxygen consumption increases because of the 
demand of fetus and maternal metabolic pro-
cesses, reaching at a level 20–33% above base-
line by third trimester [25]. The reduced 
functional residual capacity reservoir and 
increased consumption of oxygen are responsible 
for the rapid development of hypoxemia in 
response to hypoventilation or apnea in the preg-
nant woman [26].

The oxyhemoglobin dissociation curve is 
shifted to the right in the mother during preg-
nancy (P50 increases from 27 to 30  mmHg). A 
higher partial pressure of oxygen is therefore 
required to achieve the same maternal oxygen 
saturation. The same curve is shifted to the left in 
the fetus (P50 is 19  mmHg) conferring relative 
resilience to hypoxic conditions.

51.3.3  Airway

Upper airway edema and friability occur as a 
result of hormonal effects and may reduce visual-
ization during laryngoscopy and increase the risk 
of bleeding; thus increased chances of ventilation 
and/or intubation failure are there. This, along 
with rapid occurrence of hypoxia in pregnancy, 
gives the obstetric anesthesiologists and obstetri-
cians very less time to save two lives. Thus emer-
gency kits with all working intubation aids should 
always be present in the labor room.

51.3.4  Renal System

Pregnancy is characterized by glomerular hyper-
filtration and increased renal blood flow by 40% 
to accommodate for fetal detoxification of meta-
bolic by-products too and maintenance of mater-
nal osmoregulation (there is increased circulatory 
intravascular volume). Altered tubular function 
prevents wasting of glucose, amino acids, and 
proteins which are essential for both maternal 
and fetal metabolisms. On balance, Starling 
forces favor a narrowing of the oncotic 
 pressure- wedge pressure gradient, increasing the 
tendency for pulmonary edema to develop [27].
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51.3.5  Gastrointestinal System

Progesterone relaxes gastrointestinal sphincters 
and prolongs transit time throughout the intesti-
nal tract during the second and third trimesters 
[28, 29] predisposing the patient to aspiration of 
stomach contents. Gravid uterus pushing gastro-
esophageal sphincter into thorax causes anatomi-
cal and, thus, physiological changes in it, thus 
aggravating the condition.

51.4  Gestational Age Estimation

Decisions made during a maternal cardiac arrest 
may require estimation of gestational age, 
though it is made unimportant in protocol-based 
guidelines. Symphysis fundal height is measured 
from the top of the maternal pubic bone to the 
top of the uterine fundus. In a singleton preg-
nancy, with the fetus in a longitudinal lie, this 
height in centimeters will approximately corre-
spond to the period of gestation in weeks if mea-
sured between 16 and 36 weeks of gestation. If a 
tape measure is not available, finger breadths are 
usually used as a surrogate for the centimeters. 
Classically accepted rule-of-thumb landmarks 
may be used: Gestational age is 12 weeks if the 
uterus is palpable at above the pubic symphysis, 
20 weeks if the uterus is palpable at the level of 
umbilicus [30], and 36 weeks if the uterus is pal-
pable at the level of the xiphisternum. However 
fundus can be a poor predictor of the gestational 
age and may reach the umbilicus between 15 and 
19 weeks of gestation [31]. In the last month of 
pregnancy, after 36 weeks of gestation, there 
may be diminution of the fundal height from 36 
weeks down to ~32 weeks as the fetal head 
engages into the pelvis. Fundal height may also 
be skewed by other factors such as abdominal 
distention [30] and increased body mass index; 
therefore, fundal height may be a poor predictor 
of gestational age.

The rule of the thumb in maternal resuscita-
tion is that if the gravid uterus is felt at the umbi-
licus, it is taken to be as of 20 weeks, the 
importance being that pregnant patient with 
uterus below umbilicus is managed with resusci-

tation protocols similar to adult nonpregnant 
patients, whereas if the uterus is felt at or above 
the umbilicus, it is taken to be causing significant 
aortocaval compression [20], and there are 
unique important changes in resuscitation proto-
cols which are to be followed essentially.

51.5  The Critically Ill Pregnant 
Patient

51.5.1  Pre-event Planning

The critically ill pregnant patient may be man-
aged in units not accustomed to managing obstet-
ric patients such as the intensive care unit (ICU), 
coronary care unit (CCU), or medical or surgical 
ward. Teams on these units need to prepare for 
unexpected emergencies in these patients [32] by 
covering the following four important steps:

 1. Preparation for cardiac arrest: Educate staff 
about the management of cardiac arrest in 
pregnancy.

 2. Prepare for perimortem cesarean delivery 
(PMCD): Identify contacts details or appro-
priate code calls to mobilize the entire mater-
nal cardiac arrest response team, and ensure 
the availability of equipment for cesarean 
delivery and resuscitation of the neonate. In 
cultures that require consent for a PMCD, 
even in the event of cardiac arrest, pre-event 
consent should be obtained.

 3. Preparation for management of obstetric 
complications: Stock drugs and equipment 
commonly available in obstetric units, includ-
ing oxytocin and prostaglandin F2α. Pre-event 
planning for power of attorney related to 
healthcare decisions should be done for the 
critically ill patient.

 4. Decision involving the resuscitation status of 
the neonate: Decision about the fetal viability 
should be made in collaboration with the 
obstetrician, neonatologist, and family. The 
decision depends upon the gestational age 
and, to a significant degree, the neonatal facil-
ities available. This information should be 
clearly documented.
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51.5.2  Severity of Illness and Early 
Warning Scores

The British Centre for Maternal and Child 
Enquiries report of 2011 (2006–2008 triennium) 
has stated that timely recognition of pregnant 
women at risk of potentially life-threatening condi-
tions plays an important role in the appropriate 
institution of treatment [33]. Brief checklists are 
provided for the identification of a number of con-
ditions, including sepsis, respiratory distress, and 
neurological complications. The report also high-
lights the potential value of modified early obstetric 
warning scores. In a more recent publication, using 
a large British ICU data set, Carl et  al. [34] 
described the evaluation of several preexisting 
obstetric early warning scores and the development 
and validation of a new obstetric score and demon-
strated excellent discrimination between survivors 
and nonsurvivors for this new score. These scores 
can be used to monitor patients by clinical use of an 
early warning score chart (Fig. 51.1) and can accu-
rately identify patients at high risk of mortality, 
although not specifically mortality resulting from 
cardiac arrest. Therefore, they are of value in 
patient management and triage.

51.5.2.1  Management 
of the Unstable Pregnant 
Patient

Rapid response to instability in the pregnant 
patient is essential for the prevention of cardiac 
arrest. Recommended measures [35] for the man-
agement of unstable patients are as follows: (1) 
Maternal hemodynamic must be optimized by 
placing patient in full left lateral decubitus posi-
tion to relieve aortocaval compression (Class I; 
Level of Evidence C). (2) Intravenous access 
must be established, preferably above the dia-
phragm (Class I; Level of Evidence C). (3) 
Hypoxia must be treated by giving 100% O2 by 
facemask (Class I; Level of Evidence C). Class of 
recommendations and level of evidence to clini-
cal strategies, interventions, and treatment are 
shown in Table  51.2. It is recommended that 
response teams for the confined pregnant patient 
on an obstetrical unit consist of four persons min-

imum, which includes a critical care/emergency 
physician, obstetrician, anesthesiologist, and 
neonatologist, in addition to appropriate nursing 
and technical support.

51.5.3  Cardiac Arrest Management

51.5.3.1  Basic Life Support (BLS)
2015 Guidelines Update for adult CPR recom-
mend that single rescuer should initiate chest 
compressions before giving rescue breaths 
(C-A-B rather than A-B-C) [36–38] to reduce 

150-159 2 
>160 3 
Respiratory Rate
<10 3 
10-17 0 

18-24 1 
25-30 2 
>30 3 

Heart Rate
<60 3 
60-110 0 
111-150 2 
>150 3 
Fio2 to keep sat.>96%
Room Air 0 
24%-39% 1 
>40% 3 
Temperature °C
<34.0 3 
34.1-35.0 1 
35.1-37.9 0 
38.0-38.9 1 
>39.0 3 

Conciousness
Alert (GCS=15) 0 
Not Alert (GCS<15) 3 

Date
Time
Systolic  BP
<80
80-89
90-139
140-149

3 
2 
0 
1 

Fig. 51.1 Warning score chart (Reference from Carle 
et al. [34] ). A score >6 should trigger a call for support 
from intensive care unit or rapid response team and initia-
tion of continuous monitoring of vital signs. BP blood 
pressure, FiO2 fraction of inspired O2, GCS Glasgow 
Coma Scale Score, Sat saturation
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delay to first compression. The single rescuer 
should begin CPR with 30 chest compressions 
followed by 2 breaths [39]. High-quality CPR 
constitutes five basic components, i.e., compress-
ing the chest at an adequate rate and depth, allow-
ing complete chest recoil after each compression, 
minimizing interruptions in compressions, and 
avoiding excessive ventilation. The recom-
mended chest compression rate and depth are 
between 100 to 120/min and 2″–2.4″ (5–6 cm), 
respectively.

The key BLS components for adults, children, 
and infants and BLS healthcare provider, Adult 
Cardiac Arrest Algorithm—2015 Update are 
shown in Table 51.3 and Fig. 51.2.

51.5.4  Basic Life Support 
in Pregnancy

Chest compressions for the pregnant patient are 
the same, as the most current recommendations 
for adult resuscitation, so the resuscitation of a 
pregnant patient having the uterus below umbili-
cus level remains the same as in normal adult 
patient. Resuscitation of a pregnant patient hav-
ing uterus at or above the level of umbilicus needs 
certain modifications to improve the circulation, 
as the maternal physiology is different from nor-
mal adult. The cardiac arrest in pregnancy in- 
hospital BLS algorithm should be used as a guide 
to management (Fig. 51.3)

LEVEL
OF

EVIDENCE
(LOE)

CLASS II a
Benefit >>Risk 

CLASS II b
Benefit ≥ Risk 

CLASS III
Benefit <<Harm

Procedure/treatment
SHOULD BE
performed/
administered

REASONABLE
to perform
procedure/treatment

Procedure/treatment 
MAY BE
CONSIDERED

CLASS III—No benefit 
Procedure Test:
Not helpful
Treatment: No proven
benefit

CLASS III—Harm 
Procedure Test:
Excessive cost w/o benefit
or harmful

Treatment: Harmful to
patient

LEVEL A
Multiple population
evaluated. Data
derived from
multiple randomized
clinical trials or
meta-analysis

Procedure/treatment is
useful/effective
CLASS I LOE A 

Usefulness/efficacy
less well established 

Procedure or treatment is
not useful/effective and
may be harmful

Procedure or treatment is
not useful/effective and
may be harmful

Procedure or treatment is
not useful/effective and
may be harmful

LEVEL B
Limited population
evaluated. Data
derived from single
randomized trial or
nonrandomized
studies

Procedure/treatment
is useful/effective

Usefulness/efficacy
less well established

LEVEL C
Very limited
population
evaluated. Only
consensus opinion of
experts, case studies
or standard of care

Procedure/treatment
is useful/effective

Favour of procedure/
treatment being
useful/effective

Favour of procedure/
treatment being
useful/effective

Favour of procedure/
treatment being
useful/effective

Usefulness/efficacy
less well established

CLASS I LOE A

CLASS I LOE B

CLASS I LOE C
CLASS IIa LOE C

CLASS IIb LOE C CLASS III LOE C

CLASS IIa LOE A CLASS IIb LOE A CLASS III LOE A

CLASS IIa LOE B CLASS IIb LOE B
CLASS III LOE B

CLASS I
Benefit >>>Risk

Recommendation

Table 51.2 Applying class of recommendations and level of evidence to clinical strategies, interventions, and 
treatment
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51.5.4.1  First Responders
Nurses are often first responders in cardiac arrest; 
however, any hospital staff may witness or dis-
cover a patient in arrest and should be able to 
begin basic emergency care [40]. Rapid mobili-
zation of expert resuscitation teams and BLS per-
formed competently until the arrival of these 
teams give woman the best chance for return of 
spontaneous circulation (ROSC). First responder 
should initiate the usual resuscitation measures 
simultaneously, including placement of the back-
board and provision of chest compressions, and 
appropriate airway management, defibrillation 
when appropriate, and manual left uterine dis-
placement (LUD). To accomplish all tasks 

 effectively, a minimum of four BLS responders 
should be present.

51.5.5  BLS Modifications

51.5.5.1  Adult Chest Compression 
Science

As with all adult resuscitations, high-quality 
chest compressions are essential to maximize the 
patient’s chance of survival. For high-quality 
chest compressions, the patient must be supine 
on hard surface (Class I; Level of Evidence C). 
Chest compressions must be performed at least 
100 per minute but not exceeding 120 per minute, 

Table 51.3 Summary of key BLS components for adults, children, and infants

Components Adult and adolescent
Children
(Age 1 year to puberty)

Infants
(28 days to 1 year)

Scene safety Make sure the environment is safe for rescuer and victim
Recognition of cardiac arrest • Check for responsiveness

• No breathing or no normal breathing (gasping only)
• No pulse felt within 10 s
•  Breathing and pulse check can be performed simultaneously in less than 10 

seconds (HCP only)
Activation of emergency 
response system

Single rescuer with no 
mobile device:
Leave the victim, and 
activate ERS, and get AED 
before staring 
CPR. Otherwise send 
someone, and start CPR 
immediately

Witnessed collapse
• Follow steps for adults and adolescent on the left
Unwitnessed collapse
• Give 2 min of CPR
• Leave victim to activate ERS and get AED
•  Return to the child and infant, and resume CPR; 

use the AED as soon as available

Compression ventilation ratio 
without advanced airway

1 or 2 rescuers: 30:2 1 rescuer : 30:2
2 or more rescuers: 15:2

Compression ventilation 
ration with advanced airway

Continuous compressions @ 100–120/min
Give 1 breath every 6 s (10 breaths /min)

Compression rate 100–120/min
Compression depth At least 2 in. (5 cm)

No >2.4 in. (6 cm)
At least 1/3 AP diameter 
of chest
About 2 in. (5 cm)

At least 1/3 AP 
diameter about 1 1/2 in. 
(4 cm)

Hand placement 2 hands on lower half of 
sternum

2 hands or 1 hand 
(optional for small child) 
on lower half of the 
sternum

1 rescuer
2 fingers in the center 
of the chest just below 
the nipple line
2 or more rescuers
2 thump-encircling 
hands in the center of 
the chest, just below the 
nipple line

Chest recoil Allow full chest recoil after each compression; do not lean on the chest after each 
compression

Minimizing interruptions Limit interruptions in chest compressions to less than 10 s
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at a depth of at least 2 in (5 cm) but not exceeding 
2.4  in. (6 cm), allowing full chest recoil before 
the next chest compression, with minimum inter-
ruptions, and at a compression/ventilation ratio 
of 30:2 [39] (Class IIa; Level of Evidence C). 
Interruptions should be minimized and limited to 
10 s only except for specific interventions such as 
insertion of advanced airways or use of a defibril-
lator [39] (Class IIa; Level of Evidence C) 
because hospital beds are typically not firm and 
some of the force intended to compress the chest 
results in mattress displacement rather than chest 
compression.

51.5.6  Factors Affecting Chest 
Compressions in Pregnant 
Woman

51.5.6.1  Relief of Aortocaval 
Compression (LUD vs. LLT)

In the pregnant patient, supine positioning will 
result in aortocaval compression. Relief of aorto-

caval compression must be maintained continu-
ously during resuscitative efforts and continued 
throughout postarrest care.

During resuscitation, manual LUD, either 
with one hand (Fig.  51.3a) or two hands 
(Fig. 51.3b), should be used to relieve aortocaval 
compression (Class I; Level of Evidence C). 
Previously, left lateral tilt had been the preferred 
option to relieve aortocaval compression during 
resuscitation.

Rees and Willis [41] found certain disad-
vantages, at >30° left lateral tilt: (1) The mani-
kin slid off the inclined plane at >30° left 
lateral tilt. (2) Chest compression force was 
reduced as the angle of inclination was 
increased. (3) Inferior vena cava compression 
can still occur [42]. (4) In addition, the heart 
has been shown to shift laterally during tilt as 
compared with the supine position. Therefore, 
chest compressions performed with the patient 
in a tilt could be significantly less effective 
than those performed with the patient in the 
usual supine position, and this could have a 

Verify Scene Safety

Victim is unresponsive
Shout for help
Activate ERS via mobile device (if appropriate)
Get AED & emergency equipment, or send someone to do so

Monitor until
emergency
responders
arrive

By this time ERS, back up is activated, AED & Emergency Equipment are received or someone is receiving them

Look for no breathing or 
only gasping & check pulse
(simultaneously)  within 10 
seconds

Provide rescue breathing:
1 breath every 5-6 seconds
(10-12 breath /min)
Activate ERS after 2 minutes.
Continue rescue breathing
Check pulse every 2 minutes
if no pulse continue CPR If
possible opioids overdose
administer naloxone as per
protocol

CPR
Begin 30 compressions & 2 breaths
Use AED as soon as it is available

AED arrives

Check rhythm
Shockable rhythm?

Shockable
Non shockable

Give I shock.
Resume CPR for 2 minutes(until
prompted by AED to allow check
rhythm) continue until ALS takes
over or victim starts to move

Resume CPR for 2 minutes (until
prompted by AED to allow check
rhythm) continue until ALS takes
over or victim starts to move

No breathing
or only gasping

No pulse

Normal
breathing,
has pulse

No normal
breathing,
has pulse

Fig. 51.2 Healthcare 
provider Adult Cardiac 
Arrest Algorithm—2015 
Update (Reference from 
2015 AHA guidelines 
update for CPR & ECC)
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major impact on the chance of successful 
resuscitation [41, 43].

On the other hand, manual LUD [11] has 
certain definite benefits over LLT. Benefits of 
manual LUD include the following: (1) Easier 
access for both airway management and defi-
brillation. (2) While manual LUD is performed, 
the patient can remain supine and receive usual 
resuscitative measures, including high-quality 
chest compressions without hindrance 
(Fig. 51.4). (3) Manual LUD can be performed 
from the left of the patient, where the uterus is 
cupped and lifted up and leftward off the 
maternal vessels, or from the right of the 
patient, where the uterus is pushed upward and 
leftward off the maternal vessels. The rescuer 
must be careful not to inadvertently push down, 
which would increase the amount of inferior 
vena cava compression and negatively affect 
maternal hemodynamics.

51.5.7  Positioning of Hands During 
Chest Compressions

The rescuer should place the heel of one hand 
on the center (middle) of the victim’s chest 
(lower half of the sternum) and the heel of the 
other hand on top of the first so that the hands 
overlap and are parallel (Class IIa; Level of 
Evidence C).

51.6  Perimortem Cesarean 
Delivery (PMCD)

PMCD may be defined as the delivery of fetus 
when there is maternal cardiac arrest and is most 
commonly undertaken during resuscitation. 
Cesarean delivery is the mode of birth of fetus 
except in some rare cases where vaginal delivery 
may also be undertaken. ACLS and PMCD algo-

· No breathing or no normal breathing
· Uterus is at or above the umbilicus

UNRESPONSIVE

ACTIVATE EMERGENCY RESPONSE SYSTEM

· BLS Response: minimum 3 additional staff + code cart
· ACLS: Maternal code team activation
· Second Responder : Get AED immediately and apply

CHECK PULSE
Definite pulse with in 10 seconds ?

BAG-MASK VENTILATION

· 1 breath every 5-6 seconds
· Recheck pulse every 2 minutes

Definite pulse

No Pulse or Unsure

DOCUMENT TIME
Start High Quality chest Compressions

APPLY AED MANAGE AIRWAY PERFORM CONTINUOUS MANUAL LUD

• Give 1 shock
• Resume CPR immediatel for 2 minutes

Shockable NonShockable

• Resume CPR immediatel for 2 minutes
• Check rhythm every 2 minutes, If nonshockable
• Fluid resuscitation if PEA

CHEST COMPRESSION IN PREGNANCY

• Use a firm backboard

• Place patient supine

• Place hands in center of the chest(as in
   nonpregnant patient)
• Compression rate : 100-120/min
• Compression depth : 2-2.4"(5-6cms)
• Perishock pause < 10 seconds
• Allow complete chest recoil after each
   compression
• Minimum interruptions
• Perform continuous manual LUD

AIRWAY MANAGEMENT IN PREGNANCY

• Open airway by using head tilt-chin lift maneuver.
• Administer 100% O2 at ≥15L/min.
• When available perform bag-mask ventilation
   – Seal mask, ensure no leak around mask.
   – Deliver each breath over 1 second.
   – Give 1 breath every 5-6 seconds.
   – Give sufficient tidal volume to produce visible chest rise.
   – If not seen, reopen airway and improve seal.
• Avoid excessive ventilation

Fig. 51.3 Cardiac arrest 
in pregnancy in-hospital 
basic life support (BLS) 
algorithm: simultaneous 
C-A-B-U (chest 
compressions-airway- 
breathing-uterine 
displacement). AED 
automated external 
defibrillator, CPR 
cardiopulmonary 
resuscitation, PEA 
pulseless electrical 
activity (Reference from 
AHA Scientific 
statement 2015)
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rithm for in-hospital cardiac arrest is shown in 
Fig. 51.5.

51.6.1  Why Perform PMCD 
in Cardiac Arrest?

A review of all published cases of PMCD up to 
2010 showed that PMCD was an intervention 
which produced survival benefit in 19 of 60 
cases (31.7%) of maternal cardiac arrests, and 
there were no cases in which PMCD may have 
been deleterious to maternal survival [14]. 
Several case reports of PMCD during a maternal 
cardiac arrest resulted in either hemodynamic 
improvement or even brought about spontane-
ous circulation, that is, only after the uterus had 
been emptied [44–54]. In a case series where 38 
PMCD cases were studies, 12 out of 20 women 
for whom maternal outcome was recorded had 
ROSC immediately after delivery [44]. The crit-
ical point to emphasize and always practice is 
that both mother and infant may die if the pro-

a

b

Fig. 51.4 (a) Manual left uterine displacement (LUD) by 
one-handed technique from right of the patient during 
adult resuscitation. (b) Manual left uterine displacement 
by two-handed technique from left of the patient

BLS Team Action(Uninterrupted)
• High quality chest compressions
• Defibrillatin when indicated
• Monitor CPR quality

Maternal cardiac arrest team arrives

Consider etiology of

Maternal interventions Obstetric interventions
For patients whose uterus is at or above umbilicus

Appropriate airway
management         -
Anticipate difficult
airway         -
Most experienced
person preferred

IV above
diaphragm

- Give ACLS
drugs -
Assess for 
hypovolemia &
give fluid+/-
blood products
if needed.

Receiving Mg+

prearrest
STop Mg+

Give IV/IO
10ml Cacl2 10%
30ml Ca glu. 10%

Continuous
manual
LUD

Remove
fetal
monitor

Prepare
for PMCD

If no ROSC by 4 minutes of
resuscitative efforts, consider
performing immediate
emergency PMCD

Neonatal team
Prepare to receive infant

Potential etiology of maternal cardiac arrest
A - Anesthetic complications/accidents
B - Bleeding
C - Cardiovascular
D - Drugs
E - Embolic
F - Fever
G - General nonobstetric causes of cardiac
      arrest (H’s & T,s )
H- Hypertension

Appropriate airway management for pregnancy:

• 100% O2 at > 15L/min & continue BLS airway strategy
• Optimally 2 attempts per technique:
   - 1st  intubation attempts – if failed go to
   - 2nd  intubation attempt –if failed go to
   - 1st supraglotic airway attempt- if failed go to
   - 2nd  supraglotic airway attempt- if failed go to
   - mask ventilation- if mask ventilation inadequate
   - attempt cricothyrotomy   
• Avoid airway trauma 
• Ventilate with 8-10 breaths/min 
• Monitor capnography 
• Minimize interruptions in chest compression during
  advanced airway placement.
• Recommend 6.0-7.0 inner diameter ETT

cardiac arrest

Fig. 51.5 Cardiac arrest 
in pregnancy in-hospital 
advanced cardiovascular 
life support (ACLS) 
algorithm. BLS indicates 
basic life support, CPR 
cardiopulmonary 
resuscitation, ETT 
endotracheal tube, IV 
intravenous, IO 
intraosseous, LUD left 
uterine displacement, 
and ROSC return of 
spontaneous circulation 
(PMCD perimortem 
cesarean delivery) 
(Reference from AHA 
Scientific statement 
2015)
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vider cannot restore blood flow to the mother’s 
heart. So, the purpose of timely perimortem 
delivery is twofold. First the facilitation of 
resuscitation where cardiac output has not yet 
been established, by relieving aortocaval com-
pression by emptying the gravid uterus signifi-
cantly improves the resuscitative efforts. Second 
and of critical importance, early delivery of 
baby, the second patient, is done with a 
decreased risk of hypoxic neurological sequelae 
which may be permanent.

Literature about PMCD cases of cardiac 
arrest occurring before the third trimester con-
cluded that if the fundus is felt above the level 
of the umbilicus, aortocaval compression may 
lead to resuscitation failure, and PMCD should 
be undertaken regardless of period of gestation 
[31].

51.6.2  The Importance of Timing 
with PMCD

The 5-min limit that the resuscitators have to 
establish that whether cardiac arrest can be 
reversed by BLS and ACLS was first brought to 
the medical literature in 1986 and has been reg-
ularly added in specialty guidelines [44, 55]. It 
was recommended that PMCD should begin at 
4 min and should ensure delivery at 5 min after 
failed resuscitative efforts. The time interval 
was chosen to minimize the risks of neurologi-
cal damage, which begin to develop after 
4–6 min of anoxic cardiac arrest if there is no 
ROSC [56]. The rescue team is not required to 
wait 5 min before initiating PMCD, and there 
are  circumstances that support a start even 
before the 4th min of resuscitation [30]. For 
example, in an obvious fatal scenario [40] in 
which maternal prognosis is grave and resusci-
tative efforts appear almost to be a failure, mov-
ing directly to PMCD may be appropriate, 
especially if the fetus is viable. This time frame 
is ideal and best, though studies have shown 
benefits of PMCD even when it is delayed for 
10-even 30 min [56].

51.6.3  PMCD Technique

The procedure should be performed at the site of 
resuscitation, and time should not be wasted for 
moving the patient to operation theater, as trans-
port increases the time to PMCD [57]. Also time 
should not be wasted waiting for surgical equip-
ment or abdominal preparation. If available, anti-
septic solution should be poured on the maternal 
abdomen. The only equipment required to start a 
PMCD is a scalpel, nothing else. Resuscitative 
efforts should be continued during the procedure, 
including manual LUD. Physician can decide the 
technique to perform PMCD, as both vertical 
incision and the Pfannenstiel incision are accept-
able, although vertical incision is easier and 
faster and also provides better access for direct 
cardiac compression.

During PMCD, the fetus is given to neonatal 
team after delivery and placenta is delivered. The 
uterus should be closed with running locking 
stitch of absorbable suture, and the abdomen is 
closed in the regular fashion.

Recommendations for PMCD
 1. Resuscitation team leader should activate the 

protocol for a PMCD as soon as cardiac arrest 
is identified in pregnant woman (Class I; 
Level of Evidence C).

 2. During cardiac arrest, if the pregnant woman 
(with the uterus felt at or above the umbilicus) 
has not achieved ROSC with usual resuscita-
tion measures with manual uterine 
 displacement, it is recommended to prepare to 
evacuate the uterus, while resuscitation con-
tinues (Class I; Level of Evidence C).

 3. Decision on the optimal timing of a PMCD 
for both mother and infant is complex and 
requires consideration of factors such as the 
cause of the arrest, maternal pathology and 
cardiac function, fetal gestational age, and 
some technical practical aspects (i.e., may be 
delayed until qualified staff is available to per-
form the procedure). Shorter arrest-to- 
delivery time is associated with better outcome 
(Class I; Level of Evidence C).
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 4. PMCD should be strongly considered for 
every mother in whom ROSC has not been 
achieved even after 4  min of resuscitative 
efforts (Class IIa; Level of Evidence C).

When PMCD is performed on in-hospital 
patient, the following are recommended:

 1. Woman should not be transported to an oper-
ating room (Class IIa; Level of Evidence C).

 2. Team should not wait for surgical equipments 
to begin the procedure; only scalpel is required 
(Class IIa; Level of Evidence C).

 3. Team should not spend time on lengthy anti-
septic procedures; just pour the antiseptic 
solution, or eliminate the step entirely (Class 
IIa; Level of Evidence C).

 4. Continuous manual LUD should be performed 
throughout the PMCD until fetus is delivered 
(Class IIa; Level of Evidence C).

51.6.4  Site of PMCD

Simulation of chest compression on manikins has 
shown that the quality of CPR decreases during 
transport to the operating room [58]. Because 
immediate cesarean delivery may be the best way 
to optimize the condition of the mother and fetus, 
the operation should ideally be undertaken at the 
site of the arrest. A pregnant patient with in- 
hospital cardiac arrest should not be moved to 
operation theater or elsewhere for cesarean deliv-
ery. Management should occur at the site of the 
arrest (Class I; Level of Evidence C).

51.7  Defibrillation During 
Maternal Cardiac Arrest

Rapid judicious application of defibrillation in 
the setting of ventricular fibrillation or pulseless 
ventricular tachycardia is of utmost importance 
for the survival of the patient. The same currently 
recommended defibrillation guidelines as of 
adult resuscitation should be used in the pregnant 

patient. There is no modification of the recom-
mended energy values of electric shock during 
pregnancy [35] (Class I; Level of Evidence C). 
The patient may be defibrillated using biphasic 
shock energy of 120 to 200J (Class I; Level of 
Evidence B) with subsequent escalation of energy 
output if first shock is not effective and the device 
allows the option [59]. For in-hospital setting 
where staff may have problems in recognizing 
ECG rhythm or where defibrillation experience is 
rare, such as in an obstetric unit, automated exter-
nal defibrillator may be a better option to be used 
during resuscitation [59] (Class IIb; Level of 
Evidence C). Anterolateral defibrillator pad 
placement is recommended to be used in a preg-
nant patient as a reasonable default (Class IIa; 
Level of Evidence C).The lateral pad/paddle 
should avoid the breast fat and be placed under it; 
this is an important consideration in the pregnant 
patient.

51.8  Airway and Breathing

Hypoxemia develops more rapidly in the preg-
nant compared with the nonpregnant patient; 
therefore rapid, high-quality, and effective air-
way and breathing interventions are essential. 
Early bag-mask ventilation with 100% oxygen is 
recommended [35]. Airway management is to be 
considered more difficult in the pregnant patient; 
therefore appropriate airway algorithm for preg-
nancy should be instituted. For first responder 
with minimal airway experience, bag-mask ven-
tilation with 100% oxygen is most rapid noninva-
sive strategy to initiate ventilation [60]. An oral 
airway may help relieve obstruction in obesity, 
sleep apnea, and airway edema where difficulty 
in bag-mask ventilation is anticipated [61].

51.8.1  Vaginal Delivery During 
Maternal Cardiac Arrest

Only few published cases describe vaginal deliv-
ery during a cardiac arrest in pregnancy [62]. 
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Obstetrician involved in an intrapartum cardiac 
arrest resuscitation may conduct a vaginal exami-
nation, provided that CPR is being efficiently 
performed by other resuscitators. If the cervix is 
found to be favorable and dilated fully and the 
fetal head is quite low, early, quick-assisted vagi-
nal delivery can be considered (Class IIa; Level 
of Evidence C).

51.9  Advanced Cardiovascular 
Life Support

A quick and protocol-based well-coordinated 
action to maternal cardiac arrest is important. 
The ACLS resuscitators will continue BLS 
tasks on maternal cardiac arrest patients and 
perform advanced airway management and 
insert an intravenous cannula above the dia-
phragm which is used to give the usual ACLS 
drugs in usual adult doses when indicated. As 
soon as the obstetric and neonatal teams arrive 
on the scene, preparation for PMCD should 
begin. The ACLS algorithm includes PMCD as 
a treatment option in the maternal cardiac arrest 
scenario where ROSC is not achieved by 4 min-
utes after the onset of cardiac arrest; this is in 
patients with the uterus extending to or above 
the umbilicus. Along with this cause of the 
arrest needs to be considered and addressed as 
necessary. The cardiac arrest in pregnancy in-
hospital ACLS algorithm should be used as a 
guide management (Fig. 51.4).

51.9.1  The Maternal Cardiac 
Resuscitators

To activate and achieve quick effective code team 
response is one of the most fundamental tasks to 
be completed during maternal cardiac arrest [35]. 
Each hospital must have a specific method to 
activate the maternal cardiac arrest team. There 
should be single call method to activate the 
maternal cardiac arrest team, notifying all mem-
bers and ensuring that the resuscitators and the 
equipment are brought to the scene without delay 
(Class 1; Level of Evidence C).

The maternal cardiac arrest team would ide-
ally be composed of the following [32] (Class 1; 
Level of Evidence C): (a) a critical care physi-
cian/emergency physician and nurses; (b) obste-
trician and obstetric nurse; (c) anesthesia care 
provider, obstetric anesthesiologist or staff anes-
thesiologist and anesthesia assistant or certified 
nurse anesthetist; and (d) neonatology team, phy-
sician and nurse.

51.9.2  Special Equipment Required 
for a Maternal Cardiac Arrest

Special equipment is required for a maternal car-
diac arrest. Specialized equipment should include 
a PMCD tray (Table 51.4) but at a minimum must 
include a scalpel. In addition, equipment for a 
difficult airway (Table 51.5) may be required for 
the mother. Neonatal resuscitation equipment 
will be required if the fetus is delivered and via-
ble (Table 51.6).

51.9.3  Breathing and Airway 
Management During 
Maternal Cardiac Arrest

51.9.3.1  Management of Hypoxia
Hypoxia should always be considered as a cause 
of cardiac arrest, as oxygen reserves are lower 
and the metabolic demands are higher in preg-
nant patient compared with nonpregnant patient; 
thus, early ventilator support may be necessary 
(Class I; Level of Evidence C). Furthermore, it 
should be kept in mind that cardiac arrest due to 
hypoxia (e.g., severe pneumonia, aspiration, 

Table 51.4 Recommended equipment for perimortem 
cesarean delivery

Equipment contents of the emergency tray
    • Scalpel with No. 10 blade
    • Lower end of a Balfour retractor
    • Pack of sponges
    • 2 Kelly clamps
    • Needle holder
    • Forceps
    • Sutures and suture scissors
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amniotic fluid embolism, acute pulmonary dis-
tress, opioids, high spinal block) requires early 
attention to airway and ventilation.

51.9.3.2  Airway Management
It is essential to be familiar with airway manage-
ment algorithm in maternal cardiac arrest, given 
the high likelihood of difficult airway in the preg-
nant patient. Endotracheal intubation should be 
performed by an experienced laryngoscopist 
(Class I; Level of Evidence C) [63, 64]. Starting 
with an ETT with a 6.0–7.0 mm inner diameter is 
recommended (Class I; Level of Evidence C). 
Optimally no more than two laryngoscopy 
attempts should be made (Class IIa; Level of 
Evidence C) [65, 66]. Supraglotic airway place-
ment is the preferred rescue strategy for failed 
intubation (Class I; Level of Evidence C) [67]. If 
attempts at airway management fail and bag and 
mask ventilation is not possible, current guide-

Table 51.5 Recommended airway and breathing 
equipment

Equipment to be used 
first

Equipment to be used by 
experts

 • Oxygen
 •  Bag-valve-mask 

devices (e.g., Ambu 
Bag with disk valve 
as opposed to 
duckbill valve 
preferred)

 •  Appropriate size 
face masks and oral 
airways

 • Stethoscope
 • Pulse oximeter
 •  Qualitative carbon 

dioxide detector
 • Suction device

•  Laryngoscope and assorted 
blades

• Video laryngoscope
•  Cuffed tracheal tubes: size 

6.0–7.0 mm inner diameter 
with a semirigid stylet and 
a range of backup sizes 
available

• Gum elastic bougie
• Airway exchange catheter
•  Supraglottic airways in a 

range of sizes
•  Flexible fiber-optic 

intubation equipment
•  Equipment suitable for 

emergency
•  Invasive airway access 

(e.g., cricothyrotomy)
•  Exhaled carbon dioxide 

detector

Table 51.6 Neonatal resuscitation equipments and drugs

Airway Breathing Circulation/drugs Miscellaneous
Suction apparatus:
Suction bulb
Mechanical suction
Suction catheters (6F–12F)
Meconium aspirator
ET intubation supplies:
Laryngoscope (blade size: 0 
for preterm and 1 for term 
infants)
Extra bulbs and batteries
ET tubes (internal 
diameters: 2.5, 3.0, 3.5, 
4.0 mm)
Stylets
ET-securing device
Carbon dioxide detector
Tapes and scissors
Laryngeal mask airway size 
1 (for use when ET 
intubation is not feasible)

Positive-pressure 
ventilation:
Device: T-piece resuscitator/
flow-inflating
bag/self-inflating bag with
oxygen reservoir (least 
preferred)
Bag sizes 240–750 mL, 
fitted
with pop-off valve
Mask sizes 0 and 1 
(cushioned
preferred)
Sources of compressed air 
and O2
O2 blender with a flowmeter
(capacity up to 10 L/min)
Plastic tubing

IV access:
Sterile gloves
Antiseptic solution
Cord tie
Scalpel
Umbilical venous 
catheters
(3.5F–5.0F)
3-Way stopcock
Suture for securing
24-Gauge IV 
cannulas (for use
if umbilical vessel 
access not
feasible)
IO needle (rarely 
needed)
Drugs:
Epinephrine 1:10 
000 (0.1 mg/mL)
Normal saline bags
10% dextrose bags
4.2% sodium 
bicarbonate
(rarely indicated)
Saline flushes

Temperature regulation:
Heat source (radiant warmer 
preferred)
Warm towels
Thermometer 
(servo-controlled
preferred)
Clean plastic bag (for 
extremely
premature neonates)
Monitoring:
Neonatal stethoscope
Neonatal cardiac leads
Pulse oximeter
Neonatal/infant oximeter 
probes
Clock (digital preferred)
Other:
Firm resuscitation surface 
(preferably
height adjustable)
Good light source
Nasogastric tubes (6F–10 F)
Sterile syringes (1, 3, 5, 
20 mL)
Clean, sterile gloves
Sterile gauzes
Bottles to collect blood 
samples
suitable for low- volume 
blood testing
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lines for emergency invasive airway access 
should be undertaken as per resuscitation proto-
col (i.e., call for assistance, call for equipment).
Continuous waveform capnography is now uni-
versally recommended as the most reliable 
method of confirming correct placement of ETT 
and also to monitor henceforth (Class I; Level of 
Evidence C).

51.9.3.3  Drug Therapy During 
Cardiac Arrest

Administration of 1 mg epinephrine IV/IO every 
3–5  min during adult cardiac arrest should be 
considered [68]. In view of the effects of vaso-
pressin on the uterus and because both agents are 
considered equivalent [69, 70], epinephrine 
should be the preferred agent (Class IIb; Level of 
Evidence C).

All current ACLS drugs at recommended 
doses should be used in pregnant patient also 
without modifications (Class IIb; Level of 
Evidence C).

For refractory (shock-resistant ) ventricular 
fibrillation and tachycardia, amiodarone 300 mg 
rapid infusion should be administered with 
150mg doses repeated as needed (Class IIb; 
Level of Evidence C).

No medication should be withheld or reduced 
because of concerns about fetal teratogenicity 
[71] (Class IIb; Level of Evidence C).

Medication doses do not require alteration to 
accommodate the physiological changes of preg-
nancy, although there are changes in volume of 
distribution and clearance of medication during 
pregnancy (Class IIb; Level of Evidence C).

Use of steroids? A new concept under inves-
tigations, whether steroids in combination with 
vasopressors lead to improved survival in car-
diac arrest or not? A randomized study of 
patients in whom cardiac arrest occurred when 
they were in hospital demonstrated that the 
combined vasopressin- epinephrine and methyl-
prednisolone use during CPR and also use of 
subsequent stress-dose hydrocortisone in 
postresuscitation period of hypotension led to 
improved survival to hospital discharge com-
pared with epinephrine alone [72]. Despite the 
promising results, additional studies are needed 

before recommendations can be made about 
combined vasopressors.

51.9.4  Fetal Assessment During 
Cardiac Arrest

Fetal assessment should not be performed during 
resuscitation, and fetal monitors should be 
removed or detached as soon as possible to facili-
tate PMCD without delay or hindrance (Class I; 
Level of Evidence C).

51.10  Neonatal Resuscitation

51.10.1  Neonatal Resuscitation 
Team

Team composition optimally should include a neo-
natologist/pediatrician, neonatal nurses, and respi-
ratory therapists who should be familiar with the 
local neonatal resuscitation algorithms [73]. At 
least one member of the team must be skilled in 
emergency neonatal endotracheal intubation.

The neonatal resuscitation team should be 
notified of the impending delivery and its circum-
stances as

early as feasible to allow maximum prepara-
tory time (Class I; Level of Evidence C).

The following critical information should be 
provided to the neonatal resuscitation team 
leader:

gestational age, number of fetuses, and mode 
of delivery (Class I; Level of Evidence C).

In the event of multiple pregnancies, it is rec-
ommended that each fetus be resuscitated by a 
separate

resuscitation team (Class I; Level of 
Evidence C).

51.10.2  Neonatal Resuscitation 
Equipment

PMCD may be performed outside the maternity 
unit and will require the team to perform resusci-
tation in a relatively unfamiliar environment that 
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may lack optimal equipment. Each hospital must 
have prestocked neonatal crash carts available, 
the locations of which should be clearly marked 
and known to the neonatal resuscitation team. 
Alternatively, neonatal resuscitation equipment 
can be prestocked in easy-to-carry bags that can 
be taken to the area of need by the resuscitation 
team on notification of impending delivery 
(Table 51.6).

51.10.3  Assessment of the Newborn

The majority of neonates delivered by PMCD are 
likely to require active resuscitation [14]; the 
severity of perinatal depression and extent of 
resuscitation may vary. Management of the neo-
nate after PMCD should follow the most current 
AHA guidelines [73].

51.10.4  Neonatal Resuscitation: Key 
Issues and Major Changes 
in 2015 Update

The order of the three assessment questions has 
changed to (1) term question, (2) good tone, and 
(3) breathing or crying.

The golden minute (60-s) mark for complet-
ing the initial steps, reevaluating, and beginning 
ventilation for avoiding unnecessary delay in ini-
tiation of ventilation.

New recommendation that delayed cord 
clamping for longer than 30  s is reasonable for 
both term and preterm infants.

Temperature should be recorded and main-
tained between 36.5 and 37.5 °C.

Routine intubation for tracheal suction is no 
longer suggested.

Assessment of heart rate by using 3-lead ECG 
may be reasonable.

Resuscitation of preterm newborns of less 
than 35 weeks of gestation should be initiated 
with low oxygen (21–30%). Initial resuscitation 
with higher oxygen (65% or greater) is not 
recommended.

Chest compression technique: (2 thumb- 
encircling hands) and compression to ventilation 

ratio (3:1 with 90 compressions and 30 breaths 
per minute), rescuer may use higher ratio (e.g. 
15:2) if arrest is believed to be of cardiac origin. 
One hundred percent oxygen use during CPR is 
reasonable.

51.11  Immediate Postarrest Care

It is essential that multidisciplinary team contin-
ues care in the postarrest period. As with other 
postarrest patients, the pregnant patient who is 
successfully resuscitated will require thorough 
assessment, monitoring, and treatment as compli-
cations arise.

The 2015 AHA recommends the following:

 1. If the patient is still pregnant, she should be 
placed in the full left lateral decubitus posi-
tion, provided that this does not interfere with 
additional management issues such as moni-
toring, airway control, and intravenous access. 
If the patient is not in full left lateral tilt, man-
ual LUD should be maintained continuously 
(Class I; Level of Evidence C).

 2. The patient should be transferred to ICU 
unless an operation is required (Class I; Level 
of Evidence C).

 3. Optimal pre-event planning should be ensured 
as discussed above (Class I; Level of Evidence 
C).

 4. Multidisciplinary care must continue (Class I; 
Level of Evidence C).

 5. The cause of the arrest should continue to be 
considered and treated accordingly (Class I; 
Level of Evidence C).

51.11.1  Postarrest Antiarrhythmic 
Therapy

Postarrest therapy for recurrent life-threatening 
arrhythmias includes consideration of an implant-
able cardioverter-defibrillator (ICD) or medical 
therapy in the pregnant patient as in the nonpreg-
nant [74] (Class I; Level of Evidence C). 
β-Blockers are often used as first-line therapy for 
arrhythmias and are generally safe in pregnancy 
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(metoprolol is a preferred β-blocker used in preg-
nancy) (Class IIa; Level of Evidence C). 
Amiodarone should be considered first-line ther-
apy in recurrent primary ventricular tachycardia 
and ventricular fibrillation (Class IIa; Level of 
Evidence C). Evaluation of reversible causes of 
arrhythmias should be routine. Thyroid dysfunc-
tion, adverse drug effects, electrolyte distur-
bances, cardiac ischemia, and heart failure should 
be identified and treated (Class I; Level of 
Evidence C).

51.11.2  Fetal Risk 
of Postresuscitation 
Intervention

Three major principles guide the decisions made 
by clinicians at this stage:

 1. Maternal well-being is the overriding priority 
because maternal demise or unfavorable 
recovery never bodes well for the unborn 
baby.

 2. Embryogenesis is mostly complete by 12 
weeks of gestation; hence, even teratogenic 
drugs (e.g., warfarin, phenytoin, corticoste-
roids) are unlikely to cause malformations if 
the event occurs after the first trimester.

 3. Drugs may cause fetal toxicity rather than 
teratogenicity in late pregnancy (e.g., 
angiotensin- converting enzyme inhibitors, 
which can cause fetal renal failure and 
oligohydramnios).
The risks and benefits of medication use in the 
postarrest period should be considered on an 
individual basis.

51.11.3  Medicolegal Considerations

Implementation of a quality incident notification 
system has shown that such type of program can 
help identify avoidable adverse outcomes and 
can be used to improve practices of cardiopulmo-
nary resuscitation [75–77].

All cases of cardiac arrest and maternal near 
miss should be reviewed by the maternal cardiac 

arrest committee for the hospital (Class I; Level 
of Evidence C). Identified deficiencies should be 
corrected (Class I; Level of Evidence C).

51.11.4  Knowledge Translation 
Strategy

Knowledge translation, also referred to as dissemi-
nation and implementation, has been defined by the 
National Center for the Dissemination of Disability 
Research as “the collaborative and systemic review, 
assessment and identification, aggregation, and 
practical application of high quality research by 
key stakeholders (consumers, researchers, practi-
tioners, policy makers) for the purpose of improv-
ing the lives of individuals” [78]. This statement 
represents an important step in the knowledge 
translation process: the collaborative filtering of 
information by experts so that only the most valid 
and useful knowledge is left [79].

All stakeholders/specialties involved in maternal 
resuscitation should form maternal cardiac arrest 
committees within each institution to ensure guide-
lines implementation, training, and institution of 
mock code drills (Class I; Level of Evidence C).

51.11.5  Maternal Resuscitation 
Training

An analysis of simulated maternal cardiac arrest 
involving participants trained in ACLS suggests 
that performance during an actual event may be 
suboptimal [80]. The rarity of maternal cardiac 
arrest [7] implies that participants in CPR courses 
could benefit from review of obstetric specific 
interventions. Data from The Joint Commission 
suggests that communication failures are the root 
cause of neonatal morbidity and mortality in 70% 
of cases [81] that occur in obstetric domain. In 
addition, in an analysis of preventable maternal 
mortalities, facility factors, including lack of 
institutional preparedness, contributed signifi-
cantly to the fatal outcome in 75% of cases [82]. 
So maternally oriented CPR courses are likely 
more relevant to the learning needs and goals of 
obstetric staff; these courses have been developed 
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by groups in the United Kingdom and the United 
States [45, 83, 84].

Recommendations:
 1. Periodic multidisciplinary drills may help 

institutions optimize safety systems (Class 
IIa; Level of Evidence C).

 2. Specific courses on maternal resuscitation 
should be available to staff if not available 
outside local institutions (Class IIa; Level of 
Evidence C).

 3. The future goal should be to have national and 
international programs in maternal resuscita-
tion (Class I; Level of Evidence C).

51.12  Conclusion

Maternal cardiac arrest is a complex clinical sce-
nario as it involves multispecialties and complex 
care decisions. Although maternal cardiac arrest 
is rare, it appears to be increasing in frequency. 
The number of high-risk women undergoing 
pregnancy is on the rise, as is the rate of severe 
complications related to pregnancy (including 
cardiac arrest).[4].

The newly developed in-hospital and out-of- 
hospital BLS and ACLS algorithms should be the 
backbone of the response plan to a maternal car-
diac arrest. Special attention should be paid to 
manual LUD, the difficult airway, and the appro-
priate use of PMCD.  Lifesaving interventions 
such as defibrillation and medications should not 
be withheld in the setting of pregnancy.

Training, mock code drills, and review of 
cases should become routine in teaching pro-
grams of BLS and ACLS in maternal cardiac 
arrest. A maternal cardiac arrest committee must 
be formed at every institution, and emergency 
response plans specific to each institution must 
be developed and implemented.
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Intimate Partner Violence During 
Pregnancy
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Globally intimate partner violence (IPV) during 
pregnancy is rising alarmingly but still is a prevent-
able health problem affecting millions of women 
worldwide. Intimate partner violence during preg-
nancy has many serious public health issues and 
thus results in significant negative health conse-
quences for woman and child’s well- being [1–6].

The IPV includes psychological abuse, pro-
gressive isolation, deprivation, intimidation, 
stalking, emotional trauma, controlling behav-
iour, physical impairment or even sexual 
assault jeopardising the pregnancy, chronic 
health problems and eventually death in some 
cases [7].

Regardless of the age, race, ethnicity, culture, 
socioeconomic status, religion, educational sta-
tus and sexual orientation, it is seen worldwide 
and this burden of violence is borne by women 
and may have lifelong consequences.

52.1  Global Prevalence

A multi-country study conducted by WHO on 
women health and domestic violence (Fig. 52.1) 
found that the prevalence of IPV in pregnancy 

has a varied range from 28% in Peru province to 
only 1% in Japan with the average ranging 
between 4 and 12% in different parts of the 
world [8].

The data on IPV analysed by International 
Violence Against Women Survey found that IPV 
during pregnancy is between 2% in Denmark, 
Cambodia, Australia and the Philippines and 
13.5% in Uganda, and this study also concluded 
that the majority is between 4% and 9%. Some 
of the clinical studies worldwide found that IPV 
during pregnancy is highest in Egypt with 32% 
followed by India (28%) and Saudi Arabia 
(21%) [9, 10].

52.2  Causes and Risk Factors 
for Intimate Partner 
Violence

A multi-country study conducted by WHO on 
domestic violence against women and their 
health clearly reported that the women who had 
physical abuse during pregnancy also had the his-
tory of abuse prior to the pregnancy. But almost 
50% of the women according to the WHO study 
stated that they were abused for the first time in 
pregnancy [8].

A research done by Jasinski in 2004 clearly 
states that pregnancy does not stop or prevent 
the occurrence of intimate partner violence, but 
there is no strong evidence about whether IPV 
increase or decreases during pregnancy [11].

A. Pal (*) 
Kamla Nehru State Hospital for Mother and Child, 
Indira Gandhi Medical College, Shimla, India 

Shimla Sanatarium and Hospital, Shimla, India 

R. Rao 
Kamla Nehru State Hospital, Shimla, India

52

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-10-4953-8_52&domain=pdf


516

 1. Individual Factors
 (a) Male factors which increase likelihood of 

abusing or committing violence [12–14]:
• Witnessing or experiencing abuse or 

violence as a child
• Young age
• Use of alcohol or drugs
• Low level of education
• Personality disorders
• Acceptance of violence (i.e. a man can 

beat his partner)
• Past history of IPV

 (b) Women factors which increase likelihood 
of accepting the abuse or experiencing 
violence [12, 13, 15]:
• Low level of education
• Sexual abuse during childhood
• Exposure to abuse or violence between 

parents
• Acceptance of violence
• Prior exposure to other forms of vio-

lence or abuse
 2. Relationship Factors

Factors associated with increased risk of 
both perpetration of men and victimisation of 
women [12, 13, 16]:
 (a) Dissatisfaction or conflict in the relationship
 (b) Economic stress
 (c) Male dominance

 (d) Man having multiple partners
 (e) Difference or the disparity of education, 

i.e. female partner is more educated than 
her male counterpart

 3. Social and Community Factors [12, 13]
 (a) Inequality regarding genders
 (b) Poverty
 (c) Women with low socioeconomic status
 (d) Lack of civil rights for female partners, 

including inequitable and restrictive 
divorce and marriage laws

 (e) For IPV weak community sanctions

There are many beliefs around the globe about 
gender role and IPV (Table 52.1) [13, 17, 18].

52.3  Health Consequences 
of Intimate Partner Violence

IPV during pregnancy can affect women’s physi-
cal and mental health directly as injuries or indi-
rectly as chronic health problems due to 
exaggerated stress. Whenever there is history of 
violence, the woman is at risk of many diseases 
or other serious health conditions which could 
have fatal or grave to nonfatal consequences on 
the women health and foetal growth or pregnancy 
outcomes (Fig. 52.2) [12].
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52.4  Suicide and Homicide

Suicide and homicide are the gravest conse-
quences of IPV in pregnancy. Data from 11 US 
cities suggest that during pregnancy there is 
increased risk of becoming a victim and pregnant 
women are prone to be killed by their partner. 
The partners who actually abuse the women in 
pregnancy are more dangerous and are more 
likely to commit homicide [19].

Sexual, physical and psychological abuse dur-
ing pregnancy can lead to anxiety, stress, depres-
sion as well as suicide attempts [20, 21].

Both suicide and homicide are two prevent-
able causes of maternal mortality. Studies indi-
cate that maternal injuries can be a leading cause 
of maternal morbidity and mortality [22–24].

Table 52.1 Gender role in IPV

Beliefs that support IPV associated with the gender role
1. A man is considered socially superior to a woman 

and can assert power over a woman as his right
2. For incorrect behaviour, the man can physically 

discipline her as his right
3. For resolving conflicts in a personal relationship, 

physical violence is accepted at some places
4. A man has every right in marriage for sexual 

intercourse
5. It’s the duty of the women to tolerate IPV to keep 

her family together
6. There are some situations in which women 

deserve to be beaten
7. Any sexual activity is regarded as a marker of 

masculinity (including rape)
8. Considering that the girls are solely responsible 

for sexual urge in males

INTIMATE PARTNER VOILENCE DURING PREGNANCY

FATAL OUTCOME NON- FATAL OUTCOME

-Homicide

-Suicide

SEXUAL &
REPRODUCTIVE
HEALTH

NEGATIVE
BEHAVIOUR AND
MENTAL HEALTH

PHYSICAL HEALTH
AND INJURIES

SOCIAL
RESTRICTIONS

Forced sexual
intercourse

Substance abuse &
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Injuries like bruises &
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Isolating the woman
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Other forms of sex Smoking Beating
-slapping
-hitting
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Monitoring their
movements
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-broken teeth

Preterm Poor self esteem Sight & hearing
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Fig. 52.2 Intimate 
partner violence during 
pregnancy
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According to a study done by Palladino, 
54.3% of the pregnancy-associated suicides had 
history of intimate partner violence which ulti-
mately attributes to suicides, and 45.3% of homi-
cides associated with pregnancy were having 
evidence of IPV [25].

52.5  Negative Health Behaviour 
and Mental Health

The female who is abused during pregnancy is 
associated with negative health behaviour dur-
ing the pregnancy or the postpartum period 
which includes substance abuse, smoking and 
alcohol consumption. Some of these females 
also develop eating disorders along with depres-
sion, stress, anxiety, sleeping disorders and poor 
self-esteem as compared to the nonabused 
women. These women develop low self-esteem; 
that is why to cope with the shame, stress or 
mental and physical suffering caused by IPV, 
they start to smoke, drink and indulge in self-
medications. The delay in seeking the prenatal 
care is either due to the abusive partner who pre-
vents her from leaving the house or the woman 
herself delays the appointments because of the 
injuries [2, 12, 26].

52.6  Physical Health and Injuries

The physical injuries resulting from IPV during 
pregnancy include bruises and welts, abrasions 
and lacerations, fractures and broken teeth, sight 
and hearing loss, beating and slapping, kicking 
and hitting on the abdomen and other private 
parts, head and neck injuries and attempts for 
strangulations. The direct hitting or blows on 
pregnant woman’s abdomen are concerning as 
they lead to negative reproductive health out-
come [6, 12, 27, 28].

A WHO multi-country study showed that the 
prevalence of physical injuries among females 
who were physically abused by their male partner 
in the last 12 months ranged from 3% in Serbia to 
29% in Ethiopia. It also found that the women 
who were abused were likely to have poor mental 

and physical health compared to the nonabused 
women even years after the violence [29].

52.7  Social Restrictions

Sometimes the male partners in IPV try to isolate 
the women from friends and family; they also 
control and monitor their movements and can 
reach up to the extent that they restrict their part-
ner’s access to education, employment, financial 
resources and finally even medical care and help.

52.8  Sexual and Reproductive 
Health

The nonfatal IPV can lead to a spectrum of events 
of negative sexual and reproductive health conse-
quences on the life of the female partner and the 
newborn. It may start with sexually transmitted 
diseases, pelvic inflammatory infections, urinary 
tract infection, forced sexual intercourse within 
marriage and sexual dysfunctions or sometimes 
makes it difficult for a woman to have access to 
contraception or condom use by their male part-
ners [2, 30–32].

IPV has been associated with increased risk of 
unwanted pregnancy, unsafe abortions or miscar-
riage. The females who have faced abuse during 
pregnancy have a higher rate of preterm labour 
and intrauterine growth retardation than those not 
experiencing the abuse. The pregnancy complica-
tions include antepartum haemorrhage and pre-
natal death and may extend up to unattended 
pregnancy and delieveries [33–39].

52.9  Factors Not Allowing 
the Woman to Leave Her 
Partner

Not all females are ready to stay as passive vic-
tims with their violent partners. Some of the 
females adopt and plan strategies for their safety 
and child protection. But still a large number of 
women stay in their violent relationship because 
of the following factors:
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• Lack of economic support
• Concern related to her children
• Fear of retaliation
• Family and friends not supportive
• Fear of divorce and losing custody of 

children
• Hope that the partner will change

Despite the above-mentioned factors and bar-
riers, most of the abused women eventually leave 
their violent partner after multiple episodes of 
violence or years of violence. A WHO multi-
country study clearly suggests that 19–51% of 
women who were ever physically abused by their 
violent partners have left their home for at least 
one night and 8–21% of women have left their 
home 2–5 times [29].

52.10  Roadmap for Prevention 
and Responding to IPV

Recently a number of international studies have 
highlighted various approaches for prevention of 
IPV and dealing with such cases. A multisectoral 
approach is required to achieve this goal. It needs 
co-ordinated and collaborated steps from govern-
ment and social institutions/organisations.

The specific plans which are needed for 
achieving long-term effectiveness in controlling 
IPV include the following:

• Reforming the civil and criminal frameworks.
• Raising the awareness about existing laws 

through media.
• Coalition of institutions including government 

and civil is to be built.
• Building of evidence-based awareness and 

advocacy.
• By communication we have to use behav-

ioural change so that society changes.
• Transforming every sector regarding gender 

perspective and special attention has to be 
given to IPV against women.

• Empowering the girls and women socially and 
economically.

• Comprehensive service has to be built and 
given in response to IPV.

• Starting of school-based programmes for life 
skills.

• Non-violence and gender equality should be 
promoted by engaging boys and men in 
society.

• Early intervention should be provided to a 
family who is at risk.
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Examination of Sexual Assault 
Victim

Alka Vijay Kuthe

53.1  Introduction

Sexual abuse is a serious infringement of one’s 
rights to health and protection. It is not only a 
particular nation’s problem but has become 
global public health issue. Sexual abuse until 
1970 was restricted to poor economy class of 
people only and was rarely found. Now the cases 
are seen in all socioeconomic groups. Sexual 
abuse includes genital–genital, genital–rectal, 
oral–genital, hand–breast, hand–rectal, and 
hand–genital contact, exposure of sexual anat-
omy, forced view of sexual anatomy, and using a 
victim in the production of pornography or show-
ing pornography.

Sexual assault is cognizable, non-bailable 
offence under the criminal law, and the offender 
is liable for punishment that includes impris-
onment of varying duration, fine, and even 
death penalty. It is one of the serious crimes in 
India.

Sexual intercourse or sex-related acts per-
formed in a way which is against the provision of 
the law of the land [1] (sexual offences) are clas-
sified into:

 1. Natural offences: Sexual offences which are 
performed in the order of nature, i.e., by pen-
etration of the female organ (vulva) by the 

male organ (penis), are called as natural 
offences.

Examples: (1) Incest, (2) adultery, and (3) 
rape

 2. Unnatural offences: Sexual offences where 
intercourse is performed against the order of 
nature, i.e., when the act does not involve pen-
etration of a woman’s vagina by the penis of a 
man, are included under unnatural offences.

Examples: (1) Bestiality, (2) buccal coitus, 
(3) tribadism, and (4) sodomy

 3. Sexual perversions: These are the sexually 
perverted acts such as (1) necrophilia, (2) 
sadism, (3) masochism, (4) transvestism, (5) 
fetichism, (6) masturbation, (7) voyeurism, 
(8) frotteurism, (9) undinism, and (10) 
exhibitionism.

Rape as said by the UN’s human-rights chief is a 
“national problem” and is regarded as one of 
India’s most common crimes against women. A 
new case is reported every 20 min even in devel-
oped countries. Among Indian cities, New Delhi 
has the highest rate of rape cases. Rape cases in 
India have doubled between 1990 and 2008. 
24,206 rape cases were registered in India in 
2011 (National Crime Records Bureau) although 
experts agree that the number of unreported cases 
is much higher. Considering the magnitude, seri-
ousness of the offence, and its long-term impact 
on the life of the victim, it is the obligatory duty 
of the medical and paramedical personnel to help 
the judiciary and crime department to convict the 
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offender by collecting evidence against him by 
doing proper examination of the sexual assault 
victim.

Sexual Assault Victim

 

53.2  Examination of the Alleged 
Case of Sexual Assault Victim

The comprehensive forensic medicolegal exami-
nation of the victim is very important in the full 
investigation of the case and the building of an 
effective prosecution in the court. It should be 
conducted without unnecessary delay so that the 
findings should not disappear or mislead. For 
example, spermatozoa, if present in the vagina, 
should not disintegrate [1]. The alleged victim of 
sexual assault should be protected from any addi-
tional emotional trauma during physical exami-
nation. The details of medical examination of the 
victim are as follows.

Objects of Medical Examination [2]

 1. Look for physical signs (injuries) that will 
corroborate the history given by the victim.

 2. Collect and preserve all physical (trace) evi-
dence for laboratory examination.

 3. Offer treatment to the victim for injuries and 
against venereal disease or pregnancy.

 4. Prevent or minimize permanent psychological 
damage.

General Method [2]
The following is an outline of the examination 

procedure:

 1. Authorized person either a magistrate or the 
officer in charge of a police station should 
send a requisition for examination of the vic-
tim in connection with the alleged incident 
of rape.

 2. To identify the victim before the medical 
officer, an authorized person should be there 
about whom there should be mention in the 
requisition.

 3. The woman cannot be forced for medical 
examination against her will by the court or 
the police. Therefore prior written consent 
in the presence of a witness should be 
obtained before the start of medical exami-
nation of the alleged victim if she is 12 
years or above and of parents or guardians 
(about whom there should be mention in the 
requisition) if her age is below 12 years or if 
the alleged victim is mentally unsound or 
intoxicated. So as to avoid subsequent crim-
inal charge of indecent assault against the 
examining doctor, consent for examination 
is a must.

 4. It is necessary to note down identification 
marks of the alleged victim.

 5. The rape victim should be allowed to give 
her own account of the act without any ques-
tions being put to her.

 6. The name of the victim and her parent/hus-
band if married, age, height, weight, resi-
dence, occupation, date, time and place of 
examination, and name of the police station 
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by whom the requisition is given should be 
accurately recorded.

 7. The developmental, behavioral, mental, and 
emotional status in the case of the child/ado-
lescent victim should also be briefly assessed.

 8. Medicolegal examination is one of the star 
evidences in the judicial proceeding that 
should not be ignored. The tenderness and 
swelling of the vulva may disappear after 
some hours. The possibility of finding sper-
matozoa from the genital tract also decreases 
with delay. Therefore it is advisable to exam-
ine and collect all relevant and feasible mate-
rials from a victim at the earliest after the 
incident, to achieve the above goal.

 9. Record statements of the victim and of oth-
ers with her separately. They should include:
 (a) Preliminary affairs
 (b) Date, time, and place of the offence 

alleged
 (c) Parties’ exact relative positions
 (d) Evidence of struggle or resistance
 (e) Calls for help
 (f) Whether she experienced any pain then 

and afterwards
 (g) Was there ejaculation during the act, 

either within the vagina or outside
 (h) Any associated discharge
 (i) Whether she had any bleeding from the 

vagina
 (j) Whether there was loss of consciousness 

anytime during the attack
 (k) Any other events after the alleged assault
 (l) When the first complaint was filed and if 

there was undue delay, the reason for 
that.

All this must be taken down 
verbatim.

 10. It is important to note down previous history 
with regard to sexual experience, menses, 
vaginal discharge, venereal disease, preg-
nancies, pelvic operations, etc. Children who 
are subjected to sexual assaults may not be 
able to give proper history. So the examiner 
must have high degree of suspicion. Many 
times a sexually assaulted victim might have 
been brought to a gynecologist, only with the 
history of trauma and bleeding per vagina or 

inability to pass the urine or loss of appetite. 
Hence, a medical practitioner is not only 
morally but also legally bound to take 
detailed history from the child, guardian, 
accompanying person, and police inspector 
and document it.

 11. The victim is examined in the presence of an 
adult mentally sound female attendant, either 
hospital nurse or a female relative of the 
alleged victim. This applies specially to male 
medical officer.

 12. Note down the physical development in 
order to determine her capacity to struggle 
and resist.

 13. Her general behavior and mental status 
should be observed, while she narrates her 
story.

 14. Her gait should be observed, and specific 
questions related to pain while walking, on 
micturition, or defecation should be asked. 
We can notice guarded gait due to pain, the 
victim walking with legs apart and slow 
steps(women should not be made naked to 
test the gait).

 15. The removal of dress should be done by the 
victim herself or by the female attendant and 
not by the male doctor himself. No force to 
undress her should be made by the 
attendant.

 16. A second examination should be done after 
stoppage of menstruation if the victim is in 
menstrual period.

The identity of the victim against whom an 
offence is alleged to have been committed should 
not be disclosed and is not permitted [3].

Evaluation of Mental Status [1]
The victim should subsequently be referred to 

a psychiatrist if mental unsoundness is doubted. 
Note down if she appears to be intoxicated and 
under the influence of drugs or alcohol, and her 
blood and urine samples should be preserved 
after necessary physical examination.

Evaluation of Developmental Status of 
Secondary Sex Features [1]

The appearances and growth of breasts, axil-
lary, and pubic hair should be noted. The sexual 
habit of the woman can be guessed from the 
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appearance of the breasts. The breasts will be 
hemispherical, firm, and spongy with similar 
 nipples and have pinkish areola in a woman not 
accustomed to sexual practices. The breasts will 
be larger, lax, and slightly pendulous with larger 
raised nipples in women habituated with sexual 
practices. The areolar color may not change 
before pregnancy.

Examination Proper [2]
It includes:

 1. Examination of the clothes:
Inquiry about the change of clothing and 

a bath or wash should be made. Attempt 
should be made to find out whether the 
clothes of the victim are those worn at the 
time of sexual assault or changed. Each item 
of the clothing should be examined for stains 
(blood, seminal, mud, grass, etc.), soiling, 
tears and loss of buttons, and the site and 
type of damage. If the offence has been com-
mitted in an open place, corroborations can 
sometimes be obtained by finding grass, 
leaves, mud, etc. on the buttocks or on the 
back. In certain cases stains may be present 
on pieces of material or handkerchief used 
by the victim after assault for cleaning pur-
pose. Vulval pads and vaginal tampons 
whether worn at or after the time of the inci-
dent should be preserved. Clothes play very 
important role in corroborating or contra-
dicting her story. Foreign hair, fibers, etc. 
found on the clothes or on the skin surface 
must be preserved and compared with those 
found on the accused.

 2. General examination:
It includes inspection of the whole body 

for marks of violence resulting from strug-
gle, their appearance, situation, extent, and 
probable age. They can be found around/on 
(1) the mouth and throat, produced while 
preventing her from calling for help, (2) 
wrists and arms, (3) the inner side of thighs 
and knees, (4) the back from pressure on 
hard ground, and (5) the breasts by rough 
handling. True bite marks and love bites are 
usually found on the breasts, neck, chest 
wall, lower abdomen, and upper parts of the 

thighs. The nature and situation of the gen-
eral injuries should correspond with the vic-
tim’s description of the assault. Marks of 
violence are likely to be found in one-third 
cases. The absence of general injuries may 
be due to: (1) Submission of the victim due 
to fear of injury or death, etc. (2) Insufficient 
force to produce an injury. (3) After 48  h 
bruises may not be noticed. (4) Delayed 
reporting of the incident during which minor 
injuries will heal.

General injuries are observed only in 
1/5th cases because of (1) alleged sexual act 
consisting of only rubbing or touching the 
genitalia, (2) sexually experienced victim, 
(3) elasticity of genitalia and hymen in a 
post- pubertal female, and (4) the use of 
lubricants. The victim usually scratches the 
assailant during the struggle. Debris under 
the nails should be removed and examined 
for epidermal cells, blood, fibers, etc. At the 
same time, any damaged fingernails should 
be noted.

 3. Special local examination [2]:
After completing the consent formalities 

depending upon the age of the alleged vic-
tim, she is placed on an examination table in 
good light with her legs drawn up and widely 
opened (lithotomy or knee-chest position). If 
possible, a vaginal speculum should be used. 
Vaginal lining should be examined to see any 
abrasion, bruises, erosions, or vault tears. 
Digital examination may show (1) areas of 
pain and tenderness in the vagina, (2) some 
laxity of the vaginal orifice (indicating previ-
ous penetration), or (3) elongation of the 
posterior fornix of the vagina (indicating fre-
quent sexual intercourse).The size of the 
vagina should be noted as admitting one, 
two, or three fingers as the case may be(Pl 
refer Supreme Court Judgment quoted later 
on).

The police or court has no power of com-
pelling a woman to submit the private part of 
her person to the examination of a medical 
practitioner [3].

The local findings may change depending 
upon the type of victim as below.
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 (a) Rape on a virgin [2]: The hymen is exam-
ined by gently separating the labia. 
 Rupture of the hymen occurs with the first 
intercourse, which is the main evidence of 
rape in a virgin. The nature and extent of 
injury varies in different cases depending 
upon (1) disproportion between male and 
female parts, (2) extent of penetration, (3) 
the nature of the hymen, and (4) amount 
of force used. Tearing usually occurs pos-
teriorly at the sides in the 4 or 8 o’clock 
position or in the midline of the hymen. 
More than one tear may occur. Several 
hymenal lacerations indicate first inter-
course. Tears usually occur in the poste-
rior midline of the hymen because the 
hymen lies suspended across a potential 
space, whereas anteriorly the periurethral 
tissues buttress the hymen. Any object 
passing through the hymenal orifice which 
is larger than its original opening will 
cause a V-shaped cleft or clefts. One deep 
tear may be seen at 6 o’clock position or a 
number of tears usually in the posterior 
half of the membrane. With healing over a 
period of months, V-shaped tear becomes 
rounded and appear as U-shaped defects. 
In pre-pubertal children, the posterior tear 
of the hymen may involve fourchette pro-
ducing a deep U-shaped defect. The mar-
gins of the torn hymen are sharp and red 
which bleed on touch; the tissues around 
about them are swollen and tender soon 
after the act. The edges of laceration are 
congested and swollen after 3–4 days of 
an offence and get healed completely in a 
week, but they do not unite. Rupture of 
the hymen due to sudden stretching can be 
caused by agents other than male genital 
organ such as fingers, and therefore, evi-
dence of local injury is not proof of pene-
tration. Many a times, in the absence of 
hymenal tearing, there is abrasion and 
bruising of the hymen and the vaginal 
orifice.

For close examination of the hymen, 
Glaister-Keen glass rod, warmed to body 
temperature, should be passed through the 

hymenal orifice. Then it is passed around 
the posterior surface of the hymen, which 
is slightly stretched by separation of labia 
minora. The edges of the hymen become 
slightly everted by this procedure. By 
slowly rotating the sphere around the 
edges, natural notches are easily differen-
tiated from tears, recent or old. This 
method does not cause any injury or pain. 
Another method is to pass a finger into the 
rectum above the perineal body and push 
the posterior vaginal wall forwards and 
downwards. This pushes the hymen for-
wards which is clearly seen entirely, lying 
against the posterior vaginal wall.

Injury to the labia is not common, but 
fingernail scratches may be present on the 
labia, particularly the labia minora. The 
labia may be red and inflamed with slight 
edema of the vaginal introitus if it is the 
first sexual act. Bruising and lacerations 
of external genitals may be present with 
redness, swelling, and inflammation if 
there is disproportion between the male 
and female genitals. Swelling and conges-
tion of the mucosa at introitus, the clitoris, 
and the labia minora are caused by genital 
stimulation, but they may also be caused 
by digital stimulation or masturbation. 
These signs usually fade in 1 or 2  h. 
Swelling and tenderness of the labia 
minora may indicate sexual activity. The 
posterior commissure is usually intact in 
the virgin and often ruptures at first inter-
course, especially if there is much dispar-
ity in the size of the penis and vagina. The 
fourchette is fragile and often tears during 
the first intercourse. Fossa navicularis dis-
appears. Bruising of the vagina is seen as 
dark-red areas against the overall redness 
of the vaginal mucosa, and within 24  h, 
the color becomes deep red or purple. It is 
more frequently seen on the anterior vagi-
nal wall in the lower third and on the pos-
terior vaginal wall in the upper third. 
Bruising of this nature is more consistent 
with penile penetration than with digital 
penetration. These types of injuries can 
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occur during consenting sexual inter-
course. In rape or digital penetration 
 without consent, where preliminary stim-
ulation has not taken place, initial lubrica-
tion will be lacking, due to which more 
severe local bruising or abrasion can 
result. In women of childbearing age, 
frank laceration of the vaginal wall or 
vault is rare following sexual intercourse, 
but it can occur in very young children 
and in the atrophic post-menopausal 
vagina. Posterior laceration of the vaginal 
wall occurs with violent intercourse or 
where there has been considerable dispro-
portion between the penis and the vagina. 
Severe stretching/tearing of the vagina 
and labia may occur even with slight entry 
of the penis. Some degree of local injury 
may be caused by sudden forcible dilata-
tion of the vagina in majority of adult 
rapes. But one should keep in mind that 
even with consenting woman, bruising, 
laceration, or abrasion are at times seen 
with forceful intercourse that does not 
indicate rape. In all cases where there are 
no marks of fresh injury, one should do 
vaginal examination to assess (1) the lax-
ity of the vaginal orifice, (2) the length of 
the vagina into the posterior fornix, (3) the 
number of fingers that can be introduced 
through the hymenal orifice, and (4) the 
areas and the degree of tenderness com-
plained of by the patient. All these should 
be attempted if the state of the hymen per-
mits. A finger may be inserted into the 
vagina in most young women although 
the hymen is intact, which is felt as a con-
stricting ring around the tip of the finger. 
Vaginal examination helps the examiner 
to assess the elasticity of the hymen and to 
determine the degree of penetration which 
would be possible without its rupture. The 
possibility of sexual intercourse may be 
inferred if the vaginal opening easily 
admits two fingers (as per the present laws 
of evidence, two-finger test has no special 
importance). The vagina needs to be 

inspected for signs of bruising, abrasion, 
and laceration by introducing speculum.

 (b) Rape on Deflorate Women [2]:
The hymen is completely destroyed, 

the vaginal orifice dilated, and the mucus 
membrane wrinkled and thickened in the 
case of deflorate women, even without 
childbirth. Complete penetration can 
occur in such women without any evi-
dence except semen. The presence of 
spermatozoa in the vagina is the only 
proof that penetration has occurred. 
Therefore, the absence of injuries under 
certain circumstances does not exclude 
even complete penetration. In a married 
woman though, marks of violence to the 
genitalia are less likely to be found, but 
they must be looked for because rape is 
associated with greater violence than sex-
ual intercourse with consent. The vagina 
may show laceration, bruising, deep 
injury with effusion of blood, swelling, 
and inflammation of the vulva even when 
no marks of violence indicating a struggle 
may be found externally. Tearing or perfo-
ration of the vagina may occur when it is 
thin or fragile. When older women are 
raped, senile atrophy and friability of their 
genitalia result in extensive vaginal lacer-
ations and perineal trauma. In women 
who have been used to sexual intercourse, 
injuries from rape usually disappear or 
become obscure in 3–4 days. When there 
has been much violence, they may persist 
for longer duration. The chief evidence of 
crime may be found on other parts of the 
body in the form of injury marks.

(c) Rape on children:
In India, due to the superstitious belief 

that gonorrhea and syphilis or other sex-
ual transmitted diseases can be cured by 
sexual intercourse with a virgin, rape on 
children is common [3].

The following are steps of systematic exam-
ination of the sexual assault on child victim.

First Approach: The first approach a 
forensic pathologist should employ, during a 
medicolegal investigation of a sexual assault 

A. V. Kuthe



527

in child, is of grave importance. First, to pro-
vide a simple and comprehensive overview of 
the process that will be followed, he should 
spend enough time to become acquainted with 
the child. The health provider should start his 
conversation with interesting topic and not 
“threatening” to the child. Discussing with the 
child about special interests (school, sports, or 
music lessons) decreases the tension and 
enables the child to relax, which is important 
for the vaginal and anal examinations. A lab 
coat or other hospital and medical suits put on 
by a doctor may be frightening for younger 
children. The history must be obtained by a 
highly skilled professional without leading 
questions. When taking a history, the doctor 
must use language that is appropriate, sup-
portive, and demonstrative of a friendly and 
caring attitude. What they state should be 
recorded in their own words.

Assessment: A full clinical inspection 
must be undertaken including skeletal radio-
logical survey. Such examinations involve a 
forensic medical examiner and a pediatrician. 
However, at times, it may be necessary to 
involve another medical professional such as 
genitourinary physician, psychiatrist, or fam-
ily planning doctor.

Medical History: Medical history is of 
grave importance. Old injuries should be 
recorded meticulously and considered with 
extreme caution.

Examination: It includes complete physi-
cal examination with special attention to the 
mouth, breasts, genitals, perineal region, but-
tocks, and anus, with careful photographic 
recording of any trauma away from the genital 
area. These injuries, though can be serious, 
can be overlooked when the examiner focuses 
attention only on the genital area. Restraining 
force can be severe enough to leave “finger-
tip” and other bruises on the limbs or stran-
gling marks on the neck. There can be trauma 
to the breast, inner thigh, or other para-genital 
areas. If bite marks are found, it is important 
to measure and photograph them carefully to 
allow matching or exclusion of the teeth of the 
alleged offender.

Genital Examination: Detailed examina-
tion of the genital region along with examina-
tion of the anal area in the appropriate position 
is necessary to detect positive findings in the 
child victim. At times the physical examina-
tion may reveal normal findings as the child 
usually is unaware of what is happening and 
also not capable of resisting. The hymen is 
deeply situated, and, as the vagina is very 
small, it is impossible for the adult organ to 
penetrate. Therefore the penis is placed either 
in between the thighs or within the vulva. 
There may be little redness and tenderness of 
the vulva, and the hymen may remain intact.

During sexual act, the penis compresses 
the labia both anteriorly and laterally, pro-
ducing bruising of both labia majora and 
minora. Further penetration forces the penis 
backwards and the hymen is torn posteriorly. 
If the penis further advances in to the vagina, 
the hymenal tear extends into or through the 
perineal body and often involves the anterior 
wall of the anorectal canal. The younger the 
child, the more widespread are the injuries. 
Circumferential injuries of the mucosa of the 
vestibule are common. Full penile penetra-
tion can cause bruising and tears of the ante-
rior and posterior vaginal wall. The bladder 
can get involved in the anterior tears, while 
posterior tears can involve the anorectal 
canal. The vaginal vault may rupture and the 
abdominal viscera may herniate through the 
vagina. Some scratching or bruising of the 
labia and vestibule can occur without cir-
cumferential tears if the infant vagina is dig-
itally penetrated. There can be linear tear in 
the hymen in the posterior or posterolateral 
quadrant, which may extend into the poste-
rior vaginal wall and onto the skin of the 
perineum. While separating the thighs for 
examination, the victim may experience 
severe pain due to local inflammation. There 
can be difficulty while walking due to pain. 
In the differential diagnosis of anal sexual 
abuse, the practitioner must be aware of non-
abuse-related conditions, for example, 
Crohn’s disease, child with significant con-
stipation, etc.
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The hymen may remain intact after rape, in 
the following circumstances [1]:
 1. If there is incomplete penetration.
 2. There may be congestion or bruise of 

course if the hymen is tough, fleshy, and 
elastic.

 3. Due to deeper placement of the hymen and 
less capacity of the vagina, in very young 
children, full penetration with rupture of 
the hymen may not occur. There may be 
congestion, bruise, or even tear laceration 
in the posterior wall of the introitus and 
vagina which may extend up to the 
perineum.

 4. Evidence sampling—laboratory 
examination:

The next important step is gathering the 
biological evidence of the alleged sexual 
abuse that has occurred within the preceding 
72 h. Corroborative evidence can be obtained 
with the help of forensic laboratory and are 
decided by the forensic expert who decides 
about cultures and serological tests for sexu-
ally transmitted infections according to the 
special circumstances of the case. The swabs 
from the mouth, anus, or vagina should be 
allowed to dry in the atmosphere before they 
are sealed. Though the documented presence 
of an ejaculate is the most positive identify-
ing element for the expert, its absence by no 
means refutes sexual assault. Evidence 
should be preserved carefully and a written 
record kept. For the identification of assail-
ant identification, tests for genetic markers in 
the blood saliva and serum (ABO typing and 
other blood enzyme systems), apart from 
exploration of different characteristics of the 
head and pubic hair, should be performed 
within 72 h of acute sexual assault or sexual 
abuse. The identity of a perpetrator can be 
established with a high degree of certainty 
DNA fingerprinting. If one suspects that the 
child has been abused under the influence of 
drugs, toxicological analysis of blood and 
urine should also be performed. Sexual abuse 
is a criminal offence and is investigated by 
the police. Physicians and care providers 
need to report all suspected cases of child 

abuse and neglect. These laws offer protec-
tion to them. But if one fails to report sus-
pected child abuse, it may result in a penalty. 
Pregnancy test should be performed in each 
case of sexually abused girl in a reproductive 
age if she misses the next menstrual cycle.

 5. Corroborative Signs of Rape [2]
Medical examination can reveal some 

signs which indirectly support the main issue 
of rape. Rape can be inferred if these signs 
are present in the alleged victim. They are as 
follows:
 (a) Seminal fluid: The thighs, pubic hair, 

and vagina should be examined. The 
presence of spermatozoa in the vagina is 
proof of sexual intercourse but not of 
rape. Similarly their absence is not proof 
that intercourse has not taken place, for 
they might have disappeared due to 
washing or there might not have been an 
emission, or the alleged victim might 
have been aspermic due to vasectomy or 
naturally. The presence of fresh seminal 
stains on the person or clothes of a 
woman provides strong evidence of 
intercourse, attempted or committed. 
Samples for seminal stains should be 
taken from the introitus and perineum 
before digital examination.

 (b) Sexually transmitted diseases: The fact 
of sexual contact can be inferred indi-
rectly from the diagnosis of sexually 
transmitted disease in the case, as the 
assailant may transmit the disease to the 
alleged victim if he is suffering from the 
disease. It becomes a strong corrobora-
tive evidence of rape, if the period of 
clinical manifestations after the alleged 
rape matches with the incubation period 
of the disease especially if the man 
denies sexual intercourse with the 
alleged victim. That will also help in 
treating the disease in the sexually 
abused victim. In gonorrhea, an inflam-
mation with an abundant mucopurulent 
discharge will be seen in 2–4 days (occa-
sionally a week), while in syphilis an 
indurated ulcer on the external genitals 
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may appear in about 3 weeks. In the case 
of adults, smears should be taken from 
the cervix and urethra for gonococci 
which are kidney shaped, intracellular, 
Gram- negative diplococcic. In the case 
of small girls, smears should be taken 
from the vagina. After ruling out the 
perinatal transmission, gonorrhea or 
syphilis infections are diagnostic of sex-
ual abuse. It is extremely unlikely to find 
herpes type 2, chlamydia, trichomonas, 
and condyloma infections due to any-
thing but abuse especially in children 
above the age of 1 year. An initial nega-
tive smear may be of value, if a positive 
smear is obtained within a few days of 
assault. A blood sample should be taken 
for serological examination in cases of 
suspected syphilis. An initial negative 
report may be of value, if a positive reac-
tion is obtained after 6 weeks.

(c) Mark of violence or struggle (scratches, 
abrasions, and bruises on the body) 
especially on the forearm, wrist, face, 
breasts, nipples, cheeks, lips, chest, 
lower part of the abdomen, inner aspects 
of the thighs, and back should be spe-
cially looked for. The victim may show 
signs of active resistance in the form of 
bent or broken fingernails due to scratch-
ing the accused. Medical examination 
may detect debris under the nails in the 
form of blood, fibers, hair, and skin frag-
ment from the accused.

Swabs from teeth bite area should be 
taken for the presence of saliva of the 
accused for investigation.

 6. Findings Related to Time of Assault [2]:
 (a) Wounds: If the age of any wound present 

is consistent with the alleged time of rape, 
it will be a valuable piece of evidence.

 (b) Venereal Disease: The presence of vene-
real disease is useful in determining the 
approximate time of sexual assault. The 
medical examination of the victim and 
the accused and the evidence collected 
may either confirm or contradict the alle-
gations made.

 (c) Seminal Fluid: The motility of the sper-
matozoa deposited in the vagina is lost 
within 1–6 h. At the end of 6 h, no motile 
sperms are found. Sperms may be recov-
ered up to 24 h from the vagina.

 7. Specimens to be collected from victim:
The objects of collecting specimen are:
 (1) To obtain confirmation of the allegation
 (2) To attempt to establish a link between 

victim and the scene
 (3) To attempt to establish a link between 

victim and the assailant
The following specimens are needed to be 
collected:
 (1) Avulsed head hairs.
 (2) Pubic hair combings.
 (3) Avulsed pubic hair.
 (4) Matted pubic hair, if present.
 (5) Loose hairs found anywhere on the body.
 (6) Saliva for secretor grouping.
 (7) Swabs from bite marks for saliva.
 (8) Blood (plain) for grouping.
 (9) Blood (anticoagulated) for alcohol and 

drugs.
 (10) Urine for drug screening.
 (11) Nail scrapping or nail cuttings for blood 

or tissue from other party.
 (12) Secretions from the introitus, vagina, 

posterior fornix, and cervical os should 
be obtained on the swab, transferred to a 
slide and spread out in the form of a thin 
film, and fixed and examined microscop-
ically for the presence of sperms or any 
venereal infection such as gonorrhea or 
syphilis.

 (13) Swabs from any soiled areas of the skin.
Sometimes even after sexual inter-

course/alleged sexual assault, no sperms 
could be detected if [3]:

 (1) Condom was used.
 (2) The accused failed to ejaculate or ejacula-

tion occurred outside the vagina.
 (3) The accused is azoospermic/vasecto-

mized person.
 (4) Vaginal douching is done immediately 

after the act.
Dried blood and seminal stains on the 

external genitals and thighs should be scraped 
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and preserved for subsequent examination. 
The accused can be identified by noting the 
stains of urine, saliva, hair, and general debris 
present on the clothing of the victim by com-
paring them with the known materials from 
the accused. The finding of venereal disease 
also gives clue.

Examination Protocol in India [4]
The public anger against the treatment of 

rape survivors has forced the government to 
look into the existing anti-rape laws, and that 
also includes the crucial medical examination 
to ascertain the incidence of rape generally 
done by government hospitals and medical 
centers.

CNN-IBN’s medical expert Dr. Shubham 
Pant takes us through the existing provisions 
in the Indian law, a protocol whereby there is 
a checklist that must be followed in the case of 
medical examination of a rape survivor:
 (1) Medical examination can only be done 

with the prior consent of the rape survivor.
 (2) Only allopathic government doctors, reg-

istered with the Medical Council of India, 
are allowed to conduct the examination. 
There should ideally be a woman gyne-
cologist present during the examination.

 (3) Samples are to be collected from the geni-
talia and under the nails.

 (4) At the time of medical examination of a 
female by a male doctor, female attendant 
must be present, otherwise the doctor can be 
charged with indecent assault under the law.

The two-finger test to determine sexual 
assault and rape has been phased out in certain 
hospitals though many places still continue 
the practice. In India, due to the stigma 
attached to rape and medical examination, the 
victim has to face a lot of psychological and 
physical trauma.

Virginity Test [5]
The virginity test determines whether a 

person, usually a girl or woman, is a virgin, 
i.e., whether she has never engaged in sexual 
intercourse. It checks for the presence of an 
intact hymen, assuming falsely that it can only 
be torn as a result of sexual intercourse. It is 
widely considered controversial, both because 
of its implications for the tested girls and 

women and since it is viewed as unethical. A 
detailed examination of the hymen may be 
performed in cases of suspected rape or child 
sexual abuse, but the condition of the hymen 
alone is not conclusive.

Two-Finger Test [5]
Previously two-finger test was used to deter-

mine if she was “habituated to sexual inter-
course.” However, in the present era the 
usefulness of these criteria has been questioned 
by medical authorities and opponents of virgin-
ity testing, the reason being that vaginal laxity 
and the absence of a hymen can both be caused 
by other factors.

As per the Supreme Court of India, the 
two-finger test on a rape victim violates her 
right to privacy, and therefore it asked the 
Indian government to provide better medical 
procedures to confirm sexual assault. The test 
was also strongly criticized by the Human 
Rights Watch as degrading and unscientific 
and an additional assault on traumatized 
women.

Thus evidence of rape is obtained from:
 1. Marks of violence on the body of the vic-

tim and the accused
 2. The presence of stains of semen or of blood 

on the clothes and the body of the victim 
and the accused

 3. Marks of violence in the genital region
 4. The finding of seminal fluid in the vagina
 5. The diagnosis of sexually transmitted 

infections in both the parties
Rape is a legal definition and not a medical 

diagnosis. Medical proof of intercourse does 
not necessarily mean rape. The doctor should 
just give opinion that there are signs of recent 
vaginal penetration, recent sexual intercourse, 
general physical injuries, and/or intoxication, 
and since the signs are consistent with the his-
tory given, rape might have been committed 
by the alleged accused. He/she should never 
give confirmed diagnosis of rape. Independent 
corroboration of the victim’s story may be 
obtained by the statement of eye witness and 
evidence gathered from the bodies of both the 
victim and accused and from the crime scene. 
Many a times as there is least possibility of 
eye witness, since many rapes occur at the 
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time and/or areas when the victim is found 
alone, circumstantial evidence is offered in 
most of the cases.

 8. Follow-up [6]:
Follow-up visit helps the victim to recover 

from the trauma, both physical and mental, 
and regain dignity and self-respect. 
Accordingly, follow-up involves (1) tetanus 
prophylaxis, (2) prevention and termination 
of pregnancy, (3) treatment of injuries, (4) 
prevention and treatment of any sexually 
transmitted disease, and (5) referral to crisis 
intervention centers for support by social 
workers and psychiatrists.

 9. Medicolegal aspects:
 (a) Death as a result of rape may occur 

from [2]:
• Hemorrhage from injuries to genitals 

and perineum.
• Shock due to fright and emotion or 

by blunt force.
• If the mouth and nostrils are closed by 

the hand or cloth to prevent the female 
from crying for help, leading to suffo-
cation/asphyxia or by strangulation.

• Septic infection after several days or 
weeks.

• Murder to prevent the identification of 
the accused by the victim. Throttling 
with the bare hands of the assailant or 
by strangulation with a ligature from 
material readily available at hand, e.g., 
nylon stocking, pantyhose, or the scarf, 
may cause death of the victim. Victims 
may commit suicide out of shame and 
stigma to the family.

 (b) Mental derangements, convulsions, and 
epileptic fits.

 (c) It may disrupt the victim’s physical and 
sexual life. It can affect her future.

 (d) Due to gross injury of the vagina1, she 
may suffer from vaginal stricture or 
recto-vaginal fistula.

 (e) Rape trauma syndrome [3]
A psychological response in an adult 

victim of rape can be described in two 
stages:
• An immediate or an acute (disorgani-

zation) phase: It is characterized by 

emotional reactions like shock, loss 
of strength/courage, and anxiety. It is 
also associated with the feeling of 
guilt and humiliation.

• A long-term (reorganization) phase: 
As the name suggests, it is the period 
during which the victim gradually 
readjusts her life. At times she may 
complain of nightmares (bad horrible 
dreams) and various phobias.

 (f) Additional mental trauma is caused by 
pregnancy resulting out of rape.

 (g) False charges [2].
There are cases of false charges made by 

the consenting woman when the sexual 
intercourse act is discovered by parents/hus-
band, to save her position or when she her-
self discovers that she is pregnant or for 
purposes of taking revenge or for blackmail-
ing and forcing him to marry her. Adult 
women may stain their garments with a solu-
tion of starch or white of egg to simulate 
seminal stains and with the blood of an ani-
mal. Similarly the parents themselves may 
injure the child’s genital organs by introduc-
ing a blunt instrument or a thumb in to vagina 
or apply irritants such as chillies within 
vagina with the purpose of substantiating a 
false allegation of rape against an individual 
with a view to take revenge or extorting 
money from him (their child is trained to tell 
a circumstantial story of rape).

Nature of allegations [7]: False allegations 
contain common elements , such as the follow-
ing: (1) Assailant was a total stranger or 
unknown person, because of which she can 
describe in vague and nonspecific terms. (2) 
She cannot describe the assailant because she 
kept her eyes closed. (3) She was assaulted by 
more than one person difficult to describe. (4) 
She offered  resistance but was forcibly over-
come as the assailant was strong or powerful. 
(5) And she cannot describe details and 
sequence of the sexual activities. Because of 
these complexities in the history taking and 
further investigation procedure, it has been 
very aptly said, “Rape is an allegation, easily 
made—hard to prove and harder to dis-
prove [6].”
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A female patient may put a false charge of 
rape against the doctor; therefore a female 
nurse/attendant should always be present dur-
ing examination of genitals, during adminis-
tration of general anesthesia, and during any 
surgery on female [8].

Evidence: All such false allegations, are 
finally rejected by medical evidence, incon-
sistencies in the statement of the victim her-
self, to uncertainty as to consent, to lack of 
corroboration, absent definite laboratory 
findings. Whenever there is undue delay in 
filing the FIR, always look at it with suspi-
cion since there is a possibility of false 
allegations.

After having done proper examination of 
the alleged victim/accused and studying the 
laboratory reports of the materials collected, 
one can definitely find relation between the 
accused, the victim, and offence.

 10. Relationship between the accused, the 
offence, and the victim [1]:
 (a) Marks of struggle/resistance, on the 

body of the victim as well as the accused 
(may be absent).

 (b) Hymenal rupture in the victim and rup-
ture of frenulum in the accused (may not 
be found).

 (c) The pubic hair available on the body of 
the victim if matches with the pubic hair 
of the accused and vice versa.

 (d) DNA profile and blood group factor 
detected from the blood/blood stains, 
seminal/saliva/blood stains on the 
clothes, and tissue debris from the nails 
of the victim matches with the DNA pro-
file and blood group of the accused.

 (e) Teeth bite mark pattern on the body of 
one matches with the other.

 (f) Presence of seminal fluid in the vagina 
of the victim and presence of vaginal 
cells and absence of smegma on the 
glans of the accused.

 (g) Garments of both the victim and the 
accused stained with soil and mud of the 
complained place of occurrence.

(h) Presence of gonorrhea in the accused 
and the victim.

The co-relationship stresses the importance of 
meticulous medicolegal examination of both 
the alleged victim, accused, and above all the 
role played by forensic laboratory.
Guidelines and protocols for medicolegal care 
for survivors/victims of sexual assault are pub-
lished by the Ministry of Health and Family 
Welfare, Government of India. Its Part II has 
given the following instructions for doctors:

53.3  One-Page Instructions 
for Doctors [9]

The healthcare provider who has taken history 
and examined the alleged victim should be well 
aware of the guidelines issued by the MoHFW 
and the comprehensive care to be provided to the 
survivor of the sexual assault.

 1. Informed consent: Doctors should take 
informed consent of the alleged victim about 
the nature and purpose of examination and of 
the child’s parent/guardian/person in whom 
the child reposes trust. This information 
should include:
• The medicolegal examination assists the 

investigation, arrest, and prosecution of 
those who committed the sexual offence.

• Forensic evidence may be collected with 
the consent of the survivor. This may 
include removing and isolating clothing, 
scalp hair, foreign substances from the 
body, saliva, pubic hair, samples taken 
from the vagina, anus, rectum, and mouth 
and collecting a blood sample.

• The survivor or the parent/guardian/person 
whom the child reposes trust has the right 
to refuse either a medicolegal examination 
or collection of evidence or both. But that 
should not deny treatment to survivor.

• Law requires that the hospital/examining 
doctor should inform the police about the 
sexual offence. However, one should con-
tinue to treat the survivor even if she does 
not wish to participate in the police investi-
gation. Informed refusal will be docu-
mented in such cases.
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 2. “Two-finger test” must not be conducted for 
establishing an incident of sexual violence, 
and no comment on the size, elasticity of the 
vagina or hymen, or about past sexual experi-
ence or habituation to sexual intercourse 
should be made as it has no bearing on a case 
of sexual violence. No comment on shape, 
size, and/or elasticity of the anal opening or 
about previous sexual experience or habitua-
tion to anal intercourse should be made.

 3. Examine the body parts for sexual violence- 
related findings (such as injuries, bleeding, 
swelling, tenderness, discharge). This includes 
both micro mucosal injuries and severe inju-
ries which would take longer to heal.
• Injuries must be recorded with details.
• If a past history of sexual violence is 

reported, then record relevant findings. 
Though sexual violence is largely perpe-
trated against females, it can also be per-
petrated against males, transgender, and 
intersex persons.

 4. The nature of forensic evidence collected will 
be determined by nature of sexual violence 
and time lapsed between incident of sexual 

violence and examination and whether survi-
vor has bathed or washed herself.

 5. Opinion: The issue of whether an incident of 
rape/sexual assault occurred is a legal issue 
and not a medical diagnosis. Consequently, 
only findings in relation to medical findings 
should be recorded in the medical report with-
out drawing conclusion.

• Drafting of provisional opinion should be 
done immediately after examination of the 
survivor.

• It should be always kept in mind that nor-
mal examination findings neither refute nor 
confirm sexual violence. Hence circum-
stantial/other evidences may be taken into 
consideration.

• The injuries may not be evident due to 
inability of survivor to offer resistance 
because of intoxication or threats or delay 
in reporting for examination.

All the above steps of history taking, examina-
tion, and evidence collection are shown in the 
flow chart [9].
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53.4  Conclusion

As said earlier, sexual assault is a criminal 
offence to be investigated by the police. 
Therefore medical professional must report all 
suspected cases, and failure to report may 
result in a penalty. The duty of medical profes-
sional is to illicit proper history; collect the 
best possible  specimens in time, in optimum 
condition; and treat and above all support the 

victim. Injuries often speak for themselves. 
Following the investigation protocol along 
with proper documentation and the gathered 
evidence will definitely increase the value of 
medical evaluation of sexual violence. Good 
compassionate care along with prophylaxis 
and proper management of pregnancy and 
infection coupled with effective investigation 
and prosecution of the culprit will be very 
much beneficial to the victim.

Examination in the Case of Rape Victim [8]
(Report of the Victim of Rape)
Medicolegal Case No........................
To
The Investigating Officer.......................................
Ref: Your letter no.......................................................dated................................... in relation to
Crime........................................................ {mention Sec. of I.P.C./Cr P C}.
I have the honor to forward herewith the result of my examination of............................................
Daughter/wife of ......................................................resident of ....................................................... 

P.S.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Tahs i l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

District...............................................
Brought to hospital on......................................................................at...............................................

..........
Patient examined on..........................................................................at...............................................

.........
Consent for examination {if patient is less than 12, consent from guardian is taken}.......................

............
Question asked...................................................................................................................................

..............
Replies given......................................................................................................................................

..............
Signature or left thumb impression of 

person..................................................................................................
Identification marks (1)......................................................(2)..........................................................
Brought and identified by police constable ..................................
No. ..............................................Police station...............................
The patient was examined and treated on OPD basis or was admitted on ..............and discharged 

on ..........
Light arrangement.................................................
Female nurse/attendant/relative present, her name.............................................................................

..........
And her 

signature...........................................................................................................................................
History of the Incidence
Ask the victim to narrate the history in her words.
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Any history of occupation, educational status, 
pelvic surgeries, sex life, pregnancy, deliveries and 
L.M.P., etc. {if she is menstruating, ask her to come 
again for second examination if necessary}.

Clothings
[Detailed examination of clothes is needed, if 

the same were worn at the time of the incidence. 
After examination of the clothes on her body, she 
should be asked to remove her clothes and then 
the clothes are again examined].

Look for:

 (a) Stains
 (b) Foreign body  – hair/fiber/grass/mud/dust, 

etc.
 (c) Tears
 (d) Loss of buttons or hooks, etc.

General Examination

 1. Any foreign body on her body
 2. Any stains on the body
 3. Evidence of struggle/resistance
 4. Injuries on the body [abrasions, contusions, 

bite marks]
 5. Examination of the fingernails [nail clip-

pings to be preserved and sent to FSL]
 (a) Any epithelial cells
 (b) Any stain
 (c) Any damage
 (d) Any foreign body

 6. Physical strength—height/weight
 7. Chappals/ornamentals and glass bangles, 

etc.
 8. Mental status
 9. Intoxication
 10. Gait
 11. Age

 (a) As claimed by her
 (b) Secondary sexual characters
 (c) General examination
 (d) X-ray examination
 (e) Teeth

Local Examination
(Examine in lithotomy or knee-chest position 

in good light. If there is pain, local anesthesia 
should be applied.)

 (a) Matting of pubic hair
 (b) Local hygiene
 (c) Any foreign body
 (d) Any status
 (e) Any injury to perineum
 (f) Labia majora
 (g) Labia minora
 (h) Vestibule
 (i) Hymen  – intact/torn/position and age of 

tear
 (j) Vagina
 (k) Evidence of STD
 (l) Any discharge
 (m) Evidence of spermatozoa in the vagina
 (n) Evidence of smegma in the vagina

Laboratory Investigations
The following material should be collected 

and sent to forensic science laboratory [FSL]:

 (a) Vaginal swab for evidence of spermatozoa, 
blood cells, pus, etc.

 (b) Vaginal fluid [for acid phosphatase 
estimation]

 (c) Smear from the urethra for gonococci
 (d) Any stain/foreign body found on the clothes 

or body
 (e) Nails
 (f) Blood for VDRL, blood grouping, and 

alcohol
 (g) Anal swab in the case of sodomy
 (h) Buccal swab in the case of buccal coitus
 (i) Swab from bite marks

*DNA profiling helps link the victim and 
the accused.

Opinion
[Give opinion about sexual intercourse, signs 

of struggle, and the injuries found. Never com-
ment on rape as it is not a medical diagnosis].

Date: ............................ Signature of Dr. ... 
............................

Place: ........................... Name of Dr. ..............
...................

Time: ............................ Designation ..............
.......................

Seal: .............................
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Shock in Obstetrics

Rajesh Kumar Verma, Rohini Rao, 
and Kunal Kumar Sharma

SHOCK—defined as failure of circulation which 
is life threatening. It is characterised by low per-
fusion of vital organs due to low cardiac output.

Types
 1. Hypovolaemic—due to body fluid or blood 

loss
 2. Cardiogenic—direct damage to the heart
 3. Extracardiac obstructive—obstruction to 

blood flow
 4. Distributive—abnormal distribution of blood 

flow

Shock in Obstetrics

Haemorrhagic shock (most common):
 (a) Haemorrhage in antenatal period during the 

first trimester
 (b) Antepartum haemorrhage
 (c) Postpartum haemorrhage

Neurogenic shock:
 (a) Ruptured ectopic pregnancy.

 (b) Concealed intrauterine haemorrhage.
 (c) Forceps delivery or breech delivery in incom-

pletely dilated cervix.
 (d) During internal version of foetus.
 (e) Crédé’s method.
 (f) Uterine rupture.
 (g) Uterine inversion.
 (h) Splanchnic shock—Seen due to accumula-

tion of blood in splanchnic area after sud-
den emptying of the uterine cavity, e.g. 
rupture of membranes in a patient of 
polyhydramnios.

Cardiogenic shock: It is observed in condi-
tions in which cardiac myocytes are unable to 
generate adequate stroke volume due to lack of 
efficient contraction, myocardial infarction and 
cardiac failure.

Endotoxic shock: It occurs due to toxins that 
precipitate vascular disturbance.

Anaphylactic shock: It is seen in hypersensi-
tivity reactions to drugs.

Other causes:
 (a) Embolism: amniotic fluid, air or thrombus
 (b) Mendelson’s syndrome

Note: A patient can present with shock due to 
multifactorial aetiologies, e.g. incomplete abor-
tion leading to haemorrhagic and endotoxic 
shock, whereas ruptured ectopic and uterine rup-
ture eventually lead to haemorrhagic and neuro-
genic shock.
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Haemorrhagic shock in obstetrics is due to 
antepartum or postpartum haemorrhage. 
Haemorrhagic shock is classified as in Table 54.1:

A more detailed parameter-based ATLS clas-
sification of shock is depicted in Table 54.2:

Measurement of surgical blood loss: 
Anaesthesiologists and obstetricians frequently 
underestimate blood loss. Massive blood loss 
leads to errors in judgement of estimation, which 
is responsible for inadequate replacement of 
intravascular volume. The young patients exhibit 
signs of hypotension and tachycardia after sig-
nificant haemorrhage has already taken place. 
Haemodynamic management requires continu-
ous assessment of patient status by clinical 
assessment, by classical monitoring equipment 
and by microprocessor-enabled monitors like 
Flotrac Vigileo™. The blood loss measurement 
can be done by the following methods:

Visual assessment:
Direct measurement of blood collected in cali-

brated drapes.

Estimation of blood:
Fully soaked 4″ × 4″ sponge contains approxi-

mately 10 mL of blood.
Soaked laparotomy pads contain 100–150 mL 

of blood.
Measurement of blood in suction canister 

after evacuation of amniotic fluid/dilutional 
saline (Fig. 54.1).

Laboratory evaluation:
Serial haemoglobin/haematocrit measure-

ments—It basically reflects ratio of blood loss to 
plasma. Used for cases where the operative pro-
cedure is for long duration.

Gravimetric method:
Blood loss is estimated by gain in weight of 

swabs and towels after soakage with blood. 

Table 54.1 Categories of shock

Category

Whole 
blood 
volume 
loss % Pathophysiology

Mild 
(compensated)

<20% Peripheral 
vasoconstriction to 
preserve cerebral and 
coronary blood flow

Moderate 20–40% Decreased perfusion of 
kidneys, intestine and 
pancreas

Severe 
(uncompensated)

>40% Decreased coronary 
and cerebral perfusion

Table 54.2 Advanced trauma life support (ATLS) classification of shock

Class 1 Class 2 Class 3 Class 4
Blood loss (%) <15 15–30 30–40 >40
Heart rate (beats/min) <100 >100 >120 >140
Systolic blood pressure 
(mmHg)

Normal Normal Decreased Decreased

Pulse pressure Normal or 
increased

Decreased Decreased Decreased

Respiratory rate (breaths/min) 14–20 20–30 30–40 >35
Mental state Slightly anxious Mildly 

anxious
Anxious, 
confused

Confused, 
lethargic

Fig. 54.1 Disposable calibrated drape
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However, it underestimates blood loss by 25% 
because it doesn’t take into account the blood 
loss by evaporation, blood lost in crevices of floor 
and blood collected in body cavities. Whereas, 
overestimation can also occur if the swabs also 
get soaked with pus, urine and irrigational 
fluids.

Colorimetric method:
Swabs, sponges and towels are mixed thor-

oughly with known volume of fluid. The change 
in optical density of water is measured at the isos-
bestic absorption wavelength of haemoglobin.

Radioactive tracer dilution method [1]: Either 
patient’s RBCs are labelled with Cr51 or pooled 
human albumin labelled with I125 is used. The 
activity of tracer is first measured and then 
injected intravenously. The activity remaining in 
the syringe is measured and it is deducted from 
the amount of isotope injected. After 15  min, 
sample is drawn from opposite arm, and its activ-
ity is measured to estimate the change in blood 
volume. Repeated measurements over time 

reflect the changes in blood volume intraopera-
tively (Table 54.3).

Transfusion trigger is the haemoglobin level 
below which transfusion of RBCs is indicated. 
Various guidelines are as follows:

Habibi recommendations—Transfuse blood if:

• Hb ≤ 8 g/dL in all types of patients
• Hb ≤  10  g/dL in patient of ischaemic heart 

disease, emphysema
• Hb ≤ 10 g/dL with autologous blood
• Hb ≤ 12 g/dL in ventilator-dependent patient

If blood loss >20% blood volume in adults or 
≤100 mL in paediatric patients

Herbert recommendations—Transfuse blood 
if:

• Hb ≤ 10 g/dL in unstable angina and anterior 
wall MI

• Hb levels between 10 and 12 g/dL in critically 
ill patients

Table 54.3 American College of Surgeons Advanced Trauma Life Support Classification of Haemorrhage Severity

Haemorrhage severity Class 1 Class 2 Class 3 Class 4
Blood loss (mL) < 750 750–1500 1500–2000 >2000
Pulse rate (per minute) <100 >100 >120 >140
Blood pressure Normal Normal Decreased Decreased
Pulse pressure (mmHg) Normal Decreased Decreased Decreased
Respiratory rate (per minute) 14–20 20–30 30–40 >40
Urine output (mL/h) >30 20–30 5–15 Negligible
Central nervous system (mental status) Slightly anxious Mildly anxious Anxious confused Lethargic

Blood loss Colorimeter reading volume of solution
patie

=
´

´200 nnt s Hb g dL' /( )

ASA 1996 guidelines:
Transfusion of blood just based on Hb levels 

without considering other conditions is not indi-
cated. Whenever possible, use acute normovolae-
mic haemodilution, preoperative autologous 
blood donation and post-op modifications to 
reduce blood loss. Transfusion is RARELY 
required if Hb is >10 g/dL, whereas it is ALWAYS 
required if Hb is <6 g/dL.  If Hb is between 6 
and 10 g/dL, the blood transfusion depends on 

complications of inadequate oxygenation and 
cardiovascular status.

The American College of Surgeons Trauma 
Committee’s Advanced Trauma Life Support 
(ATLS) system classifies hypovolaemic shock 
into four stages based on the volume of haemor-
rhage. Obstetric patients are often mildly tachy-
cardiac. However, tachycardia of more than 120 
beats per minute is exhibited when the patient has 
had a blood loss amounting to 30–40% of her 
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total blood volume. Change in blood pressure 
and neurological status occurs later.

The modified early obstetric warning system 
(MEOWS) was established in the backdrop of 
this knowledge, with the primary aim to detect 
impending adverse events in a patient of shock. 
MEOWS is not specific to haemorrhage, but it 
has a positive predictive value of 39% and a nega-
tive predictive value of 98% in predicting mater-
nal morbidity [2] (Table 54.4).

The rate of development of coagulopathy in 
obstetric haemorrhage is another major concern. 
The pathophysiology involves rapid consumption 
of coagulation factors, like fibrinogen. Postpartum 
haemorrhage and placental abruption trigger 
coagulopathy which is not in proportion to the 
amount of haemorrhage that has occurred in the 
patient. Once coagulopathy develops, the require-
ment for additional resources like blood products 
increases; therefore, the institutional protocol in 
such a situation must be clearly defined in 
advance in order to mobilize personnel and 
resources. Team practice drills of using this pro-
tocol have shown to decrease the severity of 
haemorrhage and mortality.

The AABB recommends limited use of trans-
fusion after moderate haemorrhage in a haemo-
dynamically stable adult patient. This advice 
takes into account the risks of anaemia while 
comparing it with the risks of transfusion.

The haemoglobin concentration determines the 
oxygen content in the blood and also the oxygen 
delivery to the tissues. However, compensatory 
physiologic responses offset the negative effect of 
anaemia on oxygen transport. There occurs an 
increase in cardiac output by combined effect of 
tachycardia and raised stroke volume. The blood 
viscosity and systemic vascular resistance 
decrease, thereby augmenting blood flow to tis-
sues. Also, there occurs an increase in tissue oxy-
gen extraction. As haemoglobin concentration 
falls to 5  g/dL, the systemic vascular resistance 
decreases, whereas the heart rate, stroke volume 
and cardiac index increase. The rate of oxygen 
transport and mixed venous oxyhaemoglobin satu-
ration decrease at a haemoglobin level of 5.0 g/dL.

Risks of blood transfusion include haemolytic 
reactions, transfusion-associated circulatory 
overload (TACO), transfusion-related acute lung 
injury (TRALI), transfusion-related immuno-
modulation (TRIM) and bacterial and viral 
infections.

54.1  Management 
of Haemorrhagic Shock 
in Obstetric Patient

# 1 Patient preparation:

• Two large-bore 14–16 G IV canula
• Oxygen at 6–8 L/min via facemask
• CVP and IBP access
• Foley’s catheterization
• Correct hypovolemia by crystalloids or 

colloids
• Arrange blood
• Correct coagulopathy by FFP, cryoprecipitate, 

platelet concentrate, NovoSeven
• Emergency coagulation profiling of the patient
• Anti-aspiration prophylaxis

#2 Control the bleeding:
Surgical management

• Uterine tamponade by Sengstaken-Blakemore 
catheter or bimanual compression

• B-Lynch compression sutures

Table 54.4 Trigger thresholds for MEOWS parameters

Red trigger
Yellow 
trigger

Temperature (oC) <35 or >38 35–36
Systolic blood 
pressure (mmHg)

<90 or >160 150–160 or 
90–100

Diastolic blood 
pressure (mmHg)

>100 90–100

Respiratory rate 
(breaths/min)

<10 or >30 21–30

Oxygen saturation 
(%)

<95 –

Pain scorea – 2–3
Neurologic response Unresponsive, 

pain
Voice

aPain score: 0 = no pain at rest or movement; 1 = no pain 
at rest, slight pain on movement; 2 = intermittent pain at 
rest, moderate pain on movement; 3 = moderate pain at 
rest, severe pain on movement
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• Radiological embolization with gelatin sponge, 
polyurethane foam or polyvinyl methyl alco-
hol particle

• Arterial ligation of uterine artery, ovarian 
artery or internal iliac artery

• Emergency hysterectomy if above measures fail

Anaesthetic management: General anaes-
thesia is preferred for patient with uncontrolled 
haemorrhage, coagulopathy and foetal distress. 
Rapid sequence induction of anaesthesia with 
ketamine or etomidate using smaller-sized 
endotracheal tube is advocated. Maintenance 
of anaesthesia with TIVA technique using ket-
amine and propofol achieves optimal results in 
patients with uncontrolled bleeding. Once 
bleeding gets controlled, balanced anaesthesia 
technique using volatile agents can be started. 
FiO2 is kept at 100% initially, thereafter as per 
the maternal tolerance; nitrous oxide or isoflu-
rane 0.5% is started. Pancuronium is preferred 
for patient with obstetric haemorrhage in 
shock. Cisatracurium is preferred over atracu-
rium, especially if the patient has shock associ-
ated with acute renal failure. Vecuronium is 
preferred in uncomplicated case presenting 
only with massive blood loss. Fentanyl 
5–10  μg/kg provides adequate analgesia to 
such patients. In order to provide uterine relax-
ation during dilatation and curettage, use of 
volatile anaesthetic agents or intravenous 
nitroglycerin is advocated.

Uterotonic therapy is given by the following 
drugs:

Oxytocin: The convention of administering 
10–40 IU infused in 1000 mL crystalloid solution 
at an unspecified rate can lead to catastrophic 
scenarios in these patients presenting with hypo-
volaemic haemorrhagic shock. Phenylephrine is 
a selective α1 agonist, which when given in inter-
mittent boluses of 25–50 mg mitigates the hae-
modynamic effects of oxytocin. The initial rate of 
oxytocin infusion is recommended to be 0.3 IU/
min (i.e. ED90). In case of inadequate response, 
the infusion rate should be increased to 0.6  IU/
min (i.e. twice the ED90 value).

Methylergonovine: The recommended dose 
is 0.2  mg intramuscular. Bolus intravenous 

administration is not recommended due to high 
incidence of nausea and vomiting. The duration 
of uterotonic effect is 2–4 h. Due to the produc-
tion of tetanic uterine contractions, the use of 
methylergonovine is restricted in postpartum 
period. Side effects of this drug include hyperten-
sion, coronary vasospasm, myocardial ischaemia 
and seizures.

Carboprost [15-methyl prostaglandin F2α]: It 
is a synthetic prostaglandin analogue which is 
given in a dose of 0.25 mg (250 μg) intramuscu-
larly. This dose can be repeated every 15–30 min 
to a maximum cumulative dose of 2 mg. Its effi-
cacy in reducing postpartum haemorrhage is well 
documented. Adverse effects associated with its 
use are bronchospasm, dyspnoea and hypoxae-
mia. These are seen in patients with coexisting 
disease like asthma. It is also not advocated to 
use it in patients with acute PID, cardiac disease 
and renal disease.

Misoprostol [prostaglandin E1 analogue]: 
The usual dose to treat patients presenting with 
postpartum haemorrhage is 600–1000 μg per rec-
tum. Other routes are oral, buccal, vaginal and 
sublingual. This drug belongs to FDA category X 
for pregnant patients. Adverse effects like fever, 
chills, nausea, vomiting and diarrhoea can occur 
with its usage.

Intramyometrial PGE2 0.5  mg or PGF2α 
0.2 mg
Medical management [3]

• If Hb <9g/dL, start RBC transfusion until Hb 
levels increase more than 9 g/dL.

• Identify and correct platelet or coagulation 
abnormalities using Sonoclot or 
thromboelastogram.

• Measure CVP and keep its target goal to be 
>8 mmHg.

• Also keep MAP >65 mmHg.
• If MAP <65 mmHg but CVP >8 mmHg, start 

vasopressors like noradrenaline or dopamine.
• If CVP <8 mmHg, give fluid boluses with 0.9 

NaCl or RL at 20 mL/kg.
• Alternatively noninvasive cardiac output mon-

itoring devices like Flotrac shall help to deter-
mine whether the patient shall respond to iv 
fluids or to vasopressor support.
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• Tranexamic acid 1 g iv bolus over 5 min can 
be repeated after 30–60 min only once.

• FFP: PRBC transfusion in the ratio 1:1.4
• Platelet transfusion if platelet count is 

<50,000/mm [3]
• NovoSeven 60–120 μg/kg iv [4]

Other measures

• Prevention of hypothermia
• Rewarming of fluids administered
• Cell salvaging devices
• Corticosteroids to tide over the stress response
• Meticulous correction of arterial blood gas 

parameters

Septic shock in obstetric patient
The mortality associated with this type of shock 
ranges from 30 to 50%. Due to the predominant 
rural population in India, many cases of gynaeco-
logical infections are underdiagnosed at periph-
eral institutes. Also the practice by quacks at the 
remote villages under lack of sterile equipment 
predisposes a large number of females for septic 
shock. The underlying pathophysiology in sepsis 
consists of a matrix of events that are associated 
with immune system and coagulation system.

54.2  Management [5, 6]

The patient presents with end-organ dysfunction 
along with systolic blood pressure less than 
90  mmHg, mean arterial pressure less than 
60  mmHg and blood lactate levels more than 
4 mmol/L.

• Resuscitate the patient with crystalloids at 
20 mL/kg.

• If systolic blood pressure is still less than 
90  mmHg and mean arterial pressure is still 
less than 60  mmHg, insert a CVP line for 
guidance of fluid management.

• If CVP is <8 mmHg, repeat the fluid bolus of 
crystalloids at 20  mL/kg. Once the CVP is 
≥8  mmHg, measure the mean arterial 
pressure.

• If mean arterial pressure is <60 mmHg, start 
vasopressors in the following dosages:
 – Noradrenaline at 0.05–0.5 μg/kg/min
 – Dopamine at 5–20 μg/kg/min
 – Adrenaline at 0.05–2 μg/kg/min
 – Phenylephrine at 2–10 μg/kg/min
 – Vasopressin at 0.04 units/min

• Once the mean arterial pressure becomes 
more than 60  mmHg, measure the central 
venous blood oxygen saturation (ScvO2).

• If ScvO2 is <70%, look at haematocrit. If hae-
matocrit is <30, transfuse PRBCs.

• If cardiac index is <3.5 L/min/m2, start dobu-
tamine at 2.5–10 μg/kg/min.

• Once ScvO2 is >70% but vasopressors are still 
required, look at the APACHE II score of the 
patient. If it is ≥25, administer activated 
Drotrecogin alfa.

• But if patient is in moribund state and with 
increased risk of bleeding, measure serum 
cortisol level.

• If serum cortisol is <15 μg/mL, you can con-
sider corticosteroid replacement therapy. 
However, this therapy is unlikely to benefit if 
serum cortisol is more than 34 μg/mL.

• Initial empirical antibiotic management is 
based on the likely clinical presentation of 
the patient. Usually we start with a broad- 
spectrum antibiotic that covers most types 
of bacteria [7]. Other factors to be consid-
ered are the healthcare-associated infections 
and the community prevalent infections in 
the area. Once culture reports are available, 
the organism- based antibiotic regimen is 
started.

• The sooner the management of the patients 
starts, the more likely is their survival.
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