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      Bronchial Asthma in Pregnancy                     

     Uma     Wankhede      and     Abhijeet     Wadate    

        The majority of women with asthma have normal 
pregnancies and the risk of complications is small 
in those with well-controlled asthma. 

 Asthma is estimated to occur in about 4 % of 
pregnancies, typically occurring as a pre-existing 
comorbidity, although some cases of asthma may 
initially present during pregnancy. The overall 
management goals of asthma in pregnancy are 
effective management of symptoms to avoid foe-
tal hypoxia, whilst at the same time minimising 
any drug-related risks to the foetus [ 1 ]. 

 The diagnosis of asthma is based on history, 
physical examinations and pulmonary function 
tests. The common symptoms are episodic 
breathlessness, wheezing cough and chest tight-
ness. Episodic symptoms after incidental aller-
gen exposure, seasonal variability of symptoms 
and a positive family history of asthma are also 
helpful diagnostic guides. The most usual physi-
cal fi nding is wheezing on auscultation. 
Pulmonary function tests like PEFR measure-
ment with the help of a simple tool called peak 
fl ow meter can also aid in the diagnosis. The spi-
rometric evaluation of asthma in pregnant patients 
is similar to that in non-pregnant patients. FVC, 
forced expiratory volume in 1 s into (FEV1), 
FEV1/FVC ratio and peak expiratory fl ow are 
stable to slightly increased in pregnancy [ 2 ]. 

    Effect of Pregnancy on Asthma 

 Maternal hyperventilation occurs from increasing 
concentration of progesterone without a corre-
sponding change in respiratory rate. Pregnancy has 
variable effects on asthma. About 28 % of pregnant 
asthmatics improve, 33 % remain unchanged and 
35 % deteriorate usually between 24 and 36 weeks 
of gestation. Asthma symptoms improve during the 
last 4 weeks (37–40 weeks) [ 3 ]. 

 During labour and delivery, only 10 % of asth-
matics report symptoms and only half of those 
require treatment. During postpartum period, the 
severity of asthma reverts to its pre-pregnancy 
level. The conclusions of a meta-analysis of 14 
studies are in agreement with the commonly 
quoted generalisation that during pregnancy 
about one third of asthma patients experience an 
improvement in their asthma, one third experi-
ence a worsening of symptoms and one third 
remain the same. There is also some evidence 
that the course of asthma is similar in successive 
pregnancies. 

 Studies suggest that 11–18 % of pregnant 
women with asthma will have at least one emer-
gency department visit for acute asthma, and of 
these 62 % will require hospitalisation. Severe 
asthma is more likely to worsen during preg-
nancy than mild asthma, but some patients with 
very severe asthma may experience improve-
ment, whilst symptoms may deteriorate in some 
patients with mild asthma. 

        U.   Wankhede      (*) •    A.   Wadate     
  Associate Professor, B.J. Government Medical 
College ,   Pune ,  India   
 e-mail: drumawankhede@rediffmail.com  
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 A systematic review concluded that, if symp-
toms do worsen, this is most likely in the second 
and third trimesters, with the peak in the sixth 
month. In a large cohort study, the most severe 
symptoms were experienced by patients between 
the 24th and 36th week of pregnancy. Thereafter 
symptoms decreased signifi cantly in the last 4 
weeks, and 90 % had no asthma symptoms dur-
ing labour or delivery [ 4 ]. 

 Several physiological changes occur during 
pregnancy that could worsen or improve asthma, 
but it is not clear which, if any, are important in 
determining the course of asthma during 
pregnancy. 

 Pregnancy can affect the course of asthma and 
asthma and its treatment can affect pregnancy 
outcomes. 

 The following features may improve asthma 
during pregnancy: 

 Progesterone-mediated bronchodilatation

•    Oestrogen- or progesterone-mediated potenti-
ation of beta-adrenergic bronchodilatation  

•   Decreased plasma histamine-mediated 
bronchoconstriction  

•   Pulmonary effect of increased serum-free 
cortisol  

•   Glucocorticosteroid-mediated increased beta- 
adrenergic responsiveness  

•   Prostaglandin E-mediated bronchodilatation  
•   Atrial natriuretic factor-induced 

bronchodilatation  
•   Increased half-life or decreased protein binding 

of endogenous or exogenous bronchodilator    

 Factors that may worsen asthma during 
pregnancy:

•    Pulmonary refractoriness to cortisol effects 
because of competitive binding to glucocorti-
coid receptors by progesterone, aldosterone or 
deoxycorticosterone  

•   Prostaglandin F2a-mediated bronchocon striction  
•   Decreased functional residual capacity of the 

lung  
•   Increased viral or bacterial respiratory 

infection- triggered asthma [ 5 ]  

•   Increased gastrooesophageal refl ux-induced 
asthma  

•   Increased stress in pregnancy    

 Majority of effects are related to changing 
hormonal level in pregnant woman. 

 For example, the levels of free cortisol may 
improve asthma symptoms, whilst this effect 
may be counterbalanced by the pregnancy-related 
increase in serum progesterone, aldosterone and 
deoxycorticosterone. 

 In asthmatics with improved symptoms during 
pregnancy, the balance between these hormones 
may be tipped towards free cortisol, whilst the 
opposite occurs in those whose symptoms 
worsen. Improvement in symptoms during the 
last 4 weeks of pregnancy and the lack of symp-
toms during labour coincide with the highest 
level of free cortisol.  

    Effect of Asthma on Pregnancy 
Outcome 

 In most women asthma has no effect on the outcome 
of pregnancy. However uncontrolled asthma may 
lead to increase in preterm birth, low birth weight, 
neonatal seizure, transient tachypnoea of the new-
born and neonatal hypoglycaemia. Uncontrolled 
asthma can also lead to higher rates of pregnancy-
induced hypertension or pre- eclampsia and caesar-
ean section, hyperglycaemia, vaginal haemorrhage 
and premature rupture of membranes [ 6 ]. 

 The risks for preterm delivery and low birth 
weight were higher in women with more severe 
asthma necessitating admission. In a large cohort 
study of women with asthma, there was an asso-
ciation of both mean FEV1 and mean FEV1 
<80 % predicted with gestational hypertension, 
preterm delivery <37 and <32 weeks and low 
birth weight. 

 In contrast, if asthma is well controlled 
throughout pregnancy, there is little or no 
increased risk of adverse maternal or foetal com-
plications [ 7 ]. Pregnancy should therefore be an 
indication to optimise therapy and maximise lung 
function in order to reduce the risk of acute 
asthma attacks and hypoxia.  

U. Wankhede and A. Wadate
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    Monitoring of Asthmatic Women 
during Pregnancy 

 Monitor pregnant women with moderate/severe 
asthma closely to keep their asthma well con-
trolled. Women should be advised of the impor-
tance of maintaining good control of their asthma 
during pregnancy to avoid problems for both the 
mother and baby

•    Offi ce spirometry at each visit preferably at 
every 4–6 weeks.  

•   Peak expiratory fl ow rate to be measured espe-
cially in those who are on medication for 
asthma.  

•   Peak fl ow rate should be taken on admission 
to labour delivery unit and then every 12 h.  

•   If asthma symptoms develop, peak fl ow rates 
should be measured after treatment to see ade-
quacy of response.  

•   IV fl uids may be necessary to ensure the 
mother’s proper hydration.  

•   Adequate analgesia will limit the risk of 
bronchospasm.  

•   Monitoring of foetus.    

 Foetus should be monitored with the help of 
DFMC, USG, NST and biophysical profi le 
regularly.  

    Indicator of Good Control 
of Asthma 

•     Active without experiencing any asthma 
symptoms  

•   Sleeping through the night and not waking 
due to asthma symptoms  

•   Attaining her personal best peak fl ow reading     

    Asthma Management 
during Pregnancy 

 The management of acute asthma in pregnancy 
may be affected by concern regarding treatment 
side effects, but the maternal and foetal risks of 
uncontrolled asthma are much greater than the 

risks from using conventional asthma medica-
tions for the management of acute asthma. 

    Avoidance of Asthma Triggers 

 Various risk factors which may precipitate asthma 
should be avoided as under:

    1.    Avoidance of pollens, moulds, pet dander, 
house dust mites and cockroaches.   

   2.    Avoidance of substances like paints, chemical 
fumes, strong odours and environmental 
pollution.   

   3.    Remove allergy-causing pets or animals at 
home or workplace.   

   4.    Cessation of smoking – A pregnant women 
who smokes runs a higher risk of a severe 
asthma episode. This could also seriously 
reduce the oxygen supply to the foetus, espe-
cially if the blood of the foetus already con-
tains a large amount of carbon monoxide from 
cigarette smoke.   

   5.    Avoidance of routine skin testing to identify 
allergens due to potential risk of systemic 
reaction.   

   6.    Immunotherapy may be safely continued, if 
already receiving injections, but initiation of 
immunotherapy is not recommended.      

    Principles of Drug Therapy [ 8 – 9 ] 

 Oxygen should be delivered to maintain satura-
tion of 94–98 % in order to prevent maternal and 
foetal hypoxia. 

 Drug therapy should be given as for a non- 
pregnant patient with acute asthma, including nebu-
lised β2-agonists and early administration of steroid 
tablets. In severe cases, intravenous β2-agonists and 
aminophylline can be used as indicated [ 10 ]. 

 Continuous foetal monitoring should be per-
formed when asthma is uncontrolled or severe 
or when foetal assessment on admission is not 
reassuring. Consideration should be given to 
early referral to critical care services as impaired 
ventilatory mechanics in late pregnancy can 
lower functional residual capacity and may 

1 Bronchial Asthma in Pregnancy
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result in earlier oxygen desaturation. Pregnant 
women may be more diffi cult to intubate due to 
anatomical changes especially if they have 
pre-eclampsia. 

 Acute severe asthma in pregnancy is an emer-
gency and should be treated vigorously in the 
hospital. 

 In general, the medicines used to treat asthma 
are safe in pregnancy. A large UK population- 
based case control study found no increased risk 
of major congenital malformations in children of 
women receiving asthma treatment in the year 
before or during pregnancy. The risk of harm to 
the foetus from severe or chronically under-
treated asthma outweighs any small risk from the 
medications used to control asthma. 

 Counsel women with asthma regarding the 
importance and safety of continuing their medi-
cation in pregnancy. 

 Inhaled therapy is better than oral therapy 
because oral therapy may produce systemic side 
effects during long-term therapy.

    1.    Active asthma control to be achieved by mak-
ing changes in medication during planning of 
pregnancy, i.e. prior to conception, if possi-
ble. Use minimum dose necessary to control 
symptoms to avoid foetal hypoxia. Dosages 
should be decreased, if asthma improves dur-
ing pregnancy. No signifi cant association has 
been demonstrated between major congenital 
malformations or adverse perinatal outcome 
and exposure to inhaled corticosteroids. 
Inhaled steroids like beclomethasone dipro-
pionate, budesonide and fl uticasone help to 
prevent exacerbations.   

   2.    Inhaled p2-agonist are considered safe. Due 
to risk of congenital malformation, parenteral 
epinephrine should be avoided during early 
stage of pregnancy. Systemic beta-agonist 
should be avoided near labour as they may 
inhibit or prolong labour. No signifi cant asso-
ciation has been demonstrated between major 
congenital malformations or adverse perina-
tal outcome and exposure to short-acting 
β2-agonists. Short-acting beta 2-agonists like 
salbutamol and levosalbutamol and long- 
acting beta 2-agonists like salmeterol and for-
moterol are safe in pregnancy.   

   3.    Dosages of theophylline may be adjusted due to 
changing pharmacokinetics as pregnancy pro-
gresses, and it crosses the placenta and may 
cause jitteriness in the newborn. No signifi cant 
association has been demonstrated between 
major congenital malformations or adverse peri-
natal outcome and exposure to theophylline.   

   4.    If oral steroids are required for asthma control, 
prednisolone and methylprednisolone are the 
preferred preparations since they cross the pla-
centa poorly. Try to minimise the dosage and 
duration of oral corticosteroid and alternate-
day dosing be preferred over daily dosing.     

 There is much published literature showing 
that steroid tablets are not teratogenic, but there is 
a slight concern that they may be associated with 
oral clefts. The association is not defi nite, and 
even if it is real, the benefi t to the mother and the 
foetus of steroids for treating a life-threatening 
disease justifi es the use of steroids in pregnancy. 
Moreover, the various studies of steroid exposure 
include many patients with conditions other than 
asthma, and the pattern of steroid use was gener-
ally as a regular daily dose rather than as short 
courses, which is how asthma patients would 
typically receive oral steroids [ 11 ]. 

 Prednisolone is extensively metabolised by 
placental enzymes so only 10 % reaches to the 
foetus, making this the oral steroid of choice to 
treat maternal asthma in pregnancy. 

 Pregnant women with acute asthma attacks 
are less likely to be treated with steroid tablets 
than non-pregnant women. Failure to administer 
steroid tablets when indicated increases the risk 
of ongoing asthma attacks and therefore the risk 
to the mother and her foetus. 

 Some studies have found an association 
between steroid tablet use and pregnancy-induced 
hypertension or pre-eclampsia, preterm labour 
and foetal growth, but severe asthma may be a 
confounding variable [ 12 ]. 

 Data regarding the safety of leukotriene 
receptor antagonists (LTRAs) in pregnancy are 
limited. A case control study with 96 cases 
exposed to LTRAs found no increased risk of 
major malformations between women with 
asthma exposed to LTRA and women with 
asthma taking only β-agonists.   

U. Wankhede and A. Wadate
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    Management During Labour 

 Acute attacks of asthma are very rare in labour 
due to endogenous steroid production. In 
women receiving oral steroid, there is a theo-
retical risk of maternal hypothalamic-pituitary-
adrenal axis suppression. Women with asthma 
may safely use all forms of pain relief in labour 
but should be asked about any known sensitiv-
ity to aspirin or NSAIDS before using these 
drugs for pain relief. 

 In some studies there is an association 
between asthma and an increased caesarean sec-
tion rate, but this may be due to planned caesar-
ean sections or inductions of labour rather than 
due to any direct effect of asthma on intrapartum 
indications. Data suggest that the risk of postpar-
tum asthma attacks is increased in women hav-
ing caesarean sections. This may relate to the 
severity of their asthma rather than to the caesar-
ean section or to factors such as postoperative 
pain with diaphragmatic splinting, hypoventila-
tion and atelectasis. Prostaglandin E2 may safely 
be used for labour induction. 

 The following precautions/steps should be 
undertaken during labour:

    1.    Advise women that acute asthma is rare in 
labour.   

   2.    Advise women to continue their usual asthma 
medications in labour.   

   3.    In the absence of acute severe asthma, reserve 
caesarean section for the usual obstetric 
indications.   

   4.    If anaesthesia is required, regional (epi-
dural) blockade is preferred to general 
anaesthesia   

   5.    PGE2 is safe for induction of labour as it has 
got some bronchodilator effect.   

   6.    Use prostaglandin F2alpha with extreme cau-
tion in women with asthma because of the risk 
of inducing bronchoconstriction.   

   7.    MgSO 4  is a drug of choice for treating preterm 
labour.   

   8.    Women receiving oral steroid (prednisolone) 
at a dose exceeding 7.5 mg per day for more 
than 2 weeks prior to delivery should receive 

parenteral hydrocortisone 100 mg 6–8 hourly 
during labour.   

   9.    Oxytocin is safe for labour induction.      

    Drug Therapy in Breastfeeding 
Mothers 

 The medicines used to treat asthma, including 
steroid tablets, have been shown to be safe to use 
in nursing mothers. Less than 1 % of the maternal 
dose of theophylline is excreted into breast milk. 
Prednisolone is secreted in breast milk, but milk 
concentrations of prednisolone are only 5–25 % 
of those in serum. 

 Encourage women with asthma to breastfeed. 
 Use asthma medications as normal during 

lactation.     
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      Acute Respiratory Distress 
Syndrome (ARDS) in Pregnancy                     

     Revathy     Janakiram      ,     Krithika     Meenakshi    , 
and     J.     Madurai   

           Defi nition 

 ARDS is defi ned as radiographically documented 
pulmonary infi ltrates with ratio of pulmonary 
arterial oxygenation to fraction of inspired oxy-
gen (PaO 2 :FiO 2 ) of less than 200 without evi-
dence of cardiac failure (Mallampalli 2010). 

 For practical purpose a working diagnosis of 
ARDS is made if PaO 2 :FiO 2  ratio is <300 along 
with dyspnoea, tachypnoea, O 2  desaturation and 
radiographic pulmonary infi ltrates (Wheels 
2007). 

 ARDS Defi nition Task Force (2012) describes 
ARDS in three categories: mild, moderate and 
severe.

    1.    Mild – 200 mmHg < PaO 2 /FiO 2  <300 mmHg   
   2.    Moderate – 100 mmHg < PaO 2 /FiO 2  <200 mmHg   
   3.    Severe – PaO 2 /FiO 2  <100 mmHg

       Cardiogenic pulmonary oedema and volume 
overload are important differential diagnoses in 
pregnancy because pregnant patients have greater 

predisposition for developing volume overload 
and peripartum cardiomyopathy (Table  2.1 ) [ 1 ].  

    Incidence 

 Since there is no uniform criteria for diagnosis, 
the reported incidence is variable from 1/3000 to 
1/6000 deliveries. Catanzarite (2001) in his study 
reported an incidence of 1/6227. 

 It is associated with a mortality of 45–90 %. If 
ARDS develops in antepartum, there is corre-
sponding increase in perinatal mortality too.  

    Aetiology 

 ARDS in pregnant women can occur from obstet-
ric or non-obstetric complications (Table  2.2 ). 

 The reduced albumin level and resultant 
reduced plasma oncotic pressure occurring in 
pregnancy lower the critical pulmonary capillary 
pressure at which pulmonary oedema develops 
(Pisani et al. 1989).
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   Table 2.1    Diagnostic criteria for ARDS   

 1. Acute onset of respiratory distress 

 2. Bilateral pulmonary infi ltrates on chest X-ray 

 3. PAOP <18 mmHg or absence of clinical evidence of 
left atrial hypertension 

 4. PaO 2 /FiO 2  ratio of <200 regardless of PEEP 
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       Sepsis 

 The most common cause of ARDS is  sepsis  from 
pulmonary or extra-pulmonary sources. It 
accounts for up to 50 % of all cases. 

  Chorioamnionitis  is an important cause of 
pregnancy-specifi c infectious complication lead-
ing to ARDS. They present with fever, fetal 
tachycardia, uterine tenderness and foul-smelling 
amniotic fl uid. In pregnant patients with ARDS 
without any clear cause, and without obvious 
symptoms of chorioamnionitis, diagnostic 
amniocentesis may be required [ 4 ]. 

 Up to 7 % of pregnant women with  pyelone-
phritis  develop ARDS. Pregnancy-associated 
dilatation of the ureters, stasis and untreated bac-
teriuria in pregnancy increase the risk of acute 
pyelonephritis [ 2 ]. 

 Viral/bacterial pneumonia, fungal infection 
and malaria are other infections linked with 
ARDS.  

    Pre-eclampsia/Eclampsia 

 In about 3 % of patients with severe pre- 
eclampsia, ARDS is reported. Mostly 70 % 
occurs in immediate postpartum period. Elderly, 
multiparity and pre-existing chronic hyperten-
sion are the risk factors. Reduced pulmonary 
oncotic pressure, altered permeability of pulmo-
nary capillary membranes and increased pulmo-
nary vascular hydrostatic pressure all together 
contribute to the development of ARDS in pre- 
eclampsia. Placing pulmonary artery catheter 

must be individualised. It may help to distinguish 
fl uid overload and cardiogenic pulmonary 
oedema from ARDS. But its use has not been 
shown to improve the outcome. 

 Supplemental oxygenation, mechanical venti-
lation and judicious use of diuretics are the main-
stay in the management.  

    Tocolytic-Induced ARDS 

 β-adrenoreceptor agonists like terbutaline and 
ritodrine were used previously for tocolysis. 
When used, in about 10 % of cases, ARDS devel-
oped, either during infusion or up to 12 h after 
discontinuation of the drug. In addition to 
pregnancy- related cardiovascular changes, fac-
tors like medicine-induced increase in heart rate 
and cardiac output, increased capillary permea-
bility due to infection, myocardial dysfunction as 
a result of continuous exposure to catecholamines 
and aggressive volume resuscitation contribute to 
the development of ARDS. 

 Multiple gestations, maternal infection and 
the use of corticosteroids further worsen the con-
dition. Because of such problems, magnesium 
sulphate is used for tocolysis in place of 
β-adrenoreceptor agonists. 

 Management include immediate stopping of 
the drug, supportive care and diuresis. Most of 
the time, it resolves within 12 h.  

    Aspiration of Gastric Contents 

 In pregnancy, aspiration of gastric contents is an 
important cause for ARDS, because of the physi-
ologic and anatomic changes occurring in preg-
nancy and immediate postpartum. Enlarged 
pregnant uterus causing increased intra-gastric 
pressure, decreased tone of the gastro- 
oesophageal sphincter, reduced gastric motility 
and emptying, all predispose to aspiration. The 
well-known Mendelson’s syndrome of aspiration 
of gastric acid during obstetric anaesthesia was 
published in 1946 [ 5 ]. Once witnessed, the diag-
nosis of aspiration is easy. Otherwise visualisa-
tion of gastric contents in the pharynx during 

   Table 2.2    Causes of acute lung injury and respiratory 
failure in pregnancy   

 Severe sepsis – pyelonephritis, septic abortion, 
chorioamnionitis, puerperal infection 

 Pre-eclampsia syndrome 

 Pneumonia – bacteria, viral, aspiration 

 Haemorrhage – shock, massive transfusion, TRALI 

 Tocolytic therapy 

 Amniotic fl uid embolism, trophoblastic embolism 

 Placental abruption 

 Fetal surgery, drug overdose, pancreatitis, trauma 

  From Catanzarite (2001), Sibai (2014)  
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laryngoscopy at the time of intubation helps. The 
higher the volume, the lower the pH of the aspi-
rated material and the more particulate the aspi-
rated material, the worse will be the degree of 
lung injury. Perioperative aspiration pneumonitis 
is noticed in 0.11 % of CS and 0.01 % of vaginal 
deliveries.  

    Amniotic Fluid Embolism 

 Amniotic fl uid embolism is another important 
pregnancy-specifi c cause of ARDS. It carries very 
high mortality. The entry of elements from the 
amniotic fl uid into the maternal circulation could 
trigger the release of pro-infl ammatory cytokines. 
AFE presents classically as acute hypoxic respira-
tory distress, haemodynamic collapse and 
DIC. The mortality rate is very high up to 80 %. 

 ARDS is characterised by three distinct stages:

    1.    Initial stage of acute exudative phase   
   2.    Fibro-proliferative phase – which begins in 

3–4 days and lasts for 21 days   
   3.    Final recovery phase of healing/fi brotic phase     

    Acute Exudative Phase 

 This acute phase is characterised by increased 
alveolar capillary permeability leading to protein- 
rich fl uid leakage into alveolar spaces causing 
alveolar damage. The greater the degree of alveo-
lar epithelial damage, the worse is the outcome. 
Disruption of the balance between pro- 
infl ammatory and anti-infl ammatory cytokines 
plays a major role in the development of 
ARDS. Formation of platelet thrombi as a result 
of abnormalities in coagulation system further 
aggravates lung injury. In many patients the acute 
phase may resolve completely. In some it pro-
gresses to fi bro-proliferative phase.  

    Fibro-proliferative Phase 

 Further worsening of lung compliance occurs 
with the development of pulmonary hypertension. 

There is histological evidence of interstitial fi bro-
sis with infl ammatory changes.  

    Final Recovery Phase 

 Patients who survive recover gradually, with 
improvement in lung compliance and hypoxae-
mia. Radiographic changes also resolve com-
pletely. After 6–12 months, return of pulmonary 
function tests to near normal has been shown in 
the survivors.   

    Clinical Presentation 

 The clinical condition varies depending on the 
magnitude of insult, patient’s ability to compen-
sate it and the stage of the disease. 

 Initially there is hyperventilation, which is 
aggravated by pregnancy-induced metabolic aci-
dosis. Further worsening leads to clinical and 
radiological evidence of pulmonary oedema 
(Fig.  2.1 ).

   In chest CT, alveolar infi ltration, consolida-
tion and atelectasis worst in the dependant por-
tion of the lung may be noticed. 

 With further progression to acute pulmonary 
oedema, the patient develops marked dyspnoea, 
tachypnoea and hypoxaemia. 

 On clinical examination bilateral crackles, 
signs of pulmonary oedema, absence of signs of 
LVF like peripheral oedema, ↑ JVP and absent 
S3, will be noticed.

   

Hyperventilation 

↓

Pregnancy induced metabolic acidosis

↓

Clinical / radiological e/o pulmonary edema

↓

↓ lung  compliance  & ↑intra pulmonary blood shunting

↓

Progressive alveolar interstitial edema   

2 Acute Respiratory Distress Syndrome (ARDS) in Pregnancy
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    When shunting exceeds more than 30 %, it 
may progress to severe refractory hypoxaemia 
with metabolic and respiratory acidosis, which 
can result in myocardial irritability, dysfunction 
and cardiac arrest.  

    Management 

 ARDS requires emergency management. The 
mainstay in treatment is supportive therapy to 
provide adequate oxygenation along with man-
agement of the underlying cause, like antimicro-
bial therapy for sepsis. Trials conducted by the 
National Heart, Lung, and Blood Institute 
(2006b) showed that pulmonary artery catheteri-
sation did not improve outcomes. Oxygen deliv-
ery can be greatly improved by correcting 
anaemia. The aim in the management is to attain 
PaO 2  of 60 mmHg, at an inspired O 2  content of 
<50 % and with positive end-expiratory pressure 
of <15 mmHg. 

 The management of ARDS in pregnant and 
non-pregnant women is almost the same. Fetal 
risk must be taken into consideration. Adequate 

maternal oxygen saturation is essential for fetal 
wellbeing. Excessive alkalosis has adverse effect 
on placental perfusion, whereas maternal acido-
sis is reasonably tolerated by the fetus.  

    Mechanical Ventilation 

 In early stages, positive-pressure ventilation by 
face mask may be effective (Roy 2007). In ante-
natal mothers early intubation helps to maximise 
the fetal environment. Lower levels of PaO 2  
should be avoided, because of impairment of pla-
cental perfusion (Levinson 1974). 

  High-frequency oscillation ventilation  
( HFOP ) is not very effective in ARDS [ 8 ]. 

    Positive End-Expiratory Pressure 
(PEEP) 

 This is successful in decreasing the shunt by 
recruiting the collapsed alveoli. At levels of 
5–15 mmHg, it is safe. But at higher levels, 
impaired venous return leading to decreased 

  Fig. 2.1    Bilateral parenchymal and pleural opacifi cation in ARDS without cardiomegaly       
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uteroplacental perfusion, diminished cardiac out-
put, alveolar overdistension, falling compliance 
and barotrauma may result [ 6 ]. 

 Providing positive-pressure ventilation to 
pregnant women with ARDS requires endotra-
cheal intubation. Though non-invasive positive- 
pressure ventilation (NIPPV) has reduced 
complications, studies evaluating NIPPV in preg-
nant women with ARDS are not available. A trial 
of NIPPV in pregnant women may be considered 
in selected patients, but close monitoring is 
required because of increased risk of gastric aspi-
ration during pregnancy.  

    Ventilator-Induced Lung Injury (VILI) 

 Mechanical ventilation using large tidal volume 
and high airway pressure can produce lung injury 
even in previously normal lungs [ 3 ,  7 ]. In addition 
to alveolar overdistension, the repetitive opening 
and closing of surfactant-depleted atelectatic 
alveoli can itself contribute to VILI. Furthermore 
it can cause release of pro-infl ammatory cyto-
kines which contribute to SIRS leading to multi- 
organ failure [ 8 ]. A lung protective ventilation 
strategy that aims in avoiding both alveolar over-
distension and repetitive opening and closing of 
atelectatic alveoli helps in reducing the systemic 
and pulmonary cytokine response [ 9 ]. 

 NIH-sponsored ARDS network randomised 
controlled trial proved the benefi t of low tidal 
volume approach. Comparing 12 ml/kg tidal vol-
ume with 6 ml/kg tidal volume in 861 patients, 
this study showed 22 % risk reduction rate in 
mortality in the low tidal volume group. This was 
the fi rst RCT to demonstrate an improvement in 
mortality. 

 Unfortunately pregnancy has been an exclu-
sion criterion for RCT. So no trials are available 
in obstetric patients. The general approach to 
mechanical ventilation in pregnant patients with 
ARDS is the same as the general population, to 
optimise blood gas parameters, while preventing 
ventilator-induced lung injury. At the same time 
we have to remember that the degree of respi-
ratory acidosis tolerated by pregnant patients 
may be lower when compared with the general 

population. Excessive maternal hyperventilation 
and hypocapnoea should also be avoided while 
managing mechanical ventilation in pregnancy, 
because it is associated with uteroplacental vaso-
constriction, diminished uteroplacental blood 
fl ow and fetal hypoxia and acidosis [ 10 ].  

    Extracorporeal Membrane 
Oxygenation (ECMO) 

 ECMO has been successfully used in neonatal 
meconium aspiration. It has been studied in 
infl uenza- induced ARDS, by Nair 2011.  

    Fetal Oxygenation 

 Fetal haemoglobin has higher oxygen affi nity 
than adult haemoglobin. Even with severe ARDS 
and very low PaO 2  oxygen, displacement to fetal 
tissues is favoured.  

    Fluid Management 

 With pre-eclampsia, endothelial activation with 
leakage causes extravascular albumin loss and 
fall in serum albumin levels. So in these cases, 
oncotic pressure becomes 16 mmHg antepartum 
and 14 mmHg postpartum (Zinaman 1985). 
Normally the colloid oncotic pressure/wedge 
pressure gradient exceeds 8 mmHg. When it is 
less than 4 mmHg, pulmonary oedema develops. 

 Avoidance of volume overload, together with 
judicious diuresis and fl uid restriction, should be 
the approach to fl uid management.  

    Delivery of the Baby 

 It is controversial whether delivery improves 
maternal oxygenation (Mallampali 2010). 

 Many investigators (Chen 2003; Schneider 
2003) concluded that delivery does not improve 
maternal outcome. 

 Acute pulmonary oedema per se is not an indi-
cation for emergency caesarean delivery. 

2 Acute Respiratory Distress Syndrome (ARDS) in Pregnancy
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 Use of cardio active drugs which might impair 
utero placental circulation is decided depending 
on antepartum or post partum period  and live or 
dead fetus.  

    Other Therapies 

 Artifi cial or replacement surfactant therapy was 
found to have no benefi ts (Anzueto 1996). 

 Inhaled nitric oxide does not change the mor-
tality rates, though there seems to be early 
improvement (Taylor 2004, Wheeler 2007). 

 Prolonged methylprednisolone therapy did 
not seem to reduce mortality rates in the trial by 
the National Heart, Lung, and Blood Institute 
(2006a).  

    Long-Term Outcomes 

 No long-term follow-up study is available in 
pregnant women. In non-pregnant patients in a 5 
year follow-up study, Herridge and associates 
(2011) reported normal lung function, but signifi -
cant exercise limitation, diminished physical and 
psychological activity and decreased quality of 
life. Catanzarite and colleagues reported a mor-
tality of 39 %. The most common cause of death 
in ARDS in pregnant mothers is multi-organ 
failure.   

    Conclusion 

 Prompt treatment of the underlying precipitat-
ing cause and supportive care in the ICU is 
essential. Mechanical ventilation and a low 
tidal volume approach, with care on maternal 
PaO 2  and acid- base status to avoid both exces-

sive hypercarbia and excessive hyperventila-
tion, must be aimed at. Fluid management, 
haemodynamic support and focus on sepsis 
management should be considered. The use of 
nitric oxide, steroids and surfactant needs fur-
ther study. 

 A multidisciplinary approach involving 
maternal-fetal medicine, neonatology, anaes-
thesiology and intensivist clinician is essential 
to optimise maternal and fetal outcome.     
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      Pregnancy with H1N1 Infection                     

     J.  B.     Sharma      and     Manisha     Yadav   

           Introduction 

 The 2009 global pandemic of the novel infl u-
enza A (H1N1) virus was characterized by sig-
nifi cant clinical variations. The virus has 
genetic components from human, swine and 
poultry infl uenza viruses—a genetic combina-
tion that had not been previously identifi ed [ 1 ]. 
The signifi cant mortality related to this viral 
infection was due to a lack of prior immunity 
in the population, the virulence of the virus and 
its transmissibility among humans [ 2 ,  3 ]. 
Pregnant women are especially at high risk for 
developing complication with H1N1 infl uenza 
A infection. During pregnancy, women are 
four to fi ve times more prone to develop seri-
ous febrile respiratory infection and have 
increased rate of serious illness and ICU 
admissions [ 4 ]. This is due to the changes in 
their immune systems to accommodate the 
developing foetus and adaptations in body as a 
result of the hormonal and physical changes 
[ 5 ]. Due to these reasons, it is critical that 
health care providers should know the symp-
tomatology, treatment and prevention of H1N1 
infection in pregnancy.  

    Infl uenza Viruses 

 Infl uenza viruses are a group of RNA viruses 
belonging to family Orthomyxoviridae. They are 
classifi ed into three distinct genera: infl uenza A, 
B and C. Infl uenza A can be further divided into 
various subtypes depending upon expression pat-
tern of 2 viral genes—haemagglutinin (which 
mediate viral attachment) and neuraminidase 
(which mediate viral release). There are 16 types 
of haemagglutinin and 9 types of neuraminidase 
variants. So H1N1 implies haemagglutinin1 
neuraminidase 1 variant of infl uenza A. Infl uenza 
B and C do not have any subtype. Both infl uenza 
A and B cause seasonal viral fl u, and dominant 
strain is included in annual vaccination pro-
gramme. Infl uenza C typically causes only mild 
respiratory illness. In 2009, WHO originally 
called H1N1 infl uenza “swine fl u” because its 
genetic appearance is similar to that of viruses 
that infect pigs in North America. However, fur-
ther investigation revealed that this new virus is 
more complex. The new H1N1 virus is a quadru-
ple human reassortant comprising two strains of 
avian and swine (North American and Eurasian) 
infl uenza virus [ 3 ,  6 ,  7 ].  
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    Epidemiology 

 The current literature from the recent pandemic and 
previous outbreaks of H1N1 shows that pregnant 
women in the second and third trimesters are four 
times more likely than the general population to be 
hospitalized, in addition to having a signifi cantly 
higher mortality rate [ 4 ,  5 ]. Moreover, 8–16 % of all 
deaths from H1N1 infection in the USA occurred in 
pregnant women, although this group represented 
only 1 % of the general population [ 8 ]. In Brazil, 156 
(9.6 %) of the 1632 total deaths reported during the 
2009 pandemic were among pregnant women [ 9 ].  

    Pathogenesis 

 The worldwide pandemic of 2009 is the result of 
infection of infl uenza A (H1N1 strain) that had not 
been previously recognized either in pig or in 
humans. The CDC therefore choose the term  novel 
H1N1 infl uenza A infection,  a term that refl ects the 
unique genetic make-up of virus, a genetic reas-
sortment of several swine strain, a human strain 
and an avian strain. In contrast to genetic drift, 
which occurs when mutation create antigen vari-
ant similar to older strain, while genetic shift (reas-
sortment) lead to a completely new antigen, 
thereby limiting the capacity of immune system to 
identify and destroy virus [ 6 ,  7 ]. Seasonal fl u and 
smaller epidemics are due to genetic drift, while 
genetic shift leads to pandemics. The novel H1N1 
virus infection carries various gene segments simi-
lar to Spanish fl u infl uenza virus in 1918. Limited 
immunity contributes to more susceptibility of 
H1N1 infection. Recent research suggest that 
swine H1N1 virus replicates more effi ciently in 
human and lead to more severe pathologic lesion 
in lung, including diffuse alveolar damage.  

    Clinical Manifestations 

 Patients with H1N1 infection typically present 
with symptoms of acute respiratory illness as 
sore throat, cough, rhinorrhoea and fever. Other 
complaints may include headache, fatigue, vom-
iting and diarrhoea. Their clinical presentation 
may be complicated by superimposed bacterial 

infection as pneumonia. Symptoms commonly 
develop 1 week after the exposure, and patients 
remain contagious for 8 days [ 10 ,  11 ]. 

 The risk of morbidity with infl uenza is higher 
among pregnant women. Pregnancy-related com-
plication of H1N1 infl uenza virus includes non- 
reassuring foetal status (most commonly foetal 
tachycardia) and febrile morbidity. Hyperthermia 
in early pregnancy leads to neural tube defect and 
congenital heart disease, and fever during labour 
and birth is a risk factor for neonatal seizure, neo-
natal encephalopathy, cerebral palsy and death. 
Due to H1N1 viral infection, pregnant women may 
land up in spontaneous abortion, preterm labour 
and preterm premature rupture of membrane.  

    Management of H1N1 Infection 
in Pregnancy 

    Case Identifi cation 

     Suspected case : An individual presenting with 
acute febrile respiratory illness (fever >38 °C) 
with the spectrum of disease from infl uenza‐
like illness (cough, sore throat, shortness of 
breath) to pneumonia.  

   Probable case : An individual with an infl uenza 
test that is positive for infl uenza A but is 
unsubtypable by reagents used to detect sea-
sonal infl uenza virus infection.  

   Confi rmed case : An individual with laboratory 
confi rmed pandemic infl uenza A(H1N1) 2009 
virus infection by one or more of the follow-
ing tests:
•    Real‐time (RT) PCR  
•   Viral culture  
•   Fourfold rise in pandemic infl uenza 

A(H1N1) 2009 virus-specifi c neutralizing 
antibodies        

    Medical Care 

 Pregnant mothers should consult a qualifi ed phy-
sician (either in government or private sector) 
immediately if they have above symptoms. 

J.B. Sharma and M. Yadav
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  Pregnant mothers should be admitted to a 
hospital for specialized care, if they present with 
features of complicated infl uenza or progressive 
disease.  

 Features of complicated infl uenza or progres-
sive disease are:

    1.    Manifestations of cardiorespiratory distress 
(e.g. shortness of breath either during physical 
activity or while resting/dyspnoea, tachy-
pnoea, hypoxia, low blood pressure)   

   2.    Radiological signs of lower respiratory tract 
disease (e.g. pneumonia)   

   3.    Central nervous system (CNS) involvement 
(e.g. altered mental status, unconsciousness, 
drowsiness, recurring or persistent convul-
sions (seizures), confusion, severe weakness 
or paralysis)   

   4.    Severe dehydration   
   5.    Persistent high fever and other symptoms 

beyond 3 days     

  A compulsory follow-up visit in 3 days time 
should be arranged even in the absence of above 
complications.  

  All pregnant mothers should be admitted to the 
hospital, if they develop any signs or symptoms of 
progressive disease or danger signs or if they fail 
to improve within 72 h of the onset of symptoms.   

    Management in the Hospital 

•     Provide a disposable/surgical face mask to the 
patient.  

•   Ask her to practise hand hygiene and washing 
often.  

•   Attending health care providers should also 
wear face masks properly whenever in contact 
with infected mother.  

•   Isolation—care for symptomatic patients 
should be organized in a separate area of the 
antenatal ward.  

•   Consultant or the clinician of the highest rank 
(Senior Registrar/Registrar/SHO) should be 
informed immediately on admission.  

•   Institutions managing pregnant women should 
request adequate stocks of oseltamivir and 
consider transferring the patients if they need 

specialized care only. Most of the pregnant 
women can be managed if oseltamivir is 
started early. It is a must to start oseltamivir 
when H1N1 is suspected without waiting for 
laboratory confi rmation.     

    Diagnosis 

 Clinical specimens to be collected for laboratory 
diagnosis are respiratory samples. Appropriate 
laboratory specimens (samples from the upper 
respiratory tract, including a combination of 
nasal or nasopharyngeal samples, and a throat 
swab) should be collected from these patients. 

 ( Note: If patient has developed pneumonia, 
swab samples would not be positive and needs 
bronchial/alveoli aspirates .)  

    Antiviral Therapy 

 Consultant or his delegate caring for the pregnant 
mother should start antiviral therapy immediately. 

 Dose: Oseltamivir 75 mg twice a day for 5 
days [ 12 ]. 

 In severe cases, higher doses and longer dura-
tion of treatment may be considered. 

 Drug supply: Arrangements should be made to 
make 24 h availability of antiviral drugs in the hos-
pital and/or obstetric and gynaecological wards. 

  The antiviral drug is safe for use even in the fi rst 
trimester. All pregnant mothers with severe/compli-
cated disease or signs of progression of the disease 
(or even suspected cases) should be treated with 
the antiviral oseltamivir. Treatment should be initi-
ated as soon as possible. Treatment with antiviral 
medications should begin without waiting for col-
lecting specimen or results of diagnostic testing.   

    Supportive Care 

 The patient should be provided with necessary 
supportive therapy (adequate nutrition and oral 
fl uids) and medication (e.g. antipyretics, antibiot-
ics where indicated, rehydration. etc.). Oxygen 
saturation should be monitored by pulse oxime-
try, whenever possible. Supplemental oxygen 

3 Pregnancy with H1N1 Infection
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should be provided to correct hypoxaemia. 
Severe cases may need care at an intensive care 
unit. Therefore, ensure the availability of such 
facilities beforehand. 

  Non-steroidal Anti-infl ammatory drugs 
(NSAIDs) should be avoided.  

 Since there is high risk of foetal distress and 
preterm labour, consider administration of corti-
costeroids for promotion of foetal lung matura-
tion where applicable. 

 Organize separate areas for labour and deliv-
ery for these women. Provide routine intrapartum 
and postpartum care. Provide appropriate inter-
ventions where indicated for specifi c complica-
tions related to childbirth, the postpartum/
postnatal period or the newborn. Tocolytics can 
be used as for any other obstetric case. However, 
consider potential harms related to tachycardia, 
hypotension and other side effects. 

 Since there is a higher risk of foetal distress, dis-
cuss with anaesthesiologist the risks and benefi ts of 
vaginal delivery and caesarean delivery. Consider 
the risks of anaesthesia in a severely ill woman. 

  Reduce the length of stay in the postnatal 
ward to the minimum required by maternal and 
newborn condition.   

    Newborn Care 

•     Do not separate the baby from the mother 
even if the mother has infl uenza A pandemic 
(H1N1). Institute rooming-in. (Previously, it 
is the notion to separate mother (H1N1 posi-
tive) from newborn immediately after birth, 
but according to recent guideline, it is consid-
ered that instituting rooming-in and breast-
feeding with mother is more benefi cial, as it 
strengthens the immune system of neonate 
and make less susceptible for viral infection.)  

•   Mothers should wear a disposable/surgical 
face mask for next 7 days and practise hand 
hygiene and handwashing before feeding or 
handling the baby.  

•   Support mothers to initiate breastfeeding 
within 1 h of giving birth and to breastfeed 
frequently and exclusively on demand. If 
mother is ill, she should be helped to express 
her breast milk and feed it to the infant.    

  (Treatment with antivirals to a lactating mother 
is not a contraindication for breastfeeding.) 

•    Newborns of infected mothers should be 
observed for development of infection.    

 Newborn infants are unlikely to have typical 
infl uenza signs. Infl uenza or its complications in 
newborn infants may begin with less typical signs 
such as apnoea, fever, fast breathing, cyanosis, 
excessive sleeping, lethargy, feeding poorly and 
dehydration. 

 Newborn infants with severe or deteriorating 
illness and those at risk of more severe or compli-
cated illness should promptly be treated with 
antiviral drugs. 

  Oseltamivir dose for babies: 3 mg/kg twice 
daily for 5 days  (dosage form in syrup 
available). 

 Mothers who are breastfeeding may continue 
breastfeeding while ill and receiving oseltamivir.  

    Discharge Criteria 

 Pregnant mothers could be discharged after com-
pletion of 4 days of treatment if she has clinically 
recovered. Decision on discharging those with 
severe disease should be taken by the treating cli-
nicians based on their clinical judgment. Notify 
the proved positive cases to nearest public health 
facility.  

    Protection Against Infection 

     1.    Pregnant women and women in reproductive 
age group who have no symptoms of infl uenza 
should be educated on early clinical manifes-
tations of pandemic (H1N1) 2009 virus infec-
tion (fever along with cough, sore throat, 
rhinorrhoea, headache, muscle pain and 
malaise).   

   2.    They should avoid unnecessary travel, 
crowded public places and public transport as 
much as possible.   

   3.    They should be advised to stay at home and to 
practise cough and sneeze etiquette (covering 
mouth and nose when coughing or sneezing) 
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or wear a mask (at least a home-made mask) if 
they have fever and fl u-like symptoms.   

   4.    Pregnant women and new mothers should 
avoid providing care for persons with 
infl uenza- like illnesses except for their own 
newborns.   

   5.    Antenatal clinic visits should be reduced to 
the minimum required, and women with low- 
risk pregnancies should be advised to post-
pone clinic visits in early pregnancy during 
the outbreak.   

   6.    All preventive measures to avoid transmis-
sion of infection should be taken by health 
care workers when attending to pregnant 
women.   

   7.    Anyone with respiratory symptoms should 
not provide care for the pregnant women or 
the mother and newborn baby.   

   8.    Care for symptomatic pregnant women (with 
fever and fl u-like symptoms) should be orga-
nized in a separate area in the clinic or OPD 
whenever possible.     

  Chemoprophylaxis is not recommended dur-
ing pregnancy .      
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      Pregnancy with Chicken Pox                     

     Prakash     K.     Mehta    

           Introduction 

 Varicella infection in pregnancy has possibly dev-
astating consequences for both women and their 
fetus. The overall incidence of varicella in preg-
nancy ranges from 1 to 5 per 10,000. A relatively 
benign disease in early childhood, the complica-
tions, both fetal and maternal, make it diffi cult to 
manage. Several issues are still debated, such as 
the spectrum and degree of fetal manifestations, 
the incidence and severity of varicella pneumonia, 
and the use of antiviral agent [ 1 ]. 

  Skin Lesions in Varicella 

         

     Virology 

 Chickenpox (varicella) is caused by a highly con-
tagious DNA herpes virus. Varicella-zoster virus 
(VZV) is the virus responsible for varicella 
(chickenpox) and herpes zoster (“shingles”). 
VZV is a member of the herpes virus family, 
which includes herpes simplex virus (HSV) types 
1 and 2, cytomegalovirus (CMV), Epstein-Barr 
virus (EBV), and human herpes virus (HHV-6, 
HHV-7, and HHV-8). Varicella results from pri-
mary VZV infection; it is a common childhood 
illness associated with fever and a generalized 
pruritic vesicular rash [ 2 ].  

    Incidence 

 Chickenpox is an uncommon disease during 
pregnancy as 93–95 % women of childbearing 
age are seropositive with virus-specifi c IgG anti-
bodies. The incidence of varicella is 0.7–3/1000 
pregnancies [ 3 ].  

    Clinical Features 

     1.    Chicken pox is transmitted by respiratory 
droplets and by direct personal contact with 
vesicle fl uid or indirectly via fomites. It is 
characterized by fever, malaise, dry cough, 
and pruritic rash. Varicella-zoster virus (VZV) 
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is 25 times more serious in adults than in chil-
dren. The incubation period of chickenpox is 
10–21 days [ 3 ].   

   2.    The primary infection is characterized by 
fever, malaise, and a pruritic rash. The rash 
goes through three stages. Initially, it is red and 
itchy, resembling insect bites, and appears on 
face, scalp, chest, and back. It then evolves 
into crops of maculopapules which become 
vesicular and crust over in next 4–5 days 
before healing. The vesicular skin lesion is the 
hallmark of the disease. A total number of 
300–400 rashes may appear over the body. The 
rash may persist for 20 days and begins 48 h 
after the onset of headache, malaise, and fever. 
New lesions emerge throughout the fi rst week. 
The lesions cloud and umbilicate and then 
crust over. The vesicles usually crust over 
within 5 days. The vesicles can be easily rup-
tured and oozes serous fl uid. The contact with 
skin fl uid can be another mode of disease 
transmission [ 4 ]. The infection is character-
ized by the simultaneous development of 
lesions at various stages; as a result, all three 
stages of the rash maculopapular, blisters, and 
scabbed lesions can be present at the same 
time. The patient is contagious until all of the 
lesions have crusted [ 3 ].   

   3.    Complications include infection of skin 
lesions, scarring, pneumonia, and, rarely, 
cerebral edema and death.   

   4.    Diagnosis of chicken pox, either in pregnant 
or nonpregnant subjects, can be easily per-
formed on the basis of clinical history and 
clinical classical signs or symptoms. 
Laboratory workup may not be required. 
Available laboratory tests include virus/viral 
antigen detection, virus isolation, and identifi -
cation or serological diagnosis. These may be 
useful in atypical cases.     

    Pregnancy and Chickenpox 

•     There is no difference in clinical presentation 
of chicken pox in pregnancy as compared to 
the nonpregnant.  

•   The pregnant woman develops high fever that 
can last for up to 7 days. The diagnosis of vari-
cella is usually made clinically. The virus may 
be cultured from vesicular fl uid, but this is a 
cumbersome process. Serologic tests may 
help document acute infection in confusing 
cases or indicate immunity. IgM antibody may 
be detected as soon as 3 days after symptoms 
appear, and IgG may be detected as early as 7 
days after varicella symptoms. Multiple anti-
body detection assays are available including 
fl uorescent anti-membrane antibody (FAMA), 
latex agglutination (LA), enzyme-linked 
immunosorbent assay (ELISA), and comple-
ment fi xation tests [ 5 ].      

    Maternal Risks 

•     Anecdotally, chickenpox infection in preg-
nancy is more severe than in nonpregnant 
adults.  

•   Risks depend on when the infection developed 
during pregnancy. There could be increased 
severity of illness in the second half of 
pregnancy.  

•   Varicella, the primary infection with varicella- 
zoster virus in pregnancy, may cause maternal 
mortality or serious morbidity [ 6 ]. The infec-
tion can cause pneumonia, hepatitis, and 
encephalitis. Pneumonia can occur in up to 
10 % of pregnant women with chickenpox, 
and the severity increased in later gestation. 
Even a healthy pregnant woman is at risk of 
dying if she develops varicella pneumonia. 
Mortality rates between 20 and 45 % were 
reported in the pre-antiviral era but have fallen 
to 3–14 % with antiviral therapy and improved 
intensive care [ 7 ].  

•   The chance of preterm labor is increased. 
Mechanism of the increased prevalence of 
preterm labor is unknown. It is tempting to 
speculate on the production of infl ammatory 
mediators due to the viremia as being related 
to the preterm labor [ 5 ].    
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    Maternal Varicella Pneumonia 

 Serious life-threatening complications of the 
infection include pneumonia (up to 20 % of preg-
nant patients) and encephalitis (up to 1 % of preg-
nant patients). 

 Maternal pneumonia complicates about 
10–20 % of cases of chickenpox in pregnancy 
resulting in a higher mortality/morbidity than in 
nonpregnant adults. Pregnant women with VZV 
pneumonia should be hospitalized for monitor-
ing and to initiate antiviral therapy because up to 
40 % of women may need mechanical ventila-
tion [ 8 ]. Mortality in severe cases (those who 
require mechanical ventilation) in the pre-antivi-
ral era was 20–45 % and is currently estimated to 
be 3–14 %. Between 1985 and 2002, in the con-
fi dential enquiries into maternal deaths in the 
UK, there were nine indirect and one late mater-
nal death associated with maternal VZV pneu-
monia [ 9 ]. The risk for pneumonia also increases 
with increasing gestational age. While this has 
been associated with relative maternal immuno-
suppression, it still remains unproven and may 
be purely mechanical with increasing splinting 
of the diaphragm as the gravid uterus occupies 
more space.   

    Fetal and Neonatal Risks 

 The transmission rate during maternal viremia 
has been estimated at approximately 25 %. The 
consequences for the infant depend on the time of 
maternal infection [ 10 ]. 

 The fetal involvement has been traditionally 
divided into three forms:

•    “Varicella embryopathy”: stemming from 
maternal disease occurring before 20 weeks of 
gestation  

•   Congenital varicella resulting from maternal 
infection from 20 weeks gestation to term but 
more commonly close to term  

•   Neonatal disease occurring when the pregnant 
patient has active lesions around the time of 
delivery    

 The infection rate for fetus has been reported 
to range from 12 to 30 % [ 3 ]. 

    Infection before 20 Weeks 
of Pregnancy 

•     Women who experience chicken pox early in 
their pregnancy have a very low chance of 
infecting their unborn baby. The risk appears 
to be approximately 2 % if the infection occurs 
before 20 weeks and less than 1 % if it occurs 
before 13 weeks [ 11 ].  

•   The risk of spontaneous miscarriage is not 
generally increased if chicken pox occurs in 
the fi rst trimester.  

•   Varicella embryopathy was fi rst described by 
Laforet and Lynch in 1947. The embryopathy 
includes limb hypoplasia, skin scarring, cen-
tral nervous system involvement, and other 
skeletal lesions. Although it is most common 
before 20 weeks’ gestation, the embryopathy 
has been reported from infection as late as 26 
weeks (0.4 % from conception to 13 weeks 
and 2.2 % from 13 to 20 weeks) [ 10 ].     

    Infection before 28 Weeks 
of Pregnancy 

 Congenital varicella can result from maternal 
infection after 20 weeks gestation. 

 Fetal varicella syndrome occurs in 1–2 % of 
maternal varicella infection. It is characterized by 
skin scarring, eye defects, microcephaly, cata-
ract, hypoplasia of limbs, gastrointestinal and 
urogenital malformations, neurological abnor-
malities including cerebellar dysplasia (micro-
cephaly, cortical atrophy, mental retardation), 
and bladder and bowel sphincter dysfunction 
[ 11 ]. Most of these malformations can be seen by 
ultrasound. 

 Perhaps the most interesting aspect of con-
genital varicella is a theory advanced by Higa 
and co-workers [ 12 ]. These authors have postu-
lated that the skin lesions, limb defects, and cen-
tral nervous system lesions represent zoster 
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infections in utero and that the fetal effects of 
varicella embryopathy are sequelae of repeated 
zoster infections in the fetus, including in utero 
encephalitis. This would explain many of the 
types of lesions and also the frequent appearance 
of active vesicles when children are born.  

    Between 28 and 36 Weeks 
of Pregnancy 

 The late infection is not associated with adverse 
fetal effect. 

 It may present as shingles in the fi rst few years 
of life (reactivation of virus after a primary infec-
tion in utero).  

    After 36 Weeks to Birth 

 The baby may become infected and could be 
born with chickenpox. The timing of maternal 
infection in relation to delivery determines the 
risk to the infant – transplacental inoculum vs 
protective maternal antibody.  

    Around the Time of Birth 

 If varicella manifests in the mother more than 5 
days before delivery, there is essentially no risk 
to the neonate, probably because varicella anti-
bodies have transferred to the fetus [ 11 ]. If the 
mother develops the rash up to 7 days after deliv-
ery when cord blood VZV IgG is low [ 13 ], the 
increased peripartum severity is attributed to a 
large transplacental inoculum of virus in the 
absence of protective maternal antibody. 

 Immunoglobulin G (IgG), immunoglobulin M 
(IgM), and immunoglobulin A (IgA) are pro-
duced 2–5 days after the initial infection and 
reach a maximum after 2–3 weeks. However, 
maternal varicella infection between 5 days 
before and 2 days after delivery poses a substan-
tial risk to the neonate. Neonatal varicella is a 
severe infection that manifests with skin lesions 
and pneumonia and has a mortality rate of up to 
31 %. In the fi rst 10 days of life, up to 50 % of 

these infants will be affected. The risk of devel-
oping severe chicken pox is more if their mother 
has a rash 4 days before or 2 days after the birth. 
However, this is extremely rare (1 in 17,000 preg-
nancies). Furthermore, direct contactor respira-
tory droplet can lead to infection after birth. 

 Infection with onset more than 7 days before 
delivery ensures adequate transplacental passage 
of specifi c anti-VZV antibody to protect the 
infant. Passive immunization of the baby by giv-
ing VZIG immediately after delivery prevents or 
attenuates neonatal varicella and is essential. 

 Elective delivery should normally be avoided 
until 5–7 days after the onset of maternal rash to 
allow for the passive transfer of antibodies from 
mother to child [ 13 ]. 

 Neonatal varicella presents as generalized 
chicken pox with a fatality rate of 30 %. 
Congenital varicella is characterized by skin 
lesions, limb hypoplasia, eye diseases, and neu-
rological defects. About 25 % of infants born 
with these lesions die during the fi rst months of 
life.  

    Diagnosis of Fetal Infection and Role 
for Prenatal Invasive Procedures 

•     Pathogenesis unclear – possibly VZV reacti-
vation in utero. Prenatal diagnosis is by 
detailed ultrasound examination and detection 
of VZV DNA by PCR in amniotic fl uid.  

•   No treatment  
•    Detailed ultrasound examination:  The fi nd-

ings appear 5 weeks later and include limb 
deformity, microcephaly, hydrocephalus, soft 
tissue calcifi cation, and IUGR [ 14 ]. The wide 
spectrum of clinical manifestations in a neo-
nate from maternal varicella included bowel 
obstruction, urinary tract anomalies, and 
microtia [ 15 ].  

•    Fetal magnetic resonance imaging (MRI):  can 
be useful to identify morphological 
abnormalities.  

•    VZV DNA  can be detected by polymerase 
chain reaction (PCR) in amniotic fl uid [ 16 ]. 
 VZV DNA has a high sensitivity but a low 
specifi city for the development of FVS.  
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•   If amniotic fl uid is PCR positive for VZV and 
the ultrasound is normal at 17–21 weeks, the 
risk of FVS is low.  

•   If repeat ultrasound is normal at 23–24 weeks, 
the risk of FVS is remote.  

•   The risk of FVS is very high if the ultrasound 
shows features compatible with FVS and the 
amniotic fl uid is positive [ 16 ].     

    Management During Pregnancy 

•     General Management
 –    Avoid contact with susceptible individual.  
 –   Symptomatic treatment.  
 –   The mainstay of treatment for herpes zoster 

is antiviral medicine [ 17 ].  
 –   Oral antiviral agents (acyclovir, valacyclo-

vir, or famciclovir) have been shown to sig-
nifi cantly reduce herpes-related symptoms 
as well as the duration, intensity, and prev-
alence of zoster-associated pain when 
given within 72 h of the fi rst symptom. 
Acyclovir is the drug that has been most 
extensively studied in pregnant women and 
is the agent most commonly used to treat 
patients with VZV during pregnancy.  

 –   The dosage form of acyclovir is 800 mg per 
oral for fi ve times per day for continuous 7 
days [ 17 ].  

 –   All HIV and immunocompromised women 
who are pregnant and are manifesting vari-
cella infection should be admitted to the 
hospital for intravenous acyclovir IV. The 
solution contains 25 mg/ml of drug. Each 
20 ml vial contains 500 mg of drug. The 
vial is diluted in 500 ml of fl uid and infused 
slowly every 8 h for 7 days [ 4 ].  

 –   Animal studies have not shown adverse 
effects from acyclovir on the fetus, and 
treatment of disseminated herpes simplex 
in pregnancy in humans has been reported 
with no apparent fetal damage [ 18 ]. 
Nevertheless, there is still a need for sys-
tematic assessment on the risk-benefi t of 
using acyclovir in this scenario. The theo-
retical risk of teratogenesis persists in the 
fi rst trimester.  

 –   Acyclovir appears to be a safe and rela-
tively well-tolerated drug, although it may 
impair renal function if given to patients 
who are not adequately hydrated [ 18 ].  

 –   Acyclovir is selectively converted into a 
monophosphate form by viral thymidine 
kinase, which is far more effective (3000 
times) in phosphorylation than cellular thy-
midine kinase. Subsequently, the mono-
phosphate form is further phosphorylated 
into the active triphosphate form, aciclo- 
GTP, by cellular kinases. Aciclo-GTP is a 
very potent inhibitor of viral DNA poly-
merase; it has approximately 100 times 
higher affi nity to viral than cellular poly-
merase. Its monophosphate form also 
incorporates into the viral DNA, resulting 
in chain termination. It has also been shown 
that the viral enzymes cannot remove 
aciclo- GMP from the chain, which results 
in inhibition of further activity of DNA 
polymerase. Aciclo-GTP is fairly rapidly 
metabolized within the cell, possibly by 
cellular phosphatases [ 18 ].  

 –   The low oral bioavailabilities of acyclovir, 
as well as the emergence of drug-resistant 
virus strains, have stimulated efforts toward 
the development of new compounds for the 
treatment of individuals with VZV infec-
tions. Among the new compounds, the oral 
prodrug form of acyclovir (valacyclovir) 
and penciclovir (famciclovir) rank among 
the most promising. Valacyclovir, a cate-
gory C drug, is a prodrug metabolized to 
acyclovir. It is an esterifi ed version of acy-
clovir and has greater oral bioavailability 
(about 55 %) than acyclovir (10–20 %). It 
is converted by esterases to the active drug 
acyclovir, as well as the amino acid valine, 
via hepatic fi rst-pass metabolism. As with 
acyclovir itself, all of these drugs are 
dependent on the virus-encoded thymi-
dine kinase (TK) for their intracellular 
activation (phosphorylation), and, upon 
conversion to their triphosphate form, 
they act as inhibitors/alternative substrate 
of the viral DNA polymerase. Therefore, 
cross- resistance to these drugs may be 
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expected for those virus mutants that are TK 
defi cient and thus resistant to acyclovir [ 18 ]. 
Famciclovir, a category C drug, has not been 
studied enough in pregnant women.  

 –   Other classes of nucleoside analogues 
dependent for their phosphorylation on the 
viral TK that have been used for the treat-
ment of VZV infections include sorivu-
dine, brivudine, fi aluridine, fi acitabine, 
and netivudine. Among oxetanocins, 
which are partially dependent on viral TK, 
lobucavir is now under clinical evaluation. 
Foscarnet, which does not require any pre-
vious metabolism to interact with the viral 
DNA polymerase, is used when 
TK-defi cient varicella virus mutants 
emerge during acyclovir treatment. IFN-a 
licensed may be useful for acyclovir-resis-
tant strains [ 18 ]        

    VZIG: Protection of the Fetus 
from Infection 

•     Varicella-zoster immune globulin (VZIG) 
should be strongly considered for pregnant 
women without immunity who have been 
exposed to varicella. Varicella-zoster immune 
globulin attenuates clinical disease in the 
mother not necessarily by eradicating viremia 
but often by lessening it. Given that the large 
majority of fetuses apparently are not infected 
even when the mother has a “full” viral load, it 
is biologically plausible that varicella-zoster 
immune globulin, which may lessen the viral 
load to which the fetus is exposed, would 
lower the fetal infection rate [ 19 ].  

•   All pregnant women who have signifi cant 
exposure to VZV infection (defi ned as “living 
in the same household as a person with active 
chicken pox or herpes zoster or face-to-face 
contact with a person with chicken pox or 
uncovered zoster for at least 5 min”), who have 
no history of chickenpox, and who are sero-
negative (or serological testing is not readily 
available), should be offered VZIG [ 17 ].  

•   VZIG should be administered within 72 h of 
exposure for maximal effect, although it may 
provide some benefi t up to 96 h after exposure 
for immunocompromised subjects. US FDA in 
2011 has extended administration to up to 10 
days. VZIG is ineffective, and should not be 
given, once clinical illness is established [ 20 ].  

•   VZIG is indicated for the baby if maternal 
varicella develops up to 7 days before delivery 
or if the mother develops chicken pox up to 28 
days after delivery. If birth occurs within the 
7-day period following the onset of the mater-
nal rash or if the mother develops the chicken-
pox rash within the 7-day period after birth, 
the neonate should be given VZIG [ 17 ]  

•   The recommended dose is 2 mL for children 
0–5 years, 4 mL for children 6–12 years, and 
6 mL for adults [ 17 ]. Administration is by 
intramuscular injection, with few adverse 
effects other than local discomfort reported. 
This can be lessened if the VZIG is at room 
temperature when administered. VZIG should 
never be given intravenously.  

•   The passive immunization may reduce the risk 
of fetal infection, but there is no evidence of 
the prevention of fetal viremia. Passively 
acquired antibodies may also reduce the sever-
ity of neonatal chickenpox.  

•   Maternal herpes zoster is not an indication for 
VZIG administration to the baby [ 17 ].  

•   Infants born after 28 weeks’ gestation should 
only be given VZIG if they have had signifi -
cant exposure and serological tests show the 
mother to be seronegative.  

•   All infants born at or before 28 weeks’ gesta-
tion or born weighing under 1000 g with sig-
nifi cant exposure should be given ZIG 
regardless of the results of serological testing 
of the mother.     

    Quarantine 

•     A mother and/or her baby with active vesicles 
should be isolated from other mothers and 
babies, but an infected mother does not need 
to be isolated from her own baby.  
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•   The infant should be monitored for signs of 
infection until 28 days after the onset of mater-
nal infection [ 17 ].  

•   Infants with pneumonitis requiring ventilation 
must be isolated. Where isolation facilities are 
unavailable, cases should be transferred to a 
unit with isolation facilities. 

•  Quarantine of cases should continue until all 
lesions have crusted. Aim to discharge all 
patients requiring quarantine from hospital as 
soon as possible [ 17 ].  

•   Quarantine of contacts should be from days 
7–21 after exposure.  

•   Although quarantine of cases and those con-
sidered to have signifi cant contact is recom-
mended, this should not compromise medical 
and nursing care of a sick infant [ 17 ].      

    Primary Prevention 

•     A previous history of chickenpox infection is 
97–99 % predictive of the presence of serum 
varicella antibodies. Therefore, a reasonable 
policy is to ask about previous chickenpox/
shingles and restrict advice to women who 
have no history or an uncertain history of pre-
vious infection.  

•   Primary prevention consists of effective vac-
cination of the mother before conception, 
while secondary prevention involves the use 
in susceptible pregnant women of varicella- 
zoster immune globulin, a specifi c IgG anti-
body against varicella-zoster virus, after 
exposure.  

•   Women who are seronegative for VZV IgG 
must be advised to avoid contact with chick-
enpox and shingles during pregnancy and to 
immediately inform healthcare workers of a 
potential exposure.  

•   Varicella vaccine contains live attenuated 
virus. Following its introduction, the inci-
dence of primary infection (chickenpox) has 
fallen by 90 %, and the mortality related to the 
condition has decreased by two-thirds. 
Immunity from the vaccine may persist for up 

to 20 years [ 21 ]. Because the effects of the 
varicella virus on the fetus are unknown, preg-
nant women should not be vaccinated. 
Nonpregnant women who are vaccinated 
should avoid becoming pregnant for 1 month 
after each injection. For persons without evi-
dence of immunity, having a pregnant house-
hold member is not a contraindication for 
vaccination.  

•   If a pregnant woman is inadvertently vacci-
nated or becomes pregnant within 4 weeks 
after MMR or varicella vaccination, she 
should be counseled about the theoretical 
basis of concern for the fetus; however, MMR 
or varicella vaccination during pregnancy 
should not be considered a reason to terminate 
pregnancy [ 22 ].    

    Delivery and Anesthesia 
for the Patient with Chickenpox 

     1.    Deciding the timing and route of delivery:
•    Timing and mode of delivery must be 

individualized.  
•   Delivery during the viremic period may be 

extremely hazardous.  
•   The maternal risks are: bleeding, thrombo-

cytopenia, disseminated intravascular 
coagulopathy, and hepatitis.  

•   High risk of varicella of the newborn with 
signifi cant morbidity and mortality.  

•   IV acyclovir is recommended.  
•   There is no evidence about the optimum 

method of anesthesia for women requiring 
delivery by caesarean section [ 17 ].      

   2.    General anesthesia may exacerbate varicella 
pneumonia.   

   3.    There is theoretical risk of transmitting the 
virus from skin lesions to the CNS via spi-
nal anesthesia This results in advice that 
epidural anesthesia may be safer than spinal 
anesthesia, because the dura is not 
penetrated.   

   4.    A site free of cutaneous lesions should be cho-
sen for needle placement.      

4 Pregnancy with Chicken Pox



28

    Prevention and Amelioration 
of Neonatal Effects 

 If maternal infection occurs at term:

•    If practical delivery should be delayed by 5 
days after onset of illness.  

•   If delivery within 5 days of infection – Give 
VZIG to neonate.  

•   If mother develops chickenpox within 2 days 
of delivery – Give VZIG to neonate.  

•   VZIG does not prevent neonatal infection but 
lowers mortality rate.  

•   Monitor baby for signs of infection for 14–16 
days.    

 If neonatal infection occurs, it should be 
treated with acyclovir [ 21 ].     
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        Breast Feeding 

•     The chicken pox virus has not been found in 
breast milk of women with a chicken pox 
infection [ 5 ].  

•   Breast milk may contain antibodies that can 
protect baby.  

•   Prevent baby from coming into direct contact 
with rash.     

    Herpes Zoster and Pregnancy 

 Following the primary infection, the virus 
remains dormant in sensory nerve root ganglia 
but can be reactivated to cause a localized, pain-
ful, vesicular erythematous skin rash in a derma-
tomal distribution known as herpes zoster (HZ) 
or simply zoster or shingles. Occasionally, chick-
enpox develops in susceptible mothers after 
exposure to patients with herpes zoster [ 2 ]. This 
infection is less serious than varicella due to the 
presence of maternal antibodies; however, it can 
be very serious in immunocompromised patients. 
The infection manifests clinically as fever, mal-
aise, and skin rash. The rash is painful and is usu-
ally confi ned to a dermatome. There is no 
evidence of fetal harm in women who develop 
herpes zoster. Herpes zoster around the time of 
delivery is not a risk to the neonate because it is 
protected by transplacentally acquired maternal 
antibodies [ 17 ].  

    Care and Precautions 

     1.    Protection of household contacts/health per-
sonnel/newborn/Vaccination/VZIg   

   2.    Healthcare workers:
    (a)    A signifi cant exposure in the neonatal unit 

or on the postnatal ward is defi ned as: 
patient sharing the same open ward as a 
person with chickenpox or zoster. 

 Face-to-face contact with a person with 
chickenpox or zoster for at least 5 min and 
contact for 1 h or more with person (staff 
or patient) with chickenpox lesions or who 
developed lesions up to 48 h later [ 21 ].   

   (b)    All staff who have had signifi cant expo-
sure to an index case and who do not have 
a history of previous chickenpox infection 
or of VZV vaccination should have sero-
logical tests. If they are VZV antibody 
negative, they should be removed from 
clinical duties from days 7–21 after expo-
sure (days 7–28 if they receive ZIG) [ 23 ].   

   (c)    If nonimmune healthcare workers have 
signifi cant exposure to infection, they 
should either be:
•    Warned they may develop chickenpox 

and should be reallocated to minimize 
patient contact from 8 to 21 days 
post-contact.  

•   Varicella vaccination is recommended 
for nonimmune healthcare workers. 
Pregnancy should be avoided for 3 
months following vaccination.              

    Conclusion 

 Both chickenpox and herpes zoster infection 
are uncommon during pregnancy. The inci-
dence of primary varicella or chickenpox in 
pregnancy has been estimated to be 1–5 cases 
per 10,000 pregnancies. Infection with the 
virus generally confers lifelong immunity. 
The data currently confi rm that vertical trans-
mission risk in the fi rst trimester is extremely 
low (0–0.4 %) and may be lower for herpes 
zoster than for chickenpox. The reason for the 
lower risk in women with zoster may simply 
be that viremia is uncommon in the immuno-
competent individual with zoster compared 
with chickenpox, thus reducing the risk of pla-
cental viral transmission. A pregnant woman 
who has been exposed to varicella before 
pregnancy should be reassured that her fetus is 
safe. A pregnant woman manifesting varicella 
infection should be counseled about the risk of 
viral transmission to the fetus and the risks of 
fetal anomalies. They should also be informed 
that these risks are very low. Prenatal ultra-
sound and  magnetic resonance imaging have 
been used to document the extent of tissue 
damage in fetal varicella syndrome. Neonatal 
infection may occur in 10–20 % of neonates 
whose mothers became acutely infected from 
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5 days before delivery to 2 days after the 
delivery. Infants become symptomatic 5–10 
days postpartum. The clinical picture may 
vary from skin lesions to systemic illness, 
pneumonia. For the mother, there could be 
serious problems including pneumonia which 
could be fatal. The impact of all the research 
highlights the need for adequate screening and 
immunization of women of childbearing age 
who are susceptible to varicella infection dur-
ing pregnancy.     
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      Cardiac Diseases in Pregnancy                     

     Hemant     Deshpande      and     Sonali     Deshpande   

           Introduction 

 Incidence of heart disease in the population is 
quite high, and therefore, it is not surprising that 
many cases of cardiac disease are seen together 
with pregnancy, and this fact is very true with 
regard to the Indian setup. Clinically cardiac dis-
ease is seen in about 1–4 % pregnancies, but the 
true incidence of maternal cardiovascular disease 
is higher because a signifi cant number of such 
cases go undetected as they are clinically insig-
nifi cant or were not picked up despite being seri-
ous in nature [ 1 ]. The absolute number of 
pregnant women with heart disease is rising 
because due to increased percentage of antennal 
care and refi nement in the medical and surgical 
management of congenital and acquired heart 
defects so greater proportion of such women 
reaching to child- bearing age. The pregnancy 
may affect the well- being of both mother and 
fetus by imposing a grave haemodynamic burden 
and hence aggravating the pre-existing heart dis-
ease. Whatever the lesion, it is certain that close 
clinical attention and preparedness to avoid acute 
events and to manage them successfully are the 

right clinical approaches for these patients to 
ensure the best maternal and fetal outcome.

       Haemodynamic Alterations 
in Normal Pregnancy 

  Antepartum Changes     The growing fetus 
demands a nearly tenfold increase in uterine 
blood fl ow from 2 % of cardiac output in non-
pregnant state to 17 % cardiac output at term. 
This requires immense alteration in maternal 
haemodynamic beginning as early as 5 weeks of 
gestation. Plasma volume increases by 45 % and 
red cell mass increases by 20–30 %. This dis-
crepancy leads to haemodilution and the physio-
logical anaemia of pregnancy [ 2 ].  
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  Table 5.1    Cardiac disease in pregnancy (CARPREG) 
risk score   

  One point for each:  

 History of prior cardiac event or arrhythmias 

 New York Heart Association functional 
classifi cation > II or cyanosis 

 Left heart obstruction (mitral valve area <2 cm 2 , aortic 
valve area <1.5 cm 2  or left ventricular outfl ow tract 
gradient >30 mmHg) 

 Left ventricular ejection fraction <0.40 

  Chance of cardiac complication:  

 0 points = 5 % 
 1 point = 27 % 
 ≥2 points = 75 % 

  Developed by Siu et al. (2001) [ 6 ]  
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 Increase in heart rate and stroke volume lead 
to a 30–50 % increase in cardiac output during 
pregnancy. Stroke volume begins to increase at 5 
weeks of gestation, peaks at approximately 31 
weeks of gestation, and then gradually declines 
until term. At approximately 32 weeks of gesta-
tion, the maximal heart rate of 15–20 beats/min 
above nonpregnant values is achieved and 
remains stable until delivery. The relative tachy-
cardia counteracts the declining stroke volume; 
cardiac output declines only a small amount dur-
ing the last 6 weeks of pregnancy [ 2 ]. 

 Systemic vascular resistance decreases by 
approximately 20 % with the greatest decrease 
at 16–24 weeks. This parallels the decrease of 
arterial blood pressure in the second trimester 
with gradual increase at term [ 2 ]. 

  Intrapartum Changes     Cardiac output increases 
even further during labour by 12–31 % during the 
fi rst stage and up to 49 % during the second stage. 
Part of the increase is due to pain causing 
increased sympathetic stimulation, tachycardia, 
increased blood pressure, and increased myocar-
dial oxygen consumption, and the rest is due to 
autotransfusion from uterine to systemic circula-
tion with each contraction.  

 During the second stage of labour with mater-
nal pushing efforts, the Valsalva manoeuvre pro-
duces even wider fl uctuations in maternal 
haemodynamics. During the straining period, 
increased intrathoracic pressure results in 
decreased venous return to the heart, whereas sys-
temic vascular resistance increases and mean arte-
rial pressure remains constant or slightly elevated. 
Initially, there is a transient refl ex bradycardia; 
after a few seconds, sympathetic stimulation 
occurs to decrease preload and increase afterload. 
After the strain is completed, a rapid increase in 
venous return causes increase in stroke volume 
and markedly increased blood pressure, which are 
again associated with refl ex bradycardia. 

  Postpartum Changes     Immediately after deliv-
ery, relief of vena cava compression by the 
gravid uterus and autotransfusion of uteropla-
cental blood cause cardiac output to increase 
even further for a brief period. Within 1 h of 
delivery, cardiac output returns to third trimester 

values. The postpartum period is characterised 
by mobilisation of extravascular fl uid and 
diuresis.  

 Parameter  Percentage of change 

 Cardiac output  40–
50 % 

 Increase 

 Stroke volume  30 %  Increase 

 Heart rate  15–
25 % 

 Increase 

 Intravascular volume  45 %  Increase 

 Systemic vascular 
resistance 

 20 %  Decrease 

 Systolic BP  Minimal 

 Diastolic BP  20 %  Decrease at 
mid- pregnancy   
  Pre- pregnant values 
at term 

 CVP  Unchanged 

 O 2  consumption  30–
40 % 

 Increase 

   Diagnosis and Evaluation of Heart 
Disease     Many women with heart disease would 
have been diagnosed and treated before pregnancy. 
Alternatively, heart disease may be diagnosed for 
the fi rst time during pregnancy owing to symp-
toms precipitated by increased cardiac demands, 
or the patient might have tolerated heart disease 
well throughout the pregnancy and present during 
labour or postpartum period with acute symptoms 
for the fi rst time, a not so unrare fact in India.  

 The classic symptoms of cardiac disease are 
palpitation, shortness of breath with exertion, and 
chest pain. Because these symptoms also may 
accompany normal pregnancy, a careful history 
and meticulous examination is needed to deter-
mine whether the symptoms are of particular 
concern in a patient with other reasons to suspect 
underlying cardiac disease. 

 A systolic murmur is present in 80 % of preg-
nant women, most likely due to the increased 
fl ow volume in the aorta and pulmonary artery. 
Any diastolic murmur and any systolic murmur 
that is loud (grade 3 or higher) or radiates to the 
carotids should be considered pathologic. 
Careful evaluation of jugular venous pulse, for 
peripheral cyanosis or clubbing and pulmonary 
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crackles, is needed in women with suspected 
cardiac disease. The preferred next step evalua-
tion includes transthoracic echocardiography but 
may not be available in an acute cardiac event. A 
chest X-ray is useful if CCF is suspected; dilated 
cardiac shadow with congestion in lungs with or 
without plural effusion may be seen. ECG may 
be helpful to suggest underlying heart disease, 
but both of these simple tests have limitation 
during pregnancy due to alteration in cardiac 
position due to gravid uterus late in pregnancy. 

 Ischaemic heart disease presenting for the fi rst 
time during pregnancy is very challenging to diag-
nose. Heartburn due to GERD/oral iron intake and 
shortness of breath are not uncommon during 
pregnancy, and not only these but mild ECG 
changes may be normal fi ndings during pregnancy 
besides elevated CPK-MB during pregnancy. 
Positive TROP- T  test and change in cardiac 
enzyme (falling levels) will help to diagnose it 
retrogradely.  

    General Care 

 Deterioration in cardiac status during pregnancy is 
frequently insidious. Early registration and frequent 
and regular visits are a must. Attention is given to 
the HR, weight gain, and oxygen saturation. The 
physiological changes of pregnancy are usually 
continuous and offer adequate time for maternal 
compensation. Intercurrent events superimposed on 
pregnancy in the context of maternal heart disease 
are usually responsible for acute decompensation. 
The most common events are febrile episodes. 
Patients should be instructed to report to the hospi-
tal in case of fever, upper respiratory tract infection, 
and burning micturition. Iron and folic acid supple-
mentation may decrease cardiac work. 

 First trimester dating scan would not only help 
in knowing exact EDD but also in monitoring 
growth of fetus in subsequent scan; detailed mal-
formation scan would help if patient conceived 
on cardiac medication including fetal heart echo-
cardiography specifi cally if mother is having 
congenital cardiac lesion. 

 Intrauterine growth restriction may be either 
due to ongoing medication or due to compro-
mised oxygenation of fetus; Doppler studies may 

help in deciding pregnancy termination and mode 
of delivery. 

 Standard care in labour and delivery:

    1.    Accurate diagnosis   
   2.    Close monitoring of maternal and fetal 

well-being   
   3.    Mode of delivery based on obstetric indications   
   4.    Prophylactic antibiotic when at risk for endo-

carditis, valvular heart disease, prosthetic 
heart valves, structured congenital heart dis-
eases, previous infective endocarditis, and 
hypertrophic cardiomyopathy   

   5.    Maintenance of haemodynamic stability   
   6.    Avoidance of pain – epidural analgesia   
   7.    Avoidance of maternal pushing efforts – 

instrumental delivery   
   8.    Avoidance of maternal blood loss – active 

management of third stage of labour   
   9.    Early volume management postpartum – often 

careful but aggressive diuresis [ 3 ]     

    Cardiac Lesions and the Associated 
Maternal Cardiac Risks 
during Pregnancy 

    Maternal mortality associated with heart disease in 
pregnancy   

  Group 1: mortality <1 %  

 Atrial septal defect 
 Ventricular septal defect; PDA 
 Pulmonary/tricuspid disease 
 Tetralogy of Fallot, corrected; bioprosthetic 
valve 
 Mitral stenosis, NYHA classes I and II 

  Group 2: mortality 5–15 %  

  2A   Mitral stenosis NYHA classes III–IV; aortic 
stenosis 
 Coarctation of aorta, without valvular 
involvement 
 Uncorrected tetralogy of Fallot 
 Previous myocardial infarction 
 Marfan syndrome with normal aorta 
 Mitral stenosis with atrial fi brillation 
 Artifi cial valve 

  2B  

  Group 3: mortality 25–50 %  

 Primary pulmonary hypertension or 
Eisenmenger’s syndrome 
 Coarctation of aorta, with valvular 
involvement 
 Marfan syndrome with aortic 
involvement 
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        NYHA (New York Heart Association) 
Functional Classifi cation [ 4 ] 

     1.    Class I (mild) – no limitation of physical 
activity. Ordinary physical activity does not 
cause undue fatigue, palpitation, or 
dyspnoea.   

   2.    Class II (mild) – slight limitation of physical 
activity. Comfortable at rest but ordinary 
physical activity results in symptoms.   

   3.    Class III (moderate) – marked limitation of 
physical activity, comfortable at rest, but less 
than normal activity cause symptoms.   

   4.    Class IV (severe) – unable to carry out any 
physical activity without discomfort. 
Symptoms of cardiac insuffi ciency at rest.     

 Medical termination of pregnancy is to be 
advised to patients specifi cally with high risk of 
cardiac lesion, in view of increased mortality in 
such cases, but even low-risk patients can com-
plicate in such an outcome.  

    Carpreg Score, Hamilton ,  
and Thompson 

 Bad prognostic criteria will help in guiding out-
come during this pregnancy (Table  5.1 ).   

    Valvular Disease 

  Mitral Stenosis     Mitral stenosis is the most 
common cardiac disease occurring mostly as a 

consequence of rheumatic heart disease. Risk of 
maternal complications in MS is strongly associ-
ated with the severity of MS, NYHA functional 
class, previous history of pulmonary oedema, 
and embolic phenomena. Complications include 
pulmonary oedema, right ventricular failure, and 
atrial arrhythmias with risk of embolisation. 
Pregnancy is detrimental to cardiac function in 
mitral stenosis for several reasons. Expanded 
blood volume can increase the risk of pulmonary 
congestion and oedema. The physiological tachy-
cardia of pregnancy decreases fi lling time which 
leads to elevated left arterial pressure that causes 
pulmonary oedema and decreased forward fl ow 
that causes hypotension, fatigue, and syncope.  

 The severity of mitral stenosis is classifi ed 
based on the valve area: a valve area of >1.5 cm 2  
is mild, 1.1–1.5 cm 2  is moderate and <1 cm 2  is 
severe. Treatment of mitral stenosis in patients 
who have a history of RHD includes daily pro-
phylactic penicillin, gentle diuresis to prevent 
pulmonary oedema without decreasing placental 
function and ß-blockers as needed to prevent 
tachycardia. Atrial fi brillation can be treated 
with cardioversion; digoxin or ß-blockers may 
be used for rate control. Patients with atrial 
fi brillation should be anticoagulated to prevent 
systemic embolism. The most common surgical 
treatment of mitral stenosis is percutaneous bal-
loon mitral valvotomy. This procedure should be 
preferably performed before conception but in 
women with critical mitral stenosis may be 
formed during second trimester of pregnancy 
with less fetal risk. [ 2 ]     

Prepregnancy

Moderate MS
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Yes

PBMV PBMV

No/mild

No/mild

Medical therapy

Mild MS

During pregnancy
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Maximal medical therapy
Symptoms and ↓

exercise tolerance

Symptoms and ↓
exercise tolerance

Severe MS
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     Aortic Stenosis     Most common cause of AS in 
young women is a congenital bicuspid valve. 
RHD is a less common cause. The severity of AS 
can be described by average valve area or peak 
pressure gradient across the valve. Severe AS is 
defi ned as a peak gradient greater than 50 mmHg. 
Patients having severe AS have diffi culty in 
achieving the increased cardiac output as their 
stroke volume is fi xed by the obstructed valve, so 
heart rate is the key determinant of cardiac out-
put. Bradycardia causes decreased cardiac output 
and hypotension; however, excessive tachycardia 
decreases excessive ventricular fi lling time and 
again causes decreased cardiac output and the 
risk for myocardial ischaemia. Women with 
severe AS are advised to undergo operative pro-
cedure before planning for pregnancy. Sudden 
death and irreversible heart failure are the most 
common causes of maternal death.  

 Management of mild to moderate AS during 
pregnancy is conservative. For women with severe 
symptomatic AS, balloon valvuloplasty has been 
reported during pregnancy without complications. 
This procedure is  contraindicated  in presence of 
signifi cant aortic regurgitation. Concomitant AR 
is found most often in patients who have congeni-
tal bicuspid aortic valves; these valves do not 
open or close properly. Open valve replacement is 
also an option for patients who have decompensa-
tion during pregnancy but is associated with more 
fetal mortality. During labour, epidural anaesthe-
sia may be used continuously with generous fl uid 
hydration to prevent hypotension and refl ex 
tachycardia. Assisted vaginal delivery is useful to 
curtail second stage of labour. Because of the 
acute decrease in preload that is associated with 
PPH, women should be managed aggressively to 
prevent postpartum collapse [ 2 ]. 

  Pulmonary Stenosis     – Isolated pulmonary steno-
sis is a rare clinical entity, but it seems to be well 
tolerated in pregnancy. PS in association with con-
genital heart disease has much worse prognosis. 
The prognosis in these cases depends on the degree 
of obstruction to the fl ow that is assessed by peak-
to-peak velocity gradient across the valve. Gradient 
more than >50 mmHg is severe PS and consider-
ation should be given to balloon valvuloplasty [ 2 ].  

  Mitral Regurgitation     – MR in pregnant women 
is most commonly due to mitral valve prolapse. 
The haemodynamic changes are benefi cial to 
patients because a state of increased volume and 
decreased systemic vascular resistance promotes 
forward fl ow across the regurgitant valve. 
Pregnancy is well tolerated. Patients having pul-
monary congestion can be treated with diuretics. 
Vasodilators such as hydralazine are benefi cial 
for women who have associated systemic hyper-
tension. Severe MR can lead to marked left arte-
rial dilatation and consequent atrial fi brillation. 
Epidural anaesthesia can be used safely with 
intravenous hydration. All patients of mitral 
regurgitation should receive infective endocardi-
tis prophylaxis regardless of mode of delivery. 
Rheumatic mitral regurgitation patients should 
continue penicillin prophylaxis. Patients of MS 
who undergo PBMV may develop acute MR 
leading to rapid rise of LA pressure and present 
fl ash pulmonary oedema. Pregnancy is  contrain-
dicated  in such patients [ 2 ].  

  Mitral Valve Prolapse (MVP)     It is the most 
common maternal cardiac condition seen in 
women of child-bearing age. This is a benign 
condition characterised by a redundant valve that 
prolapses into the ventricle during systole. MVP 
also can be secondary and associated with ASD, 
endocarditis and MS [ 2 ].  

  Aortic Regurgitation     Causes of AR include a 
dilated aortic annulus, a bicuspid aortic valve and 
previous endocarditis. Similarly to MR, preg-
nancy is uncomplicated. Symptomatic patients 
can be treated by diuretics and vasodilators. LVF 
is sometimes reported near term. Epidural anal-
gesia can be administered safely [ 2 ].   

    Non-valvular Congenital Heart 
Disease 

  Conditions with a Left to Right Shunt   
  Generally left to right shunts are well tolerated 
in pregnancy. Patients are at high risk for stroke 
from paradoxical embolisation across the 
shunt.  
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    Left to right shunt may be due to a ventricular 
septal defect (VSD), atrial septal defect (ASD) 
or patent ductus arteriosus.  

  Small shunts do not usually cause problems.  
  Moderate shunts may increase if SVR increases 

due to pain and catecholamine release. If there 
is a large drop in SVR (e.g. following spinal 
block), then the shunt may reverse in direction 
and may result in hypoxia.  

  Large shunts (most likely from a VSD) can result 
in pulmonary hypertension.  

  Infective endocarditis prophylaxis is indicated in 
all patients with VENTRICULAR septal 
defects and PDA [ 5 ].    

  Tetralogy of Fallot (ToF)        Most common cya-
notic congenital heart lesion.  
  Large VSD, right ventricular outfl ow tract 

obstruction, right ventricular hypertrophy and 
overriding aorta.  

  Risks dependent on the status of the repair.  
  Pregnancy is often well tolerated in those with 

repaired ToF, but women should have their 
right ventricle fully assessed; deaths have 
occurred in recent years from arrhythmias sec-
ondary to unrecognised right heart failure [ 5 ].     

  Coarctation of the Aorta     Pregnancy in women 
with coarctation of the aorta is a challenge for the 
obstetrician. In most cases, narrowing of the aorta 
occurs distal to the left subclavian artery, resulting 
in isolated hypertension in the right arm. 
Determining the arm-leg blood pressure gradient, 
which is abnormal when greater than 20 mmHg, 
assesses the severity of lesion. Due to high mater-
nal morbidity and mortality reported during preg-
nancy, pre-pregnancy counselling should be 
insisted, although most women presenting with 
coarctation will have had a previous repair.  

 Problems during labour and delivery are 
unlikely if successfully repaired; however 
late hypertension, re-coarctation and aneu-
rysm formation at the site of previous repair 
may occur. All women with previous repairs 
should be closely monitored throughout preg-
nancy by echocardiography and regular BP 
measurement (measure BP in both arms since 

left subclavian may have been used as part of 
previous repair). 

 If present with un-repaired coarctation (native 
coarctation), risks to both mother and fetus are 
high due to hypertension refractory to medical 
treatment. 

 Regional anaesthesia or analgesia must be 
carefully titrated with close monitoring of BP 
and drugs to maintain SVR (phenylephrine, 
metaraminol). 

 In severe cases women are at risk of aortic 
rupture, dissection and left ventricular failure due 
to fl uctuations in blood pressure that occur dur-
ing second stage of labour. That is why caesarean 
section is preferred in such cases. They need pro-
phylaxis for bacterial endocarditis at the time of 
delivery [ 5 ].  

    Pulmonary Hypertension (PH) 
and Eisenmenger’s Syndrome 

 There is a very high risk of maternal mortality 
with PH, and termination of pregnancy is often 
recommended. 

 There is increased pulmonary vascular resis-
tance resulting in an increased workload placed 
on the right heart. 

 PH may be primary or secondary. 
 Primary pulmonary hypertension is character-

ised by an increase in the thickness of the pulmo-
nary arterioles. On M/E typical onion skin 
confi guration of vessels is seen due to intimal 
fi brosis and fi broelastosis. 

 The causes of secondary PH include: car-
diac and respiratory conditions (chronic 
obstructive or parenchymal conditions, cystic 
fi brosis,  obstructive sleep apnoea, thoracic 
cage abnormalities), venous thromboembo-
lism, vasculitis, hyperviscosity syndrome, 
infection, portal hypertension, cirrhosis and 
drugs (oral contraceptive, crotalaria teas, appe-
tite suppressants) 

 PH is poorly tolerated due to insuffi cient 
adaptation of the right heart to the increased car-
diac output and poor compliance of the pulmo-
nary vasculature. 
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 Symptoms of right ventricular decompensa-
tion are: shortness of breath, fatigue, chronic 
cough, haemoptysis and syncope. 

 Signs include: tachycardia, cyanosis, right 
ventricular heave, elevated JVP and 
hepatomegaly. 

 Death occurs from irreversible right ventricu-
lar failure and arrhythmias. 

 Therapies targeted at pulmonary arterial vaso-
dilatation may be useful during pregnancy (e.g. 
prostaglandin analogues including iloprost). 

 Timing of delivery is dependent on the impact 
of PH on the mother as pregnancy progresses.

   If possible, aim to deliver at 32–34 weeks.  
  Increases in pulmonary vascular resistance 

(PVR) must be prevented by avoiding rises in 
PaCO 2 , falls in PaO 2  and pH, hypothermia, 
high ventilatory pressures and sympathetic 
agents.    

 Right ventricular preload, left ventricular 
afterload and right ventricular contractility must 
be maintained. 

 Vaginal delivery is probably the safest mode 
of delivery with a low-dose epidural to reduce 
pain, stress and haemodynamic fl uctuations 
while maximising oxygen consumption. Avoid 
pushing in second stage due to the reduction in 
venous return and right heart preload that 
results. 

 Elective caesarean is sometimes performed 
especially when delivery is preterm. Regional 
anaesthesia may be appropriate, but single-shot 
spinals should be avoided due to the inability of 
the right ventricle to respond to hypotension. 

 Pulmonary arterial pressure may rise signifi -
cantly during intubation if general anaesthesia is 
provided. Measures to obtund the pressor 
response to laryngoscopy should be used. (See 
later.) 

 Oxytocin should be used cautiously after 
delivery. 

 Women should be monitored closely after 
delivery since most deaths occur 2–9 days post-
partum. Observation for at least 72 h on a high 
dependency unit should be provided [ 5 ].  

    Eisenmenger’s Syndrome 

 Eisenmenger’s syndrome is pulmonary hyper-
tension developing after a long-standing left to 
right shunt, which induces vascular remodelling 
and leads to increased pulmonary vascular resis-
tance which meets or exceeds systemic 
resistance. 

 The shunt fl ow depends on the PVR/SVR ratio. 
 After Eisenmenger’s pathophysiology is 

established, pulmonary hypertension is perma-
nent and surgical correction is unhelpful. 

 Hypovolaemia will lead to shunt reversal, 
reduced cardiac output and increased cyanosis. 

 Mortality in pregnancy and delivery is very 
high due to right ventricular failure [ 5 ].  

    Cardiac Disease Developing 
in Pregnancy 

  Cardiomyopathy     – Peripartum cardiomyopa-
thy is defi ned as onset of cardiac failure with no 
identifi able cause in the last month of pregnancy 
or within 5 months after delivery, in the absence 
of pre-existing heart disease.  

 The incidence is 1:1500–1:4000 live births. 
 Risk factors include previous peripartum car-

diomyopathy, hypertension, pre-eclampsia, obe-
sity, diabetes, Afro-Caribbean origin, increased 
parity, older maternal age and multiple 
gestations. 

 The aetiology remains unclear but includes 
viral myocarditis, abnormal immune response to 
pregnancy or terbutaline tocolytic therapy. 

 Diagnosis is diffi cult as many symptoms are 
similar to those you would expect in the last 
 trimester (peripheral oedema, fatigue and short-
ness of breath). 

 Suspected cases should be investigated by 
echocardiography as there are strict echo criteria 
for diagnosis (1) which includes ejection fraction 
<45 % or M-mode fractional shortening less than 
30 % or both and (2) end-diastolic dimension 
>2.7 cm/m 2 . 

 Treatment is supportive with medical stabili-
sation. As most cases present late in pregnancy, 
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delivery of the fetus may signifi cantly improve 
symptoms. 

 Vaginal delivery may be best with low-dose epi-
dural and close monitoring of BP and fl uid status. 

 Patients should be monitored on a high depen-
dency unit or cardiac care unit post delivery. 

 Medical treatment includes salt restriction, 
diuretics, vasodilators, digoxin for arrhythmias 
and inotropy and anticoagulation due to the high 
risk of thromboembolism. 

 Mortality ranges from 18 to 56 % and often 
occurs several months after delivery. In severe 
cases patients will be referred for heart transplan-
tation after delivery. 

 Idiopathic dilated cardiomyopathy can also 
develop which is similar to the above but does not 
fi t the diagnostic criteria and has a worse long- 
term outcome. 

 Pre-existing  hypertrophic cardiomyopathy  is 
generally well tolerated, and most undergo suc-
cessful vaginal delivery. 

 Cardiac function depends on preload and 
afterload, so if using regional anaesthesia it must 
be carefully titrated with invasive blood pressure 
monitoring. 

 Pre-existing  dilated cardiomyopathy  may 
decompensate in pregnancy. Women with severe 
LV impairment secondary to dilated cardiomy-
opathy may be counselled against pregnancy due 
to the high risk of mortality [ 5 ]. 

    Ischaemic Heart Disease 
and Myocardial Infarction 

 This is now the leading cause of cardiac maternal 
mortality in the UK. 

 In the last confi dential enquiry of maternal 
deaths, all women who died from ischaemic heart 
disease had identifi able risk factors including:

   Obesity  
  Advanced maternal age  
  Higher parity  
  Pre-existing hypertension  
  Smoking  
  Family history of cardiac disease  
  Type 2 diabetes mellitus    

 Previously undiagnosed ischaemic heart 
 disease (IHD) usually manifests itself in the 3rd 
trimester, during labour or post delivery at a time 
when maternal stress and cardiac demand are at 
their greatest. Most commonly it presents with 
chest pain, ischaemic changes on the ECG and 
elevated troponin but may sometimes present 
atypically with abdominal or epigastric pain. Any 
woman with chest pain suspicious of ischaemia, 
particularly in those with risk factors, should 
have an ECG. 

 Coronary angiography may be indicated in 
women with IHD to treat coronary artery occlu-
sion and coronary artery dissection by stenting 
and angioplasty. 

 In the event of myocardial infarction, pri-
mary percutaneous transluminal coronary 
angioplasty (PTCA) should be performed. If 
PTCA is not available, thrombolysis should not 
be withheld in the pregnant or postpartum 
woman as the risk of bleeding is less than the 
risk of no treatment. 

 Beware the use of uterotonics. Ergometrine 
causes coronary artery vasospasm and should be 
avoided if there is a history of IHD [ 5 ].  

    Aortic Dissection 

 It is associated with hypertension due to pre- 
eclampsia or coarctation of the aorta and connec-
tive tissue disorders including Marfan and 
Ehlers-Danlos syndrome. 

 Pregnancy-related aortic dissection accounts 
for 50 % of all aortic dissections in women under 
40 years of age. 

 Maternal mortality may be as high as 25 %. 
 It usually occurs in late pregnancy or post 

delivery. 
 It presents with severe chest pain, interscapu-

lar pain, end-organ ischaemia or acute MI. 
 Investigations include chest CT, MRI or tran-

soesophageal echocardiogram (TOE). 
 Management varies depending on the gesta-

tion of the fetus. 
 If it presents before 28 weeks, then surgical 

repair with fetus in situ is recommended as with-
out surgery mortality may reach 80 %. 
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 Cardiopulmonary bypass is associated with 
congenital malformations in the fi rst trimester 
but is safer in the second and third trimester. 

 After 32 weeks of delivery by caesarean sec-
tion followed by corrective surgery. 

 Between 28 and 32 weeks of gestation, unless 
there is severe cardiovascular instability, medical 
management is provided to allow the fetus to 
mature. 

 Goals of anaesthetic management are: mainte-
nance of cardiovascular stability with regional 
anaesthesia and labetalol infusion for control of BP. 

 For caesarean section under GA, the hyperten-
sive response to laryngoscopy must be avoided [ 5 ].  

    Management of Women 
with Transplanted Heart 

 Pregnancy is generally well tolerated if cardiac 
function is good. 

 There are problems due to the side effects of 
the immunosuppressant drugs. 

 Spontaneous vaginal delivery is the best man-
agement option.   

    General Approaches 
to Management of Pregnant 
Women with Cardiac Disease 

    Monitoring 

 Basic monitoring for mothers with heart disease 
during labour and delivery and in the immediate 
postpartum period includes: blood pressure, 
pulse oximetry and continuous 3-lead ECG. 

 Invasive blood pressure monitoring is very use-
ful in higher risk cases and can be easily managed 
on labour ward with appropriate anaesthetic input. 

 There is debate over the use of central venous 
pressure (CVP) and pulmonary artery catheter (PAC) 
monitoring. These interventions are not without risk 
and benefi ts may sometimes be limited. 

 Long lines placed in the antecubital fossa can 
be used to measure CVP and infuse vasoactive 
drugs and may be a safer approach to central 
venous cannulation.  

    Delivery 

 For most cardiac conditions, a normal vaginal 
delivery with good analgesia is the safest mode of 
delivery for the mother because of less blood loss 
and less rapid haemodynamic changes than cae-
sarean section. 

 Consultant-led delivery in a hospital used to 
dealing with cardiac disease with a high depen-
dency area that can provide invasive monitoring 
is essential. 

 Stress on the mother and her cardiovascular 
system must be minimised while maintaining 
placental and fetal circulation. 

 Effective pain relief results in less tachycardia 
and catecholamine release. It also reduces the 
haemodynamic effects of pushing. 

 Limited pushing in second stage, i.e. assisted 
second stage, may reduce cardiovascular 
instability. 

 Low-dose epidural anaesthesia sited early in 
labour for effective pain control and reduced cat-
echolamine release is highly benefi cial in most 
cases. 

 If caesarean section is required due to obstet-
ric indications or decompensation of the underly-
ing disease, then this can be done with either 
general or regional anaesthesia. 

 If general anaesthesia is planned, measures 
to suppress the pressor response to laryngos-
copy must be provided, e.g. alfentanil 
10–20 mcg/kg [ 5 ]. 

 If regional anaesthesia is planned, single-shot 
spinals are best avoided. Alternative options 
include: careful titration of an epidural and com-
bined spinal-epidural or incremental spinal 
anaesthesia (via spinal catheter). 

 There are many factors that infl uence the deci-
sion whether to proceed with regional or general 
anaesthesia and these include:

   Requirement for other procedures which may 
demand general anaesthesia, e.g. DC cardio-
version, post-delivery cardiac surgery, high 
inspired oxygen concentration (pulmonary 
hypertension), postoperative ventilation and 
prolonged or complex surgery following pre-
vious surgery  
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  Risk of reducing SVR with regional anaesthesia 
(left-sided stenotic lesion and those with 
shunts) versus impairment of cardiac contrac-
tility with general anaesthesia  

  Impact of anticoagulation; risks of withholding it 
and risk of epidural haematoma  

  Risk of maternal or fetal death and how the 
mother feels about this  

  Airway abnormalities  
  Anaesthetic preference  
  Patient preference     

    Prophylactic Antibiotics to Prevent 
Endocarditis 

 American Heart Association (2007) guidelines 
and the UK National Institute for Health and 
Care Excellence (NICE) 2008 guidelines do  not  
recommend administration of antibiotics solely 
to prevent endocarditis in patients who undergo a 
gynaecological or obstetric procedure since there 
is no benefi cial evidence of this practice. 

 Patients requiring antibiotic coverage: pros-
thetic heart valves, previous infective endocardi-
tis, hypertrophic cardiomyopathy, valvular heart 
disease with stenosis or regurgitation and struc-
tural CHD (uncomplicated ASD, fully corrected 
VSD and PDA) 

 High-risk patients: ampicillin 2.0 g IM/
IV + gentamicin 1.5 mg/kg within 30 min of start-
ing procedures. Six hours later ampicillin 1.0 g 
IM/IV or amoxicillin 1.0 g po. In patients allergic 
to penicillin, vancomycin 1.0 g over 1–2 h with 
gentamicin is recommended. 

 Moderate-risk patients: amoxicillin 2.0 g po 
1 h before procedure or ampicillin 2.0 g IM/IV 
within 30 min of starting the procedure. In 
patients allergic to penicillin, vancomycin 1.0 g 
over 1–2 h within 30 min of starting the proce-
dure is recommended [ 4 ].  

    Anticoagulation 

 Warfarin is teratogenic and not recommended 
during the fi rst trimester of pregnancy. It is 
avoided in the third trimester since it crosses the 

placenta and can cause fetal haemorrhage. It also 
precludes regional anaesthesia, and its effects 
may be diffi cult to rapidly reverse in an 
emergency. 

 In patients receiving warfarin, the INR should 
be maintained between 2.0 and 3.0 with the low-
est possible dose and low-dose aspirin should be 
added. If labour begins during treatment with 
warfarin,  caesarean section  should be 
performed. 

 Low-molecular-weight heparin (LMWH) can 
be used instead of warfarin throughout the whole 
of pregnancy. Regional anaesthesia can be per-
formed provided adequate time has elapsed since 
the last dose of LMWH. 

 For women receiving prophylactic LMWH, 
regional anaesthesia or removal of epidural cath-
eter can be performed 12 h after last dose of 
LMWH. After insertion of epidural or spinal, a 
dose can be given 4 h later. 

 In women receiving therapeutic doses of 
LMWH, 24 h should elapse after the last dose of 
LMWH before regional anaesthesia or removal 
of epidural catheter. After insertion of epidural/
spinal, a dose can be given 4 h later [ 5 ].  

    Uterine Atony 

 Many oxytocics have severe consequences for 
those with cardiac disease, but withholding them 
can lead to haemorrhage. A balanced individual-
ised approach is best. 

 Oxytocin can cause profound tachycardia, vaso-
dilatation and hypotension when administered as 
an IV bolus, so administer the bolus as an infusion 
(e.g. 5 units in 20 ml over 5–10 min). If at particular 
risk of cardiovascular effects (e.g. severe aortic ste-
nosis), then it may be best omitted. A low-dose 
infusion with 10 units per hour can be used post 
delivery with careful monitoring. 

 Ergometrine causes pulmonary vasoconstric-
tion and hypertension, so avoid in most cardiac 
cases especially pulmonary hypertension. 

 Prostaglandin F2∝ (carboprost) can cause 
severe bronchospasm, hypertension, cardiovas-
cular collapse and pulmonary oedema making it 
unsuitable in most cases.
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•    Uterine massage can be used to provide tempo-
rary relief but may require adequate analgesia.    

 Other surgical options in the event of refrac-
tory uterine atony include: an intrauterine balloon 
that can be left in 1–2 days after caesarean section 
or vaginal delivery, uterine compression sutures 
(e.g. B-Lynch suture), internal iliac balloon 
 catheterization/ligation and hysterectomy [ 5 ].  

    Contraceptive Advice 

 Barrier contraceptive is best suited but it has a 
high failure rate with atypical uses. IUDs and 
hormonal contraceptive belong in class C of 
WHO where risk outweighs its usage in heart 
disease patients. Early completion of family as 
all heart diseases progress with age and perma-
nent contraception is better approach. Tubectomy 
in women would involve anaesthesia-related 
risk, so vasectomy in men is the safest approach.   

    Summary 

 Women at low risk in pregnancy are those who 
have few or no symptoms and good ventricular 
function without haemodynamically compromis-
ing or potentially life-threatening arrhythmias. 
They lack severe left ventricular infl ow or out-
fl ow obstruction, do not have signifi cant pulmo-
nary or systematic hypertension and do not need 
to take anticoagulants. 

 After full cardiac assessment, low-risk patients 
can be managed locally while maintaining poten-
tial links with the obstetric cardiac centre should 
any question or problem arise. 

 Patients at higher risk need to be managed 
within or from the cardiac centre, and the highest 
risk patients will need admission for about 20 
weeks. 

 The mode and time of delivery should be dis-
cussed and decisions made well in advance. 
Vaginal delivery is usually advised. Exceptions 

are patients with dilated Marfan aortic roots or 
aortic dissections, uncorrected coarctation, pul-
monary vascular disease (including Eisenmenger’s 
syndrome) and/or cyanosis and patients with 
mechanical valve prostheses in order to minimise 
the period of heparin withdrawal. Epidural anaes-
thesia is favoured, but vasodilatation should be 
avoided in patients with cyanosis or when stroke 
output is compromised. Adequate fl uid volume 
loading is important but should not be overdone in 
patients with left ventricular obstruction or severe 
hypertrophic cardiomyopathy. Invasive monitor-
ing is rarely justifi ed by its inherent risks. 

 Antibiotic prophylaxis is discretionary for 
anticipated normal delivery. The risk of endocar-
ditis has been shown to be very low and the ben-
efi ts have not been proved, but cover is logical 
and wise for surgical deliveries, for patients with 
intracardiac prostheses of any sort and for 
patients who have had previous endocarditis. 

 In patients with pulmonary hypertension post-
partum week and be conducted in the CCU for 
high-risk patients with continuous pulse oxime-
try as this is their period of highest risk when an 
increase.     
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      Acute Renal Failure (Acute Kidney 
Injury) in Pregnancy                     

     Gita     Arjun       and     M.     Sivalingam     

           Introduction 

 Acute renal failure (ARF or acute kidney injury 
[AKI]) in pregnancy is characterized by a rapid 
decrease in the glomerular fi ltration rate (GFR) 
over a matter of minutes or days. It may result 
from many of the same causes that occur in non-
pregnant women. However, there are specifi c con-
ditions in pregnancy that may precipitate ARF [ 1 ]. 
Understanding the causes of renal functional dete-
rioration in pregnancy is important in arriving at a 
rational differential diagnosis and initiating appro-
priate treatment. In pregnancy, development of 
ARF is a major clinical challenge because it affects 
both mother and fetus. Management options, 
therefore, need to take both maternal and fetal 
well-being into consideration. Prevention, early 
recognition, and appropriate therapeutic decisions 
are imperative in improving maternal and perinatal 
outcomes. ARF in pregnancy is a complex entity, 
requiring a multidisciplinary approach with the 
nephrologist playing an important role.  

    Incidence 

 Though the incidence of pregnancy-related ARF 
has dropped in developed countries (reported 
incidence of 1–2.8 %) [ 1 ,  2 ], it continues to be as 
high as 9–25 % in developing countries like 
India [ 3 – 6 ].  

    General Causes of Acute Renal 
Failure 

 Acute tubular necrosis (ATN) resulting from 
infection, glomerulonephritis related to lupus, or 
drug toxicity may induce ARF in both nonpreg-
nant and pregnant patients [ 7 ].  

    Causes of Acute Renal Failure 
Unique to Pregnancy 

 ARF is associated with two distinct periods in 
pregnancy: the fi rst trimester and the third 
trimester [ 8 ]. Postpartum ARF resulting from 
hemorrhage and sepsis also contributes to its 
incidence. 

    Causes in the First Trimester 

 In the fi rst trimester, the causes of ARF are usu-
ally prerenal (Table  6.1 ). The commonest causes 
are the following:
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•     Hyperemesis gravidarum  
•   Septic abortion     

    Hyperemesis Gravidarum 

 The ARF in hyperemesis is prerenal and results 
from severe volume depletion. The reduction in 
renal perfusion is recognized by the rise in blood 
urea nitrogen, out of proportion to the serum cre-
atinine [ 1 ]. Adequate fl uid replacement should be 
instituted to correct the acid-base and electrolyte 
abnormalities. The hyperemesis should be 
addressed with a multipronged approach with 
antiemetics playing an important part in its 
management.  

    Septic Abortion 

 Septic abortion still plays a major role in the 
development of ARF in developing countries like 
India. In India, the incidence of ARF due to post-
abortal complications has dropped from 59.7 % 
[ 9 ] in the 1970s to 20 % [ 6 ] at present. This is a 
direct result of the legalization of abortion and a 
decrease in the incidence of sepsis. 

 As opposed to Western countries, the inci-
dence of bilateral renal cortical necrosis (BRCN) 
following septic abortion is very high in India 
and has been reported to occur in 14.28–28.57 % 
of cases [ 4 ,  6 ,  10 ]. Bilateral renal cortical necro-
sis may lead to chronic kidney disease (CKD).  

    Causes in the Third Trimester 

 The causes of ARF in the third trimester can be 
divided into prerenal and intrarenal (Table  6.1 ). 

    Prerenal Causes 

•     Hemorrhage (Placental abruption)     

    Intrarenal Causes 

•     Preeclampsia  
•   Hemolysis, elevated liver enzymes, and low 

platelet count (HELLP) syndrome  
•   Acute fatty liver of pregnancy  
•   Thrombotic microangiopathies    

 The four most common causes of ARF in late 
pregnancy and the postpartum period are the 
following:

•    Preeclampsia  
•   HELLP syndrome  
•   Acute fatty liver of pregnancy  
•   Thrombotic microangiopathy      

    Preeclampsia 

 Preeclampsia is the most common form of high 
blood pressure (BP) that complicates pregnancy. 
It is the association of new-onset hypertension 
(≥140/90 mm of Hg) that develops after 20 weeks 
of gestation, with new-onset proteinuria [ 11 ]. 

 When a woman presents with hypertension 
with no proteinuria, there are other criteria that 
may lead to classifying her as having preeclamp-
sia [ 11 ]. These criteria are the following:

    Table 6.1    Common causes of acute renal failure in 
pregnancy   

 Prerenal  First trimester  Hyperemesis 
gravidarum 

 Septic abortion 

 Third 
trimester 

 Hemorrhage 

 Placental abruption 

 Postpartum  Postpartum 
hemorrhage 

 Intrarenal  Third 
trimester 

 Preeclampsia 

 HELLP syndrome 

 Acute fatty liver of 
pregnancy 

 Thrombotic 
microangiopathy 

 Postrenal  Any trimester  Obstruction 
(nephrolithiasis) 
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•    Thrombocytopenia (platelet count less than 
100,000/μl)  

•   Impaired liver function (elevated blood levels 
of liver transaminases to twice the normal 
concentration)  

•   The new development of renal insuffi ciency 
(elevated serum creatinine greater than 
1.1 mg/dL or a doubling of serum creatinine in 
the absence of other renal disease)  

•   Pulmonary edema  
•   New-onset cerebral or visual disturbances    

 Preeclampsia is classifi ed as  non-severe  or 
 severe . Signs that point to severe preeclampsia 
are the following [ 12 ]:

•    Blood pressure ≥160/110 mmHg  
•   Signifi cant proteinuria  
•   Multiorgan involvement    

 Non-severe preeclampsia is not associated 
with ARF. Renal failure is unusual even with 
severe cases (1–5 %) [ 13 ]. Severe preeclampsia 
may be associated with a mild degree of azote-
mia, due in part to reduced permeability of the 
glomerular capillary wall [ 6 ]. 

 Seventy percent of patients with preeclampsia 
develop glomeruloendotheliosis which persists in 
the immediate postpartum period. However, 
these changes reverse completely in the majority 
of patients. 

 The changes in preeclampsia that may lead to 
acute renal failure in preeclampsia are listed in 
Table  6.2 .

   Pregnancy complications superimposed on 
preeclampsia may precipitate ARF. These com-
plications are the following:

•    Signifi cant bleeding with hemodynamic 
instability  

•   Marked disseminated intravascular coagula-
tion (DIC)  

•   HELLP syndrome ( h emolysis,  e levated  l iver 
enzymes, and  l ow  p latelets) [ 14 ]  

•   Placental abruption which may occur with 
severe preeclampsia     

    HELLP Syndrome 

 HELLP is a syndrome characterized by  h emoly-
sis,  e levated  l iver enzymes, and  l ow  p latelet 
count. Though it is associated with severe pre-
eclampsia, 15–20 % of women with HELLP syn-
drome do not have hypertension or proteinuria 
[ 15 ]. Unlike preeclampsia, it is more common in 
multiparous women. 

 In the HELLP syndrome, hepatic involvement 
and hemolysis are more severe than in pre-
eclampsia. Infarction and hemorrhage are more 
pronounced and rupture of liver hematoma is 
more common. 

 ARF occurs in 7–36 % of women with the 
HELLP syndrome [ 15 ,  16 ]. As in severe pre-
eclampsia, ARF may be a result of direct renal 
injury or as a consequence of abruption. 

 The ARF that develops as a consequence of the 
HELLP syndrome can necessitate dialysis in the 
acute phase in approximately 10–46 % of preg-
nant women [ 17 ]. However, even women requir-
ing dialysis demonstrate a complete recovery of 
kidney function [ 18 ]. Though the maternal mor-
tality following ARF in the HELLP syndrome is 
low (1 %), perinatal mortality rate is higher, rang-
ing between 7 and 34 % [ 15 ,  19 ,  20 ]. Perinatal 
mortality is more common in early- onset disease, 
which tends to be more severe [ 15 ].  

    Acute Fatty Liver of Pregnancy 

 Acute fatty liver of pregnancy (AFLP) is associ-
ated with fatty infi ltration of hepatocytes without 
infl ammation or necrosis. The disease is caused 
by an autosomal recessive genetic error. An 

   Table 6.2    Causes of ARF in preeclampsia   

 Primary 
changes 

 Glomeruloendotheliosis 

 Decrease in GFR 

 Decrease in renal plasma fl ow 

 Secondary 
effects 

 Intravascular volume depletion 

 Vasoconstriction 

 Activation of infl ammatory cascade 

 Activation of coagulation cascade 
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excessive fetal fatty acid accumulation is released 
into the maternal circulation. The resulting 
increased load of long-chain fatty acids is depos-
ited in liver tissue and leads to impaired hepatic 
function. 

 Though a rare complication of pregnancy, it is 
an obstetric emergency which can lead to fulmi-
nant hepatic failure. AFLP is associated with 
acute renal failure in up to 60 % of cases [ 21 – 23 ]. 
There is decreased renal perfusion or acute tubu-
lar necrosis. 

 In the early stages, it may be diffi cult to dif-
ferentiate AFLP from severe preeclampsia and/or 
HELLP syndrome [ 24 ]. The diagnosis should be 
suspected when preeclampsia is associated with 
[ 7 ]:

•    Hypoglycemia  
•   Hypofi brinogenemia  
•   Liver function test abnormalities with 

hyperbilirubinemia  
•   Prolonged partial thromboplastin time (PTT) 

in the absence of abruptio placentae    

 Most severely affected women will have com-
plete recovery of liver and kidney function after 
delivery. However, AFLP is associated with sub-
stantial maternal and perinatal morbidity and 
mortality [ 25 ].  

    Thrombotic Microangiopathies 

 Thrombotic microangiopathies are a combina-
tion of thrombocytopenia and microangiopathic 
anemia. They are rare and affect 1 in 25,000 
pregnancies. They are characterized by the pres-
ence of fi brin and/or platelet thrombi in the 
microcirculation of multiple organs [ 26 ]. It 
might be diffi cult to differentiate severe pre-
eclampsia from thrombotic microangiopathies 
because of the similar clinical and histologic 
characteristics [ 7 ]. A history of preceding 
hypertension and proteinuria favors a diagnosis 
of preeclampsia. 

 Thrombotic microangiopathies can be 
divided into two distinct entities depending on 
which organ is more affected and the timing of 
onset:

    1.     Thrombotic thrombocytopenic purpura (TTP) :
    (a)    Neurologic abnormalities are dominant 

and kidney injury is minimal.   
   (b)    Diagnosed predominantly in the second 

and third trimesters.    
      2.     Hemolytic-uremic syndrome (HUS) :

    (a)    Renal failure is profound.   
   (b)    Diagnosed primarily in the postpartum 

period.    
      In actual practice the distinction may be diffi cult 
since the clinical manifestations of these two 
conditions may overlap. 

 TTP is identifi ed by the presence of fever, 
thrombocytopenia (usually severe), microangio-
pathic hemolytic anemia, mild renal failure (creati-
nine <1.4 mg/dL), and neurologic symptoms like 
disorientation, ataxia, headache, focal changes, sei-
zures, or aphasia [ 27 ]. The clinical features of HUS 
are similar, but neurological involvement is rare 
while renal involvement is profound. 

  A disintegrin and metalloproteinase with 
thrombospondin motifs 13  (ADAMTS-13) is also 
known as  von Willebrand factor-cleaving prote-
ase  (VWFCP). An enzyme produced by liver 
stellate cells, endothelial cells, and platelets, it is 
responsible for cleaving large von Willebrand 
factor multimers. When ADAMTS-13 is defi -
cient (defi ned by ADAMT-13 activity of <10 %), 
these large multimers continue to circulate, lead-
ing to platelet aggregation and red cell fragmen-
tation. This enzymatic defi ciency can be 
congenital (rare), but is mostly acquired due to 
autoantibodies [ 28 ]. 

 The differentiating features of severe pre-
eclampsia, HELLP syndrome, acute fatty liver of 
pregnancy, thrombotic thrombocytopenic pur-
pura, and hemolytic-uremic syndrome are listed 
in Table  6.3 .

        Uterine Hemorrhage and ARF 

 Acute renal failure is especially common in preg-
nancy complicated by:

•    Placental abruption  
•   Disseminated intravascular coagulation  
•   Postpartum hemorrhage    
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 Massive hemorrhage is implicated as a cause 
of ARF in pregnancy. If there is associated severe 
preeclampsia or HELLP syndrome, the renal 
consequences of hemorrhage are worsened [ 29 ]. 
Hemorrhage will exacerbate the hypovolemic 
state already associated with severe preeclampsia 
and precipitate the development and progression 
of acute tubular necrosis (ATN). 

 If acute hemorrhage, and the resultant hypovo-
lemia, is not treated adequately and immediately, 
transient acute tubular necrosis may result. ATN is 
potentially reversible and with supportive therapy, 
the damage can be minimal. Since pregnancy is 
associated with heightened infl ammation and is a 
prothrombotic state, without immediate interven-
tion, the ATN can progress rapidly to bilateral renal 
cortical necrosis (BRCN). This almost always 
leads to permanent and irreversible renal damage. 
Twenty percent of cases of acute renal failure of 
obstetric origin progress to BRCN [ 10 ]. 

 Diagnosis of ATN:

•    Urinary sodium >25 mEq/L.  
•   Urine exam shows tubular cell debris and 

brown granular (pigmented) casts.  
•   Oliguria (50 % of cases).    

 Diagnosis of BRCN:

•    Anuria persisting for >1 week  
•   CT with contrast or selective renal angiogra-

phy (imaging not essential)

 –    Delayed fi lling  
 –   Poor arborization of the interlobar arteries  
 –   Absent or nonhomogeneous fi lling at the 

level of the cortex     
•   Renal biopsy     

    Management of ARF in Pregnancy 

 Treatment of acute kidney injury in pregnancy 
poses special challenges, as there are risks to 
both the mother and the fetus. Management is 
best provided by a multidisciplinary team that 
involves obstetricians, nephrologists, neonatolo-
gists, and other specialists as needed. 

 The key issues in the management of ARF in 
pregnancy include:

•    Correction of hypovolemia when present  
•   Prevention of further injury  
•   Initiation of renal replacement therapy (dialy-

sis) when indicated  
•   Treatment of underlying cause  
•   The delivery of a baby and the placenta as 

promptly as possible    

 It would be prudent to discontinue and avoid 
nephrotoxic drugs as well as to treat any associ-
ated infection such as urinary tract infection [ 30 ]. 
Commonly used nephrotoxic drugs include non-
steroidal anti-infl ammatory drugs (NSAIDs) and 
aminoglycoside antibiotics such as amikacin and 

   Table 6.3    Severe preeclampsia, HELLP syndrome, acute fatty liver of pregnancy, TTP, and HUS: differentiating 
features   

 Severe 
preeclampsia  HELLP  AFLP  TTP  HUS 

 Onset of symptoms  3rd trimester  3rd trimester  3rd 
trimester 

 2nd or 3rd 
trimester 

 Postpartum 

 Hypertension  100 %  80 %  25–50 %  Occasionally  + 

 Acute renal failure  Mild  Mild/moderate  Moderate  Mild/moderate  Severe 

 Thrombocytopenia  +/−  +  –  ++  ++ 

 Hemolytic anemia  –  _  −/+  ++  + 

 Increased PTT  −/+  −/+  +  –  – 

 Increased liver transaminase  −/+  +  ++  –  – 

 ADAMTS-13 activity <10 %  –  –  –  ++  + 

 Renal outcome  Good  Good  Good  Poor  Poor 

   AFLP  acute fatty liver of pregnancy,  HELLP  hemolysis, elevated liver enzymes, and low platelet count,  TTP  thrombotic 
thrombocytopenic purpura,  HUS  hemolytic-uremic syndrome  
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gentamicin. Patients who are hypovolemic would 
require intravenous fl uids to restore and maintain 
renal as well as uroplacental perfusion. Although 
rarely undertaken in pregnancy, it would also be 
important to avoid radiocontrast studies in 
patients with ARF.  

    Complications of ARF in Pregnancy 

 Complications of ARF in pregnancy are similar 
to other patient groups and include:

•    Hypertension  
•   Electrolyte abnormalities

 –    Hyperkalemia  
 –   Hypocalcemia     

•   Metabolic acidosis  
•   Anemia  
•   Volume overload    

    Hypertension 

 Hypertension is common in patients with ARF, 
and there is no consensus about the blood pres-
sure level at which antihypertensives should be 
started in pregnancy [ 12 ,  31 ,  32 ]. NICE guide-
lines [ 33 ] recommend starting treatment when 
the blood pressure is ≥150/100 mm of Hg. 
 Labetalol  is the initial drug of choice. The target 
blood pressure to be achieved is a systolic of 
<150 mm of Hg and a diastolic blood pressure 
between 80 and 100 mm of Hg. 

 Other antihypertensives such as methyldopa, 
hydralazine, and nifedipine can also be used 
safely in pregnancy. Hydralazine is often used 
intravenously in pregnant women who present 
with severe hypertension due to preeclampsia 
[ 34 ]. However, a meta-analysis of randomized 
controlled trials for the treatment of moderate to 
severe hypertension in pregnancy was not in 
favor of using hydralazine as its use was associ-
ated with a higher incidence of maternal side 
effects including hypotension, placental abrup-
tion, and oliguria [ 35 ]. Methyldopa should also 
be switched to an alternative antihypertensive in 
the postnatal period as it increases the risk of 

postnatal depression [ 36 ]. Other commonly used 
antihypertensives such as angiotensin-converting 
enzyme (ACE) inhibitors and angiotensin II 
receptor blockers (ARB) should be avoided in 
pregnancy.  

    Hyperkalemia 

 Hyperkalemia can be treated with either insulin 
and dextrose or cation exchange resin although 
persistent and severe hyperkalemia would be an 
indication for renal replacement therapy [ 37 ]. 
Care should be taken to avoid hypoglycemia 
when treating hyperkalemia with insulin and 
dextrose, given the risks to the mother as well as 
the fetus.  

    Metabolic Acidosis 

 Mild acidosis is common in pregnancy and 
sodium bicarbonate can be used to correct wors-
ening metabolic acidosis [ 38 ].  

    Anemia 

 Anemia is also common in ARF and can be man-
aged with blood transfusion which, however, may 
exacerbate hyperkalemia and volume overload in 
patients with renal failure [ 39 ]. Human recombi-
nant erythropoietin (EPO) has been used safely in 
pregnancy, but higher doses may be required to 
achieve the desired target hemoglobin [ 40 ].   

    Renal Replacement Therapy (RRT) 
or Dialysis 

 The indications for renal replacement therapy 
(RRT) or dialysis are similar to other patients 
with ARF and are listed in Table  6.4 .

   No specifi c guidelines exist to steer RRT in 
pregnant women. However, relying on experience 
with RRT in nonpregnant women alone fails to 
take account the impact of the physiological 
changes that often accompany pregnancy [ 41 ]. 
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Glomerular fi ltration rate increases by about 50 % 
in pregnancy as a result of increased renal plasma 
fl ow [ 42 ]. These changes occur early and persist 
till term, resulting in a fall in serum creatinine by 
about 20–30 % during pregnancy, compared to 
pre-pregnancy values [ 43 ]. Given this, standard 
dose of RRT used in nonpregnant patients may not 
be adequate in the setting of ARF in pregnancy. 

 Available evidence in women with end-stage 
renal disease (ESRD) suggests that intensifi ed dial-
ysis regimens are associated with improved mater-
nal and fetal outcomes [ 44 ,  45 ]. A large registry 
study done in Belgium also suggested that increas-
ing dialysis time was more likely to be associated 
with successful pregnancy, although premature 
deliveries were common in ESRD patients [ 46 ]. 
Similar fi ndings were recently reported in a com-
parative analysis of a Canadian and US cohort of 
pregnant hemodialysis patients [ 47 ]. 

 It is recommended that dialysis be started 
early in pregnant women with ARF [ 48 ] when:

•    GFR is ≤20 ml per minute.  
•   Serum creatinine is between 3.5 and 5 mg/dl.    

    Options for RRT 

 The options for RRT in ARF include:

•    Intermittent hemodialysis  
•   Peritoneal dialysis (PD)  
•   Continuous hemofi ltration (CRRT)  
•   Slow low effi ciency dialysis (SLED)    

    Hemodialysis 
 Daily intermittent dialysis is advised, aiming for 
>20 h of dialysis per week to keep pre-dialysis 
blood urea nitrogen (BUN) levels to <40 mg/dL 

or blood urea levels to <60 mg/dL [ 37 ,  44 ,  48 ]. 
Frequent dialysis is critical as this:

•    Lowers ultrafi ltration volume per session  
•   Minimizes the risk of intra-dialytic hypoten-

sion thus reducing:
 –    The risk of fetal hypoperfusion  
 –   Signifi cant metabolic shifts       

 When calculating dry weight, it is important 
to take account of the normal weight gain of 0.3–
0.5 kg per week in the second and third trimes-
ters. As pregnancy is associated with respiratory 
alkalosis with metabolic compensation, dialysate 
bicarbonate should be lowered to keep serum 
bicarbonate in the low pregnancy range of 
18–20 mmol/L. Additional folate supplements 
are recommended for these patients, as there is 
increased removal of water-soluble vitamins, in 
particular folate, with frequent dialysis [ 51 ]. 
Both heparin and low molecular weight heparin 
are safe in pregnancy as they do not cross the pla-
cental barrier and can be used for anticoagulation 
during dialysis [ 48 ]. Frequent dialysis may lead 
to hypokalemia and hypophosphatemia, and lev-
els of electrolytes should be checked after  dialysis 
and replaced as required. In addition, some 
patients also require nutritional supplements. 

 Although there are no randomized studies 
showing benefi t for any particular modality, 
hemodialysis is preferred over PD because:

•    It is more effi cient.  
•   It might be diffi cult to insert a PD catheter in 

pregnancy [ 49 ].  
•   The gravid uterus may limit the volume of 

fl uid used in each exchange.  
•   PD is associated with the potential risk of 

peritonitis [ 50 ].    

 Despite these limitations, PD may be the only 
option in rural areas in developing countries. 
Patients who are critically ill with hemodynamic 
instability and/ or multi-organ failure would benefi t 
from continuous hemofi ltration (CRRT). However, 
this is expensive and not widely available, particu-
larly in developing countries. Hybrid therapies such 
as slow low effi ciency dialysis (SLED) would be an 

   Table 6.4    Indications for renal replacement therapy   

 1. Electrolyte imbalance 

 2. Metabolic acidosis 

 3. Volume overload 

 4. Symptomatic uremia (pericarditis, neuropathy, 
mental status changes) 
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alternative option where CRRT is not available. 
Available evidence suggests that SLED provides 
comparable hemodynamic stability to continuous 
renal replacement therapy (CRRT) in nonpregnant 
ARF patients and so would be appropriate when 
CRRT is not available [ 52 ]. 

 Table  6.5  lists the important considerations 
specifi c to dialysis in pregnancy.

         Management Based on Underlying 
Disorder 

    Hyperemesis Gravidarum 

 Patients with ARF in the fi rst trimester of preg-
nancy due to hyperemesis gravidarum usually 
respond to adequate volume replacement with 
normal saline with or without potassium supple-
ments and antiemetics. Although uncommon, 
some patients with severe ARF due to hypereme-
sis may require dialysis [ 53 ].  

    Septic Abortion 

 In patients with ARF due to septic abortion, 
treatment includes broad-spectrum antibiotics 
and evacuation of uterine contents. Some 
patients with septic abortion develop acute cor-
tical necrosis and require renal replacement 
therapy.  

    Preeclampsia and HELLP Syndrome 

 Preeclampsia is a progressive, multisystemic dis-
ease process, as mentioned earlier. To date, the 
most effective treatment strategy is delivery of 
the fetus and placenta. Therefore, in the case of 
preeclampsia-related ARF, delivery is indicated. 
The mode of delivery (vaginal vs. cesarean) is 
based on the clinical situation. 

 When the gestational age is 34 weeks or more, 
delivery should be immediate. When the 
 gestational age is less than 34 weeks, the use of 
glucocorticoids is indicated to accelerate fetal 
pulmonary maturity. 

 Prompt delivery is also indicated when life- 
threatening maternal complications are present 
such as severe hypertension refractory to treat-
ment, pulmonary edema, acute kidney injury, 
hepatic rupture, and eclampsia (Table  6.6 ). 
Induction of labor does not seem to increase neo-
natal morbidity but is rarely successful in patients 
with severe preeclampsia who present at <28 
weeks [ 54 ].

   The principles of management of ARF pre-
cipitated by preeclampsia and its complications 
are supportive and, depending on the clinical sce-
nario, include [ 55 ]:

•    Replacement of blood products  
•   Maintenance of intravascular volume  
•   Renal replacement therapy    

   Table 6.5    Dialysis in pregnancy: specifi c concerns   

 Variable  Concerns in pregnancy 

 Hemodynamics  Avoid hypotension, volume 
changes, and fl uid fl uctuations 

 Pre-dialysis 
serum BUN 

 Maintain < 40 mg/dL 

 Serum 
bicarbonate 
levels 

 Pregnancy is associated with 
respiratory alkalosis and metabolic 
compensation. Dialysate 
bicarbonate should be lowered to 
keep serum bicarbonate in the low 
pregnancy range 

 Folate 
supplements 
and vitamins 

 Increased supplementation required 
since serum folate and other 
water-soluble vitamins are removed 
by dialysis 

 Anemia  Therapeutic dosage of 
erythropoietin (if required) is 
higher in pregnancy 

 Serum calcium, 
potassium, and 
phosphates 

 Watch out for hypercalcemia, 
hypokalemia, and 
hypophosphatemia 

 Uterine 
contractions 

 Watch for preterm contractions and 
preterm labor associated with 
dialysis 

 Maternal weight 
gain 

 When calculating dry weight, it is 
important to take account of the 
normal weight gain of 0.3–0.5 kg/
week in the second and third 
trimesters 

   Table 6.6    Indications for immediate delivery   

 1. Severe hypertension refractory to treatment 

 2. Pulmonary edema 

 3. Acute kidney injury 

 4. Hepatic rupture 

 5. Eclampsia 
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 The major causes of maternal mortality are 
cerebrovascular accidents and pulmonary edema. 
Therefore, the control of blood pressure and post-
partum fl uid management are vital in patients 
with preeclampsia [ 56 ,  57 ]. 

 Excessive fl uid administration in patients with 
severe preeclampsia can lead to pulmonary 
edema particularly in the postpartum period, and 
so it is important to monitor patients closely and 
limit the intravenous fl uids [ 58 ]. Acute pulmo-
nary edema may lead to mortality in pregnant 
women. In the absence of ongoing fl uid loss, it 
would be advisable to limit the fl uid to <80 ml 
per hour. Fluid challenges should be avoided. 
The presence of features of pulmonary edema 
would be an indication for using intravenous 
diuretics such as furosemide. Nitroglycerin 
(NTG) infusion may be used and would also be 
effective in lowering blood pressure in these 
patients. Patients who are oliguric and do not 
respond to the above measures need to be consid-
ered for renal replacement therapy. Management 
of fl uid administration in severe preeclampsia is 
summarized in Table  6.7 .

   Magnesium sulfate is the mainstay of treat-
ment for eclampsia [ 59 ]. As the kidneys excrete 
magnesium sulfate, dosing should be adjusted in 
patients with renal failure to avoid magnesium 
toxicity. Hypermagnesemia can lead to respira-
tory depression and weak or absent deep tendon 
refl exes. Patients with renal failure need to be 
monitored intensively for signs of magnesium 
toxicity. Calcium gluconate and diuretics can be 
used to reverse the effects of hypermagnesemia. 

    Acute Fatty Liver of Pregnancy (AFLP) 
 As in preeclampsia/HELLP syndrome, patients 
with AFLP require urgent delivery once the 
mother is stabilized and most patients improve 
afterwards. The major issues are hypoglycemia 

and coagulopathy. Hypoglycemia requires con-
tinuous dextrose infusion, and coagulopathy is 
corrected with blood products such as FFP, cryo-
precipitate, and platelets as required. Though 
recovery tends to be prolonged, most patients 
recover renal function after delivery with sup-
portive measures. RRT is rarely indicated [ 55 ].  

    Bilateral Renal Cortical Necrosis (BRCN) 
 Most patients with BRCN require dialysis and 
treatment is supportive. No specifi c treatment has 
been shown to be effective for BRCN. Some 
patients have partial recovery of renal function, and 
few remain free of dialysis for up to 12 years [ 60 ].  

    Thrombotic Microangiopathies 
 Acute renal failure occurs in two thirds of these 
patients [ 61 ]. Plasmapheresis is the standard 
treatment of choice for TTP/HUS and can reduce 
the mortality from 90 to 10–20 % [ 62 ]. 
Corticosteroids have also been used as an adjunc-
tive treatment for ADAMTS-13 defi ciency- 
related thrombotic microangiopathy, but there 
has been no defi nitive evidence of effi ciency of 
steroids in this setting [ 63 ]. In the presence of 
high titer autoantibodies, plasmapheresis or FFP 
may fail to induce or maintain remission [ 64 ]. 
Rituximab, a B cell depleting antibody, has been 
used as a second-line option in these patients, but 
its use in pregnancy has potential for fetal toxic-
ity. Rituximab undergoes an active transplacental 
transport through Fc receptors during the third 
trimester of pregnancy leading to fetal accumula-
tion [ 63 ]. However, rituximab is cleared within 
3–4 months postpartum from the newborn circu-
lation [ 65 ]. A retrospective review of women 
treated with rituximab during pregnancy for con-
ditions such as lymphomas and autoimmune dis-
orders reported that 60 % managed live births 
with only 2.2 % congenital abnormalities [ 66 ]. 
Less than 10 % of the neonates had evidence of B 
cell depletion. Although the short-term outcome 
data seems good, long-term prospective studies 
are needed to assess the impact of rituximab on 
the immune system of neonates. 

 About 80 % of those with pregnancy- 
associated HUS fail to recover renal function 
despite plasmapheresis and FFP infusions, 
and most of these patients have complement 

   Table 6.7    Management of fl uid administration in severe 
preeclampsia   

 Fluid replacement  Restricted to <80 ml/h 

 Fluid challenges  To be avoided 

 In the presence of 
pulmonary edema 

 Furosemide 

 Nitroglycerin infusion 

 In the presence of persistent 
oliguria 

 Renal replacement 
therapy 
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abnormalities [ 28 ]. Eculizumab, a monoclonal 
humanized IgG, is a potent inhibitor of comple-
ment activation. It inhibits the cleavage of C5 and 
so prevents the generation of C5a and C5b and 
thus blocks the common terminal activation step 
of all three-complement pathways [ 67 ]. Several 
case reports have been published which show the 
effectiveness of eculizumab both in HUS and 
atypical HUS and affecting native and transplant 
kidneys [ 68 ,  69 ]. In addition, the effi cacy of ecu-
lizumab does not seem to be affected by the pres-
ence or absence of complement gene mutations. 
There have been reports of using eculizumab in 
pregnant women with paroxysmal nocturnal 
hemoglobinuria (PNH) with no reported safety 
issues for the fetus [ 70 ]. However, it is out of 
reach for most patients in developing countries as 
it costs almost half a million dollars per patient 
per year.    

    Fetal Considerations 

 Pregnancy-related acute renal failure is associ-
ated with adverse perinatal outcomes. Most of 
the problems arise due to altered uteroplacental 
hemodynamics. There is also an increased risk of 
preterm labor with the use of dialysis. Attention 
must be paid to the volume status, adverse fetal 
effects of maternal medication, and maternal sol-
ute load [ 55 ]. Frequent fetal assessment using 
non-stress testing and biophysical profi le is indi-
cated. In women with hemodynamic instability, 
the monitoring is intensifi ed since the fetus is at 
grave risk in those situations. However, maternal 
stability must be ensured before intervention is 
applied for fetal benefi t. Steroids for fetal lung 
maturity should be administered if delivery is 
expected between 28 and 34 weeks.  

    Conclusion 

 Acute renal failure has different incidence, eti-
ology, and consequences in pregnant women 
in developing countries as compared to those 
in developed countries. Septic abortion and 
puerperal sepsis still play a large etiological 
role in developing countries. Less than 1 in 
10,000–15,000 pregnancies needed RRT in 

the developed world [ 71 ] as compared to 60 % 
of women with pregnancy-related ARF in a 
developing nation [ 72 ]. Peritoneal dialysis 
and intermittent hemodialysis still continue to 
be the more cost-effective and affordable RRT 
modalities in developing countries.     
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      Acute Fatty Liver of Pregnancy                     

     Asha     Reddy    

           Introduction 

 AFLP is an uncommon but potentially fatal com-
plication that occurs in the third trimester or early 
postpartum period [ 1 – 3 ]. Sheehan fi rst described it 
as an “acute yellow atrophy of the liver” in 1940. 
AFLP is characterized by microvesicular fatty 
infi ltration of hepatocytes without any infl amma-
tion or necrosis. It has an incidence of approxi-
mately one in 7000–15,000 pregnancies. In the 
past, maternal and perinatal mortality were 
reported to be as high as 75–85 %. With prompt 
diagnosis and treatment, the current maternal and 
perinatal mortality have greatly decreased. The 
exact pathogenesis is undetermined. Supportive 
care and expeditious delivery remain the best treat-
ment [ 1 – 3 ]. This article provides a brief review of 
AFLP, including etiology, pathophysiology, clini-
cal presentations, diagnosis, and management.  

    Etiopathogenesis 

 Studies suggest that AFLP may be a consequence 
of mitochondrial dysfunction. Association of 
AFLP with long-chain 3-hydroxyacyl-CoA dehy-
drogenase (LCHAD) defi ciency, a genetic, auto-
somal recessive, inborn error of metabolism in the 

fetus, is well recognized. Mitochondrial fatty acid 
beta-oxidation consists of a series of enzymatic 
reactions and generates energy from free fatty 
acids (FFA) for essential organs when the glyco-
gen stores are depleted. Defi ciency of LCHAD 
results in accumulation of medium- and long-
chain fatty acids has been identifi ed in some 
women with AFLP [ 1 ,  4 – 6 ]. 

 The most common mutation in the LCHAD 
gene occurs in the alpha-unit of the trifunctional 
protein gene (1528G → C), which alters amino 
acid 474 from glutamic acid to glutamine 
(E474Q). This mutation is associated with 
approximately 65–90 % of the LCHAD-defi cient 
patients. It is hypothesized because the mutation 
is recessive; under normal physiological condi-
tions, the mother does not have abnormal fatty 
acid oxidation. However, when both parents are 
heterozygous for this abnormality and the fetus 
acquires both of these mutations, the fetus is 
unable to oxidize the long-chain fatty acids. The 
unmetabolized FFA return to the maternal circula-
tion, which strains maternal hepatic activity lead-
ing to AFLP. Delivery of the fetus eliminates the 
strain on the maternal liver and explains eventual 
postpartum normalization fatty acid oxidation. 

 Some studies have not been able to confi rm 
the association between AFLP and LCHAD defi -
ciency. There are a number of mutations leading 
to LCHAD defi ciency and only specifi c genetic 
defects will lead to an increased risk of AFLP. It 
is also possible that there are several mutations in 
the LCHAD gene which are currently unknown. 
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 In AFLP, there is a progressive lipid accumula-
tion within the hepatocytes. Normal hepatic fat con-
tent is approximately 5 %. In AFLP, hepatic fat 
content can range from 13 to 19 %. Progressive 
lipid accumulation along with ammonia production 
by the hepatocytes leads to coagulopathy and hypo-
glycemia secondary to evolving hepatic failure. The 
liver in AFLP is usually small, soft, and yellow, due 
to hepatocytolysis and hepatocyte atrophy. The kid-
ney, pancreas, brain, and bone marrow may also 
demonstrate microvesicular fat infi ltration.  

    Risk Factors 

 Defi ciency of the enzyme LCHAD seems to pre-
dispose women to AFLP. 

 Other known risk factors for AFLP are:

    1.    Primigravidas.   
   2.    Pre-eclampsia.   
   3.    Male fetus.   
   4.    Multiple gestation. [There is no causal rela-

tionship identifi ed between these potential 
risk factors and AFLP as yet, although hypoth-
esis is that multiple gestations may place 
women at increased risk for AFLP because 
there is an increased production of fatty acid 
metabolites by more than one fetus.]   

   5.    Drugs have also been proposed to be associ-
ated with AFLP and there is a report of asso-
ciation between acetylsalicylic acid and 
AFLP. Nonsteroidal anti-infl ammatory drugs, 
including salicylates, inhibit trifunctional pro-
tein and thereby mitochondrial long-chain 
fatty acid oxidation in mitochondria, leading 
to AFLP in a heterozygous (LCHAD muta-
tion) mother with a homozygous fetus.     

 Ethnicity does not seem to be associated with 
AFLP.  

    Clinical Presentation 

     1.    Most women who are diagnosed with AFLP 
are in the third trimester of pregnancy and the 
mean gestational age is 35–36 weeks, with a 

range of 28–40 weeks. Isolated case reports of 
AFLP have shown that it can occur as early as 
22 weeks and as late as the immediate post-
partum period.   

   2.    Clinical fi ndings in AFLP vary because it may 
occur with different degrees of clinical sever-
ity and in conjunction with other third trimes-
ter symptoms, making early diagnosis of 
AFLP diffi cult.   

   3.    Patients often present with nonspecifi c symp-
toms such as anorexia, nausea, vomiting, mal-
aise, fatigue, headache, and abdominal pain.   

   4.    Fever and jaundice are very common and 
occur in more than 70 % of patients with 
AFLP. Tenderness in the right upper quadrant 
or midepigastric area may be present. The 
liver is usually small and nonpalpable.   

   5.    In severe cases, there is multisystem involve-
ment including acute renal failure, encepha-
lopathy, gastrointestinal bleeding, pancreatitis, 
and coagulopathy.   

   6.    Some may also have pre-eclampsia as well, 
with edema and hypertension. It is believed 
that the hemolysis, elevated liver enzymes, 
and low platelets (HELLP) syndrome, pre- 
eclampsia, thrombotic thrombocytopenia pur-
pura, and AFLP may all be a spectrum of the 
same illness.   

   7.    Transient diabetes insipidus may also occur 
but is very rare (Table  7.1 ).

   Table 7.1    Common features of AFLP [ 3 – 5 ,  7 ,  8 ]   

 Common signs and symptoms of AFLP 

 Common signs and symptoms  (%) 

 Nausea, vomiting, jaundice  70 

 Abdominal pain  60–70 

 Nervous system (altered sensorium, 
confusion, disorientation, psychosis, 
restlessness, seizures, coma) 

 60–80 

 Disseminated intravascular coagulation  55–80 

 Gastrointestinal bleeding  20–60 

 Acute renal failure  50 

 Oliguria  40–60 

 Tachycardia  50 

 Late-onset pyrexia  50 
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         A.     Lab fi ndings in AFLP  [ 4 – 9 ]

    1.     Hematology    

 Hemoglobin  Normal (unless hemorrhage/
hemolysis) 

 Hematocrit  Normal (unless hemorrhage/
hemolysis) 

 White blood cells  Mildly elevated 

 Platelets  Normal to mild decrease 

      2.     Liver function    

 Aspartate aminotransferase  Moderate to marked 
elevation 

 Alanine aminotransferase  Moderate to marked 
elevation 

  Gamma- glutamyltransferase  Mild elevation 

 Alkaline phosphatase  Moderate to marked 
elevation 

 Lactate dehydrogenase  Normal and then 
mild decrease 

   Bilirubin, total  Moderate to marked 
elevation 

 Bilirubin, direct  Moderate to marked 
elevation 

 Ammonia  Mild elevation 

 Lactate  Mild elevation 

 Glucose  Moderate-marked 
decrease 

 Cholesterol  Mild decrease 

 Triglycerides  Mild decrease 

      3.     Coagulation tests    

 International normalized 
ratio 

 Moderately to markedly 
elevated 

 Prothrombin time  Mildly elevated 

 Partial thromboplastin time  Mildly elevated 

 Fibrinogen  Moderately to markedly 
decreased 

 Fibrin split products  Present 

 Antithrombin III  Moderately to markedly 
decreased 

      4.     Renal 

 Uric acid  Moderately to markedly 
elevated 

 Blood urea nitrogen  Mildly elevated 

 Creatinine  Moderately to markedly 
elevated 

           B.     Imaging : Ultrasound and computed tomogra-
phy may show fatty infi ltration of the liver; 
however, the fi ndings are not sensitive or spe-
cifi c enough to make a defi nitive diagnosis of 
AFLP. False-negative results are common.   

   C.     Histopathology : Liver biopsy is usually not 
necessary for diagnosis. History, clinical fi nd-
ings, and lab and imaging results are suffi cient 
to make the diagnosis in most cases. Liver 
biopsy should not be performed to confi rm a 
diagnosis of AFLP or to distinguish AFLP 
from severe pre-eclampsia, because manage-
ment of both conditions are the same. Liver 
biopsy may be justifi ed rarely in cases when 
liver function does not return to normal post-
partum. Histologically, microvesicular steato-
sis with sparing of zone 1 is the characteristic 
feature. There may be patchy hepatocellular 
necrosis. Widespread necrosis or infl ammation 
is absent.    

      Diagnosis 

     1.    Diagnosis of AFLP is challenging because the 
initial clinical presentation may be nonspecifi c.   

   2.    Among other causes of pathological hepatic 
dysfunction, acute fatty liver of pregnancy 
(AFLP) is uncommon compared to pre- 
eclampsia and HELLP syndrome.   

   3.    History, clinical features, and biochemical 
abnormalities may mimic acute viral hepatitis, 
pre-eclampsia, HELLP syndrome, obstetric 
cholestasis, or other causes of hepatic 
dysfunction.   

   4.    AFLP is uncommon. Therefore, the best 
approach to any pregnant women with liver 
dysfunction is to quickly rule out other, more 
likely causes.     

    Differentiating AFLP from Other 
Causes of Pathological Hepatic 
Dysfunction in Pregnancy [ 3 – 9 ] 

     1.    Pre-eclampsia and eclampsia:
    (a)    Onset: 2nd or 3rd trimester.   
   (b)    Incidence: 5–10 %.   
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   (c)    Features: Nausea, vomiting, epigastric 
pain, edema, hypertension, mental status 
changes, and jaundice (late feature).   

   (d)    Labs: ALT <500 U/L, proteinuria, and 
DIC (7 %).   

   (e)    Maternal complications: Hypertensive 
crisis, renal impairment, hepatic rupture/
infarct, and neurological (seizures, cere-
brovascular accidents).   

   (f)    Fetal complications: Abruption and pre-
maturity; IUGR and perinatal morbidity 
and mortality.   

   (g)    One of the most common multiorgan dis-
eases of late pregnancy.   

   (h)    Women with AFLP can also have pre- 
eclampsia; however women with pre- 
eclampsia alone do not usually have 
jaundice or hypoglycemia which are char-
acteristic of AFLP.   

   (i)    AFLP often presents more acutely 
whereas pre-eclampsia develops over sev-
eral days or weeks.   

   (j)    Pre-eclampsia rarely presents with severe 
coagulopathy.       

   2.    HELLP syndrome:
    (a)    Onset: 3rd trimester   
   (b)    Incidence: 0.10 % (4–12 % of women 

with pre-eclampsia)   
   (c)    Features: Symptoms of pre-eclampsia 

(hypertension, headache, blurred vision), 
epigastric or right upper quadrant pain, 
nausea, vomiting, hematuria, and jaun-
dice (late feature)   

   (d)    Labs: Hemolysis, ALT <500 U/L, plate-
lets <100 × 109/L, elevated LDH, and 
DIC (20–40 %)   

   (e)    Maternal complications: Seizures; acute 
renal failure; hepatic rupture, hematoma, 
or infarct; and high mortality (1–3 %)   

   (f)    Fetal complications: Abruption and pre-
maturity; IUGR and perinatal morbidity 
and mortality       

   3.    Obstetric cholestasis:
    (a)    Onset: 2nd or 3rd trimester.   
   (b)    Incidence : 0.1–0.2 %.   
   (c)    Features: Intense pruritus, jaundice (20–

60 %, occurs about 1–4 weeks after onset 
of pruritus), and steatorrhea.   

   (d)    Labs: ALT <500 U/L, markedly elevated 
ALP and GGT, and increased bile acids; 
bilirubin (<103 μmol/L).   

   (e)    Maternal complications: Predisposed to 
cholestasis on subsequent pregnancies.   

   (f)    Fetal complications: Still birth, prematu-
rity, and fetal mortality (3.5 %).   

   (g)    OC may cause jaundice; however, it is pre-
dominantly characterized by intense pruri-
tus and elevated alkaline phosphatase.   

   (h)    OC is not associated with abdominal pain, 
nausea, vomiting, liver failure, or DIC.       

   4.    Viral hepatitis:
    (a)    Onset: Any trimester.   
   (b)    Incidence: Same as general population.   
   (c)    Features: Nausea, vomiting, and fever. 

Signs of pre-eclampsia are absent in viral 
hepatitis.   

   (d)    Labs: Serum transaminases are much 
higher (often more than 1000 U/L). 
Bilirubin is high. Viral serology tests will 
be positive. Uric acid levels are rarely 
elevated in fulminant hepatitis.   

   (e)    Maternal complications: Increased mor-
tality with hepatitis E.       

   5.    Drug-induced hepatitis:
    (a)    Onset: Any trimester   
   (b)    Incidence: Variable   
   (c)    Features: Nausea, vomiting, pruritis, and 

jaundice (in cholestatic hepatitis)   
   (d)    Labs: Variable   
   (e)    Maternal and fetal complications: 

Variable       
   6.    Acute fatty liver of pregnancy:

    (a)    Onset: 3rd trimester (rarely during 2nd)   
   (b)    Incidence: 0.01 %   
   (c)    Features: Malaise, upper abdominal pain, 

nausea, vomiting, jaundice (very very com-
mon), and encephalopathy (late feature)   

   (d)    Labs: ALT <500 U/L, hyperbilirubinemia, 
hypoglycemia, and elevated ammonia, 
leukocytosis, and DIC (>75 %) – throm-
bocytopenia, prolonged PT, and 
hypofi brinogenemia   

   (e)    Maternal complications: Acute renal 
failure, encephalopathy, ascites, sepsis, 
wound seroma, pancreatitis, and 
increased mortality   
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   (f)    Fetal complications: Increased mortality 
from asphyxia, prematurity, IUGR, and 
LCHAD defi ciency           

    Management [ 3 – 12 ] 

     (a)     Maternal Stabilization 
    1.    Early diagnosis, prompt delivery, and 

intensive supportive care are the corner-
stones in the management of AFLP.   

   2.    Lab fi ndings in AFLP frequently do not 
refl ect the magnitude of the condition. 
High level of suspicion, with low thresh-
old for inpatient admission to monitor, is 
important. If at high risk for multisystem 
organ failure and death, admission to the 
intensive care unit is recommended.   

   3.    Maternal stabilization should be achieved 
before delivery, which includes airway 
management, treatment of hypertension, 
correction of hypoglycemia, and electro-
lyte and coagulation abnormalities.   

   4.    Careful maintenance of intravenous fl uids 
and blood products and frequent assess-
ment of maternal vital signs and mental 
status are all crucial.   

   5.    Frequent fetal assessment is necessary.   
   6.    Multidisciplinary care involving different 

specialties such as intensive care, gastro-
enterology, and perinatology is essential.    

      (b)     Delivery of the Fetus 
    7.    Once the mother is stabilized, delivery of 

the fetus is the next step.   
   8.    Vaginal birth is probably the best approach 

if tolerated; however, caesarean birth is 
often performed because of rapidly dete-
riorating maternal-fetal status.    

      (c)     Postpartum Management 
    1.    During the postpartum recovery period, 

continued hemodynamic monitoring is 
necessary because of high risk of bleeding 
due to coagulopathy.   

   2.    Transfusion of fl uids and blood products 
may be needed.   

   3.    Patients are also at risk of hypoglycemia 
and glucose infusion may be needed.   

   4.    Potential complications of AFLP usually 
develop after the onset of hepatic and 
renal dysfunction. The development of 
pseudocysts with secondary infections or 
hemorrhagic pancreatitis with resultant 
retroperitoneal bleeding can be diffi cult to 
control, especially when patient has coag-
ulopathy. Serial screening of serum lipase 
and amylase for several days after the 
onset of hepatic dysfunction is necessary.   

   5.    Imaging studies such as computed tomog-
raphy or magnetic resonance imaging 
may be useful in assessing the develop-
ment of pseudocysts or hemorrhagic 
pancreatitis.   

   6.    The safety and effect of plasma exchange 
with continuous renal replacement ther-
apy for AFLP need evaluation.   

   7.    Liver transplantation has rarely been per-
formed for AFLP. Orthotopic liver trans-
plantation should be considered for those 
women with fulminant hepatic failure/
multisystem failure, irreversible liver fail-
ure despite delivery and aggressive sup-
portive care, hepatic encephalopathy, 
severe metabolic acidosis, or worsening 
coagulopathy or those with liver rupture 
complicated by hepatic necrosis as indi-
cated by computed tomography.    

          Outcomes [ 3 – 12 ] 

    Maternal Outcomes 

     1.    Mortality from AFLP is around 18 %.   
   2.    Deaths are usually secondary to sepsis, renal 

failure, circulatory collapse, pancreatitis, or 
gastrointestinal bleeding.   

   3.    Among survivors, liver function tests may 
show continued deterioration for up to 1 week 
postpartum but then slowly recover. On CT 
the liver volume initially decreases and recov-
ers eventually in the postpartum.   

   4.    Resolution of the disease is indicated by the 
improvement of hepatic function. Liver 
enzymes, ammonia, and coagulation studies 
will begin to normalize and will be followed 
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by a decrease in serum creatinine, as long as 
there is no permanent renal damage.   

   5.    Full clinical recovery usually occurs in several 
weeks with no long-term sequelae, although 
histological changes in the liver may persist 
for months.      

    Recurrence of AFLP 

     1.    AFLP can recur in subsequent pregnancies.   
   2.    The theoretical recurrence risk in subsequent 

pregnancies is 25 % with a mother carrying a 
homozygous mutant or compound heterozy-
gous fetuses; it is uncommon and only a few 
cases have been documented. However, this 
may be an underestimation, because many 
women may refrain from having further preg-
nancies after the fi rst occurrence.   

   3.    Affected women should be counseled. If nec-
essary the neonate and the mother should be 
tested for LCHAD defi ciency.   

   4.    If the patient decides to be pregnant again, she 
should be closely monitored for any early 
signs of acute fatty liver.   

   5.    Women should be counseled about the risk of 
recurrence and regularly monitored during the 
next pregnancy, even if the search for gene 
mutation is negative.      

    Fetal Outcomes 

     1.    Previously, the neonatal mortality rate had 
been as high as 85 %. Over the recent times, 
with prompt recognition and treatment, the 
mortality rate has dramatically decreased to 
approximately 20 %.   

   2.    Though perinatal survival rate has improved, 
evidence of fetal compromise is not uncom-
mon and can be present even in a clinically 
stable mother.   

   3.    Close fetal surveillance and neonatal care are 
essential.   

   4.    Cause for increased fetal distress and neonatal 
death in the absence of maternal clinical 
decompensation is not very clear. However, 
this could be due to premature delivery.   

   5.    Maternal metabolic acidosis secondary to 
impaired lactate clearance affects fetal acid- 
base status. Prompt correction of maternal 
metabolic acidosis is essential to the fetal 
well-being.      

    LCHAD Defi ciency in Infants 

     1.    Accumulation of the toxic metabolites in the 
mitochondria causes degeneration and fatty 
infi ltration of muscle fi bers affecting both skel-
etal and cardiac muscles. Lipid depositions 
within the hepatocytes lead to impaired biliru-
bin metabolism and progressive jaundice.   

   2.    Inherited LCHAD defi ciency may not be 
recognizable right away and usually pres-
ents in the neonatal period or in early child-
hood, frequently after a period of fasting or 
viral illness. At the time of diagnosis, infants 
frequently have severe liver failure, severe 
cardiomyopathy, and hypoketotic hypogly-
cemic encephalopathy which may be diffi -
cult to reverse. LCHAD defi ciency can be 
suddenly lethal.   

   3.    Molecular testing for this defi ciency should be 
performed in infants as well as in affected 
mothers and fathers. Although there are a 
number of mutations for LCHAD defi ciency, 
testing only for E474Q might be suffi cient 
because fetuses of affected mothers almost 
always have the E474Q mutation on at least 
one allele.   

   4.    A diet low in long-chain fatty acids and sup-
plemented with medium-chain triglycerides is 
recommended. Dietary therapy may improve 
long-term prognosis, although it does not pre-
vent irreversible ophthalmological changes 
such as fundal pigmentation.       

    Conclusion 

    1.     AFLP is an uncommon, life-threatening 
disorder developing in the third trimester of 
pregnancy or early postpartum period.   

  2.     Early diagnosis sometimes can be diffi cult 
because AFLP shares features with other 
common disorders such as pre-eclampsia, 
viral hepatitis, or cholestasis of pregnancy.   
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  3.     Careful history, physical examination, and 
laboratory and imaging results are often 
suffi cient to make the diagnosis. Liver 
biopsy is rarely indicated.   

  4.     Prompt delivery of the infant and intensive 
supportive care remain as the mainstay 
treatment for AFLP.         
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      Fulminant Hepatitis                     

     Suchitra     N.     Pandit       and     Deepali     P.     Kale    

           Introduction 

 Acute viral hepatitis (AVH) continues to be a 
public health problem in India despite improving 
sanitation, health awareness, and socioeconomic 
conditions. India is hyperendemic for hepatitis A 
and E [ 8 ]. 

 Hepatitis E virus (HEV), a member of the 
genus  Hepevirus  in the family  Hepeviridae  [ 10 ], 
is a major cause of enterically transmitted non-A 
non-B hepatitis in many developing countries 
with large epidemics already being reported in 
Asia, Africa, and Latin America [ 13 ]. .  High mor-
tality rates have been reported for HEV-related 
infection during pregnancy [ 8 ,  9 ].  

    Defi nition 

 Fulminant hepatitis or acute liver failure is 
defi ned as development of hepatic encephalopa-

thy within 4 weeks of acute hepatitis in a patient 
without pre existing liver disease [ 1 ]. 

 Acute viral hepatitis (AVH) is an infection 
predominantly involving the liver. Hepatitis 
virus A, B, C, D, E, and G are the causative 
agents [ 5 ]. 

 Acute viral hepatitis is defi ned usually by 
acute self-limited disease and a serum aspartate 
aminotransferase elevation of at least fi vefold or 
clinical jaundice or both (Table  8.1 ).

   Hepatic encephalopathy usually sets in ful-
minant hepatic failure in all classifi cations and 
has transition from a severe condition to a 
deadly disease. The interval between the onset 
of symptoms or jaundice and the appearance of 
encephalopathy enables grouping of patients 
with similar etiologies, clinical characteristics, 
and prognosis. Liver disorders in pregnancy 
encompass a wide spectrum, but FH is the con-
dition which has the most alarming and devas-
tating course. 

 Acute liver failure is a broad term that 
encompasses both fulminant hepatic failure 
and subfulminant hepatic failure (or late-onset 
hepatic failure). Fulminant hepatic failure is 
generally used to describe the development of 
encephalopathy within 8 weeks of the onset of 
symptoms in a patient with a previously healthy 
liver. Subfulminant hepatic failure is reserved 
for patients with liver disease for up to 
26 weeks before the development of hepatic 
encephalopathy.  
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    Etiology 

 The most common etiology implicated in FH is 
viral hepatitis. The viruses have different geo-
graphic distribution. Thus, hepatitis B virus 
(HBV) is a common cause of FHF in the Far 
East, and hepatitis E virus (HEV) is relevant in 
India [ 14 ]. 

 Studies carried out in India, Iran, Africa, and 
the Middle East have found the incidence of ful-
minant hepatitis to be higher in pregnancy [ 3 ,  4 ]. 

 Occurrence of FHF within the larger num-
ber of patients with viral hepatitis, however, is 
rare (0.2–0.4 % for hepatitis A, 1–4 % for hep-
atitis B) [ 15 ]. Pregnant women infected by 
HEV seem to have a special propensity for 
developing FHF.  

    Epidemiology 

 Hepatitis E virus infection is highly endemic in 
certain countries. It causes frequent waterborne 
outbreaks and around 50 % of all cases of acute 
viral hepatitis in many countries and is contrib-
uted by factors like rapid urbanization, with lim-
ited access to safe drinking water and food and 
proper sanitation, which subsequently augments 
the risk of these infections. Thus, hepatitis viruses 
have a signifi cant disease burden in the Southeast 
Asia Region, in the form of both acute and 
chronic hepatitis, with approximately 500,000 
deaths annually in the region. Available data 
from the region on rates of infection with hepati-
tis viruses, rates of clinical disease caused by 
these viruses, and the associated morbidity and 

   Table 8.1    Different classifi cations of fulminant hepatic failure   

 Trey and Davidson [ 1 ]  England [ 10 ]  France [ 13 ] 

 International Association for 
the Study of the Liver 15 
 Acute liver failure (occurrence 
of HE within 4 weeks after 
onset of symptoms) [ 11 ] 

 Fulminant hepatic 
failure: development 
of HE within 8 weeks 
of onset of symptoms 

 Acute liver failure 
(includes only patients with 
encephalopathy) 

 Acute hepatic failure: a 
rapidly developing 
impairment of liver function 

  Subclassifi cation  
 Acute liver failure, 
hyperacute: within 10 days 
 Acute liver failure, 
fulminant: 10–30 days 
 Acute liver failure, not 
otherwise specifi ed 

  Subclassifi cation  depending 
on the interval between 
jaundice and HE 

 Severe acute hepatic failure: 
prothrombin time or factor 
V concentration below 50 % 
of normal with or without 
HE 

  Subacute liver failure  
(development of ascites and/
or HE from 5 to 24 weeks 
after onset of symptoms) 
  Subclassifi cation  by 
etiology 
 Hepatitis A–E 
 Other viruses 

 Hyperacute liver failure: 
0–7 days 

  Subclassifi cation  
 Fulminant hepatic failure: 
HE within 2 weeks of onset 
of jaundice 

 Acute liver failure: 
8–28 days 

  Subfulminant hepatic 
failure : HE between 3 and 
12 weeks of onset of 
jaundice 

 Subacute liver failure: 
29–72 days 

 Late-onset acute liver 
failure: 56–182 days 
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mortality are limited and may not refl ect the true 
picture. Also the data available on the social and 
economic impact, expenditure on medical care, 
etc., of these infections in the region is not avail-
able [ 12 ]. 

 Hepatitis E is caused by infection with the 
hepatitis E virus (HEV), a non-enveloped, 
positive- sense, single-stranded RNA virus [ 16 –
 18 ], with four genotypes, 1, 2, 3, and 4. Each 
HEV genotype appears to have a specifi c geo-
graphic distribution. Genotype 1 HEV has been 
isolated from human cases of epidemic and spo-
radic hepatitis E in parts of Asia and Africa, 
where the disease is highly endemic. Outbreaks 
of HEV infection of up to several hundred to sev-
eral thousand persons have been reported fre-
quently in the Indian subcontinent, China, 
Southeast and Central Asia, the Middle East, and 
northern and western parts of Africa [ 2 ,  19 ]. 

 Hepatitis E outbreaks are characteristically 
associated with a high disease attack rate among 
pregnant women. Further, affected pregnant 
women are more prone to develop fulminant hepa-
titis [ 19 – 23 ]. Hepatitis E outbreaks are character-
istically associated with a high disease attack rate 
among pregnant women. Further, the affected 
pregnant women are more likely to develop fulmi-
nant hepatitis (15–22 %) or to have a fatal out-
come. Fulminant hepatitis E infection has been 
reported among 40.3 % of pregnant women who 
were coinfected with chronic hepatitis B [ 24 – 26 ]. 

 Hepatitis E during pregnancy is also associ-
ated with prematurity, low birth weight, and an 
increased risk of perinatal mortality [ 22 ]. 

  Hepatitis E     Self-limiting – the overall mortality 
rate in FHF is 1–3 %; in pregnant women the rate 
is 15–25 %.  
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      Pathology 

    Encephalopathy 

 Hepatic encephalopathy is a reversible neuropsy-
chiatric dysfunction associated with acute or 
chronic liver failure preceded by agitation, hyperki-
nesis, and delusions with rapid progression to coma.

    Precipitating factors include  gastrointestinal 
bleeding, SBP, sepsis, drugs, dietary protein load, 
alkalosis, diuretics, dehydration, constipation, 
and azotemia.  

    Cerebral Edema 

 Cerebral edema is detected in 75 % of grade IV 
encephalopathy and is the leading cause of death. 
It occurs secondary to loss of cell membranes and 
BBB integrity. Cushing response, hypertonia, 
posturing, and brain stem respiratory patterns are 
late signs.  

    Coagulopathy 

•     Decreased II, V, VII, IX, and X  
•   Decreased PLT  
•   FFP are of no value in absence of bleeding     

    Renal and CV 

•     Distributive hemodynamic  
•   Hypotension, decreased SVR  
•   Hepatorenal syndrome     

    Oxygen Transport and Delivery 

•     Severe peripheral shunting may result from 
peripheral PLT plugs, interstitial edema, and 
abnormal vasomotor tone – diminished O 2  
extraction.     

    Metabolic Changes 

•     Hypoglycemia is common (defective gluco-
neogenesis, decreased glycogen stores); dex-
trose 10 % may be required.  

•   Hypokalemia.  
•   Hyponatremia.  
•   Hypophosphatemia.     

    Infections 

 Risks – decreased level of consciousness, immu-
nocompromise (diminished opsonic activity, 
PMN function, phagocytosis, impaired CMI, 
humoral immunity). Portosystemic collaterals 
allow bacteria to bypass the hepatic reticuloendo-
thelial system. Bacteremia and fungemia are 
common. Patients with GPC ( S. aureus  and epi-
dermidis, strep) and GNR infection do not benefi t 
from prophylactic ATB but empiric broad- 
spectrum antibiotic therapy is indicated if there 
are signs of sepsis. Pneumonia and UTI were the 
most common signs of infection; bacteremia was 
documented in 26 % of patients.  

    Pathologenesis 

 The mechanism of severe liver injury in pregnant 
women with hepatitis E is not known.  

    Immunological Factors 

 The immunological changes during pregnancy 
are of such nature that they help the rejection of 
the fetal allograft by suppressing T-cell-mediated 

     Grades of encephalopathy   

 Grade I  Grade II -  Grade III -  Grade IV - 

 Diagnosis 
in 
retrospect, 
mild 
personality 
changes, 
fi ne tremor 

 Mild 
obtundation, 
drowsiness, 
lethargy, 
tremor ++, 
asterixis 

 Stupor, 
somnolence, 
arousal to 
voice, tremor 
if 
cooperative, 
hyperrefl exia 

 Coma, 
response 
to pain (A) 
or no 
response 
(B), 
posturing 
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immunity. The cellular immunity clearly alters 
the ratio of Th1/Th2 cell with defi nite increase in 
Th1 than Th2 which is the reverse occurring in 
normal pregnancy. This increase in Th2 is 
required for the survival of the fetus and thus 
explains the higher fetal morbidity observed in 
fulminant hepatitis. When HEV infection occurs, 
a cytotoxic immune response (Th1) is likely to be 
elicited in the Th2-biased pregnant women. 
Fulminant hepatic failure is always associated 
with high HEV load. For that a strong Th1 
response is required. If this elevated Th1 immune 
response remains insuffi cient to fi ght with such a 
high HEV load, there is a possibility that Th1 
response goes on increasing, but in the due pro-
cess, the cytotoxic immune response may result 
in reduced fetal protection and eventually fetal 
demise. Opinions differ over the maternal and 
fetal outcome of pregnancies associated with 
viral hepatitis. Poor prenatal care and maternal 
nutrition appear to have contributed signifi cantly 
to the increased severity of infection. 

  Hormonal Factors     Viral replication is pro-
moted in pregnancy due to the high levels of ste-
roid hormones. The direct inhibition on hepatic 
cells predispose to hepatic dysfunction/failure 
when exposed to infectious pathogens [ 27 ]. 
Steroid hormones are immunosuppressive [ 28 ] 
Figs.  8.1 ,  8.2  and  8.3 .

           Management of Fulminant Hepatitis 

 The management of fulminant hepatic failure 
demands the availability of a critical care setup and 
the involvement of critical care specialists. In nor-
mal pregnancy the liver is diffi cult to palpate due to 
the enlarged uterine size and also the signs of liver 
pathology like telangiectasia and palmar erythema 
may be observed in 60 % of normal pregnancies, 
the hormone estrogen being the cause for the same. 

 The fulminant hepatic failure needs to be differ-
entiated from acute fatty liver of pregnancy 
 associated with preeclampsia-HELLP syndrome,   Fig. 8.1    FHF       

  Fig. 8.2    Submassive hepatic necrosis,3 FHF       

  Fig. 8.3    Pathogenesis of severe hepatic injury in hepatitis E       

 

 

 

8 Fulminant Hepatitis



70

hepatic hemorrhage, rupture, and hepatic infarction, 
infections – herpes simplex virus and hepatitis. The 
mortality rate for pregnant women with hepatitis E 
is 20 %. Serology helps to identify these viral infec-
tions as cause of hepatic decompensation. 

    A Critically Ill Obstetric Patient: 
Management in Indian Scenario 

 It is now realized that maternal critical care is the 
least discussed area of obstetrics. Auditing data 
on maternal mortality has shown the cause in 
many cases to be suboptimal care. The concept of 
high dependency unit and intensive care unit is to 
be differentiated from the critical care [ 6 ]. 

 This term was fi rst defi ned in Comprehensive 
Critical Care and subsequently updated in 2009 [ 6 ]. 

 The levels of support:

   This approach has proven useful as it has 
facilitated some aspects of critical illness man-
agement especially some aspects of level 2 care. 

 Maternal critical care has to be distinguished 
from “high-risk” obstetrics because fetal issues 
are excluded and maternal risk factors or obstet-
ric complications that require closer observations 
or intervention, but not support of an organ sys-
tem, are also outside the term [ 6 ]. 

 We should identify physicians, anesthetists, 
midwife, and establishments in different zones 
which deal with critically ill obstetric patients. 
The availability of a standard intensive care 
unit managed by a qualifi ed intensivist is 
essential. The management of critically ill 
obstetric patients should be done aggressively 
as there are two lives involved. Practitioners 
should be encouraged to acquire experience in 
the subject of maternal- fetal medicine as in 
some western countries. Pregnant women 
should be motivated to report for regular ante-
natal care and educate them to report early in 
times of illness. 

 Defi ning the level of critical care required by 
the mother will be dependent on the number of 
organs requiring support and the type of support 
required as determined by the Intensive Care 
Society’s “Level of Care” document [ 6 ]. This 
term was fi rst defi ned in Comprehensive Critical 
Care and subsequently updated in 2009.   

    Prevention and Control of HEV 
Infection 

 The primary route of transmission for HEV is 
by fecal-oral route through contamination of 
drinking water supplies and possibly food. The 
virus is shed in the feces of infected individuals 
during the late incubation period (beginning a 
few days before the onset of illness). In the 
phase of clinical illness   it reaches the various 
surface water sources, such as rivers, ponds, 
superfi cial wells, canals, etc., leading to dis-
ease outbreaks. Such contamination is particu-
larly common during periods of heavy rains 
and fl ooding. Also, reduction of water fl ow dur-
ing summer may increase the concentration of 
fecal contaminants in rivulets and streams,      The levels of support   

 Level 0  Patients whose needs can be met through 
normal ward care 
 Low-risk patient 

 Level 1  Patients at risk of their condition 
deteriorating and needing a higher level of 
observation or those recently relocated from 
higher levels of care (oxytocin infusion, 
mild preeclampsia on antihypertensive) 

 Level 2  Patients requiring invasive monitoring/
intervention that includes support for a 
single failing organ system (excluding 
advanced respiratory support) 
  Neurological support  
   Magnesium infusion to control seizures 

(not prophylaxis) 
   Intracranial pressure monitoring 
   Hepatic support 
   Management of acute fulminant hepatic 

failure, e.g., from HELLP syndrome or 
acute fatty liver, such that 
transplantation is being considered 

 Patient requiring basic respiratory support 
and basic and advance cardiac support 

 Level 3  Patients requiring advanced respiratory 
support (mechanical ventilation) alone or 
basic respiratory support along with support 
of at least one additional organ into the single 
entity of “critical care.” Maternal critical care, 
high dependency care, and high-risk maternity 
care are not interchangeable, the term critical 
care having a more precise defi nition 
 Advanced respiratory support, two or more 
organs requiring support 
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increasing the risk of epidemics. In urban areas, 
contamination of piped water supply systems 
with intermittent supply has been reported to 
occur where the pipes pass through soil con-
taminated with human feces or sewage. This 
occurs due to the sewage getting sucked into 
the pipes during the periods of low water pres-
sure in pipes. 

 Prevention of HEV infection depends pri-
marily on improving overall hygiene and sani-
tation, including proper sewage disposal, and 
ensuring safe drinking water supplies. Boiling 
and chlorination of water appear to inactivate 
the HEV and may be used during outbreaks of 
hepatitis E, if safety of water used for drinking 
purposes is uncertain or cannot be ensured. It 
may be useful to target the preventive measures 
at persons who have a particularly high risk of 
developing severe disease such as pregnant 
women or persons with preexisting chronic 
liver disease. Two recombinant subunit vac-
cines been developed and have shown promis-
ing results in clinical trials, in terms of good 
immunogenicity and short-term protective effi -
cacy. However, no data are yet available on 
long-term protection or effi cacy when the vac-
cine is administered after exposure, as is the 
case in outbreak settings. One of these vac-
cines has not been commercially developed. 
The other vaccine is approved for use in China, 
but not in any other country. The exact public 
health role of this vaccine remains unclear at 
this time, and further data are needed to deter-
mine the population groups and settings, in 
which it may be useful [ 12 ].  

    Management of Complications 

  Hepatic Encephalopathy     The treatment of 
infections and other precipitant factors should be 
instituted. The use of lactulose in fulminant 
hepatic failure should be with caution because of 
the risk of hypernatremia and functional ileus. 
Assessment of mental state although very impor-
tant for assessing prognosis, sedation, and intu-
bation may be required in advanced stages of 
encephalopathy.  

    Cerebral Edema 

 Cerebral edema and intracranial hypertension may 
develop rapidly in patients with deep encephalopa-
thy. An arterial ammonia level higher than 200 g/dL 
in stage III and IV encephalopathy is a strong pre-
dictor of brain herniation [ 29 ]. Intracranial pressure 
should be maintained below 15 mmHg and cerebral 
perfusion pressure over 50 mmHg. Monitoring of 
jugular bulb oxygen saturation with a reversed jug-
ular venous catheter can also guide interventions to 
avoid intracranial hypertension. Decreased satura-
tions (<55 %) indicate cerebral ischemia, and high 
saturations (<85 %) indicate either decreased meta-
bolic demands of the brain or cerebral hyperemia, 
more commonly the latter. It is recommended to 
maintain the patient’s head at a 20° angle to improve 
jugular venous outfl ow. In episodes of intracranial 
hypertension, a bolus of 0.5–1 g/kg of mannitol can 
be administered intravenously and repeated until 
plasma osmolarity reaches 310 mOsm/L. Patients 
with oliguria and renal failure may require hemo-
dialysis to avoid hyperosmolarity. Hyperventilation 
produces cerebral vasoconstriction and reduces 
cerebral blood fl ow, but the effect is usually tran-
sient. New therapies like mild hypothermia reduced 
intracranial pressure and cerebral blood fl ow and 
improved cerebral perfusion pressure both in 
patients with FHF [ 30 ]. Indomethacin also reduced 
cerebral blood fl ow and prevented brain edema in 
experimental models, and it has been used in iso-
lated cases in humans, with encouraging results 
[ 31 ]. In a recent controlled clinical trial, a prophy-
lactic infusion of phenytoin decreased the incidence 
of subclinical seizure activity and appeared to pre-
vent brain edema [ 32 ].   

    Management of Liver Failure 

    Liver Transplantation 

 Liver transplantation is the only measure that can 
radically infl uence the course of fulminant 
hepatic failure. However, the cost factor limits its 
utility as a management option in the Indian sce-
nario. Also it is a high-risk procedure with con-
siderable morbidity and represents a commitment 
to indefi nite immunosuppression. 
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 Moreover, patients transplanted for fulminant 
hepatic failure have a worse outcome than those 
transplanted for other causes in most series, in 
part because of their poor clinical condition at the 
time of the procedure. 

 Early identifi cation of which patients would 
die if orthotopic liver transplant were not per-
formed is thus a very important objective. 

 Liver transplantation is the defi nitive treat-
ment in liver failure. In selected patients for 
whom no allograft is immediately available, con-
sider support with a bioartifi cial liver, till a suit-
able donor liver is found. However, no controlled 
study has shown long-term benefi t. 

 Bioartifi cial liver-assist device, hepatocyte 
transplantation, and auxiliary liver transplantation 
are other therapeutic options to mention. This is a 
short-term measure that only leads to survival if 
the liver spontaneously recovers or is replaced. 

 Nonbiologic extracorporeal liver support sys-
tems, such as hemodialysis, hemofi ltration, char-
coal hemoperfusion, plasmapheresis, and exchange 
transfusions, permit temporary liver support until a 
suitable donor liver is found. However, no con-
trolled study has shown long- term benefi t.   

    Conclusion 

 Fulminant hepatic failure in pregnancy is 
caused by HEV. This infection in pregnancy 
leads to poor maternal and fetal outcome. 
Affected patients show Th1 bias in terms of 
higher IL-12/IL-10 ratio. Thus, this shift of 
Th2 increase, which is a characteristic of nor-
mal pregnancy, in the HEV-infected pregnant 
women is suggestive of the role of immuno-
logical shift during hepatitis E-related fulmi-
nant hepatic failure in pregnancy. This immune 
alteration in turn leads to reduced fetal protec-
tion which is probably due to higher activity 
of NK cells, leading to fetal death. Viral load 
is comparatively higher in fulminant hepatic 
failure as compared to acute viral hepatitis and 
also higher in patients with fetal mortality in 
both these conditions, suggesting its role with 
the disease severity. 

 Rapid urbanization, overpopulated cities, 
and lack of access to clean water and 
 sanitation, inadequate fi nancial and manpower 

resource allocation, and public spending on 
programs for surveillance are some of the hin-
drances to the prevention and control of hepa-
titis E which is the major cause of FHF in the 
pregnant population [ 12 ]. 

 Good intensive care is critical for patient 
survival. Orthotopic liver transplantation (OLT) 
remains a defi nitive therapeutic option. 
Involvement of critical care physician and shift-
ing the patient to critical care unit is the central 
plan of management of fulminant hepatic fail-
ure. In the Indian scenario, the rural as well as 
urban population should be encouraged to seek 
for antenatal care and early identifi cation of 
viral hepatitis E so that subsequent maternal 
morbidity and mortality can be attenuated.     

   References 

     1.   Trey C, Davidson CS. The management of fulminant 
hepatic failure. Prog Liver Dis. 1970;3:282–98; Trey 
C, Davidson LS. The management of FHF. In: Popper 
H, Schafnner F, editors. Progress in liver disease. 
New York: Grune & Stration; 1970. p. 282–98.  

    2.    Bhatia V, Singhal A, Panda SK, Acharya SK. A 
20-year single-centre experience with acute liver fail-
ure during pregnancy: is the prognosis really worse? 
Hepatology. 2008;48:1577–85. PubMed PMID: 
18925633.  

    3.    Kamat SK. Prognosis of infective hepatitis in preg-
nant women. In: Vakil BJ, Shah SG, editors. Hepatitis. 
Bombay: Adoni Printers & Publishers; 1975. p. 50–3.  

    4.    Borhanmanesh F, Haghighi P, Hekmat K, Rezaizadeh 
K, Ghavani AG. Viral hepatitis during pregnancy: 
severity and effect on gestation. Gastroentrology. 
1973;64:304–12.  

    5.    Aggarwal R, Krawczynski K, Hepatitis E. An over-
view and recent advances in clinical and laboratory 
research. J Gastroenterol Hepatol. 2000;15(1):9–20.  

       6.   Levels of critical care for adult patients. Standards 
and guidelines. ICS: London. 2009.   www.ics.ac.uk/
intensive_care_professional/standards_and_guide-
lines/levels_of_critical_care_for_adult_patients    .  

   7.    McCashland TM, Shaw BW, Tape E. The American 
experience with transplantation for acute liver failure. 
Semin Liver Dis. 1996;16:427–33.  

     8.    Khuroo MS, Teli MR, Skidmore S, Sofi  MA, Khuroo 
MI. Incidence and severity of viral hepatitis in preg-
nancy. Am J Med. 1981;70:252–5.  

    9.    Nayak NC, Panda SK, Datta R, Zuckerman AJ, Guha 
DK, Madanagopalan N, et al. Aetiology and outcome 
of acute viral hepatitis in pregnancy. J Gastroenterol 
Hepatol. 1989;4:345–52.  

S.N. Pandit and D.P. Kale

http://www.ics.ac.uk/intensive_care_professional/standards_and_guidelines/levels_of_critical_care_for_adult_patients
http://www.ics.ac.uk/intensive_care_professional/standards_and_guidelines/levels_of_critical_care_for_adult_patients
http://www.ics.ac.uk/intensive_care_professional/standards_and_guidelines/levels_of_critical_care_for_adult_patients


73

     10.    O’Grady JG, Schalm SW, Williams R. Acute liver 
failure: redefi ning the syndromes. Lancet. 1993;
342:273–5.  

    11.    Tandon BN, Bernauau J, O’Grady J, et al. 
Recommendations of the International Association 
for the Study of the Liver Subcommittee non nomen-
clature of acute and subacute liver failure. 
J Gastroenterol Hepatol. 1999;14:403–4. 
2000;15:9–20.  

      12.   Regional strategy for prevention and control of viral 
hepatitis. WHO Regional offi ce for South East Asia.  

     13.    Bernuau J, Rueff B, Benhamou JP. Fulminant and 
subfulminant liver failure: defi nitions and causes. 
Semin Liver Dis. 1986;6:97–106.  

    14.    Acharya SK, Dasarathy S, Kumer TL, et al. Fulminant 
hepatitis in a tropical population: clinical course, 
cause, and early predictors of outcome. Hepatology. 
1996;23:1448–55.  

    15.    Hoofnagle JH, Carithers RL, Shapiro C, Ascher 
N. Fulminant hepatic failure: summary of a work-
shop. Hepatology. 1995;21:240–52.  

    16.    Lu L, Li C, Hagedorn CH. Phylogenetic analysis of 
global hepatitis E virus sequences: genetic diversity, 
subtypes and zoonosis. Rev Med Virol. 2006;
16:5–36.  

   17.    Huang CC, Nguyen D, Fernandez J, et al. Molecular 
cloning and sequencing of the Mexico isolate of hepa-
titis E virus (HEV). Virology. 1992;191:550–8.  

    18.    Van Cuyck-Gandre H, Zhang HY, Tsarev SA, et al. 
Characterization of hepatitis E virus (HEV) from 
Algeria and Chad by partial genome sequence. J Med 
Virol. 1997;53:340–7.  

     19.    Pal R, Aggarwal R, Naik SR, Das V, Das S, Naik 
S. Immunological alterations in pregnant women with 
acute hepatitis E. J Gastroenterol Hepatol. 
2005;20:1094–101.  

   20.    Navaneethan U, Al Mohajer M, Shata MT. Hepatitis E 
and pregnancy: understanding the pathogenesis. Liver 
Int. 2008;28:1190–9.  

   21.    Kar P, Jilani N, Husain SA, et al. Does hepatitis E 
viral load and genotypes infl uence the fi nal. Outcome 
of acute liver failure during pregnancy? Am 
J Gastroenterology. 2008;103:495–501.  

    22.    Mamun-Al-Mahtab, Rahman S, Khan M, Karim 
F. HEV infection as an aetiologic factor for acute 

hepatitis: experience from a tertiary hospital in 
Bangladesh. J Health Popul Nutr. 2009;27(1):14–19.  

    23.    Ippagunta SK, Naik S, Sharma B, Aggarwal 
R. Presence of hepatitis E virus in sewage in Northern 
India: frequency and seasonal pattern. J Med Virol. 
2007;79:1827–31.  

    24.    Husain MM, Srivastava R, Akondy R, Aggarwal R, 
Jameel S, Naik S. Evidence of hepatitis E virus expo-
sure among seronegative healthy residents of an 
endemic Area. Intervirology. 2011;54(3):139–43.  

   25.    Shrestha MP, Scott RM, Joshi DM, et al. Safety and 
effi cacy of a recombinant hepatitis E vaccine. N Engl 
J Med. 2007;356:895–903.  

    26.    Zhang J, Liu CB, Li RC, et al. Randomized-controlled 
phase II clinical trial of a bacterially expressed recom-
binant hepatitis E vaccine. Vaccine. 2009;27:
1869–74.  

    27.    McGovern BH, Ditelberg JS, Jeremy S, et al. Hepatic 
Steatosis is associated with fi brosis, nucleoside ana-
logue use, and hepatitis C virus genotype 3 infection 
in HIV-seropositive patients. Clin Infect Dis. 
2006;43:365–72.  

    28.    Mellor AM, Munn DH. Tryptophan catabolism and 
T-cell tolerance: immunosuppression by starvation? 
Immunol Today. 1999;20:469–73.  

    29.    Clemmesen JO, Larsen FS, Kondrup J, et al. Cerebral 
herniation in patients with acute liver failure is corre-
lated with arterial ammonia concentration. 
Hepatology. 1999;29:648–53.  

    30.    Jalan R, Damink SW, Deutz NE, et al. Moderate hypo-
thermia for uncontrolled intracranial hypertension in 
acute liver failure. Lancet. 1999;354:1164–8. This 
study shows the effi cacy of hypothermia to reduce 
cerebral blood fl ow, restore cerebral blood fl ow auto-
regulation, and control intracranial hypertension in the 
clinical setting. It also confi rms previous.  

    31.    Clemmesen JO, Hansen BA, Larsen FS. Indomethacin 
normalizes intracranial pressure in acute liver failure: 
a twenty three-year-old woman treated with indo-
methacin. Hepatology. 1997;26:1423–5.  

    32.    Ellis AJ, Wendon JA, Williams R. Subclinical seizure 
activity and prophylactic phenytoin infusion in acute 
liver failure: a controlled clinical trial. Hepatology. 
2000;32:536–41.      

8 Fulminant Hepatitis



75© Springer India 2016 
A. Gandhi et al. (eds.), Principles of Critical Care in Obstetrics: Volume II, 
DOI 10.1007/978-81-322-2686-4_9

      Acute Pancreatitis in Pregnancy                     

     Sunita     Ghike      and     Madhuri     Gawande    

            Introduction 

 Acute pancreatitis is defi ned as infl ammation of 
pancreas involving peripancreatic tissue. AP 
(acute pancreatitis) during pregnancy is rare but 
a serious condition when associated with preg-
nancy. The incidence varies between 1 in 1000 
and 1 in 12,000 pregnancies. Acute pancreatitis 
is usually prevalent in advanced gestational age 
occurring more commonly in the second and 
third trimester or in early postpartum period 
[ 1 – 3 ]. Although rare, AP can occur in the fi rst 
trimester and always be distinguished with 
hyperemesis gravidarum [ 4 ]. The spectrum of 
AP in pregnancy ranges from mild to severe 
pancreatitis. The severe pancreatitis can be 
associated with necrosis, abscess, pseudocyst, 
and multiple organ failure [ 5 ]. Older review of 
AP in pregnancy reported high maternal and 
fetal mortality in preendoscopic era. It was 
always associated with greater concerns as it 
deals with two lives. Diagnostic studies such as 
endoscopic ultrasound, magnetic resonance 
cholangiopancreatography and endoscopic ret-
rograde cholangiopancreatography, and thera-

peutic modalities that include endoscopic 
sphincterotomy, biliary stenting, common bile 
duct (CBD) stone extraction, and laparoscopic 
cholecystectomy are major milestones in gastro-
enterology. When properly managed, AP in 
pregnancy does not carry poor prognosis as in 
the past [ 4 ].  

    Pathophysiology 

 The most common causes of AP in pregnancy are 
gallstones (65–100 %), alcohol abuse, and hyper-
triglyceridemia [ 6 ]. Above all the commonest 
cause is biliary which is caused by gallstones or 
sludge. The incidence by gallstones varies with 
ethnicity. It is lesser in Asians and Africans than 
in Native Americans. The rare causes are hyper-
parathyroidism, connective tissue diseases, 
abdominal injuries, and iatrogenesis caused by 
medications (diuretics, antihypertensives) [ 3 ,  4 ]. 
Pregnancy does not primarily predispose the 
pregnant woman to pancreatitis, but it does 
increase the risk of cholelithiasis and biliary 
sludge [ 3 ,  5 ].  

        S.   Ghike      (*) •    M.   Gawande      
  Department of OBGY ,  NKP Salve Institute of 
Medical Sciences and Lata Mangeshkar Hospital , 
  Nagpur ,  Maharashtra ,  India   
 e-mail: sunita_dr@yahoo.co.in; 
madhuri.vaidya@rediffmail.com  

  9

mailto:sunita_dr@yahoo.co.in
mailto:madhuri.vaidya@rediffmail.com


76

    Why in Pregnancy There Is 
Increased Risk of Cholelithiasis or 
Biliary Sludge? 

    

Smooth muscle cell inhibitorIncreased cholesterol secretion
In hepatic bile in II & III trimester.

Increased gall bladder
Volume & slow
emptying

Increased intra abdominal
pressure, also on biliary tree

Retention of cholesterol crystals
and eventual gallstones or sludge

Duct obstruction with pancreatic hyper stimulation

Increased pancreatic duct pressure

Trypsin reflex activation in pancreatic acinar cells

Enzyme activation in pancreas

Autodigestion of glands

Inflammation of pancreas

Estrogen Progesterone

Large residual volume of
supersaturated bile in gall bladder

Obesity and increased
serum leptons

[High risk factor]

  

        Symptomatology 

 Acute pancreatitis in pregnancy presents in a 
similar way as during nonpregnant status. 
However, it is diffi cult to diagnose in pregnancy 
due to similarity to many acute abdominal ill-
nesses. The signs and symptoms of gallbladder 
disease usually precede pancreatitis such as col-
icky abdominal pain radiating to right fl ank, 
scapula, and shoulder. It is rapid in onset with 
maximum intensity in 10–20 min. These are typi-

cal symptoms of gallbladder disease. Also, there 
can be anorexia, nausea, vomiting, dyspepsia, 
low-grade fever, and fatty food intolerance [ 1 ,  3 ].  

    Physical Examination 

 In moderate to severe disease, patient appears 
acutely ill lying with limbs fl exed (fetal posi-
tion). There might be fever, tachycardia, dys-
pnea, and low blood pressure due to loss of fl uid 
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in the third space. On abdominal examination, 
there might be tenderness guarding and rigidity 
and sluggish or absent bowel sounds. The altered 
acid-base balance can lead to fetal hypoxia. 
Severe and sustained hypoxemia can lead to fetal 
demise [ 3 ,  4 ].  

    Diagnosis of Acute Pancreatitis 

 AP is usually diagnosed by symptomatology, 
laboratory investigations, and imaging.

    1.     Laboratory diagnosis :
    (i)    Serum amylase and lipase (increased by 

threefold). 
 Amylase starts rising within 6–12 h of 

onset of disease and remains elevated for 
3–5 days. But it is nonspecifi c. Serum lipase 
starts rising within an hour and remains 
high for a longer time than amylase. Lipase 
is more specifi c to amylase [ 5 ,  7 ].   

   (ii)    S. amylase to s. creatinine clearance ratio 
may be helpful in pregnancy (ratio >5 % 
suggests acute pancreatitis) [ 7 ].   

   (iii)    Increase in serum aminotransferase lev-
els (more than threefold rise) is a very 
suggestive biochemical marker of biliary 
pancreatitis [ 4 ,  5 ].   

   (iv)    Any changes in liver enzymes and biliru-
bin should suggest biliary etiology [ 5 ].    

      2     Imaging techniques :
    (i)    Abdominal ultrasound: It is safe in preg-

nancy and detects dilated pancreatic 
duct, pseudocysts, and focal accumula-
tion more than 2–3 cm. It can also 
detect gallbladder stones, but insensi-
tive for detection of stone or sludge in 
CBD.   

   (ii)    EUS (endoscopic ultrasound): It can 
detect stones in CBD even <2 mm or 
sludge. It has high positive predictive 
value. It can be done under mild sedation 
and is safe in pregnancy. EUS is appro-
priate prior to therapeutic ERCP.   

   (iii)    MRCP (magnetic resonance cholangio-
pancreatography): It can be used if USG 
is inconclusive. There is paucity of data 
regarding safety of MRCP in the fi rst 
trimester.   

   (iv)    RCP (endoscopic retrograde cholangio-
pancreatography): It has lost its value 
because of risk of radiation. ERCP 
should only be used in selected cases of 
CBD stones or sludge. In cases of 
severe acute biliary pancreatitis, ERCP 
within 24 h is recommended to decom-
press CBD, removal of gallstones, and 
subsequent papillotomy. ERCP should 
be done by experienced endoscopist 
and radiologist with confi rmed diagno-
sis. The fetus should be shielded all the 
time during procedure to minimize 
exposure [ 5 ].    

          Management 

 Management of AP depends on four questions:

    (i)    Does the patient have AP (diagnosis)?   
   (ii)    If having AP, what is predicted severity?   
   (iii)    Is there biliary etiology?   
   (iv)    What is the trimester of pregnancy?     

  Conventional Treatment     Mainly, it includes 
fl uid restoration, analgesics, antiemetics, moni-
toring of vital signs, and estimation of fetal heart 
rate. Oxygen is given whenever it is required.  

  Nutrition     Enteral nutrition by nasojejunal 
feeding is better than TPN (total parenteral 
nutrition) in patients with severe AP. Keeping 
patient nil by mouth might increase the risk of 
infection. Enteral nutrition is physiological, 
helps the gut fl ora maintain the gut mucosal 
immunity, and reduces translocation of bacteria, 
while simultaneously avoiding all the risks of 
TPN [ 5 ].  

  Antibiotics     There is a lot of controversy 
regarding the use of antibiotics in AP. It might 
be protective against non-pancreatic infec-
tions. Antibiotics which are safe in pregnancy 
can be administered. The therapy should be 
modifi ed to refl ect the organisms recovered in 
blood cultures and the clinical status of the 
patient [ 5 ].  
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 Mild pancreatitis usually resolves in 7 days. 
Among all, 10 % of patients have severe course, 
and they are best managed in the intensive care 
unit. In severe pancreatitis, hypovolemia is com-
mon due to loss of fl uid in the third space. It can 
lead to organ hypoperfusion to the tissue result-
ing in multiple organ failure [ 8 ]. Hence, patients 
of severe AP are to be managed in the intensive 
care unit with meticulous hydration therapy.  

    Management of Underlying Cause 

    Management of Gallstones 

 Surgical management is best for patients who 
failed to respond to conservative management. 
For surgical management, major decision is for:

    (a)    Choice of procedure   
   (b)    Timing and approach of cholecystectomy     

 The factors which infl uence surgical decision 
are trimester of pregnancy, presence or absence 
of CBD dilatation, cholangitis, and severity 
of AP. Cholecystectomy can be performed in 
all trimesters but preferably in the second tri-
mester. Studies show that both laparotomy and 
laparoscopy have similar results. But morbid-
ity is less with laparoscopic cholecystectomy 
[ 3 ,  5 ]. Guidelines by the Society of American 
Gastrointestinal and Endoscopic Surgeons for 
laparoscopy in pregnancy (2011) are:

    (i)    Open technique for insertion of trochar   
   (ii)    Avoidance of high intraperitoneal pressure   
   (iii)    Left lateral position of patient to prevent 

aortocaval compression   
   (iv)    Use of electrocautery cautiously and away 

from uterus    

  Early cholecystectomy needs to be per-
formed in mild acute biliary pancreatitis. In 
severe acute biliary pancreatitis and in chol-
angitis, this procedure should be done within 
4–6 weeks. Meanwhile, ERCP with sphinc-
terotomy with fetal shielding and clearance of 
CBD stones is indicated [ 5 ,  9 ]. Some advocate 
biliary stent placement rather than performing 
sphincterotomy and stone extraction and there-
fore eliminating complications that accompany 
sphincterotomy. However, stenting carries 
risks of stent occlusion and cholangitis and the 
need for a second procedure. The sterile necro-
sis of pancreas is treated with antibiotics and 
necrosectomy [ 5 ]. 

  Hyperlipidemic Pancreatitis     Hypertriglycerid
emia is the second most common cause of AP, 
when the serum triglyceride is >1000 mg/dL. In 
the third trimester of pregnancy, there is a three-
fold rise in serum triglyceride levels. This is 
thought to be due to estrogen-induced increases 
in triglyceride synthesis and very low-density 
lipoprotein secretion. Hypertriglyceridemia may 
be more severe in persons with familial hyperlip-
idemia, predisposing them to develop pancreati-
tis. Treatment of hyperlipidemic AP is mostly 
supportive [ 5 ].    

    Algorithm: Diagnosis 
and Management of Acute 
Pancreatitis in Pregnancy 

  Clinical features : acute pain in abdomen, nausea, 
dyspepsia, fever, dyspnea 

  Laboratory investigations : threefold increase 
in lipase and amylase
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Physical examination

Clinical assessment:-
Ranson’s Signs and Apache II Points

Fluid therapy, pain relief,
fetal monitoring 

1)Ranson’s sign >3

Mild Severe

2)APACHE II score >8
3)Organ failure
4)Local complications      
like abscess, pseudocyst 
and necrosis

USG Abdomen

Usually resolves in
7days

Correction of hypovolemia, 
oxygen, pain relief, enteral
nutrition,antibiotics, fetal 

monitoring

Clinically improved

Yes No
Acute biliary pancreatitis

Follow up     USG guided 
aspiration

Yes No
Fetal monitoring

USG/EUS/MRCP Deliver at term

Cholelithiasis
Infective necrosis Sterile necrosis

Yes (Conservative mgt)
Antibiotic

II trimester Debridement or
 drainage

Follow up

Cholecystectomy

ERCP with sphincterotomy or CBD stenting                   Postpartum

Cholelithiasis

I/IItrimester, PTs 
with severe AP, 
Cholangitis

No
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        Prognosis 

 Mild acute pancreatitis when managed conserva-
tively has excellent prognosis. In olden days, 
severe cases of acute pancreatitis were associated 
with high maternal and perinatal mortality. In 
1973, Wilkinson et al. noted 30 % maternal and 
60 % fetal mortality in cases of severe AP [ 10 ]. 
The mechanism of fetal demise includes placen-
tal abruption and profound metabolite distur-
bance leading to acidemia. But over the decades, 
perinatal morbidity and mortality have reduced 
due to improvement in neonatal intensive and 
supportive care. In 2005, Sunil Kumar et al. 
reported eight patients of acute pancreatitis in 
pregnancy over the span of 2 years. Out of 83 
who underwent laparoscopic cholecystectomy, 
fi ve were treated conservatively. All patients 
recovered well and delivered at term with good 
neonatal outcome [ 4 ]. 

 In other study by Talukdar and Vege (2009), 
the perinatal death rate was <17 % and was simi-
lar for maternal mortality in India [ 11 ]. The out-
come of pregnant patients with AP has 
substantially improved with technical advances 
in imaging and therapeutic endoscopy.  

    Conclusion 

 Acute pancreatitis in pregnancy is a rare but 
severe disease. AP usually occurs during the 
third trimester or early postpartum period. The 
most common cause for AP is gallstones (65–
100 %). The diagnosis of AP in pregnancy is 
not specifi c. The signs and symptoms of acute 
biliary pancreatitis like colicky abdominal 
pain, nausea, vomiting, and dyspepsia precede 
the disease. Diagnosis is usually based on the 
clinical presentation, laboratory investiga-
tions, and imaging methods performed cau-
tiously. In mild AP, treatment is conservative 
and it usually resolves in 7 days. Ten percent 
of patients have severe pancreatitis. Severe 

pancreatitis is to be managed in the intensive 
care unit and with endoscopic and surgical 
intervention. Endoscopic sphincterotomy, bil-
iary stenting, CBD stone extraction, and lapa-
roscopic cholecystectomy are the major 
milestones in the management of severe acute 
pancreatitis in pregnancy. When properly 
managed, acute pancreatitis does not have bad 
prognosis as in the past.     
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      Complicated Malaria and Dengue 
During Pregnancy                     

     Haresh     U.     Doshi     

           Complicated Malaria 

 Malaria continues to be a major global health 
problem with over 40 % of the world population 
at risk for malaria. As reported by the National 
Vector Borne Disease Control Programme 
(NVBDCP) director in 2013, around 1.5 million 
laboratory-confi rmed cases are annually reported 
in India. Complicated malaria also known as 
 severe malaria  is defi ned by clinical or labora-
tory evidence of vital organ dysfunction.

   Malaria is caused by a malarial parasite, a pro-
tozoal parasite of genus  Plasmodium . Five spe-
cies can infect human beings. Severe malaria is 
most commonly caused by infection with 
 Plasmodium falciparum  although  P. vivax  and  P. 
knowlesi  [ 1 ] can also cause severe disease. 
Malaria is transmitted by bite of infected female 
 Anopheles  mosquito which is a defi nite host for 
the parasite while a human being is an intermedi-
ate host. 

 Malaria produces hemolytic anemia by (1) 
rupture of infected RBCs, (2) increased removal 
of parasitized cells by the spleen, and (3) infected 
RBCs that become antigenic and produce autoan-
tibodies which can cause hemolysis. Parasite 

degrades intracellular proteins especially hemo-
globin and also alters the permeability of red cell 
membrane. 
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  Table 10.1    Chemotherapy of severe and complicated 
malaria   

  Initial parenteral treatment  
for at least 48 h: choose one of 
following four options 

  Follow - up 
treatment , when 
patient can take oral 
medication 
following parenteral 
treatment 

  Quinine : 20 mg quinine salt/
kg body weight on admission 
(IV infusion or divided IM 
injection) followed by 
maintenance dose of 10 mg/kg 
8 hourly; infusion rate should 
not exceed 5 mg/kg per h. 
Loading dose of 20 mg/kg 
should not be given, if the 
patient has already received 
quinine 

  Quinine  10 mg/kg 
three times a day 
 with: 
  clindamycin  
10 mg/kg 12 hourly 
to complete 7 days 
of treatment 

  Artesunate : 2.4 mg/kg IV or 
IM given on admission 
(time = 0), then at 12 h and 
24 h, and then once a day 
  or  
  Artemether : 3.2 mg/kg bw IM 
given on admission and then 
1.6 mg/kg per day 
  or  
  Arteether : 150 mg daily IM 
for 3 days 

 Full oral course of 
area-specifi c ACT: 
 In northeastern 
states: age-specifi c 
ACTAL for 3 days 
 In other states: treat 
with ACT-SP for 
3 days 

   ACTAL  artemisinin-based combination therapy (arte-
mether + lumefantrine),  ACT - SP  artemisinin-based combi-
nation therapy (artesunate + sulfadoxine + pyrimethamine)  

mailto:doshiharesh@hotmail.com


82

    Clinical Features 

 Malaria and pregnancy are mutually aggravat-
ing conditions. The physiological changes of 
pregnancy and the pathological changes due to 
malaria have a synergistic effect on the course 
of each other. Malaria is more common in preg-
nancy as compared to the general population. 
Immunosuppression and loss of acquired immu-
nity could be the causes [ 2 ]. A case of uncompli-
cated malaria usually presents with fever, rigors, 
headache, body ache, fatigue, anorexia, and nau-
sea. In pregnancy, malaria tends to be more 
atypical in presentation. This could be due to the 
hormonal, immunological, and hematological 
changes of pregnancy. Pregnant mothers are three 
times more likely to develop severe disease than 
nonpregnant women acquiring infection from the 
same area. Primigravida and nonimmune pregnant 
women are at increased risk for severe falciparum 
malaria [ 3 ]. The parasitemia tends to be ten times 
higher, and as a result, all the complications of fal-
ciparum malaria are more common in pregnancy 
compared to the nonpregnant population. Apart 
from severe anemia and severe recurrent hypogly-
cemia, other clinical features of severe malaria are 
impaired consciousness,  prostration, convulsions, 
deep breathing and respiratory distress, acute pul-
monary edema, circulatory collapse, acute kidney 
injury, clinical jaundice, and abnormal bleeding. 

 Severe malaria increases the maternal and peri-
natal morbidity as well as mortality. Severe falci-
parum malaria is associated with substantially high 
mortality in pregnancy (50 %) than in nonpregnant 
women (15–20 %) [ 4 ]. Perinatal complications of 
malaria include abortion, preterm labor, IUGR, 
fetal distress and IUFD, and congenital malaria [ 5 ]. 
The newborn with congenital malaria may not 
present with typical symptoms of malaria such as 
fever but have other clinical manifestations like 
jaundice and hemolytic anemia [ 6 ].  

    Diagnosis 

 Microscopic examination of the peripheral blood 
smears is the gold standard for diagnosis. Thick 
smears are more sensitive than thin smears for 

diagnosis which is particularly important in low- 
density malarial parasitemia of  P. falciparum . 
Thin smear is important for knowing the species 
and degree of parasitemia. 

 Rapid diagnostic tests (RDTs) provide diag-
nosis of malaria where reliable microscopy is not 
reliable or practical. RDTs detect antigen pro-
duced by malarial parasite. The most widely used 
RDTs for detecting  P. falciparum  target the 
HRP2 antigen. RDTs are less sensitive than blood 
fi lms [ 7 ] and cannot diagnose the species or 
quantify the number of RBCs infected. 

 PCR: Parasite nucleic acid detection by PCR 
is more sensitive and specifi c than microscopy 
but available in sophisticated laboratories only. 
PCR is a very useful tool for confi rmation of spe-
cies and detecting of drug resistance mutations. 

 Laboratory diagnosis of complicated malaria 
is as follows:

   Hypoglycemia (<40 mg/dl)  
  Metabolic acidosis (plasma bicarbonate 

<15 mmol/l)  
  Severe normocytic anemia (Hb <5 g/dl, PCV 

<20 %)  
  Hemoglobinuria  
  Hyperlactatemia (lactate >5 mmol/l)  
  Hyperparasitemia (>2 % parasitized red blood 

cells)  
  Renal impairment  
  Pulmonary edema confi rmed radiologically     

    Management 

 Severe malaria is a medical emergency and treat-
ment should be given as per severity and associated 
complications which can be best decided by a treat-
ing physician. Patients of severe malaria should be 
admitted in the ICU. Prompt diagnosis and aggres-
sive antimalarial treatment are crucial to prevent 
mortality in case of severe malaria. Parenteral arte-
misinin derivatives or quinine should be used irre-
spective of chloroquine resistance status of the area 
and irrespective of the species of malaria seen on 
the blood smear. Oral antimalarial drugs are not rec-
ommended for the initial treatment of severe 
malaria. Treatment advised by the directorate of 

H.U. Doshi



83

National Vector Borne Disease Control Programme 
in India recently is as follows (Table  10.1 ): 

 WHO recommends that IV artesunate is the 
preferred fi rst-line drug for all severe malaria cases 
in adults including pregnant women [ 8 ]. As com-
pared to quinine, artesunate is associated with 
35 % reduction in mortality [ 9 ]. Although there is 
insuffi cient evidence to support the use of artemis-
inin in the fi rst trimester, the drug should not be 
withheld if the life of the woman is endangered 
[ 10 ]. One of the reasons of high mortality in the 
past was the delay in institution of proper antima-
larial drugs [ 11 ]. Artesunate is well tolerated with 
no attributable local or systemic adverse effects. 
As quinine stimulates insulin secretion, treatment 
with quinine in pregnancy is associated with 
severe and recurrent hypoglycemia [ 12 ]. Quinine 
does not induce abortion or labor. Mild side effects 
known as cinchonism are common with quinine 
including tinnitus, hearing loss, dizziness, nausea, 
uneasiness, restlessness, and blurring of vision.

   Provide good nursing care. This is vital espe-
cially if the patient is unconscious. Avoid 
NSAIDs which increase the risk of gastrointesti-
nal bleeding. For fl uid balance urine output 
should be aimed at >1 ml/kg/h. Give packed cell 
volume (PCV) transfusion if there is severe ane-
mia. Exchange transfusion to treat severe parasit-
emia is not proved by evidence. 

 Role of early cesarean section in severe malaria 
is unproven. For patients in labor, second stage 
should be shortened by instrumental delivery. 

 For prevention of malaria, personal protective 
measures like long protective clothing, mosquito 
coils and body repellants (sprays and lotion), and 
wire screening on windows should be practiced. 
Treated bed nets (ITN)/long-lasting insecticidal 
nets (LLIN) should be encouraged for pregnant 
women. Meta-analysis of intervention trials sug-
gests that successful prevention of these infec-
tions reduces the risk of severe maternal anemia 
by 38 %, low birth weight by 43 %, and perinatal 
mortality by 27 % among primigravidae [ 13 ]. 

 RTS,S is the most recently developed recombi-
nant vaccine for malaria. Phase III clinical trials 
have shown modest protection against malaria. It 
might be available for clinical use soon.   

    Dengue 

 Dengue infection is a mosquito-borne viral infec-
tion causing a fl u-like febrile illness and some-
times causing a potentially lethal complication 
called severe dengue. Dengue infection is 

    Supportive care in severe malaria [ 8 ]   

 Manifestation or 
complication  Management 

 Coma (cerebral 
malaria) 

 Monitor using Glasgow Coma 
Scale. Maintain airway, place 
patient on her side, and 
exclude treatable causes of 
coma (e.g., hypoglycemia, 
meningitis) 

 Hyperpyrexia  Administer tepid sponging, 
fanning, and antipyretic drugs 

 Convulsions  Maintain airway, treat promptly 
with intravenous diazepam 

 Hypoglycemia  Check blood glucose regularly, 
correct hypoglycemia, and 
maintain with (blood glucose 
<40 mg/dl) glucose-containing 
infusion 

 Severe anemia  Transfuse with packed red 
cells 

 Acute pulmonary 
edema 

 Treat by propping patient up at 
an angle of 45°, give oxygen, 
give a diuretic, stop IV fl uids, 
intubate, and add PEEP/CPAP 
if required 

 Renal failure  Exclude prerenal causes; check 
fl uid balance and urinary 
sodium; if in established renal 
failure, add hemofi ltration or 
hemodialysis 

 Manifestation or 
complication  Management 

 Spontaneous 
bleeding and 
coagulopathy 

 Transfuse fresh whole blood 
and blood products; give 
vitamin K injection 

 Metabolic acidosis  Prevent by careful fl uid 
balance; exclude or treat 
hypoglycemia, hypovolemia, 
and septicemia; if severe add 
hemofi ltration or hemodialysis 

 Shock  Suspect septicemia, take blood 
culture, give broad-spectrum 
antibiotics, correct 
hemodynamic disturbances 
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endemic in tropical and subtropical countries 
including India. The incidence of dengue has 
increased 30-fold over the past 50 years. This 
increase is due to many factors like urbanization, 
population growth, increased international travel, 
and global warming. About half of the world’s 
population is now at risk [ 14 ]. India’s National 
Vector Borne Disease Control Programme 
reported in 2013 that the country had experienced 
an annual average of 20,474 dengue cases and 
132 dengue-related deaths since 2007 [ 15 ]. As 
dengue is more common in children and young 
adults, pregnant patients are at increased risk. 
Also the infection in pregnant mothers is reported 
to be more severe as compared to nonpregnant 
females and with higher mortality rates [ 16 ]. 

 Dengue virus is an RNA virus of the family 
Flaviviridae, genus  Flavivirus . Originally there 
were four strains of the virus called serotypes 
DENV-1, DENV-2, DENV-3, and DENV-4. 
Recently, the fi fth type is discovered in 2013. The 
 Aedes aegypti  mosquito is the primary vector of 
dengue. The virus is transmitted to humans 
through the bites of infected female mosquitoes. 
 Aedes aegypti  is a daytime feeder biting mainly 
early in the morning and in the evening before 
dusk. Infected humans are the main carriers and 
multipliers of virus serving as a source for unin-
fected mosquitoes. 

 Recovery from infection by one serotype pro-
vides lifelong immunity against that particular 
serotype but only partial and temporary immu-
nity to the other serotypes. Subsequent infections 
by other serotypes increase the risk of developing 
severe dengue. 

 Dengue can also be transmitted via infected 
blood products and through organ donation. 
Vertical transmission during pregnancy is also 
reported [ 17 ]. Otherwise infection does not occur 
directly from human to human. 

 Original WHO classifi cation (1997), still in 
use, divides dengue into undifferentiated fever, 
dengue fever, and dengue hemorrhagic fever 
(DHF). Dengue hemorrhagic fever was subdi-
vided into grades I–IV. Grade I is the presence 
only of easy bruising or a positive tourniquet test 
in someone with fever, grade II is the presence of 
spontaneous bleeding into the skin and else-

where, grade III is the clinical evidence of shock, 
and grade IV is shock so severe that BP and pulse 
cannot be recorded. Grades III and IV are referred 
to as “dengue shock syndrome” (DSS). 

 The latest WHO 2009 classifi cation [ 14 ] 
divides dengue fever into two groups: uncompli-
cated and severe. Severe dengue is defi ned as that 
associated with severe bleeding, severe organ 
dysfunction, or severe plasma leakage, while all 
other cases are classifi ed as uncomplicated. 

    Clinical Features 

 Symptoms usually begin 4–6 days after infection 
and last for up to 10 days. Symptoms include sud-
den, high fever, severe headaches, retro- orbital 
pain, arthralgia, and myalgia. Nausea and vomit-
ing may also occur. Skin rash appears initially as 
fl ushed skin and after 3–4 days as measles like 
rash. Mild bleeding from mucous membranes of 
the mouth or nose may occur. In some people the 
disease proceeds to a critical phase as fever 
resolves. There is leakage of plasma from the 
blood vessels which typically last 1–2 days. This 
may result in fl uid accumulation in the chest, i.e., 
pleural effusion, and in the abdominal cavity, i.e., 
ascites. Depletion of platelets leads to severe 
bleeding typically from gastrointestinal tract. This 
is called dengue hemorrhagic fever (DHF). 

 Depletion of fl uid from circulation and hem-
orrhage leads to profound hypotension and shock. 
This is called dengue shock syndrome (DSS) 
which can cause mortality. Patients with weak-
ened immune system as well as those with a sec-
ond or subsequent dengue infection are at greater 
risk for developing dengue hemorrhagic fever. 
With improved diagnosis and treatment, the pro-
portion of DHF cases in dengue fever is decreas-
ing from 20 to <10 % in the last 5 years. 

 Apart from preterm labor, if pregnant woman 
delivers at the height of viremia, there is a risk of 
severe postpartum hemorrhage [ 18 ]. Carles et al. 
reported signifi cant increase in prematurity and 
fetal death in dengue fever during pregnancy [ 19 ]. 
This may be related to hyperpyrexia. Vertical 
transmission of 10.5 % was reported in their 
study. Vertical transmission rate might be 
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 dependent on the severity of maternal dengue. 
Severe dengue affects the newborn only when 
dengue develops close to term or delivery time, 
and the mother has no time to produce protective 
antibodies. Most neonates develop fever within 
4–5 days of life and consequently develop throm-
bocytopenia requiring platelet transfusions [ 20 ]. 
In a study by Fernandes et al., 5-year follow-up of 
newborns after vertical dengue infection showed 
no long-term sequelae [ 21 ]. 

 Dengue hemorrhagic fever may be confused 
with HELLP syndrome in a case of preeclampsia in 
pregnancy, but in HELLP constitutional symptoms 
are absent and serological tests are negative [ 22 ].  

    Diagnosis 

 High index of suspicion is the key for diagnosis 
when the pregnant patient with fever is from an 
endemic area or when there are epidemics. A 
defi nite diagnosis of dengue can be done by sero-
logical tests. IgM capture ELISA is a rapid, sim-
ple, and most widely used method. Both IgM and 
IgG positive suggest secondary infection. Serum 
sample should be taken 5–10 days after the onset 
of the disease. Virus isolation in cell cultures and 
nucleic acid detection by PCR although more 
accurate are not widely available due to high 
cost. Viral antigen detection (NS1) is 90 % sensi-
tive in primary infection but less in subsequent 
infection.  

    Treatment 

 Dengue fever is usually self-limited. There is no 
specifi c antiviral treatment available for dengue 
fever. Most cases only require conservative treat-
ment [ 23 ]. Supportive care with antipyretics, bed 
rest, adequate fl uid replacement, and mainte-
nance of electrolyte balance forms are the main-
stay of treatment. Paracetamol is preferred. 
NSAIDs are avoided due to risk of bleeding. 
Normal saline is preferred to Ringer’s lactate for 
intravenous hydration. 

 Patients with dengue hemorrhagic fever and 
dengue shock syndrome are kept in the ICU with 

monitoring of hematological status and serum 
albumin levels at timely intervals. The physi-
ological hemodilution of normal pregnancy can 
mask the criteria of hemoconcentration in DHF. 
Prophylactic transfusion of platelets or FFP is 
not recommended. Platelets are given in patients 
with severe thrombocytopenia who went in labor 
or who require surgery [ 24 ]. PCV and FFPs 
are required in a dengue patient who has active 
bleeding. Therapeutic benefi t of gamma globu-
lin is reported in nonpregnant patient of DHF, 
but it is not evaluated in pregnant women [ 25 ]. 
Corticosteroids have no role in treatment. 

 In the absence of associated fetomaternal 
complications, infection by itself does not appear 
to be an indication for obstetric interference. 

 Prevention: Prevention of dengue fever is by 
controlling the vector mosquito and avoiding 
mosquito bites. Controlling the vector can be 
done by environmental modifi cation. Using of 
personal household protection measures men-
tioned under malaria is recommended. 

 Research: Currently research is under way for 
(1) development of vaccine against dengue, (2) 
for antiviral drugs against dengue virus, and (3) 
fi nding new methods of vector control.       

 Key Points 

     1.    High index of suspicion in endemic 
areas and during epidemics helps in the 
early diagnosis of both malaria and den-
gue fever.   

   2.    Severe malaria and severe dengue are 
medical emergencies and patients 
should be treated in the ICU.   

   3.    For severe malaria parenteral artemis-
inin derivatives or quinine should be 
used without delay.   

   4.    There is no specifi c antiviral treatment 
for dengue. Supportive therapy with an 
aim to maintain normothermia and fl uid 
and electrolyte imbalance is the corner-
stone of therapy.   

   5.    Pregnant women should be counseled 
about preventive strategies to avoid 
mosquito bites.     
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      Neurological Emergencies During 
Pregnancy                     

     Anuradha     Ridhorkar     

           Introduction 

 Acute neurological symptoms in pregnancy 
could be:

    1.    Exacerbation of a pre-existing condition, e.g. 
epilepsy or multiple sclerosis   

   2.    New-onset disease not related to pregnancy, 
e.g. brain neoplasm   

   3.    New acute-onset condition unique to pregnancy     

 If the neurological emergencies are not 
detected and treated promptly, they may result in 
high morbidity and mortality. 

 Pregnancy is itself associated with certain 
pathophysiological changes that may contribute 
to neurological problems. The physiological 
changes, which may affect the neurological sta-
tus, are as follows:

    1.    Increased levels of oestrogen, which stimu-
lates the production of clotting factors. This in 
turn increases the risk of thromboembolism.   

   2.    Increased plasma and total blood volume. 
This increases the risk of hypertension.   

   3.    Increased progesterone in the third trimester 
enhances venous distensibility and leakage 
from the small blood vessels.      

    Neurological Imaging [ 1 ] 

 CT and MRI have opened new vistas for diagno-
sis and treatment of neurological emergencies. To 
get the maximum information from the investiga-
tion, there should be a proper discussion between 
the clinician and the radiologist. 

 CT scanning of head: Non-contrast CT gives 
minimum foetal radiation. It is excellent for diag-
nosing recent haemorrhages. 

 MRI: This is safe and useful in diagnosing 
demyelinating diseases, AV malformations and 
spinal cord lesions. Proper sequences and proto-
cols should be discussed in advance. 

 IV contrast should be generally avoided in 
pregnancy. Iodinated contrasts used for CT are 
better than gadolinium used in MRI. Thyroid 
functions should be checked in babies exposed to 
the iodinated contrast agents during pregnancy.  

    Conditions That Cause Acute 
Neurological Emergencies 

     1.    Neurological complications of eclampsia.   
   2.    Acute headache.   
   3.    Seizures.   
   4.    Reversible cerebral vasoconstrictive syn-

drome (RCVS).   
   5.    Posterior reversible encephalopathy syndrome 

(PRES).   
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   6.    Intracerebral and subarachnoid haemorrhage 
(ICH and SAH).   

   7.    Acute ischaemic stroke (AIS). This may be 
arterial thrombosis (embolism), cerebral 
venous sinus thrombosis (CVT) or 
pre-eclampsia.   

   8.    Rare conditions: amniotic fl uid embolism, air 
embolism and metastatic choriocarcinoma, 
Wernicke’s encephalopathy, pituitary apo-
plexy and chorea gravidarum.     

    Neurological Complications 
of Eclampsia 

 Tonic-clonic seizures are the hallmark. Symptoms 
that may precede seizures are headache, blurred 
vision, epigastric pain and altered mental status. 
Exact mechanism for the seizures is not known. 
The proposed mechanisms resulting in seizures 
are due to neuronal oedema caused by either of 
the two causes:

    1.    Cerebral arterial vasospasm and ischaemia 
leading to cytotoxic oedema   

   2.    Endothelial dysfunction causing capillary 
leak and vasogenic oedema     

 This vasculopathy can also result in PRES, 
infarction and haemorrhage. Ninety per cent of 
cases of eclampsia present antepartum. Patients 
with postpartum eclampsia have high incidence of 
CVT, ICH and AIS than antepartum eclampsia. 
Postpartum eclampsia needs thorough diagnostic 
testing and MRI in the following situations:

    1.    Focal neurological defi cit   
   2.    Persistent visual disturbances   
   3.    Symptoms refractory to magnesium and anti-

hypertensive treatment     

 The management of these patients of eclamp-
sia is according to the established principles:

    1.    Control of convulsions using magnesium 
sulphate   

   2.    Control of hypertension   
   3.    Limitation of IV fl uids   
   4.    Prompt delivery      

    Acute Headache in Pregnancy [ 2 ] 

 Primary headaches are more common in 
pregnancy:

    1.    Tension headache is characterised by mild to 
moderate pain with muscle tightness. It is not 
associated with neurological symptoms or 
nausea. Treatment includes rest, massage, hot 
fomentation, anti-infl ammatory drugs and 
mild tranquillisers.   

   2.    Migraine usually improves during pregnancy 
and it returns postpartum. Headache is usually 
associated with autonomic nervous dysfunc-
tion. It is treated with NSAID, IV hydration, 
parenteral anti-emetics and triptans (serotonin 
5-HT receptor agonist). Ergotamine deriva-
tives are potent vasoconstrictors and therefore 
avoided in pregnancy.   

   3.    Cluster headache is a unilateral, severe, lanci-
nating pain radiating to face and orbit, agita-
tion and associated with autonomic 
dysfunction. Treatment includes 100 % oxy-
gen and sumatriptan 6 mg subcutaneously.   

   4.    Postdural puncture headache is seen after spi-
nal anaesthesia. It is because of decreased 
intracranial pressure due to CSF leak. It is 
occipital and nuchal in location. This head-
ache resolves by lying fl at rest, analgesics and 
hydration. In some refractory cases, blood 
patch is the treatment.   

   5.    Thunderclap headache is an abrupt onset of a 
severe, unusual headache. It needs prompt and 
thorough evaluation to exclude SAH. Increased 
blood pressure during bearing down may 
cause aneurysmal SAH. CT and MRI 
sequences that include vascular studies and 
lumbar puncture are required for diagnosis.      

    Seizures in Pregnancy 

 Seizures can be seen in one of the three settings:

    1.    Patients with known seizure disorder before 
pregnancy. Epilepsy is the most common dis-
order in this group. There is increased fre-
quency and increased mortality in epileptic 
patients during pregnancy. Anticonvulsants 
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like pheneytoin, phenobarbital and valproate 
are known for teratogenicity. Prevention of 
seizures by pre-pregnancy folic acid supple-
mentation, promptly treating nausea and vom-
iting and avoiding provoking stimuli, is of 
utmost importance. Mono-drug therapy in 
minimum doses is preferred to avoid congeni-
tal malformations. Newer drugs like lamotrig-
ine and oxcarbazepine are more amenable for 
monitoring.   

   2.    New non-pregnancy related seizure, e.g. 
hypoglycaemia and brain tumour.   

   3.    Pregnancy-related eclampsia, ICH, CVT, 
RCVS, thrombotic thrombocytopenic pur-
pura. In PRES, prodromal symptoms are usu-
ally absent while in CVT, seizures occur after 
headache. MRI sequences are required for 
correct diagnosis.      

    Reversible Cerebral Vasoconstriction 
Syndrome (RCVS) 

 It is also called as postpartum angiopathy or Call- 
Fleming syndrome. It develops during puerpe-
rium in absence of hypertension. Clinical 
presentation is abrupt-onset thunderclap head-
aches and multifocal reversible cerebral vasocon-
striction. It is often associated with vomiting, 
confusion and blurred vision. It leads to compli-
cations like brain haemorrhage, infarcts and non-
aneurysmal SAH. In patients without infarction, 
it resolves over a time of 2–3 months. CT, MR 
angiography and transcranial Doppler are useful 
for the diagnosis.  

    Posterior Reversible Encephalopathy 
Syndrome (PRES) 

 This is also known as reversible posterior leu-
koencephalopathy syndrome (RPLS). The two 
most common presentations in a pregnant 
lady are seizures and blindness. It is not a pri-
mary diagnosis, but a clinical and imaging 
syndrome caused by vascular abnormalities. 
It is seen in pre- eclampsia, acute hyperten-
sion, renal disease, sepsis and in patients on 

immunosuppressants. Patient presents with 
headache, seizures, encephalopathy and 
visual disturbances. Symptoms develop with-
out prodrome and progress rapidly over 
12–48 h. The cerebral autoregulation of blood 
pressure is overwhelmed due to a rapid rise in 
BP. Vasogenic oedema occurs in the posterior 
circulation since it has a relatively poor abil-
ity to autoregulate BP. CT shows vasogenic 
oedema. Visual symptoms often resolve com-
pletely. Control of blood pressure is the main-
stay of treatment.  

    Intracranial Haemorrhage (ICH) 
and Subarachnoid 
Haemorrhage (SAH)  

 It leads to hemorrhagic stroke and symptoms 
are similar to ischaemic stroke. ICH is seen in 
superimposed eclampsia due to rupture of small 
vessels damaged by chronic hypertension. It 
has high morbidity and mortality than SAH 
because of its location. SAH is due to underly-
ing cerebrovascular malformations. In 80 % of 
cases, the cause is ruptured saccular or berry 
aneurysms. Other causes are ruptured AV mal-
formations, coagulopathy, drug abuse, trauma 
and infection. This has got a mortality rate up to 
35 %. Ruptured aneurysm causes sudden severe 
headache with visual changes, cranial nerve 
abnormalities and altered consciousness. 
Patients typically show signs of meningeal irri-
tation, nausea, tachycardia and transient hyper-
tension. Prompt diagnosis with CT and MRI is 
must. Treatment includes bed rest, analgesia, 
sedation and blood pressure control. Bearing 
down is not recommended. Repair of the aneu-
rysm is done by surgical clipping or by endo-
vascular coil.  

    Acute Ischaemic Stroke (AIS) 

 Acute occlusion or embolisation of an intracra-
nial vessel causes cerebral ischaemia. Disorders 
which lead to AIS are pre-eclampsia, arterial and 
venous thrombosis, antiphospholipid antibodies, 
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sickle-cell disease and vasculitis. Patient pres-
ents with sudden-onset severe headache, hemi-
plegia or other neurological defi cit. Evaluation 
includes echocardiography, CT and MRI. AIS in 
pre- eclampsia is associated with other signs of 
PIH. Cerebral embolism usually involves middle 
cerebral artery, and it is common in the latter 
half of pregnancy and puerperium. The diagno-
sis is more certain if an embolic source is identi-
fi ed. Management of embolic stroke consists of 
supportive measures and antiplatelet therapy. 
Cerebral artery thrombosis affects older individ-
uals and is caused by atherosclerosis mainly of 
internal carotid artery. Thrombolytic therapy 
with recombinant tissue plasminogen activator 
should be given in fi rst 3 h, after excluding 
haemorrhage.  

    Cerebral Venous Thrombosis (CVT) 

 More common in late pregnancy and postpartum 
period. Lateral and superior sagittal sinus is 
involved in pre-eclampsia, sepsis or thrombo-
philia. Risk factors are LSCS, dehydration, anae-
mia, hyperhomocysteinaemia and dural puncture. 
It is more common in developing countries due to 
poor nutrition, infections and dehydration. 
Patient presents with severe, diffuse, thunderclap 
headache. Other fi ndings are dizziness, nausea, 
convulsions and papilloedema. MRI venography 
is diagnostic. Management includes anticonvul-
sants for seizures and antimicrobials for sepsis. 
Effi cacy of heparinisation is controversial. 
Prognosis is better in pregnancy than in non- 
pregnant patient (Table  11.1 ).

   Table 11.1    Clinical and imaging features of selected conditions   

 PRES  RCVS  CVT  Eclampsia 

 Mode of 
onset 

 Rapid, postpartum  Abrupt, postpartum  Third trimester or 
later, gradual 

 Antepartum, 
intrapartum or 
postpartum 

 Key fi ndings  Seizures. May be 
accompanied by 
stupor, visual loss or 
hallucinations. 
Headache dull and 
throbbing 

 Thunderclap headache. 
Seizures are less common. 
Transient focal defi cits 

 Headache is 
universal, progressive 
and diffuse. Seizures 
in 40 % 

 Seizures, frequent 
visual symptoms, 
abdominal pain, 
hyperrefl exia, 
hypertension and 
proteinuria 

 Evolution 
over time 

 If BP is controlled, 
resolves within short 
period 

 Changes over time. ICH, 
second week; ischaemic 
complications, third week 

 Evolves over several 
days, non-arterial 
territorial infarcts 
and haemorrhages 
might develop 

 Can evolve (from 
pre-eclampsia) 
gradually or 
abruptly 

 CSF fi ndings  Usually normal  Often normal. Fifty per cent 
of cases have pleocytosis 
and raised proteins 

 Pressure raised in 
80 %; 30–50 % have 
raised proteins and 
cell counts 

 Usually normal 
unless 
complicated by 
haemorrhage 

 Imaging  CT positive in about 
50 % of patients; MRI 
shows prominent 
T2-weighted and 
FLAIR abnormalities 
nearly always in 
parieto-occipital 
lobes, but can involve 
other brain regions; 
intracerebral 
haemorrhage in about 
15 % of patients 

 CT usually normal (if no 
subarachnoid haemorrhage); 
20 % show localised 
convexal subarachnoid 
haemorrhage on MRI; CT 
angiogram and magnetic 
resonance angiogram usually 
show typical string-of-beads 
constriction of cerebral 
arteries; digital subtraction 
angiogram is more sensitive; 
might have associated 
cervical arterial dissection; 
initial arteriogram might be 
negative 

 CT often negative; 
MRI might show 
non-arterial territorial 
infarcts; 
haemorrhage 
common; MRV 
shows intraluminal 
clot fl ow voids; 
although MRV is 
preferred, CT 
venogram is also 
sensitive 

 Same as for 
PRES, some 
patients have 
coincident acute 
ischaemic stroke 
or intracerebral 
haemorrhage 

  Adapted from Edlow et al. [ 3 ]  
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       Rare Conditions 

     1.    Amniotic fl uid embolism – it causes agitation, 
confusion, seizures, encephalopathy and car-
diovascular and respiratory collapse during or 
immediately after delivery.   

   2.    Metastatic choriocarcinoma – tumour causes 
mass effect and bleeding and invades cerebral 
vessels. Its clinical presentation and imaging 
fi ndings are variable.   

   3.    Air embolism – during delivery, air enters 
venous circulation and right ventricle leading 
to decreased cardiac output, seizures and 
abnormal cognition. Presence of air in the 
retinal veins and mill wheel cardiac murmur 
suggest the diagnosis.   

   4.    Wernicke’s encephalopathy – seen in severe 
hyperemesis. Abnormal eye movements are 
always present. Response to IV thiamine con-
fi rms the diagnosis.   

   5.    Thrombotic thrombocytopenic purpura 
(TTP) – commonly seen in late pregnancy. 
The classic pentad includes thrombocytope-
nia, microangiopathic haemolytic anaemia, 
fever and renal and neurological dysfunction. 
More than half of patients present with fl uctu-
ating headache, seizures and focal or gener-
alised neurodefi cit. Proper differentiation 
between TTP and HELLP is must for specifi c 

treatment. Haematological consultation is of 
great value.   

   6.    Chorea gravidarum – characterised by irregu-
lar, brief, unpredictable, jerky movements of 
multiple body parts. This condition is usually 
associated with rheumatic fever, antiphospho-
lipid syndrome, Wilson’s disease and thyro-
toxicosis. It typically begins after the fi rst 
trimester. Symptoms resolve spontaneously 
over weeks to months.       

    Conclusion 

 Early diagnosis and specifi c treatment play a 
key role in preventing morbidity and mortality 
in neurological emergencies of pregnancy. 
Anticipation, prevention, multidisciplinary 
care and early referral to a higher centre are 
crucial.     
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      Diabetic Ketoacidosis 
in Pregnancy                     

     Vinita     Das    

           Introduction 

 Diabetic ketoacidosis (DKA) is a medical emer-
gency and must be treated appropriately and 
promptly. DKA remains a frequent and life- 
threatening complication of type I diabetes, and 
errors in its management are common and are asso-
ciated with signifi cant morbidity and mortality.  

    Pathophysiology 

 DKA is a complex disordered metabolic state 
characterized by hyperglycemia, acidosis, and 
ketonemia. It usually occurs as a consequence of 
absolute or relative insulin defi ciency accompa-
nied by an increase in counter-regulatory hor-
mones (glucagon, cortisol, growth hormone, 
epinephrine). This type of hormonal balance 
enhances hepatic gluconeogenesis and glycoge-
nolysis resulting in severe hyperglycemia. 
Enhanced lipolysis increases serum free fatty 
acids that are then metabolized as an alternative 
energy sources in the process of ketogenesis. This 
results in accumulation of large quantities of 
ketone bodies and subsequent metabolic acidosis. 
Ketones include acetone, 3-beta- hydroxybutyrate 
(predominant ketone), and acetoacetate.  

    Diabetic Ketoacidosis in Pregnancy 

 DKA is a life-threatening emergency observed in 
5–10 % of all pregnancies complicated by pre-
gestational diabetes mellitus. Since DKA is 
caused by an absolute or relative insulin defi -
ciency, it is most commonly observed in women 
with type I pregestational diabetes mellitus. 
Enhanced insulin resistance is an important fac-
tor during pregnancy for higher incidence of 
DKA in pregnancy, as well as higher propensity 
to develop DKA more rapidly and at less severe 
levels of hyperglycemia and even with normal 
glucose levels. 

 Common risk factors for DKA in pregnancy 
are new-onset diabetes, infections like UTI, infl u-
enza, poor patient compliance, insulin pump fail-
ure, treatment with β-mimetic tocolytic 
medications, and antenatal corticosteroids for 
fetal lung maturity  

    Clinical Presentation of DKA 
in Pregnancy 

 Abdominal pain, nausea, vomiting, and abnormal 
sensorium 

 Abnormal laboratory fi nding are:  
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 Continuous fetal heart rate monitoring com-
monly demonstrates recurrent late decelerations. 
Delivery is rarely indicated as FHR pattern 
resolves as maternal condition improves.  

    General Management 

 HDU/level 2 facility with trained nursing staff 
and/or insertion of central line is required during 
pregnancy for management of DKA. Involvement 
of Diabetes Specialist Team and bedside moni-
toring is very important in management of 
DKA. Until recently focus was on lowering the 
elevated blood glucose with fl uids and insulin. 
Now with the advent of portable ketone meters, 
bedside measurement of blood ketones has tre-
mendously improved the management. Access to 
blood gas and blood electrolyte measurement is 
now relatively easy and available. Therefore, glu-
cose, ketones, and electrolytes including bicar-
bonate and venous pH should be assessed at 
bedside. 

 DKA therapy can lead to frequent compli-
cation of hypoglycemia and hypokalemia, so 
glucose and K concentration monitoring 
should be done judiciously. Maternal mortal-
ity is rare now with proper management, but 
fetal mortality is still quite high ranging from 
10 to 35 %.  

    Assessment of Severity 

 Presence of one or more of the following may 
indicate severe DKA, and HDU level 2 facilities 
are mandatory. 

  HDU/level 2 facility and/or insertion of central line 
may be required in the following circumstances 
(request urgent senior review in pregnant female)  

 Heart or kidney failure 
 Other serious 
comorbidities 
 Severe DKA by 
following criteria: 
   Blood ketones above 

6 mmol/L 
   Venous bicarbonate 

below 5 mmol/L 

 Venous pH below 7.1 
 Hypokalemia on admission 
(below 3.5 mmol/L) 
 GCS < 12 
 Systolic BP below 
90 mmHg 
 Pulse over 100 or below 
60 bpm 
 Anion gap above 16 [anion 
gap = (Na +  +K + )– 
(Cl −  + HCO3 − )] 

       Immediate Management 
upon Diagnosis 0–60 min 

    Aim 

•     Clinical and biochemical assessment of 
patient  

•   Expansion of intravascular volume by IV 
0.9 % sodium chloride solution  

•   Correction of defi cit in fl uids, electrolytes, 
and acid base status  

•   Initiation of insulin therapy to correct 
hyperglycemia  

•   Monitoring of the patient – hourly blood glu-
cose, hourly ketone measurement and two 
hourly potassium measurements, 4 hourly 
plasma electrolyte  

•   Diabetes specialist team to be involved at the 
earliest     

    Action 1: Rapid Initial Assessment 

 ABC – respiratory rate, temperature, blood pres-
sure, pulse, oxygen saturation – assessment is to 
be done as soon as patient arrives in DKA. 

 Full clinical examination – if patient is drowsy, 
put NG tube with airway protection to prevent 
aspiration. Large-bore IV cannula is introduced 
to start fl uid replacement. If systolic BP is below 
90 mmHg, 500–1000 ml of 0.9 % saline is infused 
rapidly over 15–20 min. 

 Oxygen is to be given to the patients with 
severe circulatory impairment or shock. 

   Ketonemia 3 mmol/L and over or signifi -
cant ketonuria (more than 2+ on stan-
dard urine sticks)  

  Blood glucose over 11 mmol/L or known 
diabetes mellitus  

  Bicarbonate (HCO3 −−) below 15 mmol/L 
and/or venous pH less than 7.3   
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 Antibiotics are to be given to febrile patients 
after obtaining appropriate cultures of body fl uids. 

 Patient is catheterized if unconscious or 
unable to void on demand Simultaneously.

•    Initial investigations to be sent include:
 –    Blood ketones  
 –   Capillary blood glucose  
 –   Venous plasma glucose  
 –   Urea and electrolyte  
 –   Venous blood gases  
 –   Full blood count  
 –   Blood cultures  
 –   ECG  
 –   Chest radiograph  
 –   Urine analysis and culture     

•   Continue cardiac monitoring.  
•   Continue pulse oximetry.  
•   Establish usual medication for diabetes.     

    Action 2: Fluid Administration 

 Most important initial step is appropriate fl uid 
replacement and the main aims are:

•    Restoration of circulatory volume  
•   Clearance of ketones  
•   Correction of electrolyte imbalance    

 It is recommended that crystalloid rather than 
colloid is used for fl uid resuscitation. 0.9 % sodium 
chloride solution is the fl uid of choice, and it 
should be cautiously administered as fl uid replace-
ment in pregnancy. In a woman of about 70 kg, 
there may be up to 7 l defi cit of fl uid. The aim of 
the fi rst few liters of fl uid is to correct any hypo-
tension, replenish the intravascular defi cit, and 
counteract the effects of the osmotic diuresis with 
correction of electrolyte disturbance. Below is a 
table outlining typical fl uid replacement regimen:

 Fluid  Volume over time 

 .9 % sodium chloride 1 L with 
potassium chloride 

 1000 ml over 
1st h 

 .9 % sodium chloride 1 L with 
potassium chloride 

 1000 ml over 
next 2 h 

 Fluid  Volume over time 

 .9 % sodium chloride 1 L with 
potassium chloride 

 1000 ml over 
next 2 h 

 .9 % sodium chloride 1 L with 
potassium chloride 

 1000 ml over 
next 4 h 

 .9 % sodium chloride 1 L with 
potassium chloride 

 1000 ml over 
next 4 h 

 .9 % sodium chloride 1 L with 
potassium chloride 

 1000 ml over 
next 6 h 

 Reassessment of cardiovascular 
status at 12 h is mandatory 

       Action 3: Potassium Replacement 

 Hypokalemia and hyperkalemia are life- 
threatening conditions and are common in 
DKA. Serum potassium is often high on admis-
sion (although total body potassium is low) but 
falls precipitously upon treatment with insulin. 
Regular monitoring is mandatory. 

 Potassium level in 
fi rst 24 h (mmol/L) 

 Potassium replacement in 
mmol/L of infusion solution 

 Over 5.5  Nil 

 3.5–5.5  40 

 Below 3.5  Additional potassium needs to 
be given as per expert advice 

       Action 4: Commence a Fixed Rate 
of Intravenous Insulin Infusion (IVII) 

•     Patient weight in Kg is to be noted (in preg-
nant state current weight is considered).  

•   Insulin infusion is to be started 1–2 h after 
starting fl uid replacement therapy.  

•   50 units of human soluble insulin (Actrapid 
Humulin S) made up to 50 ml with .9 % 
sodium chloride solution are infused at a fi xed 
rate of .1 unit/kg/h (i.e., 7 ml/h if weight is 
70 kg) by an infusion pump.  

•   In case of delay to set up infusion pump, a stat 
dose of intramuscular insulin (.1 unit/kg) is 
given.  

•   Patient’s usual dose of insulin should be con-
tinued at usual time.      
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    Follow-Up and Monitoring 60 min 
to 6 h 

    Aim 

•     Clear the blood of ketones and suppress keto-
genesis by achieving a rate of fall of ketones 
of at least 0.5 mmol/L/h.  

•   Bicarbonate should rise by 3 mmol/L/h and 
blood glucose should fall by 3 mmol/L/h.  

•   Maintain serum potassium in normal range.  
•   Avoid hypoglycemia.     

    Action 1: Reassess 

•     Monitor vital signs.  
•   If anuric or incontinent, catheterization is to 

be done.  
•   If vomiting is persisting, NG tube is to be put 

in.  
•   If oxygen saturation is falling, blood gas anal-

ysis is to be done.     

    Action 2: Review Metabolic 
Parameters 

•     Measure blood ketones and capillary glucose 
hourly. If blood glucose is high, hourly venous 
blood is to be sent for measurement.  

•   Review patient’s response by noting the fall of 
ketone levels, rise in bicarbonate levels, and 
fall in glucose level (rate of fall of ketones 
should be at least 0.5 mmol/L/h, rate of rise of 
bicarbonate by 3 mmol/L/h, and blood glu-
cose fall by 3 mmol/L/h). If desired goal is not 
achieved, insulin infusion rate is to be 
increased by 1 unit/h.  

•   Continue fi xed rate of IVII until ketones are 
less than 0.3 mmol/L, venous pH over 7.3, 
and/or venous bicarbonate over 18 mmol/L.  

•   Monitor and replace potassium as it may fall 
rapidly.  

•   If glucose falls below 14 mmol/L, 10 % 
glucose should be given at 125 ml/h along 

the side of the 0.9 % sodium chloride 
solution.  

•   Simultaneously precipitating factor should 
also be treated.      

    Follow-Up and Monitoring 6–12 h 

    Aim 

•     Continue IV fl uid replacement.  
•   Continue insulin administration.  
•   Assess for complication of treatment, e.g., 

fl uid overload and cerebral edema.  
•   Avoid hypoglycemia.  
•   Ensure that clinical and biochemical parame-

ters are improving.     

    Action 

•     Monitoring of vital signs is to be continued.  
•   At 6 h check for venous pH, bicarbonate, 

potassium, blood ketones, and glucose.  
•   Resolution is defi ned as ketones < 0.3 mmol/L 

venous pH > 7.3.  
•   Once patient is biochemically stable, oral 

feeding is allowed, and subcutaneous insulin 
regimen is restored in consultation with dia-
betic team.  

•   At the time of discharge, patient is counseled 
and reeducated to reduce the chance of recur-
rence and to facilitate follow-up.      

    Follow-Up and Monitoring 12–24 h 

    Aim 

•     Continue IV fl uid if patient is not eating and 
drinking.  

•   Reassess for complication overload and cere-
bral edema.  

•   Subcutaneous insulin is started before IV 
insulin is discontinued.  

•   Ensure that clinical and biochemical parame-
ters are normalized.  
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•   At 12 h check for venous pH, bicarbonate, 
potassium, blood ketones, and glucose.  

•   By 24 h ketonemia and acidosis should 
resolve.       

    Serious Complications of DKA 
and Its Treatment 

     1.    Hypokalemia and hyperkalemia
•    Hypokalemia and hyperkalemia are poten-

tially life-threatening conditions during 
management of DKA.  

•   Initially there is a risk of acute prerenal 
failure associated with severe dehydra-
tion. So if serum potassium remains above 
5.5 mmol/L and initial fl uid resuscitation 
is done, there is no need of potassium 
supplementation.  

•   Potassium will always fall as DKA is 
treated with insulin, so it is  recommended 

that 0.9 % sodium chloride solution with 
potassium 40 mmol/L (ready mixed) is 
given as long as potassium level is below 
5.5 mmol/L and patient is passing urine.  

•   If serum potassium falls below 3.5 mmol/L, 
more potassium is to be given.  

•   If fluid balance does not permit, more 
concentrated potassium infusion is 
given.      

   2.    Hypoglycemia
•    Blood glucose may fall very rapidly as 

ketoacidosis is corrected. It should not be 
allowed for the blood glucose to drop to 
hypoglycemic level.  

•   Severe hypoglycemia is associated with 
cardiac arrhythmias, acute brain injury, and 
death.  

•   Hypoglycemia also results in a rebound 
ketosis driven by counter-regulatory 
hormones.  

•   Once the blood glucose falls to 14 mmol/L, 
intravenous glucose of 10 % should be 
commenced to prevent hypoglycemia.      

   3.    Cerebral edema
•    Cerebral edema is more common in chil-

dren than in adult.  
•   Insulin administration in 1st hr and fl uid 

administered over the fi rst 4 h are associ-
ated with increased risk of cerebral 
edema.  

•   Symptoms due to cerebral edema are rela-
tively uncommon during DKA although 
asymptomatic cerebral edema may be a 
common feature.  

•   It is disputed whether subclinical edema is 
a feature of DKA or is a result of treatment 
of DKA.  

•   The exact cause of this phenomenon is 
unknown. Recent studies suggest that cere-
bral hypoperfusion with subsequent reper-
fusion may be the mechanism operating for 
development of cerebral edema.  

•   Diagnostic criteria
 –    Abnormal motor or verbal response to 

pain  
 –   Decorticate or decerebrate posture  
 –   Cranial nerve palsy (specially III, IV, 

and VI)  

 Resolution of DKA 

  Expectation:  Patient should be eating, 
drinking, and back on normal insulin. If 
DKA is not resolved, identify and treat the 
reasons for failure to respond. This situa-
tion is unusual and requires senior and spe-
cialist inputs. 

  Transfer to subcutaneous insulin . 
 Convert to subcutaneous regimen 

when biochemically stable (capillary 
ketones < 0.3 mmol/L, pH over 7.3) and the 
patient is ready and able to eat. Do not dis-
continue insulin infusion until 30 min after 
subcutaneous short-acting insulin has been 
given. 

 Conversion to subcutaneous insulin 
should be managed by the Specialist 
Diabetes Team. If the team is not available, 
use local guidelines. If the patient is newly 
diagnosed, it is essential that they are seen 
by a member of the specialist team prior to 
discharge. 

 Arrange follow-up with specialist team. 

12 Diabetic Ketoacidosis in Pregnancy



100

 –   Abnormal neurogenic respiratory pat-
tern (grunting, tachypnea, Cheyne-
Stokes respiration, apneusis)     

•   Treatment
 –    Restrict IV fl uids to 2/3 maintenance 

and replace defi cit over 72 h rather than 
24 h.  

 –   Give mannitol 0.5–1 g/kg IV (2.5 ml/kg 
of 20 % sol) over 20 min and repeat 
after 6 h, if there is no initial response in 
30 min–2 h.  

 –   Hypertonic saline (3 %), 5–10 ml/kg 
over 30 min, may be an alternative to 
mannitol or a second-line therapy if 
there is no initial response to mannitol.  

 –   Elevate the head of the bed.  
 –   Intubation may be necessary for the 

patient with impending respiratory fail-
ure, but aggressive hyperventilation is 
not recommended.  

 –   A cranial CT scan should be obtained to 
rule out other possible intracerebral 
causes of neurological deterioration.            

    Pulmonary Edema 

•     Pulmonary edema is rarely seen in DKA.  
•   If it occurs, it usually occurs within few hours 

of initiation of DKA.  
•   Rapid infusion of crystalloids over a short 

period of time increases the likelihood of this 
complication.     

    Conclusion/Summary 

 Patient should be counseled about the precipitat-
ing cause and early warning symptoms of DKA.

•    Identifi cation of precipitating factors like 
infections or omission of insulin should be 
done. Patient should be educated so that recur-
rence can be avoided.  

•   Patient’s own insulin may be expired or dena-
tured. This should be checked prior to reuse. 
Proper counseling is to be done regarding 
storage and use of insulin.  

•   Cerebral edema is a major risk causing mor-
tality and morbidity and hence should be iden-
tifi ed and managed promptly.        

   Further Reading 

   1.   ACOG Practice Bulletin. Clinical Management 
Guidelines for Obstetrician-Gynecologists. Number 
60, 2005.  
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      Thyroid Dysfunction and Its 
Emergencies in Pregnancy                     

     Nalini     I.     Anand     and     Amita     A.     Gandhi    

           Thyroid Disorders 

 Thyroid disorders are common in young women. 
There is an intimate relationship between mater-
nal and fetal thyroid function, and drugs that 
affect the maternal thyroid also affect the fetal 
gland. Maternal thyroid dysfunction and thyroid 
autoimmunity in pregnancy may be associated 
with adverse obstetric and fetal outcomes. 
Treatment of overt maternal hyperthyroidism and 
overt hypothyroidism clearly improves out-
comes. To date there is limited evidence that 
levothyroxine treatment of pregnant women with 
subclinical hypothyroidism, isolated hypothy-
roxinaemia or thyroid autoimmunity is benefi -
cial. Thyroid autoantibodies have been associated 
with increased early pregnancy wastage, and 
uncontrolled thyrotoxicosis and untreated hypo-
thyroidism are both associated with adverse preg-
nancy outcomes [ 1 ].  

    Thyroid Physiology and Pregnancy 

 Physiologic changes of pregnancy cause the thy-
roid gland to increase production of thyroid hor-
mones by 40–100 % to meet maternal and fetal 
needs [ 2 ]. 

 A number of alterations in thyroid physiology 
and function during pregnancy are detailed in 
Fig.  13.1 . Beginning early in the fi rst trimester, 
levels of the principal carrier protein – thyroxine- 
binding globulin – increases, reaches its zenith at 
about 20 weeks and stabilizes at approximately 
double baseline values for the remainder of preg-
nancy. Total serum thyroxine (T4) increases 
sharply beginning between 6 and 9 weeks and 
reaches a plateau at 18 weeks. Free serum T4 lev-
els rise slightly and peak along with hCG levels, 
and then they return to normal. The rise in total 
triiodothyronine (T3) is more pronounced up to 
18 weeks, and thereafter, it plateaus. Thyroid- 
releasing hormone (TRH) levels are not increased 
during normal pregnancy, but this neurotransmit-
ter does cross the placenta and may serve to stim-
ulate the fetal pituitary to secrete thyrotropin [ 3 ] 
(Fig.  13.2 ).

    Interestingly, the secretion of T4 and T3 is not 
similar for all pregnant women [ 4 ]. Approximately 
a third of women experience relative hypothy-
roxinaemia, preferential T3 secretion and higher, 
albeit normal, serum thyrotropin levels. Thus, 
there may be considerable variability in thyroidal 
adjustments during normal pregnancy. 
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 Thyrotropin, or thyroid-stimulating hormone 
(TSH), currently plays central role in screening 
and diagnosis of many thyroid disorders. Serum 
thyrotropin levels in early pregnancy decrease 
because of thyroid stimulation from the weak 
TSH effects of human chorionic gonadotropin 
(hCG) [ 5 ]. TSH does not cross the placenta. At 
the same time, hCG serum levels are maximal for 
the fi rst 12 weeks; free thyroxin levels increase to 
suppress the pituitary thyrotropin secretion. 
Accordingly, thyrotropin-releasing hormone 

(TRH) is undetectable in maternal serum. Fetal 
serum TRH is detectable beginning at mid- 
pregnancy, but does not increase. 

 Throughout pregnancy, maternal thyroxine 
transferred to the fetus [ 6 ]. Maternal thyroxine is 
important for normal fetal brain development, 
especially prior to development of fetal thyroid 
gland function [ 7 ]. And even though the fetal thy-
roid gland begins concentrating iodine and syn-
thesizing thyroid hormone after 12 weeks, 
maternal thyroxine contribution remains 
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  Fig. 13.1    Correlation of T3, T4 and TSH values with thyroid disorders observed during screening       

  Fig .13.2    Changes in 
maternal and foetal thyroid 
function during pregnancy       
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 important. In fact, maternal thyroxine accounts 
for 30 % of thyroxine in fetal serum at term [ 8 ] 
(Fig.  13.3 ).

      TSH: Levels Are Trimester-Dependent 

   Ranges [ 1 ] 
•   0.2–2.5 mlU/L in the fi rst trimester  
•   0.3–3.0 mlU/L in the second trimester  
•   Up to 3.5 mlU/L in the third trimester

   Free T4 varies as albumin and T4-binding 
globulin change.  

  Numerous hormonal changes and metabolic 
demands occur during pregnancy, resulting 
in profound and complex effects on thyroid 
function.  

  Table  13.1  summarizes the main physiologic 
changes that occur during a normal preg-
nancy and that relate to thyroid function or 
thyroid function testing. These changes are 
discussed below.

SCREEN AT 1ST ANTENATAL VISIT - FT4, TSH, ANRI - TPO ANTIBODIES*

NORMAL

OBSERVE WOMAN. (TREAT WITH LOW
DOSE LT4 IF MATERNAL AGE IS HIGH
OR IN CASE OF BAD OBSTETRIC
HISTORY, ACCORDING TO CLINICAL
DISCRETION

START LT4 REPLACEMENT
TARGET TSH - 0.1-2.5 mlU/L - 1st TRIMESTER
0.3-3.0 mlU/l - 2nd & 3rd TRIMESTERS
FT4 NEAR UPPER LIMIT OF NORMAL

FT4 - NORMAL OR LOW

TSH > 2.5mlU/ml - 1st TRIMESTER

TSH > 3mlU/ml - 2nd & 3rd  TRIMESTERS

IRRESPECTIVE OF ANTIBODY STATUSNO TREATMENT REQUIRED

REVIEW AS & WHEN NEEDED,
CLINICALLY

NEONATAL TSH SCREENING

EVALUATE FT4, TSH MONTHLY & ADJUST LT4 DOSE AS REQUIRED

TREAT WITH LT4 IF REQUIRED

*MANDATORY FOR HIGH RISK WOMEN, PREFERABLE FOR ALL WOMEN

RECHECK FT4, TSH 6 WEEKS POST-PARTUM

DECREASE LT4 DOSE BY 1/2 POST-PARTUM

IF ANTI TPO ANTIBODY +VE,
WATCH OUT FOR POST-PARTUM THYROIDITIS

FT4, TSH-NORMAL

ANTI TPO AB - +VE

  Fig. 13.3    Flowchart depicting treatment based on screening       

   Table 13.1    Factors affecting thyroid physiology during 
normal pregnancy   

 Physiologic change 
 Thyroid-related 
consequences 

 Increased renal iodine 
clearance 

 Increased 24-h RAIU 

 Decreased plasma iodine 
and placental iodine 
transport to the fetus 

 In iodine-defi cient women, 
decreased T4, increased 
TSH and goitre formation 

 Increased O 2  
consumption by 
fetoplacental unit, gravid 
uterus and mother 

 Increased BMR 

 First-trimester increase 
in hCG 

 Increased free T4 and T3 
and decreased basal TSH 
(partial blunting of the 
pituitary-thyroid axis) 

 Increased serum TBG  Increased total T4 and T3 

 Increased plasma volume  Increased T4 and T3 pool 
size 

 Inner-ring deiodination 
of T4 and T3 by placenta 

 Accelerated rates of T4 
and T3 degradation and 
production 
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              Hyperthyroidism 

 Hyperthyroidism occurs in about 0.2–0.4 % of all 
pregnancies. Most cases are due to Graves’ dis-
ease although less common causes (e.g. toxic 
nodules and thyroiditis) may be seen [ 9 ]. Clinical 
assessment alone may occasionally be inadequate 
in differentiating hyperthyroidism from the hyper-
dynamic state of pregnancy. Distinctive clinical 
features of Graves’ disease include the presence 
of ophthalmopathy, diffuse goitre and pretibial 
myxoedema. Also, hyperthyroidism must be dis-
tinguished from gestational transient thyrotoxico-
sis, a self-limiting hyperthyroid state due to the 
thyroid stimulatory effects of beta- hCG . This dis-
tinction is important since the latter condition is 
typically mild and will not usually require specifi c 

antithyroid treatment. Hyperthyroidism due to 
Graves’ disease may worsen in the fi rst trimester 
of pregnancy, remit in later pregnancy and subse-
quently relapse in the postpartum (Fig.  13.4 ).

   Laboratory confi rmation is by a markedly 
depressed TSH level along with an elevated 
serum-free T4 (fT4) level. Rarely, hyperthyroid-
ism is caused by abnormally high serum triiodo-
thyronine (T3) levels – the so-called T3 
thyrotoxicosis (Fig.  13.5 ).

      Risks of Hyperthyroidism on Fetal 
and Maternal Well-Being 

 Uncontrolled hyperthyroidism in pregnancy is 
associated with an increased risk of severe 

Signs and symptoms of hyperthyroidism

Measure TSH level.

Suppressed TSH level Elevated TSH level (rare)

Measure free T4 level Measure free T4 level

High

High

High

Diffuse Nodular

One “hot” area

Toxic adenoma

Normal

Normal Elevated

Low

Decreased

Exogenous hormone Thyroiditis
lodide exposure
Extraglandular production

Increased Graves’
disease

Multiple areas

Toxic multinodular goiter

Measure thyroglobulin.

Measure free T3 level.

T3 toxicosisSubclinical hyperthyroidism
Resolving hyperthyroidism
Medication
Pregnancy
Nonthyroid illness

Secondary
hyperthyroidism

Primary hyperthyroidism

Thyroid uptake Image pituitary gland

  Fig. 13.4    Signs and symptoms of hyperthyroidism       
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 pre- eclampsia and up to a fourfold increased risk 
of low-birth-weight deliveries. Some of these 
unfavourable outcomes are more marked in 
women who are diagnosed for the fi rst time in 
pregnancy. 

 Uncontrolled and inadequately treated mater-
nal hyperthyroidism may also result in fetal and 
neonatal hyperthyroidism [ 10 ] due to the trans-
placental transfer of stimulatory TSH-receptor 
antibodies (TRAbs) [ 11 ]. Clinical neonatal 
hyperthyroidism occurs in about 1 % of infants 
born to mothers with Graves’ disease. Rarely 
neonatal hypothyroidism may also be observed 
in the infants of mothers with Graves’ hyperthy-
roidism. This may result from transplacental 
transfer of circulating maternal anti-thyroid drugs 
and pituitary-thyroid axis suppression from 
transfer of maternal thyroxine. 

 Poorly controlled hyperthyroidism during 
pregnancy is associated with the following:

•    Maternal:
 –    Pregnancy-induced hypertension [ 12 ]  
 –   Pre-eclampsia  
 –   Cardiac failure  
 –   Premature labour [ 12 ]  
 –   Thyroid storm  
 –   Abruptio placenta     

•   Fetal/neonatal:
 –    High miscarriage rate is associated with 

high thyroid hormone and thyrotropin hor-
mone levels (i.e. not due to autoimmunity)  

 –   Intrauterine growth restriction [ 12 ]  
 –   Low birth-weight baby [ 12 ]  
 –   Stillbirth  
 –   Thyroid dysfunction        

Thyroid storm -
a sudden, severe
worsening of
symptoms.

Premature birth

Heart diseases
High blood
pressure during
pregnancy

How does
hyperthyroidism
affect the
mother and baby?

Low birth weight

  Fig. 13.5    Effect of hyperthyroidism in mother and baby       
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    Investigations 

 Serum TSH can exclude primary thyrotoxicosis. 
Confi rm diagnosis with free T4 levels. If TSH is 
suppressed but free T4 levels are normal, then, if 
not previously supplied, free T3 level is neces-
sary (T3 toxicosis occurs in 5 % of patients). 
Previously successfully treated Graves’ disease is 
not associated with abnormal TFTs during 
 pregnancy [ 13 ]. It is important to remember that 
the ranges of TSH, T3 and T4 are different in 
pregnancy [ 14 ]:  

     Pre-pregnancy Hyperthyroidism 
Counselling [ 15 ] 

 This should be offered to all women. The main 
points about which to raise awareness are:

•    General pregnancy and pre-conception advice 
to all women – e.g. folic acid.  

•   Pre-conception patients may be offered defi ni-
tive therapy – e.g. ablation with radiotherapy 
(ideally, the patient should not conceive until 
3–6 months later, once the levothyroxine dose 
has been optimized).  

•   Monitor thyroid-stimulating hormone (TSH) 
and thyrotropin receptor-stimulating antibod-
ies (TRAb) – they gradually disappear follow-
ing surgery, whilst with radiotherapy they rise 
and then usually fall after 12 months.  

•   Thus, surgery is usually the therapy of choice 
in women planning to become pregnant.  

•   Following defi nitive therapy, levothyroxine 
dosage may need to be increased early in preg-
nancy (increased T4 requirement).  

•   If defi nitive therapy is not to be considered, 
then the importance of adhering to medication 
must be stressed, as there is risk of multiple 
complications, both maternal and fetal.  

•   Reports from America concerning liver toxic-
ity are being investigated [ 16 ].Propylthiouracil 
is, however, less likely to cross the placenta 
than carbimazole and has been considered the 
preferred antithyroid drug. These issues 
should be discussed with the patient. The saf-
est option may be to use propylthiouracil in 

early pregnancy, changing to carbimazole in 
the latter months.  

•   Close follow-up during pregnancy, with 
TRAb status checked around 24–28 weeks to 
assess the risk of fetal and/or neonatal 
hyperthyroidism.  

•   There is a risk of disease worsening during the 
fi rst trimester or in the early postpartum 
period; however, note that women may actu-
ally have better control of hyperthyroidism 
during pregnancy.  

•   Antithyroid medication is safe when 
breast-feeding.     

    Causes of Relapse of Previously 
Controlled Hyperthyroidism 
during Pregnancy 

•     Increase in TRAb in the fi rst trimester.  
•   High levels of human chorionic gonadotropin 

(hCG) stimulating the thyroid gland.  
•   Impaired drug absorption through vomiting.  
•   Labour, infection and caesarean section may 

also worsen thyroid control.     

    Management [ 17 ,  18 ] 

 Hyperthyroidism during pregnancy can present 
as hyperemesis gravidarum or as thyroid storm – 
always check the TFTs. These women need 
urgent admission to hospital [ 19 ]. 

  Note : Hyperemesis gravidarum is associated 
with abnormal TFTs which improve once it set-
tles. Control is particularly important as the preg-
nancy progresses, especially in the third trimester. 
This is the result of suppression of the fetal 
pituitary- thyroid axis from maternal transfer of 
thyroxine when hyperthyroidism is poorly 
controlled.  

    Pregnant Mothers with a New 
Diagnosis of Hyperthyroidism. 

•     All pregnant women should be referred 
urgently for assessment of a new diagnosis.     
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    Treatment of All Cases 
of Hyperthyroidism 
during Pregnancy (New Diagnoses or 
Worsening of Previously Controlled 
Hyperthyroidism) 

•     Antithyroid drugs are the fi rst line for all.  
•   Radioiodine is contraindicated.  
•   Surgery is only where absolutely necessary 

and requires the patient to be rendered euthy-
roid with drugs to begin with.  

•   All cases should be discussed with a specialist.  
•   This needs to be urgently referred if adrener-

gic symptoms are present which may require 
treatment.  

•   Adrenergic symptoms can be treated with 
short courses of beta-blockers – e.g. proprano-
lol. Use beyond a few weeks may adversely 
affect the fetus and is not advised.  

•   Antithyroid drugs:
 –    Propylthiouracil may cross the placenta less 

readily than carbimazole (which has, on rare 
occasions, been associated with teratogenic 
affects) and it is the fi rst choice in pregnancy 
and breast-feeding. However, liver toxicity 
has been recently reported (see section “ Pre-
pregnancy hyperthyroidism counselling ” 
above). Current opinion favours using pro-
pylthiouracil in early pregnancy and carbim-
azole in later months [ 17 ].  

 –   Rarely, carbimazole has been associated 
with teratogenic affects.  

 –   However, in some countries, carbimazole 
may be the only choice available and the 
risks of not treating maternal hyperthyroid-
ism will far outweigh those of potential 
teratogenicity.  

 –   The aim is to keep the thyroid hormones in 
the upper third of the reference range. Once 
this is achieved, then the dose of propyl-
thiouracil is decreased to prevent effects on 
neonatal thyroid function (may produce 
neonatal hypothyroidism). A similar strat-
egy is used in Graves’ disease presenting 
during pregnancy.  

 –   Block and replace regimen is not recom-
mended and medications need to continue 
into labour – albeit at a lower dose.  

 –   Remember that antithyroid drugs may 
cause neonatal hypothyroidism – thus, a 
minimal dose required should be used and 
thyroid hormones should be kept within the 
upper third of the normal range.
•    All monitoring of pregnant women 

should take place in secondary care but 
a full TFT profi le should be sent from 
primary care. Monitoring usually 
involves the following: Measure TFTs 
every 4–6 weeks.  

•   Serial fetal ultrasonography (looking for 
intrauterine growth restriction, hydrops 
fetalis, advanced bone age, goitre, 
tachycardia and heart failure).  

•   Check TRAb.            

    Thyrotoxicosis 

 The overwhelming cause of thyrotoxicosis in 
pregnancy is Graves’ disease, an organ-specifi c 
autoimmune process usually associated with 
thyroid- stimulating antibodies. Such antibody 
activity declines during pregnancy, and it may 
become undetectable in the third trimester [ 20 ]. 

    Treatment of Thyrotoxicosis 
during Pregnancy 

 Thyrotoxicosis during pregnancy can nearly 
always be controlled by thionamide drugs. Some 
clinicians prefer propylthiouracil (PTU) because 
it partially inhibits the conversion of T4–T3 and 
crosses the placenta less readily than methima-
zole. Although not defi nitely proven, methima-
zole use in early pregnancy has been associated 
with a rare methimazole embryopathy character-
ized by oesophageal or choanal atresia as well as 
aplasia cutis, which is a congenital skin defect 
[ 21 ,  22 ]. Although these malformations are 
uncommon in women treated with methimazole, 
and despite the lack of epidemiological studies 
that PTU is safer, PTU is still preferred thion-
amide in the United States [ 23 ]. 

 Transient leukopenia can be documented in up 
to 10 % of women taking antithyroid drugs but 
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does not require cessation of therapy. In 0.3–
0.4 %, agranulocytosis develops suddenly and 
mandates discontinuance of the drug. It is not 
dose related, and because of its acute onset, serial 
leukocyte count during therapy is not helpful. 
Thus, if fever or sore throat develops, women are 
instructed to discontinue medication immedi-
ately and report for a complete blood count [ 23 ]. 
Hepatotoxicity is another potentially serious side 
effect that occurs in 0.1–0.2 %. Approximately 
20 % of patients treated with PTU develop anti-
neutrophil cytoplasmic antibody (ANCA), but 
only a small percentage of these go on to develop 
serious vasculitis [ 24 ]. Finally, although thion-
amides have a potential to cause serious fetal 
complications, these are uncommon. In some 
cases, thionamides may even be therapeutic, 
because thyrotropin receptor antibodies cross the 
placenta and can stimulate the fetal thyroid gland 
to cause thyrotoxicosis and goitre. 

 The initial propylthiouracil dose is empirical. 
For nonpregnant patients, the American Thyroid 
Association recommends an initial daily dose of 
100–600 mg for PTU or 10–40 mg for methima-
zole [ 25 ]. With a PTU dose that averaged 600 mg 
daily, only half of women had remission, and in 
these, the dose was decreased to less than 300 mg 
daily within 8 weeks. In a third, however, it was 
necessary to increase the dose. Serum free T4 is 
considered a better indicator of thyroid status 
than TSH during fi rst 2–3 months of treatment 
for hyperthyroidism [ 26 ]. 

 Subtotal thyroidectomy can be performed 
after thyrotoxicosis is medically controlled. This 
seldom is done during pregnancy but may be 
appropriate for the very few women who cannot 
adhere to medical treatment or in whom drug 
therapy proves toxic [ 27 ]. Ablation with thera-
peutic radioactive iodine is contraindicated dur-
ing pregnancy. Therapeutic doses for maternal 
thyroid disease may also cause fetal thyroid gland 
destruction. Thus, when given unintentionally, 
most clinicians recommend abortion. Any 
exposed infant must be carefully evaluated for 
hypothyroidism [ 28 ]. The incidence of fetal 
hypothyroidism depends on gestational age and 
radioactive dose [ 29 ]. There is no evidence that 
therapeutic radioiodine given before pregnancy 

causes fetal anomalies if enough time has passed 
to allow radiation effects to dissipate and the 
woman is euthyroid [ 30 ,  31 ]. The International 
Commission on Radiological Protection has rec-
ommended that women avoid pregnancy for 6 
months after radioablative therapy [ 23 ].   

    Thyroid Storm 

 Only about 1–2 % of women with hyperthyroid-
ism who receive thionamide experience thyroid 
storm – but it is a devastating complication [ 32 ]. 

 Thyroid storm is a rare, life-threatening endo-
crinologic emergency that can lead to cardiac 
arrest and death. A total of 20–30 % of all cases 
are fatal [ 33 ]. Maternal mortality for this condi-
tion is currently approximately 3 %. Pregnant 
women with hyperthyroidism are at increased 
risk for spontaneous pregnancy loss, congestive 
heart failure, thyroid storm, preterm birth, pre- 
eclampsia, fetal growth restriction and associated 
with increased perinatal morbidity and mortality 
[ 34 ]. Patients can have a wide range of signs and 
symptoms. The tachycardia is often out of pro-
portion to the hyperthermia. Blood pressure is 
commonly normal, although a widened pulse 
pressure is common. Patients with thyroid storm 
usually appear confused and disoriented. Thyroid 
storm can be precipitated by surgery, infection, 
trauma or labour and delivery [ 35 ,  36 ]. Patients 
with thyroid storm require assessment and man-
agement in an intensive care unit where they can 
be monitored for cardiac status, fl uid and electro-
lyte balance and control of hyperthermia [ 37 ]. 
The underlying cause of thyroid storm must be 
identifi ed and treated. 

    Clinical Features 

•     Hyperthermia  
•   Nausea  
•   Abdominal pain  
•   Vomiting  
•   Severe agitation  
•   Diaphoresis  
•   Dehydration  
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•   Tachycardia  
•   Congestive heart failure  
•   Arrhythmia  
•   Confusion  
•   Cardiovascular collapse  
•   Malignant exophthalmos     

    Management (Table  13.2 ) 

    Patients with thyroid storm should be treated in 
an ICU setting for close monitoring of vital signs 
and for access to invasive monitoring and inotro-
pic support, if necessary. Initial stabilization and 
management of systemic decompensation are as 
follows:

•    If needed, immediately provide supplemental 
oxygen, ventilatory support and intravenous 
fl uids. Dextrose solutions are the preferred 
intravenous fl uids to cope with continuously 
high metabolic demand.  

•   Correct electrolyte abnormalities.  
•   Treat cardiac arrhythmia, if necessary.  
•   Aggressively control hyperthermia by apply-

ing ice packs and cooling blankets and by 
administering acetaminophen (15 mg/kg 
orally or rectally every 4 h).  

•   Promptly administer antiadrenergic drugs 
(e.g. propranolol) to minimize sympathomi-
metic symptoms.  

•   Correct the hyperthyroid state. Administer 
antithyroid medications to block further syn-
thesis of thyroid hormones (THs).  

•   High-dose propylthiouracil (PTU) is preferred 
because of its early onset of action and capac-
ity to inhibit peripheral conversion of T4–T3. 
The US Food and Drug Administration (FDA) 
had added a boxed warning, the strongest 
warning issued by the FDA, to the prescribing 
information for PTU.
 –    The boxed warning emphasizes the risk for 

severe liver injury and acute liver failure, 
some of which have been fatal. The boxed 
warning also states that PTU should be 
reserved for use in those who cannot toler-
ate other treatments such as methimazole, 
radioactive iodine or surgery.  

 –   The decision to include a boxed warning 
was based on the FDA’s review of postmar-
keting safety reports and meetings held 
with the American Thyroid Association, 
the National Institute of Child Health and 
Human Development and the paediatric 
endocrine clinical community.  

 –   The FDA has identifi ed 32 cases (22 adult 
and 10 paediatric) of serious liver injury 
associated with PTU. Among adults, 12 
deaths and 5 liver transplants occurred; 
among the paediatric patients, 1 death 
and 6 liver transplants occurred. PTU is 
indicated for hyperthyroidism due to 
Graves’ disease. These reports suggest an 
increased risk for liver toxicity with PTU 
compared with methimazole. Serious 
liver injury has been identifi ed with 
methimazole in fi ve cases (three resulting 
in death).  

   Table 13.2    Three-step treatment of thyroid storm   

 Goal  Treatment  Effect 

 Step 1  Block peripheral effect 
of thyroid hormone 

 Provide continuous intravenous 
infusion of β-blocking agent 

 Slows heart rate, increases 
diastolic fi lling and decreases 
tremor 

 Step 2  Stop the production of 
thyroid hormone 

 Provide antithyroid medication 
(propylthiouracil or 
methimazole) and 
dexamethasone 

 Antithyroids decrease synthesis 
of thyroid hormone in the 
thyroid. Propylthiouracil slows 
conversion of T4 to T3 in 
periphery. Dexamethasone 
decreases conversion of T4 to 
T3 in periphery 

 Step 3  Inhibit hormone release  Give iodide 1–2 h after 
antithyroid medication 

 Decreases release of thyroid 
hormone from thyroid 
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 –   PTU is considered as a second-line drug 
therapy, except in patients who are allergic 
or intolerant to methimazole, or for women 
who are in the fi rst trimester of pregnancy. 
Rare cases of embryopathy, including apla-
sia cutis, have been reported with methima-
zole during pregnancy. The FDA 
recommends the following criteria be con-
sidered for prescribing PTU [ 38 ]:
•    Reserve PTU use during fi rst trimester 

of pregnancy or in patients who are 
allergic to or intolerant of methimazole.  

•   Closely monitor PTU therapy for signs 
and symptoms of liver injury, especially 
during the fi rst 6 months after initiation 
of therapy.  

•   For suspected liver injury, promptly dis-
continue PTU therapy and evaluate for 
evidence of liver injury and provide sup-
portive care.  

•   PTU should not be used in paediatric 
patients unless the patient is allergic to 
or intolerant of methimazole, and no 
other treatment options are available.  

•   Counsel patients to promptly contact 
their health-care provider for the follow-
ing signs or symptoms: fatigue, weak-
ness, vague abdominal pain, loss of 
appetite, itching, easy bruising or yel-
lowing of the eyes or skin.        

•   Administer iodine compounds (Lugol’s iodine 
or potassium iodide) orally or via a nasogas-
tric tube to block the release of THs (at least 
1 h after starting antithyroid drug therapy). If 
available, intravenous radiocontrast dyes such 
as ipodate and iopanoate can be effective in 
this regard. These agents are particularly 
effective at preventing peripheral conversion 
of T4–T3.  

•   Administer glucocorticoids to decrease 
peripheral conversion of T4–T3. This may 
also be useful in preventing relative adrenal 
insuffi ciency due to hyperthyroidism.  

•   Treat the underlying condition, if any, that 
precipitated thyroid storm and exclude comor-
bidities such as diabetic ketoacidosis and 
adrenal insuffi ciency. Infection should be 
treated with antibiotics.  

•   Rarely, as a life-saving measure, plasmapher-
esis has been used to treat thyroid storm in 
adults [ 33 ].    

 Iodine preparations should be discontinued 
once the acute phase resolves and the patient 
becomes afebrile with normalization of cardiac 
and neurological status. Glucocorticoids should 
be weaned and stopped and the dose of thio-
amides adjusted to maintain thyroid function in 
the normal range. Beta-blockers may be discon-
tinued once thyroid function normalizes. 

 If the patient is given PTU during treatment of 
thyroid storm, this should be switched to methim-
azole at the time of discharge unless methimazole 
is contraindicated. If there is a contraindication 
for the use of methimazole, alternative methods 
to treat hyperthyroidism should be considered 
after discharge, such as radioactive iodine or 
surgery.  

    Aims of Therapy 

 Therapy is aimed (1) ameliorating hyper-
adrenergic effects of thyroid hormone (TH) on 
peripheral tissues with use of beta-blockers (e.g. 
propranolol, labetalol); (2) decreasing further 
synthesis of THs with antithyroid medications 
(e.g. propylthiouracil [PTU], methimazole); (3) 
decreasing hormonal release from the thyroid, 
using iodides; and (4) preventing further TH 
secretion and peripheral conversion of T4 to T3, 
using glucocorticoids or iodinated radiocontrast 
dyes when available.  

    Prevention 

 The gold standard of treatment of thyroid storm 
is primary prevention. Prevention of thyroid 
storm requires careful control and management 
of the hyperthyroidism. Standard treatment 
options for Graves’ disease include therapy with 
radioactive iodine, ATDs and thyroid surgery 
[ 25 ]. However, pregnancy limits these treatment 
options. Because of possible destruction of the 
thyroid gland in the fetus, radioactive iodine 
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 cannot be given, and surgery is avoided because 
of the increased risk for miscarriage or preterm 
delivery. 

 As a result, the standard treatment during 
pregnancy is the use of ATDs to inhibit the bio-
synthesis of thyroid hormones. Because of the 
immunosuppressive effect of pregnancy, ATDs 
can be given in lower doses in pregnant patients 
than in nonpregnant patients. Every attempt 
should be made to treat with the lowest possible 
effective dose of ATDs because these drugs can 
cross the placenta, enter the fetal circulation and 
affect the thyroid gland of the fetus. 

 Even though propylthiouracil is the drug of 
choice during pregnancy, it is not given without 
careful observation, because it results in drug 
reactions in up to 5 % of treated patients. These 
reactions include fever, rash, urticaria, arthralgias 
and leukopenia. A rare adverse effect, agranulo-
cytosis, an acute condition distinguished by a 
defi cit or absolute lack of granulocytes, usually is 
manifested by fever and sore throat. If fever and 
sore throat occur, a complete blood cell count 
should be done, and if agranulocytosis is diag-
nosed, treatment with thiopropyluracil should be 
stopped [ 39 ]. 

 The starting dose is typically 300–450 mg/day 
divided into 3 doses. If methimazole is used, the 
starting dose is 20 mg twice a day. Results of 
laboratory tests should be monitored carefully, 
and once a patient becomes euthyroid, the dose 
can be tapered gradually. Many patients need 
only 50 mg/day, and some patients may not need 
any medication by the third trimester; however, 
the dosage may vary from 50 to 200 mg of pro-
pylthiouracil every 8 h or methimazole 10–60 mg/
day, depending on the patient’s signs and symp-
toms and laboratory values [ 40 ,  41 ]. 
Biochemically, the aim is to keep the serum level 
of total T4 between 154 and 193 nmol/L (12–
15 μg/dL) and the serum level of free T 4  within 
the reference range for the laboratory test used. 
(These values will vary from one laboratory to 
another [ 41 ].) 

 Fetal and neonatal hypothyroidism, as well as 
the occurrence of goitres, may occur from pas-
sage of thionamides across the placenta [ 40 ]. 
During the fi rst trimester, transfer of ATDs 

 transplacentally can affect thyroid development 
in the fetus. Fetal exposure to ATDs can produce 
hypothyroidism and fetal growth restriction [ 42 ]. 

 Methimazole therapy may be associated with 
aplasia cutis (a localized lesion in the parietal area 
of the scalp, characterized by congenital absence 
of the skin, punched-out “ulcer” lesions that usu-
ally heal spontaneously) in the offspring of treated 
women and is another reason that propylthiouracil 
has become the drug of choice during pregnancy 
[ 43 ]. The therapeutic goal is to control the moth-
er’s hyperthyroidism by using the smallest possi-
ble amount of medication, to avoid suppressing 
the thyroid gland in the fetus [ 44 ].   

    Hyperemesis Gravidarum 
and Gestational Thyrotoxicosis 
(Fig.  13.6 ) 

    Hyperemesis gravidarum is associated with 
abnormal TFTs which improve once it settles. 
Control is particularly important as the preg-
nancy progresses, especially in the third trimes-
ter. This is the result of suppression of the fetal 
pituitary-thyroid axis from maternal transfer of 
thyroxine when hyperthyroidism is poorly 
controlled.  

    Subclinical Hyperthyroidism 
and Pregnancy Outcomes [ 45 ] 

 Subclinical hyperthyroidism has long-term 
sequelae that include osteoporosis, cardiovascu-
lar morbidity and progression to overt thyrotoxi-
cosis or thyroid failure. 

 Subclinical hyperthyroidism is characterized 
by circulating thyrotropin (thyroid-stimulating 
hormone; TSH) levels below the reference range 
and normal serum thyroid hormone levels [ 46 ]. 
The diagnosis is primarily biochemical and 
depends on the defi nition of “normal” TSH lev-
els. In 2002, a panel of experts established the 
reference range for serum THS levels between 
0.45 and 4.5 μU/mL. 

 Whilst interpreting serum TSH levels, physi-
ologic variations as well as presence of occult 
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thyroid disease should be considered. Several 
anthropometric variables, including age, gender, 
race and body mass index (BMI), have a 
 noticeable infl uence over circulating TSH levels 
[ 47 – 49 ]. In addition, other factors such as con-
current medication, coexisting pregnancy or con-
comitant diseases should be considered in order 
to correctly interpret TSH, thyroxin (T4) and 
 triiodothyronine (T3) status [ 47 ]. 

 Additionally, clinicians should consider three 
important facts whilst interpreting the results of 
thyroid function tests [ 50 ]: (1) TSH secretion fol-
lows a circadian rhythm with higher values early 
in the morning and lowest value in the afternoon, 
(2) TSH secretion is pulse-regulated and (3) TSH 
half-life is about 15 min. 

 A classifi cation system for subclinical hyper-
thyroidism has been proposed recently, which 
differentiates between low serum TSH levels 
(0.1–0.4 μU/mL; Grade I or mild) and suppressed 
TSH concentration (<0.1 μU/mL; Grade II or 
severe) [ 51 ]. Grade I subclinical hyperthyroidism 
is three to four times more common than 
Grade II subclinical hyperthyroidism. The risk of 

 progression from Grade I to overt disease is very 
low. Conversely, about 2–5 % of the cases of 
Grade II hyperthyroidism progress to clinical dis-
ease per year [ 51 ]. 

 In some cases, subclinical hyperthyroidism 
may present with a normal serum level of free T4 
(FT4) whilst the serum T3 level remains above 
the reference range. This unusual laboratory fi nd-
ing has been called “T3 toxicosis” and may rep-
resent the earliest stages of disease, which is 
normally caused by an autonomously functioning 
thyroid nodule [ 46 ]. All these categories are rel-
evant in clinical practice. 

 Clinical manifestations of both overt and mild 
(or subclinical) thyrotoxicosis are similar, but dif-
fer in magnitude. Potential complications of 
untreated subclinical hyperthyroidism are numer-
ous and include weight loss, osteoporosis, atrial 
fi brillation, embolic events and altered cognition. 
The most profound consequences of subclinical 
overactive thyroid dysfunction are observed on the 
cardiovascular system [ 52 ] and the skeleton [ 53 ]. 

 2. Severity: In general, patients with Grade I 
subclinical hyperthyroidism may not be offered 
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treatment. On the other hand, treatment should be 
strongly considered in high-risk individuals with 
persistent endogenous Grade II (TSH level 
<0.1 μU/mL) subclinical hyperthyroidism [ 51 ]. 

 There was an increased risk of TSH above 
3 muU/mL in women who consumed 200 mcg or 
more of iodine supplements daily compared with 
those who consumed less than 100 mcg/day 
(adjusted odds ratio = 2.5 [95 % confi dence inter-
val = 1.2–5.4]). We observed no association 
between urinary iodine and TSH levels. Pregnant 
women from the area with the highest median 
urinary iodine (168 mcg/L) and highest 
 supplement coverage (93 %) showed the lowest 
values of serum-free thyroxine (geometric 
mean = 10.09 pmol/L [9.98–10.19]). 

 Iodine supplement intake in the fi rst half of 
pregnancy may lead to maternal thyroid dysfunc-
tion in iodine-suffi cient or mildly iodine-defi cient 
populations.  

    Hypothyroidism 

 The most common cause of hypothyroidism in 
pregnancy is Hashimoto thyroiditis, character-
ized by glandular destruction by autoantibodies, 
particularly antithyroid peroxidase antibodies. 
Clinical identifi cation of hypothyroidism is espe-
cially diffi cult during pregnancy because many of 
the signs or symptoms are also common to preg-
nancy itself. Thyroid testing should be performed 
on symptomatic women or those with a history of 
thyroid disease [ 54 ]. Severe hypothyroidism with 
pregnancy is uncommon, probably because it is 
often associated with infertility and increased 
miscarriage rates [ 55 ] (Table  13.3 ).

   Hypothyroidism is common in pregnancy 
with an estimated prevalence of 2–3 % and 0.3–
0.5 % for subclinical and overt hypothyroidism, 
respectively [ 56 ]. Endemic iodine defi ciency 
accounts for most hypothyroidism in pregnant 
women worldwide whilst chronic autoimmune 
thyroiditis is the most common cause of hypothy-
roidism in iodine-suffi cient parts of the world 
[ 57 ]. The presentation of hypothyroidism in 
pregnancy is not always classical and may 
 sometimes be diffi cult to distinguish from the 

 symptoms of normal pregnancy. A high index of 
suspicion is therefore required especially in 
women at risk of thyroid disease, e.g. women 
with a personal or family history of thyroid dis-
ease, goitre or coexisting primary autoimmune 
disorder like type 1 diabetes. 

    Risks of Hypothyroidism on Fetal 
and Maternal Well-Being (Fig.  13.7 ) 

    Hypothyroidism is diagnosed by noting a high 
TSH associated with a subnormal T4 concentra-
tion. Subclinical hypothyroidism (SCH) is pres-
ent when the TSH is high but the T4 level is in the 
normal range but usually low normal. SCH is the 
most common form of hypothyroidism in preg-
nancy and is usually due to progressive thyroid 
destruction due to autoimmune thyroid disease. 
Several studies, mostly retrospective, have shown 
an association between overt hypothyroidism and 
adverse fetal and obstetric outcomes [ 58 ]. 
Maternal complications such as miscarriages, 
anaemia in pregnancy, pre-eclampsia, abruptio 

   Table 13.3    Clinical signs and symptoms of hypothyroidism   

 Constitutional/general  Fatigue, weight gain, cold 
intolerance, hoarseness, 
periorbital oedema 

 Cardiovascular  Bradycardia, diastolic 
hypertension. Peripheral 
oedema, hyperlipidaemia, 
pericardial effusions 

 Pulmonary  Dyspnoea, pleural effusions 

 Gastrointestinal  Constipation 

 Genitourinary  Decreased glomerular 
fi ltration rate, elevated 
creatinine, infertility, 
menorrhagia 

 Neurological  Poor memory. Diffi culty 
concentrating. Ataxia, 
muscle weakness. Muscle 
cramping. Nerve entrapment 
syndromes (carpal tunnel 
syndrome), delayed tendon 
refl ex relaxation, 
paraesthesias, impaired 
hearing, psychosis 

 Dermatological  Dry coarse skin, diffuse 
alopecia, yellow skin 

  Information from Refs. [ 1 – 3 ]  
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placenta and postpartum haemorrhage can occur 
in pregnant women with overt hypothyroidism. 
Also, the offspring of these mothers can have 
complications such as premature birth, low birth 
weight and increased neonatal respiratory dis-
tress [ 59 ]. Similar complications have been 
reported in mothers with subclinical hypothy-
roidism. A threefold risk of abruptio placenta and 
a twofold risk of preterm delivery were reported 
in mothers with subclinical hypothyroidism [ 60 ]. 
Another study showed a higher prevalence of 
subclinical hypothyroidism in women with pre-
term delivery (before 32 weeks) compared to 
matched controls delivering at term [ 61 ]. An 
association with adverse obstetrics outcome has 
also been demonstrated in pregnant women with 
thyroid autoimmunity independent of thyroid 
function. Treatment of hypothyroidism reduces 
the risks of these adverse obstetric and fetal out-
comes; a retrospective study of 150 pregnancies 

showed that treatment of hypothyroidism led to 
reduced rates of abortion and premature delivery. 
Also, a prospective intervention trial study 
showed that treatment of euthyroid antibody- 
positive pregnant women led to fewer rates of 
miscarriage than nontreated controls [ 62 ]. 

 It has long been known that cretinism (i.e. 
gross reduction in IQ) occurs in areas of severe 
iodine defi ciency due to the fact that the mother is 
unable to make T4 for transport to the fetus par-
ticularly in the fi rst trimester. This neurointellec-
tual impairment (on a more modest scale) has 
now been shown in an iodine-suffi cient area 
(USA) where a study showed that the IQ scores 
of 7–9-year-old children, born to mothers with 
undiagnosed and untreated hypothyroidism in 
pregnancy, were seven points lower than those of 
children of matched control women with normal 
thyroid function in pregnancy [ 63 ]. Another 
study showed that persistent hypothyroxinaemia 
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at 12 weeks gestation was associated with an 
8–10-point defi cit in mental and motor function 
scores in infant offspring compared to children of 
mothers with normal thyroid function [ 64 ]. Even 
maternal thyroid peroxidase SS antibodies were 
shown to be associated with impaired intellectual 
development in the offspring of mothers with 
normal thyroid function [ 65 ]. However, no asso-
ciation was found between isolated maternal 
hypothyroxinaemia and adverse perinatal out-
comes in two large US studies [ 66 ,  67 ], although 
the behavioural outcomes in the children were 
not tested in these studies.  

    Management of Hypothyroidism 
in Pregnancy 

 Levothyroxine is the treatment of choice for 
hypothyroidism in pregnancy. Thyroid function 
should be normalised prior to conception in 
women with preexisting thyroid disease. Once 
pregnancy is confi rmed, the thyroxine dose 
should be increased by about 30–50 % and subse-
quent titrations should be guided by thyroid func-
tion tests (FT4 and TSH) that should be monitored 
4–6 weekly until euthyroidism is achieved. It is 
recommended that TSH levels are maintained 
below 2.5 mU/l in the fi rst trimester of pregnancy 
and below 3 mU/l in later pregnancy [ 68 ]. The 
recommended maintenance dose of thyroxine in 
pregnancy is about 2.0–2.4 μg/kg daily. Thyroxine 
requirements may increase in late gestation and 
return to pre-pregnancy levels in the majority of 
women on delivery. Pregnant patients with sub-
clinical hypothyroidism (normal FT4 and ele-
vated TSH) should be treated as well, since 
supplementation with levothyroxine in such 
cases results in signifi cantly higher delivery rate, 
with a pooled relative chance of 2.76 [ 69 ].   

    Subclinical Hypothyroidism 

 Traditionally, overt hypothyroidism cases during 
pregnancy have been treated due to its adverse 
effect on fetus as well as on mother. Evidences 
are now available for the need of treatment of 

subclinical hypothyroidism (SCH) during preg-
nancy. SCH is the most common form of hypo-
thyroidism in pregnancy and is usually due to 
progressive thyroid destruction due to autoim-
mune thyroid disease. The prevalence and inci-
dence of SCH are found to be more in South Asia 
than other parts of the world. 

 Thyroid gland has an important role in 
brain development of fetus during pregnancy. 
Subclinical hypothyroidism (SCH) is the most 
common form of hypothyroidism in pregnancy. 
SCH is present, when the thyroid-stimulating 
hormone (TSH) is high or normal but the thyrox-
ine (T4) level is in the normal or low normal 
range. It is more predominant in South Asia. So, 
every pregnant women should be ruled out for 
SCH in fi rst trimester. 

 Thyroid disease in pregnancy especially SCH 
during pregnancy results in impaired neurodevel-
opment in offspring [ 63 ,  70 ]. Further, other 
reports have associated SCH with preterm 
 delivery, pre-eclampsia and postpartum thyroid-
itis [ 60 ,  71 ]. 

 The prevalence of SCH could be anticipated to 
be between 2 and 5 % of women screened, 
depending on the TSH and free T4 (FT4)-level 
thresholds applied, and this represents most 
women who would be identifi ed with thyroid 
defi ciency through routine screening [ 60 ]. In 
North India, there is a high prevalence of hypo-
thyroidism (14.3 %), majority being subclinical 
in pregnant women during fi rst trimester, neces-
sitating routine screening [ 72 ]. Probable causes 
of SCH are many and chronic autoimmune thy-
roiditis (e.g. Hashimoto’s disease, thyroiditis) 
with a prevalence of 3–8 % in the general popula-
tion is said to be the most common cause [ 73 ]. 
High oestrogen states (in pregnancy, it causes 
decrease in FT4 level) [ 74 ] and chronic stress – 
both physical and mental [ 75 ] along with other 
diseases like diabetes (especially type 1) – are 
conditions affecting the pituitary or hypothala-
mus, are some other causes [ 76 ]. Women with 
family history of hypothyroidism or an autoim-
mune disease are also at increase risk of develop-
ing SCH. Serum TSH is the more accurate 
indication of thyroid status in pregnancy and the 
gestation age for screening is 12–16 weeks of 
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gestation. Indications for screening of high-risk 
group include history of thyroid dysfunction or 
prior thyroid surgery, age >30 years, symptoms 
of thyroid dysfunction or the presence of goitre, 
thyroid peroxidase antibody (TPOAb) positivity, 
type 1 diabetes or other autoimmune disorders, 
history of miscarriage or preterm delivery (RPL), 
history of head or neck radiation, family history 
of thyroid dysfunction, morbid obesity (body 
mass index [BMI] ≥40 kg/m 2 ), use of amioda-
rone or lithium or recent administration of iodin-
ated radiologic contrast, history of infertility and 
residing in an area of known moderate-to-severe 
iodine suffi ciency. 

 There may be no signs and symptoms or mild 
general signs and symptoms of hypothyroidism, 
like depression, weight gain [ 77 ], dry or fl aky 
skin, body weakness or feeling cold easily, slow 
pulse, low body temperature and increased need 
for sleep. Some women may experience diffi -
culty in concentrating, irritability and anxiety 
with slow movement, thinking and learning [ 78 ] 
as well as slow circulation and heart rate. 

 Next step is antithyroid antibodies [ 79 ] 
(maternal thyroid peroxidase) should be done in 
all cases where serum TSH is out of range. Other 
least important tests include red cell selenium, 
urinary T3 (recent studies show that symptoms of 
hypothyroidism correlate best with 24-hour uri-
nary FT3) [ 80 ], urinary iodine concentration, 
thyroid ultrasound, serum cholesterol (which 
may be elevated in hypothyroidism), serum pro-
lactin (as a widely available test of pituitary func-
tion), testing for anaemia and basal body 
temperature. These tests are important because 
the risk complications arising from hypothyroid-
ism either overt or subclinical are very high. 
These includes a threefold increase in risk of 
abruptio placenta and a twofold risk of preterm 
delivery, reported in mothers with SCH [ 60 ]. 
Neuromuscular symptoms and dysfunction are 
common in patients with SCH and can be 
reversed by levothyroxine treatment [ 81 ]. The 
overall incidences of hypertension in pregnancy 
were 6.2 %, 8.5 and 10.9 % in the subclinical 
hyperthyroid, euthyroid and subclinical hypothy-
roid groups, respectively [ 82 ]; there was a signifi -
cant association between SCH and severe 

pre-eclampsia. Therefore, they recommend 
screening in every case of severe pre-eclampsia. 
The risk of developing gestational diabetes 
increases with thyrotropin level. This supports a 
relationship between SCH and diabetes diag-
nosed during pregnancy. It may progress to overt 
hypothyroidism in approximately 2–5 % of cases 
annually [ 73 ]. Pre-eclampsia, eclampsia and 
pregnancy-induced hypertension have a signifi -
cantly higher incidence in SCH (15 %;  n  = 7 of 
45) compared with the incidence in the general 
population (7.6 %) [ 83 ]. Neuromuscular symp-
toms and dysfunction [ 82 ] – postpartum thyroid 
dysfunction – signifi cantly developed in the pres-
ence of antithyroid antibody with a prevalence 
ranging from 1.1 to 16.7 % with a mean of 7.5 % 
[ 84 ]. Postpartum depression can also occur but 
no signifi cant difference was found [ 65 ]. SCH 
was found in 19.6 % of women having history of 
vascular complicated pregnancy. It occurred 
more often when pregnancy ended before 
32 weeks of gestation ( p  = 0.008) [ 85 ]. Coming to 
the risk to fetus, 7-point reduction in intelligence 
quotient was observed in children aged 7–9 years, 
whose mothers had SCH at pregnancy compared 
with the children of euthyroid mothers. Even 
when hypothyroid pregnant women were insuffi -
ciently treated with levothyroxine (LT4), the 
intelligence quotient (IQ) scores of their off-
spring were not different from those of controls. 
Pregnant women with SCH have higher inci-
dence of neonatal morbidity and mortality [ 55 ]. 

 Twofold risk increase observed in neonate 
intensive care nursery admission (RR 1.8; 95 % CI 
1.1–2.9 %) and incidence of respiratory distress 
syndrome (defi ned as ventilator assistance >24 h) 
[ 60 ]. Thyroid hormones are regulators of the mito-
chondrial activity so hypothesis can be made that 
all the complications in SCH may be due to mito-
chondrial dysfunction. It can be prevented provid-
ing a minimum of 250 mcg iodine daily to all 
pregnant and lactating women. Pre-conception 
ingestion of 150 mg iodine daily along with pre- 
conception screening for hypothyroidism can pre-
vent the major complications [ 86 ]. The goal of 
treatment is to normalize maternal serum TSH val-
ues within the trimester-specifi c pregnancy refer-
ence range. If trimester-specifi c reference ranges 
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for TSH are not available in the  laboratory, the 
 following reference ranges are recommended by 
USPSTF [ 79 ]: fi rst trimester (0.1–2.5 mIU/L), 
second trimester (0.2–3.0 mIU/L) and third 
 trimester (0.3–3.0 mIU/L). 

 Oral levothyroxine is the drug of choice as it is 
category A drug and has a long half-life (7 days) 
and is partially converted to T3 in the body, 
resulting in a constant physiologic level of both 
T3 and T4 with a single daily dose. It should be 
started at a low dose of 12.5–25 mg and the main-
tenance dose should be 2–2.4 mg/kg/day. 

 The prevalence of SCH in South Asia espe-
cially in India is more than in other parts of the 
world and mostly due to autoimmune thyroiditis 
and nutrition defi ciency. The gravity of the com-
plications like abortion, preterm birth, weight 
gain, postpartum thyroiditis and converting to 

overt hypothyroidism in the future outweighs the 
cost of screening. The child may suffer from low 
IQ and decreased memory and concentrating 
power. In this view, we propose screening all 
pregnant women in the fi rst trimester by doing 
serum TSH and FT4 followed by antithyroid 
antibody for diagnosis. It should be made manda-
tory, so that not a single mother will be deprived 
of it. Finally, we conclude that treatment should 
be given to the antibody-positive cases because 
complications are usually associated with it.  

    Iodine and Pregnancy [ 87 ] (Fig.  13.8 ) 

    An adequate iodine intake during pregnancy is 
essential for the synthesis of maternal thyroid 
hormones and normal brain development in the 
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fetus. There was an increased risk of TSH above 
3 muU/mL in women who consumed 200 mcg or 
more of iodine supplements daily compared with 
those who consumed less than 100 mcg/day 
(adjusted odds ratio = 2.5 [95 % confi dence inter-
val = 1.2–5.4]). We observed no association 
between urinary iodine and TSH levels. Pregnant 
women from the area with the highest median 
urinary iodine (168 mcg/L) and highest supple-
ment coverage (93 %) showed the lowest values 
of serum-free thyroxine (geometric 
mean = 10.09 pmol/L [9.98–10.19]). 

 Iodine supplement intake in the fi rst half of 
pregnancy may lead to maternal thyroid dysfunc-
tion in iodine-suffi cient or mildly iodine-defi cient 
populations.  

    Myxoedema Coma (Table  13.4 ) 

    Myxoedema coma/crisis occurs most commonly 
in older women with long-standing, undiagnosed 
or undertreated hypothyroidism who experience 
an additional signifi cant stress, such as infection, 
a systemic disease, certain medications and expo-
sure to a cold environment. 

 When hypothyroidism is long-standing, phys-
iologic adaptations occur. Reduced metabolic 
rate and decreased oxygen consumption result in 
peripheral vasoconstriction, which maintains 
core temperature. The number of beta-adrenergic 
receptors is reduced, usually with preservation of 
alpha-adrenergic receptors and circulating 
 catecholamines, causing beta/alpha-adrenergic 
imbalance, diastolic hypertension and reduced 
total blood volume. 

 Myxoedema coma/crisis is a form of decom-
pensated hypothyroidism in which adaptations 

are no longer suffi cient [ 88 ]. Essentially, all 
organ systems are affected. 

    Metabolic 

 Thyroid hormones are critical for cell metabo-
lism and organ function. With an inadequate sup-
ply, organ tissues do not grow or mature, energy 
production declines and the action of other hor-
mones is affected. 

 Although weight gain is common, severe obe-
sity is rarely secondary to hypothyroidism alone. 
However, long-standing, untreated hypothyroid-
ism may result in years of inactivity, eventually 
with a large increase in weight. 

 Because of decreased drug metabolism, over-
doses of medications (e.g. morphine, hypnotics, 
anaesthetic agents, sedatives) can occur and can 
even precipitate myxoedema crisis.  

    Neurologic 

 Although the condition is called myxoedema 
coma, the absence of coma does not exclude the 
diagnosis of this disorder. The presenting mental 
status may be lethargy or stupor. The exact mech-
anisms causing changes in mental status are not 
known. Brain function is infl uenced by reduc-
tions in cerebral blood fl ow and oxygen delivery, 
a lack of thyroxine (T4) and triiodothyronine 
(T3) and reductions in oxygen and glucose con-
sumption; all of these factors are probably 
involved. Hyponatraemia brought on by renal 
dysfunction may be an additional cause of altered 
mental function.  

    Renal 

 Kidney function may be severely compromised, 
partly because of low cardiac output and vaso-
constriction that causes a low glomerular fi ltra-
tion rate. Reduced levels of NA + /K +  ATPase 
decrease sodium reabsorption and impair free- 
water excretion, resulting in hyponatraemia, 
which is usually present in myxoedema coma.  

   Table 13.4    Historical questions in the evaluation of 
myxoedema coma   

 History of thyroid disease? 

 Symptoms of hypothyroidism: weight gain, hair loss, 
fatigue, weight gain, dry skin, voice change, 
depression, constipation, menstrual irregularity? 

 Medication changes often with menometrorrhagia? 

 Physiologic/psychological stressors: infection, trauma, 
cold exposure, major life changes? 
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    Gastrointestinal 

 Severe or even mild hypothyroidism decreases 
intestinal motility. Patients with myxoedema 
coma can present with gastric atony, megacolon 
or paralytic ileus. Malabsorption has also been 
reported. Ascites, whilst uncommon, may occur 
due to increased capillary permeability, conges-
tive heart failure or other mechanisms.  

    Medical Care 

 Myxoedema crisis/coma is a life-threatening 
condition; therefore, patients with this disorder 
must be stabilized in an intensive care unit. The 
fi rst 24–48 h is critical. If the diagnosis is consid-
ered likely, immediate and aggressive adminis-
tration of multiple interventions is necessary to 
lower an otherwise high-rate mortality. Initial 
priorities include the following:

•    Mechanical ventilation if respiratory acidosis/
hypercapnia/hypoxia is signifi cant  

•   Immediate intravenous thyroid hormone 
replacement whilst awaiting confi rmatory test 
results (T4 and TSH), even if the diagnosis of 
myxoedema coma is only probable.  

•   Because GI absorption is compromised, intra-
venous therapy is mandatory. Whether to use 
T4 alone, combined T4 and T3 or T3 alone 
remains a subject of controversy. Deiodinase 
conversion of T4 to the active hormone T3 is 
reduced in these patients, and T3 administra-
tion may be advisable. However, T3, because 
of its more immediate action and short half- 
life, may be more likely to cause arrhythmias, 
particularly if myocardial function is compro-
mised. The usual conversion to an intravenous 
dose of T4 is approximately one half to two 
thirds of the oral dose.  

•   An intravenous loading dose of 500–800 mcg 
of levothyroxine is followed by a daily intra-
venous dose of 50–100 mcg; the daily dose is 
administered until the patient is able to take 
medication by mouth. Use caution in elderly 
persons and in patients with coronary artery 
disease or myocardial infarction, because 

 full- dose T4 therapy may worsen myocardial 
ischemia by increasing myocardial oxygen 
consumption [ 89 ]. Some authorities advocate 
the use of additional intravenous T3 at 
10–20 mcg every 8–12 h, especially in young 
patients with low cardiovascular risk.  

•   Because of the rarity of the condition, ran-
domized trials comparing different treatment 
modalities are not available. Observational 
studies are not in agreement regarding whether 
low- [ 90 ,  91 ] or high-dose T4 or T3 replace-
ment reduces mortality [ 92 ].  

•   In light of the possibility of adrenal insuffi -
ciency, stress steroid replacement  after  a corti-
sol level is obtained [ 93 ].  

•   After a baseline cortisol level is ascertained, 
initiate hydrocortisone at 5–10 mg/h. Continue 
therapy unless the random cortisol level on 
admission indicates adrenal function  without 
abnormalities, in which case, hydrocortisone 
may be stopped without tapering.  

•   Passive rewarming using ordinary blankets 
and a warm room (rapid and external rewarm-
ing are contraindicated).  

•   Treatment of associated infection.  
•   Correction of severe hyponatraemia (sodium 

level <120 mEq/L) with saline, free-water 
restriction.  

•   Broad-spectrum antibiotics with modifi cation 
of the antibiotic regimen based on culture 
results.  

•   Correction of hypoglycaemia with intrave-
nous dextrose.  

•   Treatment of severe hypotension with cau-
tious administration of 5–10 % glucose in 
half-normal or normal saline (or hypertonic 
saline if severely hyponatraemic, i.e. 
<120 mEq/L).  

•   Dose adjustment of any medication to com-
pensate for decreased renal perfusion, drug 
metabolism, etc.  

•   Infection.
 –    The precipitating event in myxoedema 

coma/crisis is often overt or occult bacte-
rial infection.  

 –   Fever and elevated white blood cell (WBC) 
count are usually absent, although a left 
shift and/or bands may be observed.  
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 –   Pan-culture and initiate empiric broad- 
spectrum antibiotic treatment, which can 
be narrowed if the source of infection is 
identifi ed.  

 –   If culture results remain negative, antibiot-
ics may be discontinued.     

•   Myocardial ischaemia [ 94 ].
 –    Myocardial infarction may be the precipi-

tating event in older patients, or it may sub-
sequently occur.  

 –   Serial CK determinations with fraction-
ation assist in the diagnosis and treatment 
of an acute coronary event. CK levels are 
often elevated in myxoedema coma/crisis 
but are usually of muscle origin.  

 –   If ischemia or infarction is diagnosed, or if 
the patient has signifi cant risk factors for 
coronary artery disease, institute thyroid 
replacement at low doses.     

•   Volume status.
 –    Intravenous glucose and normal saline 

should be carefully administered, because 
patients are usually volume overloaded and 
prone to congestive heart failure from the 
reduced cardiac function of hypothyroid-
ism. If severely hyponatraemic (sodium 
level <120 mEq/L), consider administra-
tion of small amounts of hypertonic saline 
followed by intravenous furosemide to 
improve volume status.  

 –   Generally, hypotension is resistant to the 
usual drugs until thyroid hormone and glu-
cocorticoids (if insuffi cient) are adminis-
tered. If hypotension does not improve 
with prudent fl uid replacement, whole 
blood can be transfused. Finally, cautious 
administration of dopamine can be used.        

    Further Outpatient Care 

 Follow-up care is necessary to ensure compliance 
with thyroid hormone replacement.

•    If primary hypothyroidism was diagnosed, 
assess the TSH level every 6 weeks and adjust 
the T4 dose. Once a normal TSH level 
is obtained, it may be monitored yearly. If 

 compliance is an issue, check the patient every 
3–6 months.  

•   In hypothyroidism secondary to pituitary dys-
function, monitor free T4 levels. The TSH 
level is not an accurate measure of thyroid 
function.  

•   Obtain assurance that the precipitants of the 
initial presentation will not recur.  

•   Patients with risk factors for coronary artery 
disease should be carefully monitored to 
ensure that an acute ischaemic event is neither 
a precipitant of myxoedema coma/crisis nor a 
consequence of treatment.      

    Postpartum Thyroditis 

 Postpartum thyroiditis is a phenomenon 
observed following pregnancy [ 95 ] and may 
involve hyperthyroidism, hypothyroidism or the 
two sequentially. It affects about 5 % of all 
women within a year after giving birth. The fi rst 
phase is typically hyperthyroidism. Then, the 
thyroid either returns to normal or a woman 
develops hypothyroidism. Of those women who 
experience hypothyroidism associated with 
postpartum thyroiditis, one in fi ve will develop 
permanent hypothyroidism requiring lifelong 
treatment. 

 Postpartum thyroiditis is believed to result 
from the modifi cations to the immune system 
necessary in pregnancy and histologically is a 
subacute lymphocytic thyroiditis. The process is 
normally self-limiting, but when conventional 
antibodies are found, there is a high chance of 
this proceeding to permanent hypothyroidism. 
Postpartum thyroiditis is a member of the group 
of thyroiditis conditions known as resolving 
thyroiditis. 

    Signs and Symptoms 

 The initial phase of hyperthyroid symptoms occurs 
transiently about 2–6 months postpartum [ 84 ]. 
Typical symptoms include fatigue,  irritability, 
 nervousness, palpitations and heat intolerance. 
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Hormonal disturbances during this phase tend to 
occur with lower intensity compared with the 
hypothyroid phase [ 84 ]. As a result, the hyperthy-
roid phase may pass undetected. The second phase 
of hypothyroid symptoms is also transient and can 
occur anytime within the 3- to 12-month period 
postpartum [ 84 ]. Women in this phase experience 
low energy, poor memory, impaired concentration, 
carelessness, dry skin, cold intolerance and gen-
eral aches and pains. After 1 year postpartum, 
euthyroid function resumes. Any case with 
 hypothyroid symptoms extending beyond 1 year 
 postpartum is not considered postpartum 
 thyroiditis [ 84 ]. 

 Women who test positive for thyroid antibod-
ies may be at increased risk of developing symp-
toms associated with postpartum depression than 
women without thyroid antibodies [ 96 ].  

    Prevalence 

 Worldwide reporting of postpartum thyroiditis 
cases is highly varied. This variation may be due 
to methodological discrepancies in assessing 
women for this condition [ 97 ]. Factors such as 
length of follow-up after delivery, diagnostic 
criteria, frequency of postpartum blood sam-
pling and thyroid hormone assay methodology 
[ 98 ] likely contribute to this variation. On aver-
age, 5–7 % of pregnant women from most 
iodine- replete populations develop this condi-
tion [ 97 ]. 

 Women with type I diabetes mellitus have a 
threefold increase in the prevalence of postpar-
tum thyroiditis than nondiabetic women in the 
same region [ 84 ].  

    Etiology 

 During pregnancy, immunologic suppression 
occurs which induces tolerance to the presence of 
the fetus [ 97 ]. Without this suppression, the fetus 
would be rejected causing miscarriage [ 97 ]. As a 
result, following delivery, the immune system 
rebounds causing levels of thyroids antibodies to 
rise in susceptible women [ 98 ]. 

 Specifi cally, the immunohistological features 
of susceptible women are indicated by [ 97 ]:

•    Antibodies to thyroglobulin (TgAb)  
•   Antibodies to thyroid peroxidase (TPOAb)  
•   Increase in TPOAb subclasses IgG1–IgG3  
•   Lymphocyte infi ltration and follicle formation 

within thyroid gland (Hashimoto’s 
thyroiditis)  

•   T-cell changes (increased CD4:CD8 ratio)  
•   TSH-receptor antibodies (TSH-R Abs)     

    Diagnosis 

 This condition is commonly undiagnosed by 
physicians due to either unfamiliarity with the 
disease, the subtlety of symptoms or the attribu-
tion of the symptoms to the stresses of having a 
newborn [ 99 ]. Usual screening begins with 
assessing the thyroid-stimulating hormone 
(TSH) level. A suppressed TSH could represent 
the hyperthyroid phase but warrants further test-
ing to investigate for possible Graves’ disease 
[ 99 ]. A normal TSH with persistent symptoms 
could represent the shift between phases and 
requires repeat testing 4–6 weeks later; an ele-
vated TSH at this time could indicate the hypo-
thyroid phase [ 99 ].  

    Treatment 

 For most women, the hyperthyroid phase pres-
ents with very mild symptoms or is asymptom-
atic; intervention is usually not required. If 
symptomatic cases require treatment, a short 
course of beta-blockers would be effective [ 84 ]. 

 Assessing treatment for the hypothyroid is 
more complex. Women with symptoms or a very 
high TSH level or both are usually prescribed a 
course of levothyroxine [ 84 ]. Asymptomatic 
women with slightly elevated TSH levels who are 
planning subsequent pregnancies should consider 
a course of treatment until completion of the fam-
ily to avoid possible developmental complica-
tions in future children [ 84 ]. Otherwise, treatment 
could be discontinued after 1 year postpartum.   
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    Conclusion 

 Pregnancy has profound effects on the regula-
tion of thyroid function in healthy women and 
patients with thyroid disorders. These effects 
need to be recognized, precisely assessed, 
clearly interpreted and correctly managed. For 
healthy pregnant women who reside in areas 
with a restricted iodine intake, relative hypo-
thyroxinaemia and goitrogenesis occur fre-
quently, indicating that pregnancy constitutes 
a challenge for the thyroidal economy. 

 Overt thyroid dysfunction occurs in 2–3 % 
of pregnancies, but subclinical thyroid dys-
function (both hyper- and hypothyroidism) is 
probably more prevalent and frequently 
remains undiagnosed, unless specifi c screen-
ing programs are initiated to disclose thyroid 
function abnormalities in early gestation. 
Maternal alterations of thyroid function due 
to iodine defi ciency, hypothyroidism and 
hyperthyroidism have important implications 
for fetal/neonatal outcome. In recent years, 
particular attention has been focused on 
potential developmental risks for the fetuses 
of women with subclinical hypothyroidism 
during early gestation. These include obstet-
ric problems and the possibility of impaired 
neurodevelopment. 

 Pregnancy increases the metabolic rate, 
blood fl ow, heart rate and cardiac output and 
various subjective sensations such as fatigue 
and heat intolerance that may suggest the pos-
sibility of coexistent thyrotoxicosis. Other 
metabolic changes which also impact the 
hypothalamic pituitary-thyroid system are the 
potential direct stimulation of the maternal 
thyroid by hCG, as well as the accelerated 
metabolism of thyroxine, presumably due to 
increased placental deiodination enzymes. 

 In patients with hypothyroidism, it is 
important to recognize that therapeutic 
requirements for exogenous thyroxine are 
increased by 50 % on average during preg-
nancy. This should be taken into account in the 
management of such patients. 

 Main causes of thyrotoxicosis in pregnancy 
include Graves’ disease (uncommon, but poten-
tially pregnancy-threatening) and  gestational 
non-autoimmune transient  hyperthyroidism 

(more common, but remaining mild usually). 
The natural history of Graves’ disease is altered 
during pregnancy, with a tendency for exacerba-
tion in 1st trimester, amelioration during 2nd and 
3rd trimesters and typically a rebound during the 
postpartum period. These changes are the conse-
quences of partial immune suppression during 
gestation with a rebound during the postpartum 
period. This must be kept in mind when treating 
thyrotoxic patients, since all ATD cross the pla-
centa and may affect fetal thyroid function. PTU 
is now recommended only for 1st trimester and 
MMI for the rest of pregnancy. 

 Fetal and neonatal hyperthyroidism is due 
to the transplacental transfer of maternal 
stimulating TSH-receptor antibodies (TRAb). 
The diagnosis of fetal (and neonatal) hyper-
thyroidism is usually made on the basis of 
fetal tachycardia, accelerated bone age and 
intrauterine growth retardation. It may occur 
in infants born to women with active Graves’ 
disease, but also to women who have had 
prior defi nitive cure of their disease by sur-
gery or radioactive iodine, but maintain high 
titres of TRAb. The proper management of 
pregnant patients with Graves’ disease 
remains a diffi cult challenge in clinical 
endocrinology. 

 Thyroid nodules discovered during preg-
nancy should be aspirated for cytological 
diagnosis. If a malignancy is diagnosed, sur-
gery should be performed during pregnancy or 
shortly thereafter. Pregnancy by itself does 
may not adversely affect the natural history of 
differentiated thyroid carcinoma. 

 During the postpartum period, particular 
attention should be given to women with thy-
roid autoimmunity, since hypothyroidism and 
hyperthyroidism are frequently exacerbated in 
the months following the delivery. 

 Antenatal screening for thyroid dysfunc-
tion is being actively discussed by the thyroid 
community. At present evidence-based studies 
are very limited and do not support this strat-
egy. However many clinics worldwide are cur-
rently screening for thyroid dysfunction. 
Dialogue between endocrinologist and obste-
trician is important in this regard. The results 
of further randomized trials are awaited.     
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      Other Endocrine Emergencies 
in Pregnancy                     

     Anita     Singh      and     Shipra     Singh   

           Introduction 

 Endocrine emergencies in pregnancy are rare 
and are more likely to occur in the absence of 
good obstetric care. Because of their rare 
occurrence, these entities are often not sus-
pected and diagnosed timely, thus leading to 
serious consequences in the form of increased 
fetal and maternal morbidity and mortality. 
Thyroid- and diabetes-related events in preg-
nancy are more common because of their 
higher prevalence in the normal population. 
Pituitary, adrenal, and parathyroid hormonal 
complications in pregnancy are relatively rare. 
A high index of suspicion is needed for early 
diagnosis, and medical treatment is directed 
primarily at maintaining maternal hemody-
namic stability. A close liaison between an 
endocrinologist, maternal-fetal specialist, and 

intensivist is critical in optimizing both mater-
nal and fetal outcomes. A brief description of 
prevalence, etiology, clinical features, diagno-
sis, and management of parathyroid, pituitary, 
and adrenal diseases presenting as emergen-
cies in pregnancy has been dealt with in the 
following chapter.  

    Hyperparathyroidism 

 Primary hyperparathyroidism occurs rarely 
during pregnancy; its true incidence remains 
unknown because it may remain unnoticed and 
go undiagnosed in uncomplicated pregnancies. 
Hyperparathyroidism in a pregnant patient can 
cause considerable morbidity in the mother 
and the fetus. Complications have been 
reported in 67 % of mothers and 80 % of fetus 
and neonates [ 1 ]. 

 The diagnosis of hyperparathyroidism is dif-
fi cult during pregnancy because of normal 
pregnancy- induced changes that decrease total 
serum calcium and suppress parathormone. An 
increased serum ionized calcium level and detect-
able parathormone indicate primary hyperpara-
thyroidism in most cases. 

  Etiology:     a series of 100 cases of hyperparathy-
roidism diagnosed during pregnancy or post 
delivery revealed adenomas in 89 %, hyperplasia 
in 9 %, and carcinoma in 2 % [ 2 ].  
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    Manifestations and Complications 
in Pregnant Women 

 Symptoms include nausea, vomiting abdominal 
pain, renal colic, generalized muscular weakness, 
and mental disturbances. Other symptoms include 
hyperemesis gravidarum, weight loss, and gener-
alized seizures. Many of these symptoms can be 
attributed to pregnancy itself. Objective fi ndings 
include nephrolithiasis and nephrocalcinosis, uri-
nary tract infections, bone disease on radiograph, 
and pancreatitis. Pancreatitis usually occurs in 
second and third trimesters and may be associated 
with hypercalcemic crisis [ 3 ]. Acute parathyroid 
crisis has been reported during pregnancy and 
postpartum which may prove fatal [ 4 ,  5 ]. 
Susceptibility to fractures increases drastically. 
Bilateral femoral neck fractures and rib fractures 
have been reported [ 6 ,  7 ].  

    Complications in Fetus 

 The most frequently reported serious complica-
tions include stillbirths, miscarriages, and neonatal 
tetany. However the incidence of these complica-
tions has declined over the decades due to early 
recognition of maternal disease and proper man-
agement. Neonatal tetany mainly presents in cases 
of unrecognized maternal hyperthyroidism.  

    Management 

 Parathyroidectomy performed during pregnancy 
prevents fetal and neonatal morbidities. Surgery is 
best performed during second trimester, after com-
pletion of organogenesis in fetus and to avoid poor 
outcome of surgery in the third trimester [ 8 ,  9 ]. Mild 
asymptomatic disease diagnosed in the third trimes-
ter may be managed expectantly until after delivery. 

 Medical treatment includes adequate hydration 
and correction of electrolyte abnormalities [ 1 ]. 
Calcitonin, a pregnancy category B drug of US 
FDA, does not cross the placenta and has been 
used safely in pregnancy [ 1 ]. Oral phosphate a 
pregnancy category C medication has been used 
in pregnancy; its most common side effects are 

diarrhea and hypokalemia. It should be avoided in 
patients with renal failure or high serum phos-
phate because of the risk of soft tissue calcifi ca-
tion [ 1 ]. Parathyroidectomy is recommended 
postpartum in cases that were followed medically 
during pregnancy. Lactation is not contraindi-
cated in women with untreated hyperparathyroid-
ism, but worsening of hypercalcemia and 
accelerated skeletal losses may be anticipated. 

 Neonatal hypoparathyroidism, secondary to 
maternal hyperparathyroidism, is usually tran-
sient. Treatment includes supplementation with 
calcium and calcitriol. These neonates should be 
fed with milk formulas high in calcium and low in 
phosphate to minimize the risk of hypocalcemia. 

 The prevalence and severity of complications 
from hyperparathyroidism in mother and neo-
nates have and will continue to decrease overtime 
as a result of increased awareness, surveillance, 
timely intervention, improved surgical skills, and 
anesthetic technology [ 10 ].   

    Pituitary Disorders 
during Pregnancy 

 Pituitary adenomas are common in women of 
reproductive age group, constituting 5.7 % of 
intracranial (malignant and nommalignant) neo-
plasms [ 11 ]. These adenomas may cause problems 
either due to oversecretion of hormones by the 
tumor or hypopituitarism. Hormonal dysfunction 
caused by pituitary adenomas may affect fertility 
and pregnancy outcome if pregnancy does ensue. 
In addition, the pregnancy itself alters hormone 
secretion and pituitary function, complicating the 
evaluation of patients with pituitary neoplasms. 

 During pregnancy, the normal pituitary gland 
enlarges considerably as a result of estrogen- 
mediated hyperplasia and hypertrophy of 
prolactin- producing lactotrophs [ 12 ,  13 ]. 
Concomitantly, prolactin levels increase gradu-
ally throughout gestation [ 14 ]. 

 MRI scans of the pituitary during pregnancy 
show an increase in size secondary to lactotroph 
hyperplasia, with the peak size occurring in the 
fi rst 3 days postpartum [ 15 ,  16 ]. This stimulatory 
effect of pregnancy on the pituitary has important 
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implications for a patient with prolactinoma who 
desires pregnancy. 

    Prolactinoma 

 In women with prolactinomas, the hormonal 
milieu of pregnancy may result in signifi cant 
tumor enlargement during gestation. In an analy-
sis of 376 women, only 1.3 % with microadeno-
mas had symptoms of tumor enlargement. 
Symptomatic tumor enlargement was reported in 
23.2 % with macroadenomas, while 2.8 % of pre-
viously surgically treated cases reported symp-
tomatic tumor enlargement [ 17 – 19 ]. When tumor 
enlargement occurs, patients may present with 
acute severe headache and visual disturbances. 

    Management 
 When there is evidence of tumor enlargement 
during pregnancy, bromocriptine and cabergoline 
therapy is usually successful in reducing the 
tumor size. If there is no response to medical 
therapy, transsphenoidal surgery or delivery 
should be considered [ 20 ,  21 ].   

    Acromegaly 

 Reports of pregnancy in patients with acromeg-
aly are uncommon. Hyperprolactinemia is seen 
in 30–40 % of cases of acromegaly [ 22 ]. 
Correction of hyperprolactinemia by bromocrip-
tine might lead to pregnancy in these cases [ 23 ]. 

 Diagnosis becomes diffi cult in pregnancy due 
to production of growth hormone by placenta. 
However, the pulsatile secretion of pituitary GH 
and its response to TRH helps to differentiate 
between the two [ 24 ]. 

    Effect of Pregnancy on Tumor Size 
in Acromegaly 
 Tumor enlargement and its manifestations are 
similar to that seen in cases of prolactinoma. 
Patients with acromegaly should be monitored 
for signs of tumor enlargement. There is some 
evidence that pregnancy may cause an exacerba-
tion of acromegaly in a few cases [ 23 ], but the 

risk is not signifi cant enough to advise against 
pregnancy.  

    Effect of Acromegaly on Pregnancy 
 Carbohydrate intolerance occurs in up to 50 % of 
patients with acromegaly while 10–20 % of cases 
have overt diabetes [ 22 ]. Increased salt retention 
and subsequent hypertension are seen in 25–30 % 
of patients. Cardiac involvement is present in 
about a third of cases in the form of cardiomy-
opathy and coronary artery disease [ 22 ].  

    Management 
 The considerations regarding the use of bromocrip-
tine and cabergoline in women with prolactinomas 
also apply to women with acromegaly. These drugs 
should be discontinued during pregnancy in most 
cases. Octreotide and other somatostatin analogues 
should be largely discontinued if pregnancy is con-
sidered. Complications during pregnancy should 
be recognized early and managed accordingly.   

    Cushing’s Syndrome 

 Cushing’s syndrome is uncommon in pregnancy 
and only a little more than 100 cases have been 
reported so far [ 25 ]. 

  Etiology:        <50 % – pituitary adenoma  
  <50 % – adrenal adenoma  
  >10 % – adrenal carcinoma  
  Rest – ectopic ACTH syndrome [ 26 ,  27 ]     

 In many cases, hypercortisolism fi rst becomes 
apparent during pregnancy and improves after 
parturition. Rarely, recurrent Cushing’s syn-
drome may only manifest during pregnancy but 
remits completely after delivery. 

    Diagnosis of Cushing’s Syndrome 
during Pregnancy 
 Diagnosing Cushing’s syndrome may be diffi cult 
during pregnancy. Both conditions may be associ-
ated with weight gain in central distribution, 
fatigue, edema, emotional upset, glucose intoler-
ance, and hypertension. The striae associated with 
weight gain are usually white in normal pregnancy 
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and red or purple in Cushing’s syndrome. Elevated 
levels of both total and free cortisol, ACTH levels, 
and urinary free cortisol excretion are present in 
normal pregnancy. The persistent circadian varia-
tion of elevated levels of total and free cortisol 
seen in pregnancy is characteristically absent in 
Cushing’s syndrome. MRI of the pituitary (with-
out contrast enhancement) or ultrasound scan of 
the adrenals may aid in diagnosis.  

    Effect of Cushing’s Syndrome 
on Pregnancy 
 Hypertension develops in most cases. Diabetes 
and myopathy are frequent. Postoperative wound 
infection and dehiscence are common after cae-
sarean section [ 27 ,  28 ]. 

 Cushing’s syndrome is associated with fetal 
wastage, as high as 25 % from spontaneous abor-
tions, still births, and early neonatal deaths 
because of extreme prematurity [ 25 ,  29 ]. 
Premature labor occurs in more than 50 % of 
cases regardless of cause [ 25 ,  29 ].  

    Management of Cushing’s Syndrome 
during Pregnancy 
 Treatment during pregnancy has been advocated 
to improve neonatal survival. Medical therapy for 
Cushing’s syndrome during pregnancy is not very 
effective. A few case reports have documented the 
effi cacy of metyrapone [ 25 ]. Transsphenoidal 
resection of pituitary ACTH secreting adenoma 
has been performed successfully in several 
patients during the second trimester [ 25 ]. The 
risks of not operating a case of Cushing’s syn-
drome seem to be considerably higher than the 
risks of proceeding with surgery [ 30 ].   

    Sheehan’s Syndrome 

 Sheehan’s syndrome consists of pituitary necro-
sis secondary to ischemia occurring within hours 
of delivery [ 31 ,  32 ]. It is usually secondary to 
hypovolemia and shock from an obstetric hemor-
rhage. Pituitary enlargement during pregnancy 
apparently predisposes to the risk of ischemia 
with intense spasm of the arteries to the anterior 

pituitary and stalk. Modern obstetric techniques 
have resulted in Sheehan’s syndrome being rarely 
found in current practice [ 33 ]. 

 Acute necrosis may present as an obstetric 
emergency in the form of hypotension and tachy-
cardia persisting even after adequate replacement 
of blood products. The woman fails to lactate and 
may have hypoglycemia [ 31 ,  32 ]. 

 Investigations include estimation of levels of 
ACTH, cortisol, prolactin, and free thyroxine. 
Thyroxine levels may be normal initially because 
the hormone has a half-life of 7 days. Prolactin 
levels are usually found to be low. 

 Treatment should be instituted promptly with-
out waiting for laboratory reports. Saline infusion 
should be started and stress dose of corticoste-
roids administered. 

 Diabetes insipidus may also occur secondary 
to vascular occlusion with atrophy and scarring 
of neurohypophysis [ 34 ].   

    Adrenal Disorders 

 The adrenal gland is a mixture of steroid hor-
mone producing adrenal cortex (cortisol and 
aldosterone) and the adrenal medulla, responsi-
ble for secretion of catecholamines. The 
hypothalamic- pituitary axis is responsible for 
cortisol production while the renin-angiotensin 
system is vital for aldosterone secretion. 

 The hypothalamic-pituitary-adrenal axis and 
renin-angiotensin system are upregulated during 
normal pregnancy. There is hypercortisolism as a 
result of interaction of the maternal HPA axis and 
feto-placental unit. The RAS maintains normal 
sodium balance and volume homeostasis. 

 Adrenal disorders that occur during pregnancy 
cause signifi cant maternal and fetal morbidity. 
The following adrenal disorders may present as 
an acute emergency during pregnancy, labor, and 
puerperium:

   Cushing’s syndrome  
  Primary adrenal insuffi ciency  
  Hyperaldosteronism  
  Pheochromocytoma    
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    Cushing’s Syndrome 

 It has been dealt with earlier in the chapter.  

    Adrenal Insuffi ciency in Pregnancy 

 Adrenal insuffi ciency may be attributed to primary 
adrenal disease or caused by a wide variety of pitu-
itary hypothalamic disorders. Diseases causing 
primary adrenal insuffi ciency usually destroy the 
total adrenal cortex, thereby causing a defi ciency 
of glucocorticoids, mineralocorticoids, and adre-
nal androgens. Occasionally the adrenal medulla 
also gets involved. Primary adrenal insuffi ciency 
therefore usually has an acute onset and character-
istically prominent signs and symptoms than in 
cases of secondary insuffi ciency. Secondary adre-
nal insuffi ciency selectively causes glucocorticoid 
defi ciency while mineralocorticoid function is bet-
ter maintained. Secondary adrenal insuffi ciency 
thus rarely causes an acute-onset adrenal insuffi -
ciency crisis. 

    Etiology of Adrenal Insuffi ciency   

 Primary adrenal insuffi ciency 
 Secondary adrenal 
insuffi ciency 

 Autoimmune disease  Pituitary surgery, 
pituitary/brain trauma 

 Adrenal infections and 
infl ammation 

 Acute interruption of 
prolonged 
glucocorticoid therapy  After adrenalectomy 

 Adrenal hemorrhagic 
necrosis caused by 
meningococcal sepsis or 
coagulation disorders 

       Presentation of Acute Adrenal 
Insuffi ciency (Adrenal Crisis) 
 Adrenal crisis is attributable to mineralocorticoid 
defi ciency. The clinical presentation is dominated 
by hypotension or hypotensive shock, caused by 
sodium and plasma volume depletion. The asso-
ciated prostaglandin excess (prostacyclin) and 
decreased responsiveness to norepinephrine and 
angiotensin II may aggravate the circulatory 

collapse. This clinical presentation is often pre-
ceded by acute abdominal pain or symptoms 
attributable to the etiology of acute adrenal insuf-
fi ciency (e.g., sepsis, pituitary or adrenal hemor-
rhage or necrosis, surgery, or trauma).  

    Atypical Presentations 
 A new case of adrenal insuffi ciency may present 
as excessive fatigue, malaise, weight loss, vomit-
ing, orthostasis, abdominal pain, hyperpigmenta-
tion, or biochemical disturbances. Hypoglycemia, 
salt craving, malaise, seizures, and even coma 
may be the presenting symptoms. Severe hypo-
natremia or metabolic acidosis is associated with 
poor outcomes and fetal death, if not recognized 
and managed promptly.  

    Maternal and Fetal Morbidity 
and Mortality 
 Adrenal insuffi ciency recognized in the antenatal 
period and managed properly does not cause 
severe maternal morbidity. Unrecognized adrenal 
insuffi ciency in pregnancy manifests in puerpe-
rium at the time when there is disruption of trans-
placental transfer of cortisol from fetus to mother 
[ 26 ]. Gestational adrenal insuffi ciency has been 
associated with high rates of intrauterine growth 
restriction [ 35 ,  36 ] and fetal mortality.  

   Diagnosis of Acute Adrenal 
Insuffi ciency 
 One should be highly suspicious of adrenal crisis in 
case of unexplained hypotension, especially in 
high-risk patients (e.g., AIDS patients, patients with 
autoimmune disease, patients on prior glucocorti-
coid therapy). If acute adrenal insuffi ciency is sus-
pected, simple diagnostic screening procedures 
should be used based on what is rapidly available. 
Immediate therapeutic  intervention is required even 
before the diagnosis is formally confi rmed. The fol-
lowing laboratory investigations should be done:

    A.    Serum analysis of:
•    Sodium, potassium, and bicarbonate  
•   Plasma cortisol  
•   Plasma corticotrophin, renin, and 

aldosterone      
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   B.    Corticotrophin stimulation test: 250 mcg of 
corticotrophin is administered IV followed by 
measurement of cortisol 30 min later. Adrenal 
crisis is highly unlikely if:
•    Basal total cortisol is greater than 20 mcg/dl.  
•   Post corticotrophin cortisol is greater than 

20 mcg/dl.         

   Treatment of Adrenal Insuffi ciency 
 The immediate treatment of acute adrenal crisis 
rests upon correction of fl uid and electrolyte 
imbalance and hydrocortisone replacement. 
Treatment should be started promptly after send-
ing the lab samples. Initial therapeutic interven-
tion includes the following:

•    Infusion of sodium chloride 0.9 % and dex-
trose 5 %  

•   Hydrocortisone 100 mg IV or IM repeated 
every 8 h until the results of diagnostic screen-
ing tests are available.  

•   If diagnostic screening indicates:
 –    Basal or post corticotrophin cortisol greater 

than 20 mcg/dl: further hydrocortisone 
therapy is stopped unless the patient is still 
critically ill.  

 –   Cortisol less than 20 mcg/dl: hydrocorti-
sone therapy is continued by IV or IM 
route (150–300 mg/day for 2–3 days) until 
full recovery.     

•   Final diagnosis and evaluation of etiology are 
done after resolution of acute crisis.     

   Management during Labor 
and Postpartum Period 
 Normal vaginal delivery can be expected for 
women with adrenal insuffi ciency. Indication for a 
caesarean section is similar to that in a normal 
pregnancy. During labor, the patient’s normal dose 
of hydrocortisone is doubled. Alternatively, a sin-
gle dose of hydrocortisone, 50 mg IV, may be 
administered during the second stage of labor. 
Before caesarean section, stress dose of hydrocor-
tisone, 100 mg, is administered by IV or IM route 
at the onset of surgery and continued at intervals of 
6–8 h following delivery. The dose is tapered over 
48 h to regular replacement dose. Breast-feeding is 
not contraindicated for patients on treatment.   

    Hyperaldosteronism 

 Primary hyperaldosteronism is rare in pregnancy 
with approximately 31 cases reported worldwide 
[ 37 ,  38 ]. The majority of reported cases may be 
due to an adrenal adenoma or hyperplasia. 

 Hyperaldosteronism in pregnancy is associ-
ated with hypertension and hypokalemia in a 
high proportion of cases. Symptoms include 
headache, fatigue, weakness, dizziness, and mus-
cle cramps [ 39 ]. Pregnancy is characterized by 
moderate to severe hypertension, proteinuria, 
placental abruption, intra uterine fetal deaths, or 
preterm births which is mostly iatrogenic. 

   Diagnosis 
 The diagnosis of hyperaldosteronism in preg-
nancy is challenging. The physiological rise of 
aldosterone in normal pregnancy overlaps the 
values seen in hyperaldosteronism. However, 
suppressed renin levels in this setting are confi r-
matory of hyperaldosteronism. Findings that aid 
in reaching a diagnosis include the following: 
elevated aldosterone levels and suppressed renin 
levels (imaging with MRI or ultrasonography).  

   Management 
 Unilateral adrenalectomy in midtrimester is advo-
cated for unilateral macroadenoma. Successful 
surgery results in normalization of elevated blood 
pressure as well as serum potassium in majority 
of cases. Medical therapy is advocated in cases of 
adrenal hyperplasia or adrenal adenoma identifi ed 
late in pregnancy. Conventional antihypertensive 
therapy, otherwise considered safe in pregnancy, 
like methyldopa and calcium channel blockers, is 
not very effective. Drugs with specifi c aldoste-
rone receptor blockade activity, e.g., spironolac-
tone and amiloride, are largely contraindicated in 
pregnancy.   

    Pheochromocytoma 

 Pheochromocytoma is a paraganglioma, a rare 
catecholamine-producing tumor derived from 
chromaffi n cells that can be fatal if left untreated. 
They occur mainly in adrenals and less commonly 

A. Singh and S. Singh



133

in extra adrenal sites. Twenty-four percent of 
pheochromocytomas have hereditary basis. 

 The prevalence of pheochromocytoma at term 
is approximately 1 in 54,000 [ 40 ,  41 ]. 

 Characteristically, patients present with sus-
tained or paroxysmal episodes of hypertension, 
headache, palpitations, and pallor. The triad of 
headache, palpitations, and sweating is often 
seen. Emergency situations occur owing to high 
levels of catecholamines secreted by the tumor. 
Antenatal diagnosis results in improved out-
comes but pheochromocytoma can be missed 
because of unexpectedly normal blood pressure 
during gestation [ 40 ,  42 ]. 

 Pheochromocytoma can be present as an acute 
emergency in varied ways:

    1.    Multisystem failure: a temperature greater 
than 40° centigrade, encephalopathy, hyper-
tension or hypotension, pulmonary edema, 
acute renal failure, and DIC. The clinical fea-
tures may be mistaken for septicemia.   

   2.    Cardiovascular emergencies: hypertensive 
crisis, shock, hypotension, acute heart failure, 
myocardial infarction, arrhythmias, cardio-
myopathy, myocarditis, dissection of aortic 
aneurysm, and acute peripheral edema.   

   3.    Pulmonary emergencies: infrequently, pulmo-
nary edema is the presenting feature of pheo-
chromocytoma which may be cardiogenic or 
noncardiogenic in origin.   

   4.    Gastrointestinal emergencies: severe abdomi-
nal pain and vomiting may indicate hemor-
rhage of the tumor or spasm of mesenteric 
arteries causing bowel ischemia.   

   5.    Nephrogenic emergencies: rarely pheochro-
mocytoma may present as acute renal failure.   

   6.    Neurological emergencies: cerebral hemor-
rhage, subarachnoid hemorrhage, and seizures 
have been reported during attacks of paroxys-
mal hypertension.     

 If pheochromocytoma is unsuspected in preg-
nancy, it can lead to very high rates of morbidity 
and mortality. Pregnancy-related life-threatening 
situations can occur owing to tumor stimulation 
by pressure from enlarging uterus, by fetal move-
ments, by abdominal palpation, or during labor in 

a patient with unsuspected pheochromocytoma. 
In one series, diagnosis made in antenatal period 
reduced maternal and fetal mortality to 1 and 
15 %, respectively [ 43 ]. 

   Diagnosis 
 Diagnosis of pheochromocytoma in pregnancy 
can be diffi cult because the clinical features 
resemble preeclampsia. But in contrast to pre-
eclampsia, hypertension in pheochromocytoma 
can occur throughout pregnancy. Edema and pro-
teinuria are often absent. Furthermore, 
pheochromocytoma- associated hypertension is 
paroxysmal and may be accompanied by postural 
hypotension [ 41 ]. New sensitive and specifi c bio-
chemical tests and imaging aid in reaching the 
diagnosis. 

 Fractionated urinary metanephrines and 
plasma metanephrines estimation are sensitive 
tests for diagnosis of pheochromocytoma in non-
pregnant patients, but their values in pregnancy 
have yet to be fully evaluated in pregnancy [ 44 ]. 

 MRI (without gadolinium) has better sensitiv-
ity than an ultrasound scan. Pheochromocytoma 
is typically bright on T2-weighted MRI with a 
sensitivity of 93–100 % [ 45 ].  

   Treatment 
 If diagnosis is made early in pregnancy, adrenal-
ectomy is the preferred defi nitive treatment of 
pheochromocytoma following adequate alpha 
and beta blockade for at least 2 weeks before sur-
gery. The optimal timing of adrenalectomy is late 
in fi rst trimester or early second trimester. In the 
third trimester, a combined caesarean section fol-
lowed by adrenalectomy may be considered. 

 Primary medical therapy is indicated in 
patients if diagnosed after 24 weeks of gestation. 
Alpha blockade with phenoxybenzamine, 
10–20 mg BD, is administered initially and 
titrated gradually till hypertension is controlled. 
After several days of alpha blockade, beta block-
ers are added to minimize tachycardia. 
Metyrosine, a specifi c inhibitor of catecholamine 
synthesis, is an FDA category C agent. Short- 
term emergency use of metyrosine is advocated 
in cases late in third trimester with refractory 
hypertension or arrhythmia [ 46 ]. Phentolamine 
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(1–5 mg) is the agent of choice for the treatment 
of hypertensive crisis [ 47 ].  

   Obstetric Management 
 Labor and vaginal delivery should be avoided 
because this may cause tumor stimulation and fur-
ther catecholamine secretion with severe hyper-
tensive crisis in spite of adrenergic blockade. 
Hypertensive crisis typically presents as severely 
elevated blood pressure, arrhythmia, or pulmo-
nary edema. Hypertensive crisis most frequently 
occurs at the time of delivery. Caesarean section is 
the method of choice for delivering the fetus as it 
avoids the risk of hypertensive crisis and adrenal-
ectomy may be done in the same sitting.    

    Conclusion 

 Pituitary and adrenal disorders may rarely 
present as acute emergency in pregnancy. An 
interdisciplinary approach is required for 
appropriate management of patients. Diagnosis 
and treatment before pregnancy lead to better 
outcomes. Endocrine insuffi ciency requires 
continuation of supplementary dose in preg-
nancy. Patients on steroids need increased dose 
to cover the stress of labor and delivery. 
Surgery if necessary is best performed in the 
second trimester. Most cases in third trimester 
are managed medically and surgery deferred 
until the pregnancy is complete. Appropriate 
and timely diagnosis and management of cases 
have a defi nite impact on reducing maternal 
and perinatal morbidity and mortality.     
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           Introduction 

 Severe anemia poses enough challenges to cure 
for a clinician, and in the setting of pregnancy, it 
assumes more signifi cance as both maternal and 
fetal aspects need equal considerations. It is esti-
mated that 0.07–0.08 % of all pregnant women 
can fi nd themselves into conditions that necessi-
tate admission in the ICU [ 1 ]. 

 Pregnancy associated with any serious illness 
including severe anemia can lead to acute organ 
failures, and both situations in the critically ill 
patients require special medical attention from 
experts in a specialized setup to improve mater-
nal and fetal survival.  

    Defi nition of Anemia and Severity 

 The World Health Organization (WHO) 
defines anemia in pregnancy as a hemoglobin 
concentration of <11 g/dL [ 2 ]. However there 
is variation in definition of normal hemoglo-
bin levels in pregnancy. Classification derived 

from an iron- supplemented population lists 
the following levels as anemic: hemoglobin 
(g/dL) and hematocrit (percentage) levels 
below 11 g/dL and 33 %, respectively, in the 
first trimester; 10.5 g/dL and 32 %, respec-
tively, in the second trimester; and 11 g/dL 
and 33 %, respectively, in the third trimester 
[ 3 ] (Table  15.1 ).

   WHO defi nes anemia in postpartum period as 
hemoglobin concentration of <10 g/dL [ 2 ]. The 
Indian Council of Medical Research categorizes 
severity of anemia on the basis of hemoglobin 
levels as shown in Table  15.2  [ 4 ].

       Prevalence of Anemia in Pregnancy 

 Anemia affects 1.62 billion people globally, cor-
responding to 24.8 % of the world population. 
According to WHO survey, the global preva-
lence of anemia (1993–2005) among pregnant 
women is at 42 %, that is, 56 million [ 5 ]. WHO 
has estimated that the prevalence of anemia in 
pregnant women is 14 % in developed countries 
and 51 % in developing countries and 65–75 % 
in India. Anemia prevalence in rural and urban 
India was found to be 32.4 and 27.3 % in the 
third National Family Health Survey in 2005 and 
2006 [ 6 ]. The relative prevalence of mild, mod-
erate, and severe anemia is 13 %, 57 %, and 
12 % respectively in India [ 4 ].  
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    Causes of Anemia in Pregnancy 

 Anemia is most commonly categorized by the 
underlying causative mechanisms:

    1.    Decreased red blood cell production mainly 
due to dietary defi ciency or malabsorption
•    Iron defi ciency  
•   B 12  defi ciency  
•   Folate defi ciency  
•   Bone marrow disorder or suppression  
•   Thyroid disorders  
•   Low erythropoietin levels      

   2.    Increased red blood cell destruction or blood 
loss: acquired or inherited hemolytic anemia
   Inherited:
•    Sickle cell anemia  
•   Thalassemia major  
•   Hereditary spherocytosis     
  Acquired:
•    Autoimmune hemolytic anemia  
•   Anemia associated with thrombocytopenic 

purpura  
•   Anemia associated with hemolytic uremic 

syndrome  
•   Hemolytic anemia associated with malaria  
•   Hemorrhagic anemia           

 Iron defi ciency is the most common cause, 
and even in the developed world an estimated 
30–40 % of preschool children and pregnant 
women have iron depletion (WHO, 2001). In a 

study from India, of the 120 pregnant women, 
65 % had iron defi ciency, 18.3 % had dimorphic 
anemia, and 11.6 % had hemolytic anemia [ 7 ]. 

    Risk Factors for Development 
of Anemia 

 Iron defi ciency is the major cause of anemia fol-
lowed by folate and B 12  defi ciencies. In India, the 
prevalence of anemia is high because of (1) low 
dietary intake and poor iron (less than 20 mg/
day) and folic acid intake (less than 70 mg/day), 
(2) poor bioavailability of iron (3–4 % only) in 
phytate- and fi ber-rich Indian diet, and (3) chronic 
blood loss due to infection such as malaria and 
hookworm infestations [ 8 ]. In addition, teenage 
pregnancy, short birth intervals, and too many 
childbirths contribute to development of anemia 
in reproductive age group females.  

    Maternal Consequences of Anemia 

 Women with chronic mild anemia may go 
through pregnancy and labor without any adverse 
consequences, but those who had moderate ane-
mia have reduced working capacity. Premature 
births are more common in women with moder-
ate anemia and have higher morbidity and mor-
tality due to antepartum and postpartum 
hemorrhage, pregnancy-induced hypertension, 
and sepsis [ICMR 1989]. Severe anemia may be 
decompensated and associated with circulatory 
failure. Cardiac decompensation usually occurs 
when Hb falls below 5.0 g/dl. The cardiac output 
is raised even at rest, and there is palpitations and 
breathlessness even at rest. Because of very low 
hemoglobin level, there is tissue hypoxia and lac-
tic acid accumulation, leading to circulatory fail-
ure. If untreated, it may lead to pulmonary edema 
and death of the patient. A blood loss of even 
200 ml in the third stage of labor produces shock 
and death. India data indicate that maternal mor-
bidity rates are higher in women with Hb below 
8.0 g/dl. Maternal mortality rates show a steep 
increase when maternal hemoglobin levels fall 
below 5.0 g/dl [ 8 ].  

   Table 15.1    Anemia classifi cation based on hemoglobin 
and hematocrit   

 Trimester  Hemoglobin g/dL  Hematocrit % 

 First  <11  <33 

 Second  <10.5  <32 

 Third  <11  <33 

   Table 15.2    Anemia – categories of severity [ICMR]   

 Category 
 Anemia 
severity 

 Hemoglobin concentration 
in gram/dL 

 1  Mild  10–10.9 

 2  Moderate  7–10 

 3  Severe  <7 

 4  Very severe  <4 
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    Fetal Consequences of Anemia 

 Irrespective of maternal iron stores, the fetus 
still obtains iron from maternal transferrin, 
which is trapped in the placenta and which, in 
turn, removes and actively transports iron to the 
fetus. Gradually, however, such fetuses tend to 
have decreased iron stores due to depletion of 
maternal stores. Adverse perinatal outcome in 
form of preterm and small-for-gestational-age 
babies and increased perinatal mortality rates 
have been observed in the neonates of anemic 
mothers. Iron supplementation to the mother 
during pregnancy improves perinatal outcome. 
Mean weight, Apgar score, and hemoglobin 
level 3 months after birth were signifi cantly 
greater in babies of the supplemented group 
than the placebo group [ 9 ]. Most of the studies 
suggest that a fall in maternal hemoglobin below 
11.0 g/dl is associated with a signifi cant rise in 
perinatal mortality rate. There is usually a two- 
to threefold increase in perinatal mortality rate 
when maternal hemoglobin levels fall below 
8.0 g/dl and eight- to tenfold increase when 
maternal hemoglobin levels fall below 5.0 g/dl. 
A signifi cant fall in birth weight due to increase 
in prematurity rate and intrauterine growth 
retardation has been reported when maternal 
hemoglobin levels were below 8.0 g/dl [ 10 ].   

    Clinical Features 

    Symptoms 

 Patients are largely asymptomatic in mild and 
moderate anemia.

•    Weakness.  
•   Exhaustion and lassitude.  
•   Palpitation.  
•   Dyspnea.  
•   Giddiness.  
•   Edema and rarely.  
•   Anasarca and even congestive cardiac failure 

can occur in severe cases.     

    Signs 

 There may be no signs especially in mild anemia. 
Common signs that may be present are:

•    Pallor.  
•   Glossitis.  
•   Stomatitis.  
•   Edema due to hypoproteinemia.  
•   Soft systolic murmur can be heard in mitral 

area due to hyperdynamic circulation.      

    Assessment of Fetal Well-Being 

 Maternal anemia could have a direct bearing on 
child’s growth and can lead to growth restric-
tions, premature rupture of membrane, increased 
chances of preterm labor, and premature births, 
so these aspects should be duly looked into.  

    Lab Diagnosis of Anemia 

 Lab diagnosis of anemia requires assessment of 
serum iron levels, total iron-binding capacity, 
serum ferritin levels, and iron and iron-binding 
capacity ratio and is indicative of causative factor 
(Table  15.3 ) [ 11 ].

       Evaluation of Patients with Anemia 

     1.    Evaluation is done by assessment of hemato-
crit levels less than 33 % in the fi rst and third 
trimesters and less than 32 % in the second 
trimester.   

   2.    Apart from medical history, physical exami-
nation; investigations like the complete blood 
count, red blood cell indices, serum iron lev-
els, and ferritin levels; and peripheral smear 
exam are needed to rule out hemolytic or para-
sitic disease as the cause of anemia. 
Hemoglobin electrophoresis is useful in some 
ethnic populations [ 12 ].   

   3.    To diagnose severe anemia in ICU settings, one 
must look for active hemorrhage, persistent 
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infl ammatory condition like sepsis, phlebotomy 
and increased use of blood products, decreased 
or inadequate erythropoietin level, and in some 
case a combination of these, and assessment of 
severe anemia should include detailed workup 
of all the above conditions. In addition, coagu-
lopathy, nutritional defi ciency due to critical ill-
ness, and drug-induced platelet dysfunction due 
to use of aspirin or clopidogrel or a combination 
of both must be kept in mind. Mental status 
changes due to low oxygenation as a result of 
reduced hemoglobin, radiological assessment 
for search of active bleeding, and pulmonary 
artery catheterization to assess hemodynamic 
status and tissue oxygenation. While testing 
hemoglobin level daily trends, hydration status 
must be kept in mind as volume-overloaded 
patients may show low hemoglobin levels and 
dehydrated patients may falsely show high 
levels.      

    Severe Anemia in Comorbid Critical 
Conditions 

 Anemia is a common problem in critically ill and 
mostly it is due to anemia of chronic infl amma-
tion, phlebotomy, and reduced erythropoietin lev-
els. A hemoglobin level of 100 g/L (10 g/dL) is 
needed to be maintained in critically ill patients. 
Patients who are not actively hemorrhaging 
should be treated with conservative transfusion 
strategy as a rule. Anemia in patients with cardio-
vascular diseases can worsen quickly and lead to 
decompensation and myocardial infarction. A 
hematocrit level below 28 % and hemoglobin 
level below 8–10 g/dL are associated with 
increased mortality. Acute renal failure is usually 
precipitated by hypoperfusion and/or nephro-
toxic agents; acute tubular necrosis is the main 

pathologic event. Patients with antepartum active 
hemorrhage should be considered for transfu-
sion. Aplastic anemia may occur during preg-
nancy and can disappear with delivery or 
abortion. 

  Management : Strategy should be based on the 
following principles:

    1.    Detection of anemia in critically ill obstetric 
patients and assessment through lab markers   

   2.    Assessment of various treatment plans and 
risk-benefi t analysis   

   3.    Preparation of patient-specifi c plan   
   4.    Maintenance of tissue oxygenation   
   5.    Appropriate use of blood or blood components   
   6.    Use of hemostatic drugs   
   7.    Use of antifi brinolytic drugs for stopping 

active bleeding   
   8.    Use of recombinant factor VII   
   9.    Maximum enhancement of hemoglobin level   
   10.    Minimization of blood loss   
   11.    Reversal of drug-induced coagulopathy   
   12.    Prevention of anemia    

      Role of Iron Therapy in Final 
Outcome of Delivery 

 Prevalence of maternal anemia at the time of 
delivery in patients who are on the weaker side or 
malnourished is reduced by iron therapy, but it is 
not clear whether well-nourished non-anemic 
pregnant women get any benefi t from iron therapy 
and their perinatal outcome improves [ 13 ]. Side 
effects of iron therapy usually are gastrointestinal 
symptoms and do not cause any signifi cant mor-
bidity; however patients with hemochromatosis 
and with certain other genetic disorders should be 
put on treatment with great caution.  

   Table 15.3    Lab diagnosis of anemia   

 Type  Serum iron level 
 Total iron-binding 
capacity (TIBC)  Ferritin level 

 Iron/iron-binding 
capacity 

 Iron defi ciency  Decreased  Increased  Decreased  <18 % 

 Thalassemia  Normal  Normal  Normal  Normal 

 Anemia of chronic 
disease 

 Decreased  Decreased  Increased  >18 % 
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    Role of Transfusion in Antepartum 
or at the Time of Delivery 

 Indications for transfusions are few and include 
severe blood loss leading to hypovolemia or sur-
gical intervention is needed for a secured deliv-
ery in patients with anemia. Only 24 % of women 
who are predicted to require transfusion actually 
need by the time delivery is completed [ 14 ]. 
Trauma associated with surgery, placenta previa, 
coagulation problems, and uterine atony are the 
conditions where transfusion should be consid-
ered. Fetal conditions like abnormal heart rate, 
low amniotic fl uid volume, and fetal cerebral 
vasodilatation in the setting of severe maternal 
anemia should be treated with maternal 
transfusion. 

  Role for erythropoietin:  Oral iron prepara-
tions serve adequately in most clinical settings. 
Patients who cannot tolerate oral iron and 
patients with malabsorption syndrome and 
severe iron defi ciency anemia should receive 
parenteral iron. Erythropoietin together with 
parenteral iron has shown to improve hemoglo-
bin and hematocrit levels and increase reticulo-
cyte counts in 2 weeks or lesser time, but 
erythropoietin alone has not shown any signifi -
cant benefi t [ 15 ]. Hemorrhage remains the 
leading cause of mortality during pregnancy. A 
signifi cant proportion of these women need 
blood transfusion. Patients expected to have 
blood loss more than 1000 ml should be admit-
ted where blood transfusion and ICU facility 
are readily available [ 16 – 19 ]. Due care about 
infections related to transfusion, immunologi-
cal events like red cell alloimmunization, and 
errors about incorrect blood transfusion must 
be taken, and decision about choice of blood 
component must be made with adequate cau-
tion. Minimizing blood loss is of paramount 
importance [ 20 ]. 

  Autologous transfusion:  Hematocrit level 
greater than 32 % at 32 weeks of gestation is 
considered to be an indication for autologous 
transfusion in high-risk case like placenta previa 
but does not have the universal consensus and 
also is not found to be cost-effective as it 

remains diffi cult to predict the future need for 
transfusion [ 21 ].  

    Choice of Therapy 

     1.    Oral iron should be given for hematinic 
defi ciencies.   

   2.    When oral iron is not indicated, absorbed, or 
tolerated, parenteral iron is indicated. Iron 
dextran in single dose and iron sucrose can be 
given in multiple doses.   

   3.    Hemoglobinopathies and bone marrow fail-
ures should be treated with blood transfusion.   

   4.    Recombinant human erythropoietin (rHuEPO) 
can also be used during pregnancy and in the 
postpartum period [ 18 ,  19 ].   

   5.    Active management of third stage of labor is 
integral to minimize blood loss [ 20 ].   

   6.    Patients with concurrent illness and patients 
on anticoagulation need optimization of their 
regimens.      

    Prevention 

     1.    Screening for iron defi ciency anemia in all 
pregnant women.   

   2.    Universal iron supplementation to all preg-
nant women except with genetic condition 
like hemochromatosis is helpful in maintain-
ing maternal iron stores and can also be help-
ful in building neonatal iron stores. It is also 
useful in preventing maternal anemia at deliv-
ery and low birth weight, premature delivery, 
and perinatal mortality.   

   3.    Cooking and dietary advice: Cooking should 
be encouraged in iron pots/vessels. Jaggery, 
green leafy vegetables should be included in 
meals. Parboiled rice and tea should be 
avoided.   

   4.    Treatment for malaria should be instituted 
when required and deworming medicines 
should be given if infestation is a possibility.   

   5.    100 mg of supplemental iron daily should be 
given from second trimester onwards.      
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    Conclusion 

•     Screening of all pregnant women for anemia 
should be a routine part of assessment.  

•   Women found to have iron defi ciency anemia 
should be treated with supplemental iron and 
prenatal vitamins.  

•   Patients with non-iron-defi ciency anemia and 
those with iron defi ciency anemia who fail to 
respond to therapy should be subjected to 
deeper evaluation.  

•   Approximately 75 % patients in the ICU suf-
fer from severe anemia.  

•   The cause of severe anemia is multifactorial in 
the ICU setting and includes active blood loss, 
infl ammation, nutritional defi ciencies, drug- 
induced coagulopathy, etc.  

•   Tissue oxygenation, arrest of persistent 
infl ammation, and stopping of active bleed-
ing is key to management of severe anemia in 
the ICU.        

  Acknowledgment   Dr Rahul Rai, MD, DM, Associate 
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      Management of Sickle Cell 
Crisis in Pregnancy                     

     Sadhana     Gupta       and     Hema     J.     Shobhane    

           Introduction 

 Sickle cell disease is a group of inherited single- 
gene autosomal recessive disorders caused by the 
‘sickle’ gene, which affects haemoglobin struc-
ture. SCD has its origins in sub-Saharan Africa 
and the Middle East; hence, it is most prevalent in 
individuals of African descent as well as in the 
Caribbean, Middle East, parts of India and the 
Mediterranean and South and Central America. 
Owing to population migration, SCD is now of 
increasing importance worldwide [ 1 ]. 

 All over the world, about 300,000 children with 
these disorders are born each year. Acute sickle cell 
pain episodes are the most common cause of hospi-
talisation. Pregnancy in women with sickle cell dis-
ease is associated with an increased incidence of 
maternal and fetal morbidity and mortality. 

 The term SCD includes sickle cell anaemia 
(HbSS) and the heterozygous conditions of hae-
moglobin S and other clinically abnormal haemo-
globins. These include combination with 

haemoglobin C (giving HbSC), combination with 
beta thalassaemia (giving HbSB thalassaemia) and 
combination with haemoglobin D, E or O-Arab. 
All of these genotypes will give a similar clinical 
phenotype of varying severity [ 2 ]. Haemoglobin S 
combined with normal haemoglobin (A), known 
as sickle trait (AS), is asymptomatic, except for a 
possible increased risk of urinary tract infections 
and microscopic haematuria.  

    Pathophysiology 

 The sickle cell syndrome is caused by a mutation 
in the beta globin gene that changes the sixth 
amino acid from glutamic acid to valine. HbSS 
when deoxygenated form a gelatinous network of 
fi brous polymers that stiffen the RBC membrane, 
increase viscosity and cause dehydration due to 
potassium leakage and calcium infl ux. Sickled 
RBC has life span of about 2–3 weeks that is 
much lower than the normal RBC, that is 120 
days. Sickled cells lose the pliability needed to 
traverse small capillaries. They possess altered 
sticky membranes that are abnormally adherent to 
the endothelium of small venules. These abnor-
malities provoke unpredictable episodes of micro-
vascular vaso-occlusion and premature RBC 
destruction (haemolytic anaemia). Haemolysis 
occurs because the spleen destroys the abnormal 
RBC. The rigid adherent cells clog small capillar-
ies and venules, causing tissue  ischaemia, acute 
pain, and gradual end-organ damage. Prominent 
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manifestations include episodes of ischaemic pain 
that is painful crisis, acute chest syndrome and 
infarction or ischaemia in CNS and acute anaemia 
but can give infarction or ischaemia of any part in 
body like the spleen, bones, liver, kidneys, etc.

    Pathophysiology of sickle cell crisis in pregnancy   
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viscous

sickle cell   

capillary
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shortened
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        Clinical Features 

 Any woman with pregnancy, who is with refractory 
anaemia and who originally belongs to the Eastern 
India, especially with good social class, presenting 
with signs and symptoms of anaemia, in such cases 
haemoglobinopathies should be excluded. 

 Any pregnant woman with HbSS can present 
with shortness of breath, dizziness, headaches, 
coldness in the hands and feet and palor than nor-
mal skin or mucous membranes; jaundice with 
sudden pain throughout the body is a common 
symptom of sickle cell anaemia, and this pain is 
called a sickle cell crisis. Sickle cell crises often 
affect the bones, lungs, abdomen and joints. These 
crises occur when sickled red blood cells block 
blood fl ow to the limbs and organs. This can cause 
pain and organ damage. The pain from sickle cell 
anaemia can be acute or chronic, but acute pain is 
more common. Acute pain is sudden and can 
range from mild to very severe. The pain usually 
lasts from hours to as long as a week or more. 
Next common presentation of sickle cell crisis is 

acute chest syndrome characterised by chest pain, 
tachypnoea, fever, cough and arterial oxygen 
desaturation. Other presentations of sickle cell  
crisis,  abnormal neurological presentation as a 
case of stroke or a case of acute anaemia.  

    Prevention and Management 

    Primary Prevention 

 Prevention of the sickle cell anaemia or sickle 
cell syndrome in offsprings by avoiding marriage 
of sickle cell trait to another sickle cell trait or 
any other haemoglobinopathies, such as beta 
thalassaemia. The inheritance when both parents 
have sickle cell trait, there is a 1:4 chances with 
each pregnancy that the offspring will have sickle 
cell anaemia.

    Possible Genotype of offspring of parents with 
sickle cell trait   

    

        Secondary Prevention 

    Preconception Care 
 SCD is associated with both maternal and fetal 
complications and is associated with an increased 
incidence of perinatal mortality, premature labour, 
fetal growth restriction and acute painful crises 
during pregnancy [ 3 ]. Some studies also describe 
an increase in spontaneous miscarriage, antenatal 
hospitalisation, pre-eclampsia, PIH, maternal mor-
tality, delivery by caesarean section, infection, 
thromboembolic events and antepartum haemor-
rhage and infection in postpartum period [ 4 ]. 
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  Information That Is Particularly Relevant for 
Women Planning to Conceive Includes        The 
role of dehydration, cold, hypoxia, overexertion 
and stress in the frequency of sickle cell crises, 
how nausea and vomiting in pregnancy can result 
in dehydration and the precipitation of crises, risk 
of worsening anaemia, the increased risk of cri-
ses and acute chest syndrome (ACS) and the risk 
of increased infection (especially urinary tract 
infection) during pregnancy     

  The Assessment for Chronic Disease 
Complications Should Include        Screening for 
blood pressure and urinalysis should be per-
formed to identify women with hypertension 
and/or proteinuria.  
•   Renal and liver function tests should be per-

formed to identify sickle nephropathy and/or 
deranged hepatic function.  

•   Screening for pulmonary hypertension with 
echocardiography. The incidence of pulmo-
nary hypertension is increased in patients with 
SCD and is associated with increased mortal-
ity. A tricuspid regurgitant jet velocity of more 
than 2.5 m/s is associated with a high risk of 
pulmonary hypertension.  

•   Retinal screening. Proliferative retinopathy is 
common in patients with SCD, especially patients 
with HbSC, and can lead to loss of vision [ 5 ].  

•   Screening for iron overload by serum ferritin 
level. In women who have been multiple 
transfused in the past or who have a high fer-
ritin level, T2* cardiac magnetic resonance 
imaging may be helpful to assess body iron 
loading. Aggressive iron chelation before con-
ception is advisable in women who are signifi -
cantly iron loaded.  

•   Screening for red cell antibodies. Red cell 
antibodies may indicate an increased risk of 
haemolytic disease of the newborn.  

•   Women should be encouraged to have the hae-
moglobinopathy status of their partner.     

  Antibiotic Prophylaxis and Immunisation   
  Penicillin prophylaxis or the equivalent should be 
prescribed. Vaccination status should be deter-
mined and updated before pregnancy. Patients 
with SCD are hyposplenic and are at risk of 

infection, in particular from encapsulated bacte-
ria such as  Neisseria meningitides ,  Streptococcus 
pneumonia  and  Haemophilus infl uenzae . Daily 
penicillin prophylaxis is given to all patients with 
SCD, in line with the guidelines for all 
hyposplenic patients. People who are allergic to 
penicillin should be recommended erythromycin. 
In addition, women should be given  H. infl uenza  
type b and the conjugated meningococcal C vac-
cine as a single dose if they have not received it as 
part of primary vaccination. The pneumococcal 
vaccine (Pneumovax®, Sanofi  Pasteur MSD 
Limited, Maidenhead, UK) should be given every 
5 years. Hepatitis B vaccination is recommended, 
and the woman’s immune status should be deter-
mined preconceptually. Women with SCD should 
be advised to receive the infl uenza and ‘swine 
fl u’ vaccine annually [ 6 ].  

  Supplementation of Folic Acid     Folic acid 
should be given once daily both preconceptually 
and throughout pregnancy. 

 Folic acid, 5 mg, is recommended in all preg-
nant women to reduce the risk of neural tube 
defect and to compensate for the increased 
demand for folate during pregnancy.  

  Prevention of Hydroxycarbamide (Hydroxy-
urea)     Hydroxyurea should be stopped at least 3 
months before conception. In spite of hydroxy-
carbamide decreases the incidence of acute pain-
ful crises and ACS, it should be stopped due to its 
teratogenic effects in animal.   

    Antenatal Care 
 Antenatal care should be provided by a multidis-
ciplinary team including an obstetrician and mid-
wife with experience of high-risk antenatal care 
and a haematologist. 

 Women with SCD should undergo medical 
review by the haematologist and be screened for 
end-organ damage (if this has not been under-
taken preconceptually). 

 Women with SCD should aim:

•    Document baseline oxygen saturation, blood 
pressure and urinalysis at each visit and mid-
stream urine for culture performed monthly.  
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•   Avoid precipitating factors of sickle cell crises 
such as exposure to extreme temperatures, 
dehydration and overexertion. Persistent vom-
iting can lead to dehydration and sickle cell 
crisis, and women should be advised to seek 
medical advice early.  

•   The infl uenza vaccine should be recom-
mended if it has not been administered in the 
previous year. Many women become pregnant 
without preconceptual care. Therefore, all of 
the actions in preconception care, including 
vaccinations, review of iron overload and red 
cell autoantibodies, should take place as early 
as possible during antenatal care.  

•   Iron supplementation should be given only if 
there is laboratory evidence of iron 
defi ciency.  

•   Women with SCD should be considered for 
low-dose aspirin 75 mg once daily from 12 
weeks of gestation in an effort to reduce the 
risk of developing pre-eclampsia.  

•   Women with SCD should be advised to receive 
prophylactic low-molecular-weight heparin 
during antenatal hospital admissions. The use 
of graduated compression stockings of appro-
priate strength is recommended in pregnancy 
for women considered to be at risk of venous 
thromboembolism,  

•   Non-steroidal anti-infl ammatory drugs 
(NSAIDs) should be prescribed only between 
12 and 28 weeks of gestation owing to con-
cerns regarding adverse effects on fetal 
development.  

•   Women should be offered the routine fi rst- 
trimester scan (11–14 weeks of gestation) and 
a detailed anomaly scan at 20 weeks of gesta-
tion. In addition, women should be offered 
serial fetal biometry scans (growth scans) 
every 4 weeks from 24 weeks of gestation.  

•   Routine prophylactic transfusion is not rec-
ommended during pregnancy for women with 
SCD.  

•   If acute exchange transfusion is required for 
the treatment of a sickle complication, it may 
be appropriate to continue the transfusion reg-
imen for the remainder of the pregnancy. 
Blood should be matched for an extended phe-
notype including full rhesus typing (C, D and 

E) as well as Kell typing. Blood used for trans-
fusion in pregnancy should be cytomegalovi-
rus negative.  

•   Subsequent visits at 16, 20, 24, 26, 28, 30, 32, 
34, 36, 38 and 40 weeks of gestation for pre-
vention or early diagnosis and management of 
complications and crisis.  

•   Offer information and advice about: timing, 
mode and management of the birth, analgesia 
and anaesthesia, induction of labour or caesar-
ean section between 38 and 40 weeks of 
gestation.       

    Management of Sickle Cell Crisis 
during Pregnancy and Peripartum 
Period 

    Acute Painful Crisis 

 Women with SCD who become unwell should 
have sickle cell crisis excluded as a matter of 
urgency. Painful crisis is the most frequent com-
plication of SCD during pregnancy, with between 
27 and 50 % of women having a painful crisis 
during pregnancy, and it is the most frequent 
cause of hospital admission. Avoidance of pre-
cipitants such as a cold environment, excessive 
exercise, dehydration and stress is important. 
Primary care physicians should have a low 
threshold for referring women to secondary care; 
all women with pain which does not settle with 
simple analgesia, who are febrile, have atypical 
pain or chest pain or symptoms of shortness of 
breath should be referred to hospital. 

 On presentation, the woman in sickle crisis 
should be assessed rapidly for medical complica-
tions requiring intervention such as ACS, sepsis 
or dehydration. History should ascertain if this is 
typical sickle pain or not and if there are precipi-
tating factors. Examination should focus on the 
site of pain, any atypical features of the pain and 
any precipitating factors, in particular whether 
there are any signs of infection. Pregnant women 
presenting with acute painful crisis should be 
rapidly assessed by the multidisciplinary team, 
and appropriate and prompt management should 
be started. 
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  Investigation     Initial investigations should 
include full blood count, reticulocyte count and 
renal function. Other investigations will depend 
on the clinical scenario but may include blood 
cultures, chest X-ray, urine culture and liver func-
tion tests.  

  Management      Oxygen therapy : The requirement 
for fl uids and oxygen should be assessed and fl u-
ids and oxygen administered if required. Oxygen 
saturations should be monitored, and facial oxy-
gen should be prescribed if oxygen saturation 
falls below the woman’s baseline or below 95 % 
[ 7 ]. There should be early recourse to intensive 
care if satisfactory oxygen saturation cannot be 
maintained by facial or nasal prong oxygen 
administration. 

  Fluid therapy : The requirement for fl uids and 
oxygen should be assessed and fl uids and oxygen 
administered if required. Fluid intake of at least 
60 ml/kg/24 h should be ensured; this can be 
taken either orally or intravenously if the woman 
is not able to take adequate oral fl uids. There is a 
risk of fl uid overload in women with pre- 
eclampsia; senior experienced staff should be 
involved in managing the fl uid balance of these 
women. 

  Pain and palliative care : Analgesia should be 
administered. Initial analgesia should be given 
within 30 min of arriving at hospital, and effec-
tive analgesia should be achieved within 1 h. The 
World Health Organisation analgesic ladder 
should be used, starting with paracetamol for 
mild pain; NSAIDs can be used for mild to mod-
erate pain between 12 and 28 weeks of gestation. 
Weak opioids such as co-dydramol, co-codamol 
or dihydrocodeine can be used for moderate pain, 
and stronger opiates such as morphine can be 
used for severe pain. Morphine or diamorphine 
can be given by oral, subcutaneous, intramuscu-
lar or intravenous route depending on the wom-
an’s preference and local expertise. Parenteral 
opiates can be given by intermittent bolus or 
patient-controlled administration systems. 
Pethidine should be avoided because of the risk 
of toxicity and pethidine-associated seizures in 
patients with SCD. Women presenting with 
pain should initially be monitored at 20-min 

intervals for pain severity, respiratory rate and 
sedation. Assessments of pain score, sedation 
score and oxygen saturation should be performed 
at least 2-hourly using a modifi ed obstetric early 
warning chart [ 8 ]. While women are receiving 
parenteral opiates, they should be nursed in an 
area where they can undergo hourly observations 
for rapid clinical assessment. If pain is severe and 
oral analgesia is not effective, give strong opioids 
(e.g. morphine). Give adjuvant non-opioid anal-
gesia: paracetamol or NSAID (if 12–28 weeks of 
gestation). Prescribe laxatives, antipruritic and 
antiemetic if required. Monitor pain, sedation, 
vital signs, respiratory rate and oxygen saturation 
every 20–30 min until pain is controlled and 
signs are stable and then monitor every 2 h 
(hourly if receiving parenteral opiates). 

 Give a rescue dose of analgesia if required. If 
respiratory rate is less than 10/min, omit mainte-
nance analgesia; consider naloxone. Consider 
reducing analgesia after 2–3 days and replacing 
injections with equivalent dose of oral analgesia. 

 Other adjuvants may be required to treat the 
adverse effects of opiates, such as antihistamines 
to treat itching or laxatives to prevent opiate- 
induced constipation, and antiemetics may be 
required. As the painful crisis resolves, most 
women are able to reduce their opiate require-
ment rapidly, but this should be guided by the 
woman’s previous experience. Opiates are not 
associated with teratogenicity or congenital mal-
formation but may be associated with transient 
suppression of fetal movement and a reduced 
baseline variability of the fetal heart rate. Where 
a mother has received prolonged administration 
of opiates in late pregnancy, the neonate should 
be observed for signs of opioid withdrawal. 

  Thromboprophylaxis : Thromboprophylaxis 
should be provided to women with SCD who are 
admitted to hospital with painful crises. 

  Antibiotic : The woman should be assessed for 
infection. Therapeutic antibiotics should be pre-
scribed if the woman is febrile or there is a high 
clinical suspicion of infection. White blood cell 
counts are often raised in SCD and do not neces-
sarily indicate infection. 

  Discharge : Discharge the woman when pain is 
controlled and improving without analgesia or on 
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acceptable doses of oral analgesia. If the women 
need strong opiate therapy, they will need to be 
admitted to a hospital: to a medical ward in early 
pregnancy or to a level 2 antenatal bed in later 
pregnancy, under the joint care of obstetricians 
and haematologists. 

  Care after discharge  
 Arrange any necessary home care and outpa-

tient follow-up appointment. 
  Blood transfusion    

    Acute Chest Syndrome 

 Each hospital should have a  protocol in place for 
the management of ACS in pregnancy, including 
the use of transfusion therapy.  After acute pain, 
ACS is the most common complication, reported 
in 7–20 % of pregnancies [ 9 ]. ACS is character-
ised by respiratory symptoms such as tachy-
pnoea, chest pain, cough and shortness of breath 
in the presence of a new infi ltrate on the chest 
X-ray. The signs and symptoms of ACS are the 
same as those of pneumonia, so both should be 
treated simultaneously. Acute severe infection 
with the H1N1 virus in pregnancy can cause a 
similar clinical picture, and investigation and 
treatment for this should be instituted. Early rec-
ognition of ACS is key. 

  Management : Treatment is with intravenous 
antibiotics, oxygen and blood transfusion, as in 
non-pregnant women. 

  Blood transfusion : Top-up blood transfusion 
may be required if the haemoglobin is falling, 
and certainly if the haemoglobin is less than 
6.5 g/dl, but in severe hypoxia, and if the haemo-
globin level is maintained, exchange transfusion 
will be required. If ACS is suspected, the woman 
should be reviewed urgently by the haematology 
team to advise on transfusion. If the woman has 
hypoxia, she should be reviewed by the critical 
care team, and ventilatory support may be 
required. 

  Thromboprophylaxis : There is an increased 
risk of pulmonary embolism among women with 
SCD. In women presenting with acute hypoxia, 
there should be a low threshold for considering 
pulmonary embolism. In this situation, therapeu-

tic low-molecular-weight heparin should be com-
menced until the woman has been reviewed by 
senior staff and defi nitive investigations have 
been undertaken.  

    Acute Stroke 

 Acute stroke, both infarctive and haemorrhagic, 
is associated with SCD [ 10 ], and this diagnosis 
should be considered in any woman with SCD 
who presents with acute neurological 
impairment. 

  Blood transfusion : Acute stroke is a medical 
emergency, and a rapid-exchange blood transfu-
sion can decrease long-term neurological dam-
age. If a stroke is suspected, the woman should 
have urgent brain imaging, and the haematologist 
should be called for consideration of urgent 
exchange transfusion. 

  Thomboprophylaxis : Thrombolysis is not 
indicated in acute stroke secondary to SCD [ 6 ].  

    Acute Anaemia 

 Acute anaemia in women with SCD may be 
attributable to erythrovirus infection. Infection 
with erythrovirus in SCD causes a red cell 
 maturation arrest and an aplastic crisis character-
ised by a reticulocytopenia. Therefore, a reticulo-
cyte count should be requested in any woman 
presenting with an acute anaemia and, if low, 
may indicate infection with erythrovirus. 

  Management      Blood transfusion : Treatment is 
with blood transfusion and the woman must be 
isolated. With erythrovirus infection there is the 
added risk of vertical transmission to the fetus, 
which can result in hydrops fetalis; hence, a 
review by a fetal medicine specialist is indicated 
[ 11 ]. Women with SCD can develop anaemia 
owing to bleeding or any other causes of anaemia 
incidental to the SCD. Rare causes of anaemia in 
SCD include malaria and, occasionally, splenic 
sequestration in women with a mild phenotype. 

  Top-up transfusion : is indicated for women 
with acute anaemia [ 6 ]. Acute anaemia may be 
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attributable to transient red cell aplasia, acute 
splenic sequestration or the increased haemolysis 
and volume expansion encountered in SCD. There 
is no absolute level at which transfusion should 
be undertaken, and the decision must be made in 
conjunction with clinical fi ndings, but haemoglo-
bin under 6 g/dl or a fall of over 2 g/dl from base-
line is often used as a guide to transfusion 
requirement. 

  Exchange transfusion : for ACS was demon-
strated to be effective in one prospective ran-
domised trial and is accepted as best practice [ 12 ]. 

  Alloimmunisation : The formation of antibod-
ies to red cell antigens is common in SCD, occur-
ring in 18–36 % of patients. Alloimmunisation is 
clinically important as it can lead to delayed hae-
molytic transfusion reactions or haemolytic dis-
ease of the newborn [ 13 ] and can render patients 
untransfusable. The most common antibodies are 
to the C, E and Kell antigens. The risk of alloim-
munisation is signifi cantly reduced by giving red 
cells matched for the C, E and Kell antigens [ 12 ], 
and this should be standard practice for all patients 
with SCD whether they are pregnant or not.    

    Intrapartum Care 

 The risks of abruption, pre-eclampsia, peripar-
tum cardiomyopathy and acute sickle cell crisis 
are increased and unpredictable. The relevant 
multidisciplinary team (senior midwife in charge, 
senior obstetrician, anaesthetist and haematolo-
gist) should be informed as soon as labour is con-
fi rmed. Women with SCD should be advised to 
give birth in hospitals that are able to manage 
both the complications of SCD and high-risk 
pregnancies. 

  Elective birth : Pregnant women with SCD 
who have a normally growing fetus should be 
offered elective birth through induction of labour 
or by elective caesarean section if indicated, after 
38 + 0 weeks of gestation. The labour should be 
carefully supervised; caesarean section should be 
considered if labour is not progressing well and 
delivery is not imminent [ 4 ]. SCD should not in 
itself be considered a contraindication to attempt-
ing vaginal delivery or vaginal birth after caesar-

ean section. It is the opinion of the developers 
that, like most ‘high-risk’ conditions, delivery of 
the baby at 38–40 weeks of gestation will prevent 
late pregnancy complications and associated 
adverse perinatal events. 

  Warmth : Women should be kept warm and 
avoid cold stimulus. 

  Fluid therapy : Women should be given ade-
quate fl uid during labour. There is an increased 
frequency of sickle cell crisis and ACS in the 
intrapartum period. There is an increased risk of 
painful crisis with protracted labour (more than 
12 h), but this is often secondary to dehydration. 
In this situation, if the woman is well hydrated 
and labour is progressing, During labour, if oral 
hydration is not tolerated or is inadequate, intra-
venous fl uids should be administered using a 
fl uid balance chart to prevent fl uid overload. 
Venous access can be diffi cult, especially if they 
have had multiple previous admissions, and as 
such anaesthetic review/intravenous access 
should be obtained early. 

  Oxygen therapy : The demand for oxygen is 
increased during the intrapartum period, and the 
use of pulse oximetry to detect hypoxia in the 
mother is appropriate during labour. Arterial 
blood gas analysis should be performed and oxy-
gen therapy instituted if oxygen saturation is 
94 % or less. 

  Electronic fetal monitoring : Continuous intra-
partum electronic fetal heart rate monitoring is 
recommended owing to the increased risk of fetal 
distress which may necessitate operative deliv-
ery. Continuous electronic fetal heart rate moni-
toring is recommended because of the increased 
rate of stillbirth, placental abruption and compro-
mised placental reserve [ 14 ]. Women with SCD 
should be offered anaesthetic assessment in the 
third trimester of pregnancy. 

  Blood transfusion : Blood should be cross-
matched for delivery if there are atypical antibod-
ies present (since this may delay the availability 
of blood); otherwise a ‘group and save’ will 
suffi ce. 

  Position : In women who have hip replace-
ments (because of avascular necrosis), it is 
important to discuss suitable positions for 
delivery. 
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  Antibiotics : Routine antibiotic prophylaxis in 
labour is currently not supported by evidence, but 
hourly observations of vital signs should be per-
formed. A raised temperature (over 37.5 °C) 
requires investigation. The clinician should have 
a low threshold to commence broad-spectrum 
antibiotics. 

  Analgesia and anaesthesia : Avoid the use of 
pethidine, but other opiates can be used. 
Regional analgesia is recommended for caesar-
ean section. Pregnant women with SCD are at 
risk of end- organ damage as well as experienc-
ing a higher rate of caesarean section. General 
anaesthesia carries additional risks beyond the 
normal obstetric case and should be avoided 
where possible. Regional anaesthesia during 
labour may reduce the necessity of general 
anaesthesia for delivery. It is also likely to 
reduce the need for high doses of opioids if the 
woman has sickle-related pain in the lower 
body. An anaesthetic assessment in the third tri-
mester is warranted. Pethidine should be avoided 
because of the risk of seizures when adminis-
tered to a woman with SCD [ 7 ]; other opiates 
can be used. Indications for epidural analgesia 
in labour are the same as routine case. Sickle 
cell crisis in labour should be treated as per the 
guidance for antepartum crisis above.  

    Postpartum Care 

 The same level of care and vigilance should be 
maintained as has been described for antenatal 
care, since acute crisis and other complications of 
SCD remain a risk in the puerperium. 

 In pregnant women where the baby is at high 
risk of SCD (i.e. the partner is a carrier or 
affected), early testing for SCD should be offered. 
Capillary samples should be sent to laboratories 
where there is experience in the routine analysis 
of SCD in newborn samples. This will usually be 
at a regional centre. 

  Oxygen therapy and fl uid balance : Maintain 
maternal oxygen saturation above 94 % and ade-
quate hydration based on fl uid balance until dis-
charge. The risk of sickle cell crisis remains 
increased: in one study it occurred in 25 % of 

women and was more common following general 
anaesthesia. Hydration and oxygenation should 
be maintained. 

  Thromboprophylaxis : Low-molecular-weight 
heparin should be administered while in hospital 
and 7 days post-discharge following vaginal 
delivery or for a period of 6 weeks following cae-
sarean section. Antithrombotic stockings are rec-
ommended in the puerperium; early mobilisation 
should be encouraged. 

  Pain ad palliative care : Crises should be man-
aged as for non-pregnant women. NSAIDs are 
routinely administered in the postpartum period 
and can be used during breastfeeding. 

  Breast feeding : Breastfeeding should be 
encouraged, as in women without SCD. 

  Postpartum contraception : Progestogen- 
containing contraceptives such as the 
progesterone- only pill, injectable contraceptives 
and the levonorgestrel intrauterine system are 
safe and effective in SCD. Oestrogen-containing 
contraceptives should be used as second-line 
agents. 

 Barrier methods are as safe and effective in 
women with SCD as in the general population. 
Women taking intramuscular depot 
 medroxyprogesterone acetate (DMPA) were less 
likely to have a painful episode. Progestogens to 
be effective and safe in SCD [ 15 ].     
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      HIV in Critical Pregnancy                     

     Atul     Munshi       and     Sujal     Munshi     

           Introduction 

 In India, approximately 49,000 women living with 
HIV become pregnant and deliver each year which 
is about 6–10 % of the total world fi gure [ 1 ]. 

 Most of the pregnant women are unaware of 
their HIV status at the time of diagnosis of preg-
nancy and some of them even are not aware of 
their status until labour. Maternal HIV-1 infec-
tion has been associated with an increased risk of 
PTB, but mechanisms underlying this association 
are undefi ned [ 2 ]. 

 HIV-infected women were more likely than 
HIV-uninfected women to have pregnancy- 
induced hypertension, anaemia, breech presenta-
tions, stillborn babies and foetal deaths [Indian 
Study] [ 3 ]. 

 Pregnancy does not appear to infl uence the 
progression of HIV disease [ 4 ,  5 ]. 

 Furthermore, pregnancy does not seem to 
affect survival of women infected with HIV [ 6 ]. 

 Testing pregnant women for HIV at the time 
of labour and delivery is the last opportunity for 
prevention of mother-to-child HIV transmission 
(PMTCT) measures, particularly in settings 
where women do not receive adequate antenatal 
care. However, HIV testing and counselling of 
pregnant women in labour is a challenge, espe-
cially in resource-constrained settings. In India, 
many rural women present for delivery without 
any prior antenatal care. Those who do get ante-
natal care are not always tested for HIV, because 
of defi ciencies in the provision of HIV testing 
and counselling services [ 7 ]. 

 HIV impacts on direct (obstetrical) causes of 
maternal mortality by an associated increase in 
pregnancy complications such as  anaemia, post-
partum haemorrhage and puerperal sepsis.  

 HIV is also a major indirect cause of maternal 
mortality by an increased susceptibility to  opportu-
nistic infections like tuberculosis and malaria  [ 8 ].  

    Impact on Mother and Foetus 

 Antiretroviral therapy (ART) during pregnancy 
should focus on the reduction of perinatal trans-
mission and the treatment of maternal human 
immunodefi ciency virus (HIV) disease. 

 ART can reduce perinatal transmission by 
several mechanisms, including lowering  maternal 
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antepartum viral load and preexposure and post-
exposure prophylaxis of the infant. Therefore, for 
prevention of perinatal transmission of HIV, 
combined antepartum, intrapartum and infant 
antiretroviral prophylaxis is recommended. 

 Combination drug regimens are considered 
the standard of care for treatment of HIV infec-
tion and for prevention of perinatal HIV trans-
mission [ 9 ]. 

 Assuming that due diligence has been 
observed in the diagnosis and treatment of anae-
mia and the patient has been on ART, we are left 
with the modalities of treating the critical stage 
when an active mode is to be employed. 

 While prevention measures are preferred to 
emergency management, in a resource-poor set-
ting, it is not always possible. 

  That is when critical care management 
assumes importance in the reduction of maternal 
morbidity and mortality.  

  We will focus on some of these conditions like 
postpartum haemorrhage, sepsis and malaria in 
the context of HIV-positive pregnant women in a 
resource-poor setting.   

    HIV/AIDS Precautions: CDC 
Recommendations 

    Isolation of Patient during Treatment 
and Incineration of Disposables 
Recommended 

 All used syringes or other sharp instruments 
should be routinely placed in “sharps” containers 
for proper disposal to prevent accidental injuries 
and risk of HIV transmission. 

 For most HIV exposures that warrant PEP, a 
basic 4-week, two-drug (there are several options) 
regimen is recommended, starting as soon as pos-
sible after exposure. For HIV exposures that pose 
an increased risk of transmission (based on the 
infection status of the source and the type of 
exposure), a three-drug regimen may be recom-
mended. Special circumstances, such as a delayed 
exposure report, unknown source person, preg-
nancy in the exposed person, resistance of the 
source virus to antiretroviral agents and toxicity 

of PEP regimens, are also discussed in the guide-
lines. Occupational exposures should be consid-
ered urgent medical concerns, and PEP should be 
started within 72 h—the sooner the better; every 
hour counts.   

    WHO Recommendations 
for the Treatment of PPH (Specially 
for HIV-Positive Patients) 

     1.     Intravenous oxytocin alone is the recom-
mended uterotonic drug for the treatment of 
PPH.    

   2.    If intravenous oxytocin is unavailable, or if 
the bleeding does not respond to oxytocin, 
the use of intravenous ergometrine, oxytocin- 
ergometrine fi xed dose or a prostaglandin 
drug (including sublingual misoprostol, 
800 μg) is recommended.   

   3.    The use of isotonic crystalloids is recom-
mended in preference to the use of colloids 
for the initial intravenous fl uid resuscitation 
of women with PPH.   

   4.    The use of tranexamic acid is recommended 
for the treatment of PPH if oxytocin and 
other uterotonics fail to stop bleeding or if it 
is thought that the bleeding may be partly 
due to trauma.   

   5.    Uterine massage is recommended for the 
treatment of atonic PPH.   

   6.    If women do not respond to treatment using 
uterotonics, or if uterotonics are unavailable, 
the use of intrauterine balloon tamponade is 
recommended for the treatment of PPH due 
to uterine atony.   

   7.    If other measures have failed and if the nec-
essary resources are available, the use of 
uterine artery embolization is recommended 
as a treatment for PPH due to uterine atony.   

   8.    If bleeding does not stop in spite of treatment 
using uterotonics and other available conser-
vative interventions (e.g. uterine massage, 
balloon tamponade), the use of surgical 
interventions is recommended.   

   9.    The use of bimanual uterine compression is 
recommended as a temporizing measure 
until appropriate care is available for the 
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treatment of PPH due to uterine atony after 
vaginal delivery.   

   10.    The use of external aortic compression for 
the treatment of PPH due to uterine atony 
after vaginal birth is recommended as a tem-
porizing measure until appropriate care is 
available.   

   11.    The use of non-pneumatic anti-shock gar-
ments is recommended as a temporizing 
measure until appropriate care is available.   

   12.    The use of uterine packing is not recom-
mended for the treatment of PPH due to uter-
ine atony after vaginal birth.   

   13.    If the placenta is not expelled spontaneously, 
the use of IV/IM oxytocin (10 IU) in combi-
nation with controlled cord traction is 
recommended.   

   14.    The use of ergometrine for the management of 
retained placenta is not recommended as this 
may cause tetanic uterine contractions which 
may delay the expulsion of the placenta.   

   15.    The use of prostaglandin E2 alpha (dinopro-
stone or sulprostone) for the management of 
retained placenta is not recommended.   

   16.    A single dose of antibiotics (ampicillin or 
fi rst-generation cephalosporin) is recom-
mended if manual removal of the placenta is 
required.      

    Malaria and Pregnancy 

 Although the prevalence of malaria in pregnancy 
in Asia and Latin America is presumed to be 
high, there is an absence of longitudinal data on:

•    Effect of single plasmodium infection or 
asymptomatic infections on the burden of 
malaria in pregnancy  

•   Effect of malaria in pregnancy on newborn 
baby and infant health, as well as true cumula-
tive effect of malaria in pregnancy  

•   Prevalence of malaria in pregnancy in the fi rst 
trimester and its correlation with adverse 
outcomes  

•   Direct and indirect effect of malaria on severe mater-
nal morbidity and mortality,  hypertensive disorders of 
pregnancy and postpartum complications [ 10 ]    

 HIV increases the degree to which malaria is 
associated with maternal severe anaemia and low 
birth weight beyond the effect of HIV itself on 
anaemia and birth weight (interaction) [ 11 ].

•    Mefl oquine is the agent of choice for chloroquine- 
resistant areas, and evidence suggests it is not 
associated with an increased risk to the foetus.  

•   Although the atovaquone-proguanil drug 
combination is not currently recommended 
for use during pregnancy, limited data suggest 
that it is not harmful to the foetus.  

•   Doxycycline and primaquine are not recom-
mended during pregnancy [ 12 ].     

    GOI Guidelines 

  In the fi rst trimester of pregnancy, parenteral qui-
nine is the drug of choice.  

  However, if quinine is not available, artemis-
inin derivatives may be given.  

  In the second and third trimesters, parenteral 
artemisinin derivatives are preferred.   

    Puerperal Sepsis 

 The most common site of infection in puerperal 
sepsis is the placental site. Other sites of infec-
tion are abdominal and perineal wounds  following 
surgery and lacerations of the genital tract, e.g. 
cervix, vagina and perineum. 

 HIV-positive patients are at higher risk of sep-
sis due to immunocompromised status.  

    Symptoms and Signs 

•     Fever – temperature 38 °C or more  
•   Chills and general malaise  
•   Lower abdominal pain  
•   Ender uterus  
•   Subinvolution  
•   Purulent, foul-smelling lochia    

 There may also be light vaginal bleeding/
shock. 
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    Tests/Investigations to Confi rm 
Diagnosis 

•     Midstream specimen of urine wound swab, 
e.g. perineal or abdominal, or high vaginal 
swab  

•   Blood culture, in the presence of chills or evi-
dence of severe infection    

 WHO recommends. 
 Prevention: 
 For puerperal sepsis prevention, three main 

strategies have been described:

•    Hand hygiene  
•   Intravaginal application of antiseptics  
•   Use of prophylactic antibiotics    

  Management :

•    Sepsis in pregnancy is often insidious in 
onset but can progress very rapidly. Regular 
monitoring of pulse, blood pressure and 
respiratory rate may assist with early 
identifi cation.  

•   If sepsis is suspected in a patient in the com-
munity, urgent referral to hospital is 
indicated.   

•     In hospital, high-dose intravenous broad- 
spectrum antibiotics should be started imme-
diately after obtaining appropriate cultures; 
septicaemia can develop rapidly and has a 
high mortality rate. Treatment should not be 
delayed unduly by collection of clinical sam-
ples and can be adjusted after results of inves-
tigations become available .   

•     If GAS is isolated, IV penicillin is the treat-
ment of choice.   

•   Aggressive fl uid resuscitation and close moni-
toring of fl uid balance may be required; early 
involvement of critical care staff may be 
necessary.      

    Conclusion 

 Critical pregnancy in presence of HIV infec-
tion poses greater challenge and requires spe-
cial care. Timely diagnosis of risk factor and 
proper management will do wonders for the 
mother and the newborn.     
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      Antiphospholipid Syndrome                     

     Mala     Arora     

        The antiphospholipid syndrome (APS) is an auto-
immune condition characterized by recurrent arte-
rial or venous thrombosis and recurrent pregnancy 
loss. The autoantibodies are targeted to negatively 
charged phospholipids, in the cell membrane. The 
prevalence of APS in general obstetric population 
is 2 %. However in women with autoimmune dis-
orders like systemic lupus erythematosus (SLE), it 
is as high as 30 %. Among obstetric patients with 
early-onset severe pre-eclampsia, the prevalence 
can be as high as 30 %. 

 This syndrome was fi rst described in 1983 
by Harris [ 1 ] and Hughes [ 2 ] who observed that 
patients with SLE had high levels of anticardio-
lipin antibodies of at least one immunoglobulin 
class, IgG, IgM or IgA. There were strong corre-
lations between raised anticardiolipin levels and 
the lupus anticoagulant (LA), venous and arte-
rial thrombosis and thrombocytopenia. In their 
original study, of the 15 patients with the highest 
anticardiolipin titres, six had a history of venous 
thrombosis, fi ve had cerebral  thrombosis, fi ve 
had thrombocytopenia and two each had pulmo-
nary hypertension and recurrent miscarriages. 
They originally named it  anticardiolipin (aCL) 
syndrome or Hughes’ syndrome. It is ironic that 

APS was discovered largely by the aCL test, but 
the clinical value of this test is now considered 
marginal, as a host of other antibodies are also 
associated with this condition. 

 This syndrome was initially described in 
patients with SLE, but it was later recognized that 
most patients with primary APS do not fulfi l the 
diagnostic criteria of SLE and that those with pri-
mary APS do not progress to SLE. Hence we rec-
ognized that APS syndrome may be classifi ed as:

•    Primary APS or PAPS  
•   Secondary APS or SAPS which is associated 

with SLE    

 The two have similar clinical presentations 
(Table  18.1 ).

      Laboratory Testing (Table  18.2 ) 

       Antibody Testing 

 It is recommended that in APS syndrome both the 
lupus anticoagulant and the antiphospholipid anti-
body and/or the anticardiolipin antibody should be 
tested as they are heterogeneous in nature [ 3 ]. 

 Antibody testing in APS syndrome is not sim-
ple, as patients may exhibit antibodies to cardio-
lipin (CL), phospholipids (PL) or to one of the 
cofactors, beta 2 glycoprotein I (β 2 GPI) [ 4 ], 
which is a natural anticoagulant protein. 
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 Hence, there are a host of antibodies that can be 
tested, which add to the cost of testing. Antibodies 
tested by ELISA may be IgG, IgM or IgA classes 
alone or in combination. In APS, positive IgG anti-
bodies are diagnostic. IgM antibodies found alone 
may be transient and may be stimulated by viral 
infections or drugs described below. They are gen-
erally innocuous or non- thrombogenic. Hence it is 
necessary to repeat antibody titres after 6–12 
weeks. The antibody titres are reported as low, 
medium or high positive. 

 The antiphospholipid antibodies (aPL) are a 
group of heterogeneous antibodies of which the 
most commonly tested are phosphatidylcholine 
(PC), phosphatidylserine (PS) and phosphatidyl-
ethanolamine (PE). In addition phosphatidylg-
lycerol and phosphatidylinositol are also 
recognized but less commonly used in the clini-
cal setting. 

 It was realized in 1990 that a positive ELISA 
test for aCL depends on a protein cofactor, β 2 GPI, 
to exert their action and aPL antibodies need this 
plasma cofactor. They do not bind directly to the 
anionic phospholipid but to the protein/phospho-
lipids and prothrombin [ 5 ]. 

 Hence antibodies to beta 2 glycoprotein I are 
also diagnostic for APS syndrome. Many addi-
tional cofactors have been identifi ed since then, 
like antiprothrombin, anti-annexin V and anti- 
protein C and S [ 5 ]. 

 Recently antiphosphatidylserine-dependent 
antiprothrombin antibody (aPS/aPT) has also 
been detected in these patients [ 6 ]. This is a new 
marker antibody reported in 2006. 

 The defi nition of aPL antibody now appears to 
be  an antibody that targets not just phospholipids 
but also PL-binding proteins . The antibody may 
react preferentially with the PL-bound form or 
may bind to the free antigen in plasma as an 
immune complex (IC) to potentiate binding to a 
given PL.  

    Lupus Anticoagulant 

 Apart from antibody testing by ELISA, these 
patients test positive for lupus anticoagulant 
(LA). It tests for derangement of coagulation pro-
fi le. Contrary to what its name implies, the LA is 
powerfully thrombotic in vivo. Its name has been 
derived from the observation that it prolongs all 
phospholipid-dependent coagulation tests, 
including the prothrombin time, partial thrombo-
plastin time and Russell viper venom time. 

 ACL and LA although related antibodies are 
distinct, and many individuals with aCL do not 
have LA and vice versa [ 7 ]. Although majority of 
patients are positive for aCL and LA, about 
10–16 % are positive for LA and negative for 
aCL, and 25 % are positive for aCL and negative 
for LA [ 8 ,  9 ]. Thus it is important to test for both 
antibodies while investigating for APS.   

    Mechanism of Pregnancy Loss 

 APS is associated with very early pregnancy loss, 
fi rst-trimester miscarriages, second-trimester 
intrauterine deaths and third-trimester complica-
tions like pre-eclampsia, intrauterine growth 
restriction, oligohydramnios, placental abruption 

   Table 18.2    Antibody testing in APS   

 Antibody type  Subtype 

 Anticardiolipin ACL  IgG and IgM 

 Antiphospholipid APL  Antiphosphatidylserine 

 IgG and IgM  Antiphosphatidylcholine 

 Antiphosphatidylethanolamine 

 Cofactors  Anti-beta 2 glycoprotein I 

 Antiprothrombin 

 Anti-annexin V 

 Anti-protein C 

 Lupus anticoagulant  PTT, APTT, DRVVT 

    Table 18.1    Classifi cation of APS   

 Primary APS 
 No associated autoimmune 
disorder 

 Secondary APS  Associated with SLE, ITP 

 Familial APS  Runs in families with a complex 
inheritance pattern 

 Catastrophic APS  Multiple-vessel 
thrombosis – life-threatening 
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and intrauterine fetal death. It is also associated 
with neonatal morbidity related to prematurity 
and growth retardation, like necrotizing entero-
colitis, intraventricular haemorrhage and even 
neonatal deaths. 

 Pregnancy is a hypercoagulable state. In 1856, 
the Prussian pathologist Rudolf Virchow fi rst 
proposed his hypothesis, to explain the pathogen-
esis of thrombosis [ 10 ], which holds true even 
today. He suggested that three factors were nec-
essary to produce thrombosis:

    (i)    Hypercoagulability   
   (ii)    Stasis   
   (iii)    Endothelial damage    

  In pregnancy there is an increase in certain 
clotting factors leading to hypercoagulability and 
there is stasis in the pelvic and lower limb veins. 
There is however no endothelial damage. In APS 
syndrome endothelial damage is widespread due 
to antigen-antibody binding and complement 
activation which adds fuel to the fi re and increases 
the thrombogenic potential manifold. Available 
data indicate that the thrombogenic function of 
aPL antibodies involves their general effect on 
platelets, endothelial cells, anticoagulant mecha-
nisms and fi brinolytic pathways, as well as their 
local effect on trophoblasts and villi cells, lead-
ing to reduction of annexin V (placental antico-
agulant protein-I) production and inhibition of its 
anticoagulant function [ 11 ,  12 ]. 

 Thrombogenic effects of APS in pregnancy 
include:

•    Recognition of cofactor beta 2 glycoprotein I 
on the endothelial cells and trophoblastic sur-
face that allows deposition of aPL antibodies 
at these sites promoting thrombosis.  

•   Activation of endothelial cells like monocytes 
and platelets at the antibody-binding site.  

•   Vasculopathy of the spiral arteries of the 
uterus that are the feeder vessels to the pla-
centa. This leads to placental infarction and 
thrombosis, which is a triggering factor for 
pre-eclampsia and intrauterine growth 
restriction.    

 In addition APS slows the mechanisms that 
aid in dissolving intravascular clots like:

•    Inhibition of natural anticoagulants like pro-
tein C and tissue factor pathway inhibitor  

•   Inhibition of fi brinolytic system    

 All of the above mechanisms increase thrombo-
genic complications in pregnancy and can also result 
in arterial and venous thrombosis in pregnancy. 

 Besides thrombogenesis, APS also exerts 
harmful non-thrombogenic effects which are as 
follows:

    1.    Antiphospholipid antibodies exert a direct 
effect on trophoblast function resulting in 
direct cellular injury and inhibition of syncy-
tia formation, which results in decreased tro-
phoblastic invasion. This will result in 
trophoblastic dysfunction and account for 
very early pregnancy losses as well as poor 
implantation leading to subfertility.   

   2.    Antiphospholipid antibodies affect human 
chorionic gonadotrophin secretion by tropho-
blast cells by abolishing GnRH-induced hCG 
stimulation of human trophoblastic cells. 
They also decrease the placental hormone 
production, secondary to trophoblastic dys-
function [ 13 ]. This will account for early and 
mid-trimester losses.   

   3.    Recent studies have defi ned an important 
infl ammatory role of antiphospholipid antibod-
ies with activation of the complement system. 
RPL may be the result of this infl ammatory 
condition and that  complement inhibitors  may 
be the preferred therapy. The effi cacy of hepa-
rin in APS may rely on its complement inhibi-
tory action as well as its anticoagulant potential. 
Thus, it is possible that the unifying feature 
of the many aPL antibodies which have been 
linked to RPL is the propensity of a given aPL 
to fi x and activate the complement, particularly 
in an infl ammatory setting. Furthermore, the 
complement in conjunction with specifi c anti-
body can elicit a wide array of clinical features, 
including thrombosis, and therefore may be a 
common denominator in aPL disorders [ 14 ].     
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 It is now well recognized that aPL antibodies 
exert both thrombogenic and non-thrombogenic 
detrimental effects on pregnancy in the early 
mid- and late trimesters and may be implicated in 
recurrent implantation failures in patients under-
going assisted reproductive techniques (ART).  

    Indications for Testing 

 The obstetric clinical criteria for testing had been 
defi ned at an international antiphospholipid sym-
posium, held in 1999. These include [ 15 ]:

    1.    One or more unexplained deaths of a morpho-
logically normal fetus more than 10 weeks of 
gestation documented by ultrasound or direct 
examination   

   2.    One or more preterm births at or before 34 
weeks of gestation due to severe pre- eclampsia 
or placental insuffi ciency   

   3.    Three or more consecutive abortions before 
10 weeks gestation with no maternal hor-
monal, anatomic abnormalities, normal mater-
nal and paternal chromosomes and other 
causes of recurrent losses being ruled out   

   4.     History of vascular thrombosis:
    Unexplained venous thrombosis  
   Unexplained arterial thrombosis  
  Small-vessel thrombosis       

  These criteria have been revised in 2006 at a 
workshop in Sydney, Australia. The revised crite-
ria are mentioned in Table  18.3  [ 16 ].

   There is currently a debate over screening the 
high-risk obstetric population for APS [ 17 ]. It 

   Table 18.3    Revised classifi cation of APS syndrome   

 Revised classifi cation criteria for the antiphospholipid syndrome: 

 Antiphospholipid antibody syndrome (APS) is present if at least one of the clinical criteria and one of the 
laboratory criteria that follow are met. 

  Clinical criteria  

 1. Vascular thrombosis 

 One or more clinical episodes of arterial, venous or small-vessel thrombosis, in any tissue or organ. Thrombosis 
must be confi rmed by objective validated criteria (i.e. unequivocal fi ndings of appropriate imaging studies or 
histopathology). For histopathologic confi rmation, thrombosis should be present without signifi cant evidence of 
infl ammation in the vessel wall. 

 2. Pregnancy morbidity 

   (a)  One or more unexplained deaths of a morphologically normal fetus at or beyond the 10th week of gestation, 
with normal fetal morphology documented by ultrasound or by direct examination of the fetus 

   (b)  One or more premature births of a morphologically normal neonate before the 34th week of gestation 
because of (i) eclampsia or severe pre-eclampsia defi ned according to standard defi nitions or (ii) recognized 
features of placental insuffi ciency 

   (c)  Three or more unexplained consecutive spontaneous abortions before the 10th week of gestation, with 
maternal anatomic or hormonal abnormalities and paternal and maternal chromosomal causes excluded 

 In studies of populations of patients who have more than one type of pregnancy morbidity, investigators are 
strongly encouraged to stratify groups of subjects according to a, b or c above. 

  Laboratory criteria  

 1.  Lupus anticoagulant (LA) present in plasma, on two or more occasions at least 12 weeks apart, detected 
according to the guidelines of the International Society on Thrombosis and Haemostasis (Scientifi c 
Subcommittee on LAs/phospholipid-dependent antibodies) 

 2.  Anticardiolipin (aCL) antibody of IgG and/or IgM isotype in serum or plasma, present in medium or high titre 
(i.e. >40 GPL or MPL or > the 99th percentile), on two or more occasions, at least 12 weeks apart, measured by a 
standardized ELISA 

 3.  Anti-β 2  glycoprotein I antibody of IgG and/or IgM isotype in serum or plasma (in titre > the 99th percentile), 
present on two or more occasions, at least 12 weeks apart, measured by a standardized ELISA, according to 
recommended procedures 

 Classifi cation of APS should be avoided if less than 12 weeks or more than 5 years separate the positive aPL test 
and the clinical event. 
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has been proposed that in patients with history of 
thrombotic episodes prior to pregnancy or 
patients with previous thromboembolic episodes 
during pregnancy or gestational problems likely 
to be thrombotic in nature, the signifi cant associ-
ation with predisposing thrombophilic conditions 
could justify screening for APS syndrome, homo-
cysteine levels and perhaps factor V Leiden 
mutation, activated protein C resistance (APCR) 
and antithrombin III defi ciency. However routine 
screening of the general obstetric population is 
not recommended as it is not cost-effective.  

    Diagnosis 

 At least one clinical and one laboratory criteria 
are required to classify a patient with APS [ 18 ]. 
These must be positive on two occasions 6–12 
weeks apart. This is because transient positive 
results for aPL IgM may occur in the presence of 
viral infections such as chickenpox, adenovirus, 
mumps, HIV and also syphilis [ 19 ]. Certain 
drugs such as procainamide, chlorpromazine, 
sodium valproate, phenytoin, hydralazine and 
propranolol may induce aPL antibodies which 
are transient and non-thrombogenic. Because of 
the heterogeneity of antibodies tested and the 
fl uctuating antibody levels, the diagnosis of APS 
syndrome is diffi cult to establish, although once 
diagnosed the treatment is non-controversial.  

    Classifi cation of APS (Table  18.1 ) 

  Primary APS (PAPS)     Patients with LA or 
medium-to-high levels of IgG or IgM aCL anti-
bodies and fetal death, recurrent pre-embryonic 
or embryonic pregnancy loss, thrombosis, or neo-
natal death after delivery for severe pre- eclampsia 
or fetal distress.  

  Secondary APS (SAPS)     Patients with systemic 
lupus erythematosus (SLE) who have antiphos-
pholipid antibodies (aPL) and or lupus antibodies 
are classifi ed as secondary APS. There are no 
major differences in the clinical presentation in 
primary and secondary APS except that second-

ary APS has a greater than 40 % risk of thrombo-
sis than those without SLE and conveys a worse 
prognosis.  

  Familial APS Syndrome     Goel [ 20 ] studied fami-
lies with more than one affected member, exam-
ined possible modes of inheritance and 
determined linkage to potential candidate genes. 
In seven families, 30 of 101 family members met 
the diagnostic criteria for the syndrome. 
Segregation studies rejected both environmental 
and autosomal recessive models, and the data fi t-
ted best, either a dominant or a codominant 
model. Linkage analysis showed independent 
segregation of antiphospholipid syndrome and 
several candidate genes.  

  Catastrophic APS (CAPS)     Recently described in 
280 patients, catastrophic APS is an uncommon 
but potentially life-threatening condition that 
needs high clinical awareness. The fi rst clinical 
manifestation at the time of the catastrophic epi-
sode was a pulmonary complication in 24 % of 
the cases, a neurologic feature in 18 % and a 
renal feature in 18 %. During the catastrophic 
episode, multiple-vessel thrombosis may lead to 
multi-organ failure. Intraabdominal involvement 
was identifi ed in the majority of patients, mainly 
consisting of renal (71 %), hepatic (33 %), gas-
trointestinal (25 %), splenic (19 %), adrenal 
(13 %) and pancreatic (8 %) manifestations. One 
hundred twenty-three (44 %) patients died at the 
time of the catastrophic APS event, but higher 
recovery rate was achieved by the combination of 
anticoagulants plus corticosteroids along with 
plasma exchange (PE) and/or intravenous immu-
noglobulins (IVIG) (69 % versus 54 %) [ 21 ].   

    Management 

    Preconception Counselling 

 Therapy needs to be started early in pregnancy 
hence preconception counselling is necessary. In 
patients with implantation failures and very early 
pregnancy loss, low-dose aspirin may be started 
in the preconception period along with folic acid. 
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The need for close surveillance of the pregnancy, 
with a multidisciplinary approach, should be 
explained. Delivery should be planned at a centre 
with advanced neonatal intensive care facilities. 

 Medical and obstetric risks should also be 
explained. Pre-eclampsia, fetal growth restric-
tion, preterm labour and fetal losses are the 
obstetric complications seen. In a study of APS 
treated with heparin, 40 % had growth restriction 
and 25 % delivered at less than 32 weeks [ 22 ]. 
Other studies have also shown that the complica-
tion rates in treated patients with moderate to 
high levels of aPL are high [ 23 ].  

    Low-Dose Aspirin 

 Low-dose aspirin 60–80 mg/day has signifi cant 
antiplatelet action thereby preventing platelet 
adhesion which is the fi rst step in clot formation. 
Hence low-dose aspirin is recommended in the 
prevention of pre-eclampsia and intrauterine 
growth restriction [ 24 ,  25 ] in high-risk gravidas. 
There are many non-randomized studies suggest-
ing that low-dose aspirin is effective and it can pre-
vent pregnancy loss in experimental APS mice. 
Randomized controlled trials of aspirin as a single 
agent in APS do not support any benefi t over pla-
cebo; however, such studies have been undertaken 
in low-risk women. Most centres now advocate 
treatment with low-dose aspirin for all women 
with APS, prior to conception in the belief that tro-
phoblastic dysfunction occurs early in gestation 
and aspirin may prevent failure of placentation. It 
is then continued throughout pregnancy along 
with low molecular weight heparin (LMWH). 

 Caution needs to be exercised in its use in the 
third trimester as it is associated with closure of 
fetal ductus arteriosus in utero and possible pul-
monary hypertension of the newborn, jaundice and 
kernicterus. It also crosses the placenta. There 
have been recent case reports of fetal intracranial 
bleeding with the use of low-dose aspirin [ 26 ]. 

 Patients with APS and stroke are probably 
best treated with aspirin, while those with other 
forms of arterial thromboembolism (TE) are 
likely best treated with moderate-intensity warfa-
rin plus aspirin.  

    Heparin 

 Heparin has been used effectively during preg-
nancy to avert complications of APS syndrome. 
It is a potent anticoagulant, but as early as 1929 it 
was shown to have “anti-complementary effects” 
[ 27 ]. It is now postulated that this may play an 
important role in preventing obstetric complica-
tions in APS syndrome. It is important to realize 
that heparin does not alter binding of aPL-IgG to 
decidual tissue, but it can only prevent 
complement- activated damage. Given the impor-
tance of complement-split products as mediators 
of aPL antibody-induced fetal injury, it was con-
sidered that heparin prevents pregnancy loss by 
inhibiting complement activation on trophoblast 
and that anticoagulation, in and of itself, is not 
suffi cient to prevent pregnancy complications in 
APS. In the mice model, treatment with unfrac-
tionated or low molecular weight heparins 
(LMWH) protected pregnancies from aPL 
antibody- induced damage, whereas treatment 
with hirudin or fondaparinux (anticoagulants 
without anti-complement effects) was not protec-
tive. Mice that received unfractionated heparin 
(UFH) 20U, LMWH, fondaparinux or hirudin 
were all anticoagulated, as demonstrated by 
increased partial thromboplastin time (PTT) or 
decreased factor Xa activity. However mice 
receiving hirudin and fondaparinux although 
well anticoagulated did not show a decline in 
pregnancy loss. Conversely, mice treated with a 
low dose of heparin, 10 U, were also protected 
against APL-induced pregnancy complications in 
spite of not showing detectable anticoagulant 
effect [ 14 ] (Table  18.4 ).

   The increased circulating blood volume in 
pregnancy necessitates a higher dose of heparin 
10,000 units twice daily subcutaneously prefera-
bly self-administered. During labour this may be 
reduced to 5,000–7,500 units twice daily. For 
elective abdominal deliveries, heparin is stopped 
48 h prior to the procedure. 

 The main danger of heparin therapy in preg-
nancy is osteoporosis, fi rstly because its use in 
pregnancy is prolonged and secondly pregnancy 
and lactation cause reversible bone demineral-
ization. There have been several reports of verte-
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bral collapse associated with heparin use in 
pregnancy. It must be emphasized that to prevent 
this dreaded complication there should be ade-
quate calcium and vitamin D3 intake as well as 
moderate exercise. Bed rest should be strictly 
avoided as it accelerates bone loss. Fortunately 
bone density improves once heparin therapy is 
discontinued. 

 Another rare but dreaded complication is 
thrombocytopenia and a complete blood count 
should be done one week after starting heparin 
therapy. If platelet counts drop, heparin should be 
discontinued with immediate effect, and low 
molecular weight heparin (LMWH) should be 
substituted.  

    Low Molecular Weight Heparin 

 Low molecular weight heparins (LMWHs) have 
fewer complications than conventional heparin 
and are being more frequently used in pregnancy 
safely [ 28 ,  29 ]. LMWH inhibits factor Xa and 
therefore has an antithrombotic effect, while hep-
arin has, in addition, an anticoagulant effect 
through its action on antithrombin III and factor 
IIa. Thus bleeding complications with LMWH are 
few with little alteration of PT and aPTT. Other 
advantages include increased bioavailability and a 
longer half-life necessitating a once-daily admin-
istration and a lower risk of thrombocytopenia 
and osteoporosis. The major factor precluding 
routine long-term use in pregnancy is the cost. 

Both heparin and LMWH do not cross the pla-
centa and fetal complications have not been 
reported. A number of low molecular weight hep-
arins are available which have a molecular weight 
of 4000–6000 daltons. The various fractions have 
different pharmacological profi les and the proper-
ties, and the dose of one LMWH cannot be 
extrapolated to another. Enoxaparin in the dose of 
40 mg/day subcutaneously and dalteparin 5,000 
units per day are recommended during pregnancy. 
It has been used successfully in pregnancy with a 
live birth rate of 85–95 % [ 30 ]. Some women may 
develop a local allergic reaction to LMWH. 

 Enoxaparin (Clexane) 40 m mg per day sub-
cutaneously or dalteparin (Fragmin) 5,000 units 
per day is injected from the confi rmation of preg-
nancy till delivery. During labour LMWH should 
be discontinued at least 8 h prior to instituting 
regional analgesia like epidurals. It can be recom-
menced after delivery. Its action can be reversed 
by an intravenous injection of protamine sulphate 
for emergency surgery. One milligram of prot-
amine sulphate neutralizes 80–100 units of hepa-
rin when given 15 min after the heparin injection. 
If longer time has elapsed, less protamine sul-
phate is required as heparin is rapidly excreted. 

 Management options in varied clinical sce-
narios of APS are discussed in Table  18.5  [ 31 ].

        Fetal Monitoring (Table  18.6 ) 

    Close fetal monitoring is essential in each 
trimester. 

 In the  fi rst trimester  serial monitoring with 
serum beta HCG and transvaginal ultrasound 
scan will ensure the progress of pregnancy. 

 During the  second trimester , Doppler wave-
form analysis of the uterine artery at 20–24 weeks 
gestation to look for diastolic notching will help 
predict the high-risk pregnancy. 

 In high-risk pregnancy the  third trimester  is 
closely monitored with serial growth scans and 
Doppler interrogation of the fetal vessels espe-
cially the middle cerebral artery (MCA) in 
patients with oligohydramnios and IUGR. This 
will allow timely delivery and improve fetal 
outcome. 

   Table 18.4    Heparins prevent pregnancy loss and inhibit 
complement activation [ 14 ]   

 Anticoagulation 

 Prevention 
of 
pregnancy 
loss 

 Complement 
inhibition 

 UFH (10 U)  −  +  + 

 UFH (20 U)  +  +  + 

 LMWH  +  +  + 

 Fondaparinux  +  −  − 

 Hirudin  +  −  − 

  Salmon [ 14 ], The American Clinical and Climatological 
Association 
  LMWH  low molecular weight heparin,  UFH  unfraction-
ated heparin  
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 Regular monitoring of blood pressure and urine 
analysis for proteinuria are done at each antenatal 
visit. Testing for microalbuminuria will help in the 
detection of early-onset pre-eclampsia.  

    Postpartum Prophylaxis 

•     Women on long-term warfarin treatment may 
recommence this on the second or third post-
partum day, and the low molecular weight 
heparin is discontinued when the INR is >2.  

•   Women with previous thrombosis should 
receive postpartum heparin or warfarin for 6 
weeks.  

•   Women with no previous thrombosis should 
receive postpartum prophylactic heparin for 5 
days.    

 Neither heparin nor warfarin is excreted in 
breast milk; hence, breastfeeding is not contrain-
dicated with the use of these drugs.  

    Other Drugs Used in APS Syndrome 

    Warfarin 

 Warfarin crosses the placenta and causes embry-
opathy hence is contraindicated in the fi rst tri-
mester of pregnancy. The teratogenic risks 
include chondrodysplasia punctata, nasal hypo-
plasia, growth restriction and short proximal 
limbs. The period of risk is between 6 and 12 
weeks; hence, conception on warfarin is not dan-
gerous provided that warfarin is replaced by 
LMWH within 2 weeks of a missed period. The 
risk of miscarriage and stillbirth is also increased. 
When used in the third trimester, there is a sig-
nifi cant risk of maternal retroplacental and fetal 
intracranial bleeding. 

 If the bleeding is severe, the action of warfarin 
can be reversed by injection of vitamin K 5 mg 
by slow intravenous injection supplemented with 
fresh frozen plasma 15 ml/kg to replenish the 
clotting factors. The use of warfarin in pregnancy 
is only justifi ed in the presence of prosthetic heart 
valves and perhaps prior arterial thrombosis. 

 In patients with pregestational arterial or 
venous thrombosis, warfarin is the drug of choice 
and may have to be continued in the second and 
early third trimester of pregnancy as well as post-
partum period. However it should be substituted 
with LMWH and low-dose aspirin in the fi rst tri-
mester of pregnancy, and the switch should be 
done prior to 6 weeks of pregnancy. 

 Among patients with aPL antibodies, the 
absolute risk of developing new thrombosis is 
low (<1 % per year) in otherwise healthy patients 
without prior thrombotic events. It may be 

   Table 18.5    Management options for APS   

 Feature  Management 

 APS with prior fetal 
death or recurrent 
pregnancy loss, fetal 
death, neonatal death, 
pre-eclampsia, 
IUGR, abruption 

 Low-dose aspirin 
preconception with 
unfractionated heparin 20,000 
units/day or LMWH 5,000 
units /day when pregnancy is 
confi rmed 
 Calcium and vitamin D3 
supplementation 

 APS with prior 
thrombosis or stroke 

 On warfarin, transfer to 
LMWH+ aspirin prior to 6 
weeks of pregnancy 
 Heparin/LMWH to achieve 
full anticoagulation with 
low-dose aspirin 
 Calcium and vitamin D3 

 APS without prior 
pregnancy loss or 
thrombosis 

 Optimal management 
uncertain 
 Low-dose aspirin daily and/or 
prophylactic heparin daily 

 aPL antibodies 
without APS 
 LA positive or aCL 
positive medium to 
high titres 

 Optimal management 
uncertain 
 No treatment or low-dose 
aspirin or 
 LMWH + low-dose aspirin 

   Table 18.6    Fetal monitoring in APS   

 First trimester  Serial beta HCG 
 Transvaginal scan 

 Second 
trimester 

 Uterine artery Doppler at 20–24 
weeks 
 Microalbuminuria 
 Blood pressure(BP) monitoring 

 Third trimester  BP monitoring + albuminuria 
 Serial ultrasound scan for growth 
 Fetal Doppler of umbilical/MCA 
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 moderately increased (up to 10 % per year) in 
women with recurrent pregnancy loss without 
prior thrombosis and is highest (>10 % in the fi rst 
year) in patients with a history of venous throm-
bosis who have discontinued anticoagulant drugs 
within 6 months of getting pregnant. Compared 
with placebo or untreated control, anticoagula-
tion with moderate-intensity warfarin (adjusted 
to a target international normalized ratio [INR] of 
2.0–3.0) reduces the risk of recurrent venous 
thrombosis by 80–90 % irrespective of the pres-
ence of aPL antibodies and may be effective for 
preventing recurrent arterial thrombosis. No evi-
dence exists that high-intensity warfarin (target 
INR, >3.0) is more effective than moderate- 
intensity warfarin [ 30 ]. For patients with a single 
positive aPL antibody test result and prior stroke, 
aspirin and moderate-intensity warfarin appear 
equally effective for preventing recurrent stroke. 
Treatment issues that have not been addressed in 
clinical trials, or for which the evidence is con-
fl icting, include:

•    Role of antithrombotic prophylaxis in patients 
with antiphospholipid antibodies without 
prior thrombosis  

•   Optimal treatment of non-cerebrovascular 
arterial thrombosis  

•   Recurrent thrombosis despite warfarin 
 therapy [ 30 ]    

 Based on the available data, the American 
College of Chest Physicians recommends for 
patients with APS and a venous thromboembolic 
event warfarin therapy with a target INR of 2.5 
(Grade 1A) for 12 months (Grade 1C+) and sug-
gests that indefi nite anticoagulant therapy should 
be considered (Grade 1C) especially for recurrent 
events [ 32 ].  

    Corticosteroids 

 Oral prednisolone (40–60 mg/day) along with 
low-dose aspirin (75 mg/day) was used in the mid-
1990s to treat APS-associated recurrent pregnancy 
loss [ 33 ], but was soon abandoned in favour of 
anticoagulant regimes because of complications 

such as hypertension, diabetes, osteoporosis, ste-
roid psychosis, preterm rupture of membranes and 
preterm labour. Subsequently controlled clinical 
trials showed that prednisolone is ineffective and 
possibly detrimental in the treatment of recurrent 
pregnancy loss [ 34 ]. Hence it is no longer used in 
pregnancy. However, pregnant patients with SLE 
and APS may require corticosteroids for control of 
SLE under the guidance of a physician. Short-
course parenteral steroids are used to induce fetal 
lung maturity if delivery is imminent prior to 34 
weeks in APS syndrome. Steroids are also used in 
life-threatening situations such as in the manage-
ment of catastrophic APS [ 21 ].  

    Intravenous Immunoglobulins 

 Several reports exist on successful pregnancy 
outcome when high-dose IVIG was used in con-
junction with heparin or LDA or alone. In patients 
treated with IVIG, unfractionated heparin and 
LDA, fewer pregnancy complications like IUGR 
and pre-eclampsia were noted [ 35 ,  36 ]. However 
a recent prospective, randomized, controlled 
study of women with defi nite APS on heparin 
and LDA found no additional benefi t of IVIG 
[ 37 ]. Thus IVIG may be indicated when preg-
nancy failure has occurred despite judicious hep-
arin use. A dose of 0.3 g/kg immunoglobulin 
given every 4 weeks till 32 weeks is a commonly 
employed regime.  

    Plasmapheresis or Plasma Exchange 

 In patients with catastrophic APS, one may need 
to resort to plasma exchange to lower the anti-
body levels.  

    Fluvastatin 

 Fluvastatin has been shown to revert pro- 
infl ammatory/prothrombotic effects of antiphos-
pholipid antibodies (aPL) in vitro and in mice. 
Here, we examined whether fl uvastatin affects 
the levels of pro-infl ammatory/prothrombotic 

18 Antiphospholipid Syndrome



168

markers in antiphospholipid syndrome (APS) 
patients. Vascular endothelial growth factor 
(VEGF), soluble tissue factor (sTF), tumour 
necrosis factor-alpha (TNF-alpha), soluble inter-
cellular adhesion molecule-1 (sICAM-1), sE- 
selectin (sE-sel), C-reactive protein (CRP) and 
soluble vascular cell adhesion molecule 
(sVCAM-1) were measured in the sera of 93 APS 
patients and 60 controls and in the sera of nine 
patients with APS before and after 30 days of 
treatment with fl uvastatin. Elevated levels of 
VEGF, sTF and TNF-alpha were found in APS 
patients. Fluvastatin signifi cantly reduced those 
markers in the majority of treated subjects. The 
data from this study show that statins may be 
benefi cial in aPL-positive patients and warrant 
larger clinical trials to confi rm the effi cacy of the 
drug for the treatment of clinical manifestations 
of APS [ 38 ]. 

 In obstetrics APS is regarded as the most 
important prothrombotic cause of recurrent preg-
nancy loss, with pregnancy success improving 
from below 20 % in the past to a current live birth 
rate of over 80 % with the introduction of antico-
agulant therapy. 

 In summary APS syndrome is a treatable cause 
of pregnancy loss and implantation failure.

•    Suspicious cases should be screened by anti-
body testing and/or testing for lupus 
anticoagulant.  

•   Therapy with low-dose aspirin is started at the 
pre-pregnancy counselling clinic, and heparin/
low molecular weight heparin is added when 
the diagnosis of pregnancy is confi rmed on 
ultrasound scan.  

•   Therapy is continued till at least 34 weeks of 
pregnancy.  

•   Pregnancy is closely monitored for pre- 
eclampsia, IUGR and abruption.  

•   Postpartum anticoagulation is important to 
prevent DVT.  

•   Corticosteroids are only used in APS that is 
concomitant with SLE.  

•   In patients with recurrent arterial/venous 
thrombosis, long-term warfarin therapy may 
be required.         
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      Systemic Lupus Erythematosus 
and Pregnancy                     

     Hiralal     Konar       and     Picklu     Chaudhuri    

           Overview 

 Systemic lupus erythematosus (SLE) is a multi-
system connective tissue disease characterized by 
multi-organ involvement; characteristic infl amma-
tory lesions of the skin, joints, serous membranes, 
kidneys and CNS; and its association with high 
titres of autoantibodies to an array of autoanti-
gens. Its clinical course is often one of the disease 
fl ares followed by variable periods of remission. 
Approximately 90 % of the affected population are 
young women in their second or third decades of 
life. Therefore, SLE is the commonest connective 
tissue disorder encountered during pregnancy, and 
it has been widely studied by researchers across 
the globe. Evidence shows the foetal and maternal 
outcomes are adversely affected by the disease. 

 A multidisciplinary team comprising of obste-
trician with experience in high-risk care, rheuma-
tologist, nephrologists and haematologist is 
essential for monitoring and managing women 
with SLE during pregnancy and puerperium [ 1 ].  

    Epidemiology 

 The prevalence of the disease shows wide varia-
tion in relation to geographical and racial 
background. 

 A point prevalence of 3/100,000 population 
was observed by researchers in India [ 2 ]. This 
was much lower than data available from the 
western countries (12.5/100,000 in England [ 2a ], 
39/100,000 in Finland [ 2b ], 124/100,000 in the 
USA [ 2c ]). 

 Evidence suggests that SLE is more common 
in African American and Hispanic groups than in 
Caucasians. The incidence of lupus is much higher 
in women than in men. During the childbearing 
years, the female-to-male ratio is about 12:1.  

    Pathophysiology 

    Effect of Pregnancy on SLE 

 There is no consensus of opinion whether preg-
nancy results in exacerbations or “fl are-ups” of 
SLE. Earlier studies conducted before 1980 
showed very high (up to 6 times higher) inci-
dences of fl are during pregnancy especially 
 during puerperium in comparison to non-preg-
nant controls [ 3 ,  4 ]. A number of recent case con-
trol studies however found a modest rise of such 
fl ares (15–60 %) during pregnancy [ 5 ,  6 ]. Some 
investigators believe that the rate of fl ares during 
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pregnancy may be similar to the frequency of 
exacerbation while not pregnant, while other 
researchers maintain that pregnancy is a time of 
vulnerability to increased disease activity [ 7 ,  8 ]. 

 Risk of SLE fl ares was found to be propor-
tional to disease activity at the onset of preg-
nancy. Women who had sustained remission prior 
to pregnancy had lesser chance of having fl ares. 
In contrast women who discontinued mainte-
nance therapy before pregnancy suffered more 
exacerbations during pregnancy. 

 Renal disease fl are-up is the most common 
presentation of SLE aggravation in pregnancy. 
Combining all published data on women with 
lupus nephropathy, it was evident that one third 
of them had exacerbations, 21 % of them had 
deterioration of renal function during pregnancy, 
and 7 % had permanent deterioration of the same 
[ 9 ]. Chorea is a rare complication of SLE which 
was found to aggravate during pregnancy.  

    Effect of SLE on Pregnancy 

 Pregnancy and its outcome are affected by SLE 
in the following manner.   

    Gestational Hypertension 
and Pre-eclampsia 

 Twenty to 30% of women with SLE develop ges-
tational hypertension or pre-eclampsia during 
pregnancy [ 10 ]. Women with lupus nephropathy 
develop this complication more frequently. SLE 
associated with chronic hypertension, antiphos-
pholipid syndrome and long-term steroid use are 
also vulnerable to develop pre-eclampsia.  

    Secondary Antiphospholipid 
Syndrome and Thrombosis 

 Women with SLE who have antiphospholipid 
antibodies (anticardiolipin antibody and lupus 
anticoagulant) carry additional risk of thrombo-
sis during pregnancy and especially during 
puerperium.  

    Pregnancy Loss 

 Women with SLE have higher rates of miscarriages 
and intrauterine foetal death than the general 
healthy obstetric population. In a meta-analysis of 
various prospective studies on foetal outcome of 
women with SLE, it was found that 8–23 % 
(median 14 %) had miscarriages, 2–12 % (median 
5 %) had foetal deaths, and 15–34 % (median 
24 %) had overall pregnancy losses. Women with 
nephropathy and antiphospholipid syndrome were 
found to have higher rates of pregnancy loss [ 9 ]. 

 The cause of miscarriages and foetal death is 
uncertain. Infl ammation and altered compliment 
regulation, poor placentation and placental 
infarction are some of the possible causes.  

    Preterm Birth 

 Although the preterm birth rate in women with 
SLE and in healthy controls were compared in a 
few studies, available evidence shows a higher 
incidence of preterm birth in women with SLE, 
more so in women with active disease [ 11 ]. It 
may be attributed to higher incidence of pre- 
eclampsia and foetal growth restriction needing 
premature termination.  

    Foetal Growth Restriction 

 Co-morbidities as hypertension and renal disease 
and also steroid therapy lead to high incidence of 
foetal growth restriction in women with SLE.  

    Neonatal Lupus Syndrome 

 Neonatal lupus is the occurrence of SLE symp-
toms in an infant born from a mother with SLE, 
most commonly presenting with a rash resembling 
discoid lupus erythematosus, and sometimes with 
systemic abnormalities such as heart block or hep-
atosplenomegaly or haematological complications 
as haemolytic anaemia, leucopenia and thrombo-
cytopenia. Cause of neonatal lupus may be due to 
transplacental passage of antibodies from mother. 
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Neonatal lupus is highly associated with maternal 
anti-Ro/SSA (usually also with anti-La/SSB) anti-
bodies, although the rash may occur with anti-
ribonucleoprotein (RNP) antibodies.  

    Diagnosis 

 Revised American Rheumatism Association 
(1997) [ 12 ] criteria have been widely used for 
diagnosis of SLE. According to it, the women 
should have at least four of the following fea-
tures, either simultaneously or serially.

    1.    Facial butterfl y rash   
   2.    Discoid lupus   
   3.    Photosensitivity rash as a result of sunlight 

exposure   
   4.    Oral or nasopharyngeal ulceration   
   5.    Nonerosive arthritis involving two or more 

peripheral joints   
   6.    Pleurisy or pericarditis   
   7.    Proteinuria >0.5 g/day or cellular cast   
   8.    Psychosis or convulsion   
   9.    One haematologic problem   
   10.    Hemolytic anaemia   
   11.    Leucopenia, WBC <4000/μL on two or more 

occasions   
   12.    Lymphopenia <1500/μL on two or more 

occasions   
   13.    Thrombocytopenia <100,000/μL (in absence 

of drug)   
   14.    Immunologic problem   
   15.    Abnormal ANA titre   
   16.    Abnormal anti-DNA titre   
   17.    Anti-SM nuclear antigen    

  Abnormal serum level of IgG or IgM anticar-
diolipin antibody or positive test for lupus 
anticoagulant  

    Diagnostic Dilemma 
during Pregnancy 

 SLE and its exacerbations pose diagnostic diffi -
culty during pregnancy as they mimic some 
pregnancy- associated conditions. 

 Malar rash needs to be differentiated from 
chloasma. 

 Differentiation from pre-eclampsia is often 
challenging as both conditions are characterized 
by proteinuria [ 13 ]. Severe pre-eclampsia with 
HELLP syndrome with thrombocytopenia also 
mimics SLE fl are. Presence of leucopenia, hema-
turia, cellular cast in urine and abnormal ANA 
and anti-ds DNA in serum clinches the diagnosis 
in favour of SLE nephritis/fl are. On the other 
hand, elevated serum levels of liver enzymes and 
uric acid and decreased urinary excretion of cal-
cium are more prominent in pre-eclampsia than 
lupus nephritis. Flares of systemic lupus erythe-
matosus (SLE) are likely to be associated with 
hypocomplementemia; in comparison, comple-
ment levels are usually (but not always) increased 
in patients with pre-eclampsia [ 14 ].  

    Management 

    Pre-pregnancy 

 Women and her partner need to be counselled 
regarding postponement of pregnancy till good 
control of SLE for at least 6 months. Risk of 
exacerbation, pre-eclampsia and foetal and neo-
natal problems is to be explained. Baseline pre- 
pregnancy evaluation in terms of haemoglobin, 
platelet count, urine for protein, serum creatinine 
and 24 h urine for creatinine clearance should be 
done to assess haematologic and renal condi-
tions. Antiphospholipid antibody titre, anti-Ro/
SSA and anti-La/SSB titres are also measured for 
predicting prognosis. 

 Azathioprine, cyclophosphamide and metho-
trexate are to be discontinued before contemplat-
ing pregnancy. Maintenance therapy with 
optimum doses of hydroxychloroquine or ste-
roids need not be discontinued.   

    Prenatal 

 Multidisciplinary approach is essential for success-
ful outcome. Women need to be evaluated and 
managed by obstetrician with expertise in high-risk 
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pregnancy. Frequent monitoring, repeated investi-
gations to diagnose disease activity and adverse 
effects and prompt intervention of complications 
are the essential steps in management.  

    Monitoring and Investigation 

 Women need frequent antenatal checks, two 
weekly in fi rst and second trimesters and weekly 
in the third. 

  The schedule for monitoring includes:  
 First visit: 
 At the fi rst visit after (or at which) pregnancy 

is confi rmed, the following investigations are 
recommended:

•    Physical examination, including blood 
pressure  

•   Renal function (glomerular fi ltration rate, uri-
nalysis, urine protein/urine creatinine ratio)  

•   Complete blood count (haemoglobin and 
platelet count)  

•   Anti-Ro/SSA and anti-La/SSB antibodies  
•   Lupus anticoagulant (LA) and anticardiolipin 

antibody (aCL) assays  
•   Anti-double-stranded DNA antibodies  
•   Complement (CH50, or C3 and C4)  
•   Uric acid level    

 A platelet count (or CBC) is recommended on 
a monthly basis. Urine protein should be done in 
all visits after 20 week to detect pre-eclampsia. 
Renal function needs to be repeated on the basis 
of clinical fi ndings (more frequently in women 
with nephritis/pre-eclampsia). Women with lupus 
and the APS require more frequent monitoring 
than those with SLE alone.  

    Foetal Monitoring 

 Dating scan and anomaly scans are to be done 
routinely. Growth scans for foetal biometry and 
amniotic fl uid volume need to be done 3–4 
weekly from 18 to 20 weeks onward. 

 Foetal surveillance is recommended to start at 
30–32 weeks with Doppler studies and 

 biophysical profi le scoring. Indications to start 
early surveillance at 26–28 weeks are worsening 
disease/fl are, APS, renal disease, pre-eclampsia, 
clinical/biometric foetal growth restriction and 
previous poor outcome of pregnancy. 

 Foetal echocardiography weekly between 16 
and 26 weeks is recommended in women with 
added risk for foetal heart block (women who 
have antibodies to Ro/SSA and/or La/SSB).  

    Drug Therapy 

 None of the medications used in the treatment of 
systemic lupus erythematosus (SLE) are abso-
lutely safe during pregnancy. Hence, whether to 
use medications should be decided after careful 
assessment of the risks and benefi ts in consulta-
tion with the patient. Any medication during fi rst 
trimester should be avoided. 

 Antimalarials (hydroxychloroquine) and glu-
cocorticoids may be administered for maintaining 
remissions. Data from observational studies of the 
infants of patients with SLE and other rheumatic 
disorders who received antimalarials during preg-
nancy suggest that these agents are safe [ 15 – 17 ]. 

 Glucocorticoids are relatively safe to use dur-
ing pregnancy. Prednisone, prednisolone and 
methylprednisolone cross the placenta at very 
low concentration, whereas dexamethasone and 
betamethasone reach the foetus at higher concen-
tration. Human and animal studies have sug-
gested an increased risk of cleft palate in offspring 
exposed to glucocorticoids in utero. 

 Azathioprine and cyclophosphamide are bet-
ter avoided except in women unresponsive to ste-
roids. Foetal loss is a likely outcome of 
cyclophosphamide administration during preg-
nancy, as a result of cyclophosphamide toxicity, 
severe disease or a combination these factors. In 
one retrospective review of four such pregnan-
cies, there were no live births [ 18 ]. 

 Methotrexate is contraindicated during preg-
nancy. Use of NSAIDs in the third trimester may 
cause premature closure of the ductus arteriosus 
and is usually avoided. 

 Low-dose aspirin should be started in women 
with previous history of early-onset pre- eclampsia, 
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foetal growth restriction and women with positive 
lupus anticoagulant and/or high levels of anticar-
diolipin antibodies even in the absence of classical 
history of APS. Some suggest the use of low-dose 
heparin and aspirin for such patients, even in the 
absence of previous pregnancy complications. 

    Prenatal Therapy of Complete 
Congenital Heart Block (CCHB) 

 Dexamethasone, beta-mimetics and IVIG have 
been tried in CCHB diagnosed prenatally by 
echocardiography. However, no defi nite benefi -
cial effect was evidenced.   

    Labour and Delivery 

 Mode and time of delivery need to be individual-
ized on the basis of associated complicating fac-
tors as pre-eclampsia or foetal growth restriction. 
However, all women irrespective of complicating 
factors should be delivered at term, and continu-
ous foetal monitoring should be done. Women 
who were on chronic steroid during pregnancy 
should receive intravenous glucocorticosteroids.  

    Puerperium and Breastfeeding 

 Some women experience exacerbations of SLE 
in the post-partum period. Thus, assessment of 
disease activity is warranted post-partum by the 
usual tests as: 

 Urinalysis, urine protein/urine creatinine 
ratio, renal function (if the urinalysis is abnor-
mal), complete blood count, anti-double-stranded 
DNA (anti-dsDNA) and complement (CH50, or 
C3 and C4). Maintenance therapy can be started 
as used during pregnancy. 

 Women are advised to breastfeed if they 
are not taking azathioprine,  methotrexate, 
 cyclophosphamide or mycophenolate. Hydroxy-
chloroquine and NSAIDs are also secreted in 
breast milk and, therefore, should be used with 
caution. Prednisone (<15–20 mg/day) can be 
used safely during breastfeeding because small 

amounts (5 % of the glucocorticoid dose) are 
secreted in breast milk. At doses of predni-
sone higher than 20 mg once or twice daily, 
breast milk should be pumped and discarded 
4 h after the dose to minimize drug exposure 
to the infant.  

    Treatment of SLE Flare 

 Prednisolone is the drug of choice for SLE fl are. 
The dose of prednisolone depends on the severity 
of the exacerbation. Mild to moderate exacerba-
tion without renal or CNS involvement can be 
treated with an oral dose of 30–40 mg/day. Severe 
fl ares involving the kidney or CNS need aggres-
sive treatment with intravenous methylpredniso-
lone, 30–50 mg/kg/day (500–1000 mg/day) for 
3–6 days. Thereafter, the dose of prednisolone 
should be tapered to the maintenance dose. 

 Cyclophosphamide and azathioprine are the 
second-line drugs for SLE fl are. Plasmapheresis 
and IVIG may be used in life-threatening 
conditions.  

    Prognosis 

 As the survival rate in patients with SLE has 
improved dramatically over the past 50 years due 
to early diagnosis, increased potency of pharma-
ceutical agents and improved treatments (e.g. 
dialysis, kidney transplantation), more women 
are contemplating pregnancy. Successful preg-
nancy with live birth was recorded in 75 % 
women in a meta-analysis [ 8 ]. However, hyper-
tension, preterm delivery, caesarean delivery, 
post-partum haemorrhage and maternal venous 
thromboembolism were more common in women 
with SLE than in women without SLE. In addi-
tion, foetal growth restriction/retardation and 
neonatal deaths were most often seen in associa-
tion with SLE. 

 The long-term effect of pregnancy in patients 
with systemic lupus erythematosus (SLE) is 
unknown. Current evidences suggest no clini-
cally signifi cant adverse or positive effect of 
pregnancy on the course of SLE.      
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 Key Points 

•     The prognosis for both mother and child 
is best when systemic lupus erythemato-
sus (SLE) has been quiescent for at least 
6 months prior to the pregnancy. Renal 
disease should be in remission for at 
least 6 months prior to conception.  

•   The incidence of SLE exacerbation with 
pregnancy, which may occur at any time 
during the pregnancy or the post-partum 
period, has progressively decreased in the 
past few decades, especially in those in 
remission at the beginning of pregnancy.  

•   Complications as hypertension/pre- 
eclampsia, miscarriages, preterm labour 
and foetal growth restriction are commonly 
associated with SLE during pregnancy.  

•   Multidisciplinary management in ter-
tiary care centre is essential for success-
ful outcome.  

•   Frequent antenatal check-ups and 
repeated investigation are required to 
detect disease fl are and deteriorating 
renal function. Foetal growth and well- 
being need to be monitored closely.  

•   Less harmful drugs in optimum dosage 
should be administered for maintenance 
of remission.  

•   Close monitoring is essential during 
puerperium. Breastfeeding is possible if 
women receive compatible drugs.    
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      DVT and Pregnancy                     

     Vijayalakshmi     G.     Pillai     

           Introduction 

 Deep venous thrombosis (DVT) represents a seri-
ous manifestation of venous thromboembolism 
(VTE), the other manifestations being pulmonary 
thromboembolism or pulmonary embolism (PE) 
and cerebral venous thrombosis (CVT). Often, 
the clinical suspicion of this disease is overlooked 
in pregnancy and the puerperium and hence leads 
to diagnostic delays. Venous thrombosis leads to 
considerable, but potentially preventable, morbid-
ity and mortality among pregnant women. Serious 
sequelae of survived patients of severe DVT and 
PE are postthrombotic syndrome, venous insuffi -
ciency, and pulmonary hypertension.  

    Epidemiology of Pregnancy- 
Associated Thrombosis 

 In pregnant women, the risk of venous and arte-
rial thromboembolic events is increased. 
Approximately 80 % of these thromboembolic 
events are venous [ 58 ]. Studies have agreed that 
during pregnancy, the risk of DVT is increased 
4–5 times [ 91 ] compared to nonpregnant women 
of same age. This risk is present in all trimesters 

of pregnancy more or less equally. One such data 
quotes the overall incidence of VTE as 
167.7/100,000 births with an average case fatal-
ity rate of 0.41 % [ 1 ]. Data on the true incidence 
of DVT in different trimesters of pregnancy are 
limited. Compared to nonpregnant state, puerpe-
rium holds a further 20–60-fold higher risk, 
which is maximum at the fi rst week of postpar-
tum [ 51 ]. Pulmonary embolism (PE) remains the 
leading direct cause of maternal deaths due to 
VTE. 

 Although the true incidence of DVT is 
unknown, it is accepted that it occurs in 1–2 per 
1000–20,000 pregnancies and accounts for 
maternal deaths of 1.2–4.7 per 100,000 pregnan-
cies in developed countries [ 6 ,  56 ,  105 ]. The best 
recorded Indian data into the causes of maternal 
deaths is documented in the “Second Report of 
Confi dential Review of Maternal Deaths, Kerala” 
[ 125 ], which quotes the incidence of fatal VTE at 
2.6 % of all maternal deaths in the years 2006–
2009. Data from other regions, as in a prospective 
large cohort study from Western India [ 121 ], has 
put the incidence of VTE at par with that of the 
developed counties. An accurate data of the inci-
dence of pregnancy-related DVT, fatal or treated, 
is diffi cult to get as we do not have a national 
registry. 

 Seventy-fi ve percent to 80 % of pregnancy- 
associated VTE is deep vein thrombosis (DVT), 
and 20–25 % is pulmonary embolism (PE). Half 
of these venous thromboembolic events occur 
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during pregnancy and half postpartum [ 105 ]. 
Two percent (2 %) of pregnancy-associated DVT 
occurs in the upper extremity [ 59 ]. Cerebral 
venous thrombosis (CVT) is a rare entity in preg-
nancy and the postpartum period, with an inci-
dence of 1:10,000–1:25,000 [ 8 ,  76 ]. 

 DVT occurring in pregnancy is more likely to 
be seen in the left lower extremity and is more 
proximal than in calf, and it tends to be massive. 
Pelvic vein thrombosis is another site, which 
accounts for 10–12 % of DVT during the postpar-
tum period. But they form less than 1 % of all 
cases of reported DVT [ 46 ] confi rmed by venous 
ultrasound. Involvement of the left leg was 
reported in around 85 % for which the affected 
side was known, and 70 % cases were restricted 
to the proximal veins without involvement of the 
calf veins. Among the cases of proximal deep 
vein thrombosis, 65 % were restricted to the iliac 
and/or femoral vein [ 22 ,  44 ,  94 ]. In spite of the 
increased risk of venous thromboembolism 
(VTE) during pregnancy and the postpartum 
period, most women are considered low risk and 
they do not require anticoagulation.  

    Pathophysiology of Thrombosis 

 Rudolf Virchow, more than 150 years ago, had 
described three factors that are primarily impor-
tant in the development of venous thrombosis: (1) 
venous stasis, (2) activation of blood coagulation, 
and (3) endothelial damage of veins. These fac-
tors have come to be known as the Virchow triad. 

 “In pregnancy, venous stasis can occur as a 
result of anything that slows or obstructs the fl ow 
of venous blood,” like increased venous capaci-
tance or reduced smooth muscle tone which is 
hormonally induced, decreased venous return, 
and mechanical obstruction by the gravid uterus 
[ 57 ,  115 ]. The left-sided predominance is pre-
sumed to be due to a relative stenosis of the left 
common iliac vein, where it lies between the 
lumbar vertebral body and the right common iliac 
artery (May-Thurner syndrome, Fig.  20.1 ). The 
true mechanism is unknown.

   Pregnant women are many a times advised 
bed rest and hence decreased mobility [ 46 ,  62 ]. 
They also have a tendency to be dehydrated due 
to excessive vomiting, sweating, etc. This leads 

to an increase viscosity of blood and the forma-
tion of microthrombi inside veins, which are not 
washed away by the sluggish venous return in 
pregnancy. The thrombus thus formed may grow 
and propagate. 

 Pregnancy is a hypercoagulable state [ 15 ]. 
This is due to the physiological changes in preg-
nancy. These changes are in both coagulation and 
fi brinolytic systems. There is an increase in 
endogenous thrombin generation, combined with 
a decrease in circulating plasma antithrombin 
and fi brinolysins. Normal pregnancy-associated 
changes in coagulation are increased concentra-
tions of factors VII, VIII, and X and von 
Willebrand factor and marked increases in fi brin-
ogen. Factors II, V, and IX are relatively 
unchanged [ 15 ]. The only blood coagulation fac-
tor that is decreased in pregnancy is factor 
XI. There is acquired resistance to activated pro-
tein C (an endogenous anticoagulant). Free pro-
tein S, which is its active and unbound form, is 
decreased during pregnancy. Plasminogen activa-
tor inhibitor type 1 (PAI-1) levels are increased 
almost fi ve times in pregnancy. Toward the third 
trimester, levels of PAI-2 produced by the pla-
centa increase drastically [ 82 ]. Prothrombin frag-
ments (PF1 + 2), which are the markers of 
thrombin generation and thrombin–antithrombin 
(TAT) complexes, are also increased in preg-
nancy. These changes start to increase at concep-
tion and may take up to 8 weeks postpartum to 
return to baseline [ 20 ]. 

May-Thurner syndrome

Common
iliac vein

Common
iliac artery

Aorta

IVC
inferior
vena cava

Narrowed left iliac vein
(by pressure from right iliac artery

  Fig. 20.1    Diagrammatic/Schematic representation of 
May-Thurner syndrome (Courtesy (  http://emedicine.
medscape.com/article/2056380    ) [ 34 ])       
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  This hypercoagulable state is indeed a protec-
tion against hemorrhage during abortion and 
delivery. Hemorrhage still accounts for the 
majority of maternal deaths in India. Endothelial 
(intimal) damage in the blood vessel may be 
intrinsic or secondary to external trauma. It may 
be from accidental injury or surgical insult. 

    Natural Inhibitors of Coagulation 
during Pregnancy 

 Antithrombin (AT) is a serine proteinase inhibi-
tor which acts by interaction with its cofactor 
heparin [ 89 ,  109 ]. Thrombin is inactivated by AT 
either directly or by inactivating factors IX, X 
and XI by forming a covalent complex. These 
factors are inhibited very slowly. This process 
can be accelerated by the binding of heparin and 

heparin-like compounds to AT. Protein C gets 
activated by thrombin. The process is enhanced 
by the interaction of thrombin with thrombomod-
ulin [ 26 ]. Activated protein C inactivates factors 
Va and VIIIa on the platelet and endothelial cell 
surface and hence serves to block thrombin gen-
eration. Protein C requires protein S, which is 
another vitamin K-dependent molecule as a 
cofactor. The imbalance between reduced inhibi-
tors of coagulation and/or increased activation of 
coagulation factors can lead to thrombosis in 
pregnancy [ 20 ,  26 ,  114 ].  

    Fibrinolysis 

 Enzymes like plasmin are involved in the removal 
of thrombus from the circulation. The main role 
of plasmin is to degrade fi brin. Plasmin is present 
in its inactive form as plasminogen. The activa-
tion of plasminogen is by serine enzymes known 
as tissue-type plasminogen activator (t-PA) and 
urokinase (u-PA) [ 14 ]. This activity is regulated 
by specifi c inhibitors, plasminogen activator 
inhibitor (PAI)-1 and PAI-2. Plasminogen defi -
ciencies can also lead to thrombophilia in patients.  

    Specifi c Types of Inherited 
Thrombophilias 

 The list of inherited thrombophilias well studied 
[ 4 ,  12 ,  17 ,  27 ,  31 – 33 ,  37 ,  41 ,  43 ,  45 ,  48 ,  60 ,  63 –
 65 ,  67 ,  68 ,  73 ,  75 ,  78 ,  81 ,  83 ,  87 ,  88 ,  92 ,  95 ,  102 , 
 103 ,  119 ,  120 ,  129 ] includes established genetic 
factors such as factor V Leiden mutation, pro-
thrombin gene mutation; protein C, protein S, 
and antithrombin defi ciencies; activated protein 
C resistance; prothrombin gene mutation; rare 
genetic factors like dysfi brinogenemia and hyper-
homocysteinemia; elevated factors VIII, IX, and 
XI; elevated lipoprotein a; platelet glycoprotein 
gene polymorphisms; plasminogen defi ciency; 
tissue plasminogen activator (tPA); plasminogen 
activator inhibitor (PAI); thrombomodulin gene 
defect; heparin cofactor II; and histidine-rich gly-
coprotein defi ciency. 

 The lifetime probability of developing throm-
bosis in individuals with inherited thrombophilias 
compared to those with no defect shows that the 

 Risk Factors Associated with an Increased 

Risk for Thromboembolism 

•     Age >35  
•   Infection  
•   Malignancy  
•   Obesity  
•   Personal/family history of thrombosis  
•   Smoking  
•   Surgery  
•   Varicose veins  
•   Blood loss >1 L  
•   Cesarean birth  
•   Forceps (midcavity or rotational)  
•   Hyperemesis/dehydration  
•   Multiparity >3  
•   Multiple pregnancy  
•   Preeclampsia  
•   Pregnancy/puerperium  
•   Prolonged labor >24 h  
•   Cardiac disease  
•   Nephrotic syndrome  
•   Ovarian hyperstimulation syndrome  
•   Paraplegia/pelvic trauma/long-distance 

travel  
•   Prolonged immobilization  
•   Sickle cell disease  
•   Thrombophilia    
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highest incidence occurred with carriers of pro-
tein S defi ciency, next with antithrombin defi -
ciency, followed by protein C defi ciency, and the 
least for factor V Leiden mutation. We have 
advanced a lot in our knowledge of congenital 
defects that predispose to thrombosis. This has 
made us understand the disease process of inher-
ited thrombophilias as well as helped us recom-
mend appropriate screening, detection, diagnosis, 
and treatment of selected patients effectively, to 
prevent morbid VTE in pregnancy [ 10 ].  

    Acquired Thrombophilias 

 Among the acquired thrombophilic disorders, 
anticardiolipin antibody, annexin V antibodies, 
lupus anticoagulant, and anti-beta-2 glycopro-
tein1 (β 2 GPI) antibodies were more frequently 
seen in the Indian study on DVT in antenatal 
period [ 121 ]. The main acquired form of throm-
bophilia leading to increased risk of DVT in 
pregnancy is the antiphospholipid antibody syn-
drome (APLA). The patients with this disease 
present with venous and/or arterial thrombosis 
together with laboratory evidence for antibodies 
in blood that recognize anionic phospholipid–
protein complexes [ 54 ]. The hypothesis of etiol-
ogy of thrombosis in antiphospholipid syndrome 
is described elsewhere in this book. 

 In patients with APLA syndrome, vascular 
occlusions [ 23 ] are seen. Renal, celiac, and 
intracerebral artery stenoses [ 97 ,  98 ,  127 ] have 
been reported. In APLA syndrome, vascular 
changes reported include thrombosis, vascular 
intimal and smooth muscle hyperplasia, activa-
tion of platelets, and APLA antibodies-stimu-
lating platelet aggregation [ 35 ]. Tissue factor 
activity by leukocytes is promoted by these 
antibodies. Protein C pathway is interfered by 
oxidation, thereby enhancing the anticoagulant 
activity of activated protein C [ 38 ]. Many 
patients with APLA syndrome are seen to have 
concurrent protein S defi ciency as well [ 30 ]. 
The prevalence of APLA syndrome is estimated 
to be 5 % of the general population [ 21 ]. They 
are seen in >50 % of pregnancy- associated 
thrombosis. 

 Acquired and familial thrombophilic disorders 
are known to be involved in the pathophysiology of 
DVT. The knowledge of this disorder and under-
standing their mechanism of action [ 58 ,  59 ] are 
helpful in the selection of cases for anticoagulant 
therapy, thereby preventing VTE in pregnancy.   

    Management of Deep Vein 
Thrombosis/Venous 
Thromboembolism 

    Diagnosis of DVT 

 Diagnosis of deep vein thrombosis (DVT) 
requires both clinical assessment and objective 
testing. The clinical features are mostly nonspe-
cifi c. Investigations can either be falsely positive 
or negative. 

 Table  20.1  gives management principles of 
DVT/PE in general.

   The initial step in the diagnostic process is to 
stratify patients into risk assessment categories 
using a validated clinical model:

•    High risk  
•   Intermediate risk  
•   Low risk    

 Refer Table  20.2  for risk categorization of 
VTE in pregnancy.

   Screening for thrombophilias should be done 
if the results are likely to alter management of 
DVT. Screening is unnecessary when clinical 
suspicion of DVT is very high. 

   Table 20.1    Guideline for management of VTE   

 Assess risk of VTE for all pregnant women at booking 
or at the earliest opportunity 

 Consider whether antenatal thromboprophylaxis is 
required 

 Consider postnatal thromboprophylaxis liberally 

 Reassess risk throughout the pregnancy and 
puerperium 

 Make an individualized plan with the patient 

 Ensure all women mobilize early postpartum and the 
puerperium 

 Avoid dehydration all through pregnancy; encourage 
GCS usage liberally 
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  For all risk categories : 
 Consider clinical surveillance, encourage 

mobilization, and avoid dehydration. 
  If with intermediate or high risk, consider the 

following : 
 Graduated compression stockings (GCS), 

intermittent pneumatic compression (IPC) if hos-
pitalized, and low-molecular-weight heparin 
(LMWH) prophylaxis. Avoid dehydration at all 
stages of pregnancy. 

 Long-haul fl ights require particular counsel-
ing and probably DVT prophylaxis. 

 Management of VTE in pregnancy is by a ter-
tiary team, where a referral system has to be 
developed. The tertiary management team com-
prises of multidisciplinary personals. This team 
includes obstetricians, senior physicians, hema-

tologists, interventional radiologists, intensivists, 
and thoracic surgeons. Figure  20.2  is a fl owchart 
of management of VTE. This is particularly rel-
evant to Indian scenario.

       Signs and Symptoms of DVT and PE 

 Signs and symptoms of DVT and PE are gener-
ally nonspecifi c and hence overlooked. Refer to 
Table  20.3  for general signs and symptoms of 
VTE in pregnancy.

       Principles of Treatment of DVT 
in Pregnancy 

 Pregnant women are more prone to have 
DVT. The clots form mostly in the lower limb 
veins and can break up to form emboli. These 
emboli can move to the lungs causing pulmonary 
embolism. This has serious consequences includ-
ing maternal death. Anticoagulants are used to 
treat clots and are given to pregnant women with 
increased risk to clotting. These medications 
reduce the risk of further thrombosis and thereby 
reduce the risk of pulmonary embolism. An 
important complication of treatment with antico-
agulants is hemorrhage. When a woman is anti-
coagulated, this risk of hemorrhage is present all 
through the pregnancy, i.e., in antepartum, intra-
partum, and postpartum period. 

 During pregnancy heparin is the most common 
anticoagulant used, either the conventional 
unfractionated heparin (UFH) which is cheaper or 
the low-molecular-weight heparin (LMWH). 
Neither of these cross the placenta, and both have 
been shown to be safe during pregnancy. Oral 
anticoagulants like warfarin are generally consid-
ered unsafe in pregnancy as it may affect the fetus.  

    History and Physical Examination 
of DVT 

 Diagnosis of fi rst episode of DVT is often diffi -
cult as most of the signs and symptoms are atypi-
cal and are seen commonly in pregnancy with 

   Table 20.2    Risk Assessment of VTE in Pregnancy   

  High risk : 

   Prior VTE is the most important risk factor, 
especially when unprovoked/estrogen related 

   Previous recurrent VTE >1 

   The inherited and acquired thrombophilias. Family 
history of thrombophilia is identifi ed in less than 
50 % of patients with unprovoked VTE [ 10 ] 

  Intermediate risk : 

   Single previous VTE with no family history of 
thrombophilia 

   Thrombophilia + no previous VTE 

   Other medical conditions like SLE, cancer, 
infl ammatory conditions, nephrotic syndrome, 
sickle cell disease, intravenous drug users, 
surgical conditions in pregnancy like 
appendectomy, etc. [ 25 ,  108 ] 

  Low risk : 

   Elective Cesarean delivery, which has twice the risk 
as vaginal delivery [ 108 ] 

   Obesity, BMI >30 

   Age >35 years 

   Smoking 

   Current systemic infection 

   Parity >3 

   Long-distance travel 

   Dehydration, prolonged immobilization in 
pregnancy 

   Multiple pregnancies 

   Premature delivery 

   ART 

   Preeclampsia 
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non-thrombotic conditions as well. Symptoms 
like mild tachypnea, dyspnea, tachycardia, lower 
extremity edema, and cramps are common in 
most pregnant women. Hence, diagnosis of VTE 
by physical examination is frequently inaccurate 
or overlooked. 

 The two most common symptoms of DVT are 
unilateral  pain and swelling  of the lower extrem-
ity. Among the 80 % of pregnant women who 

experience these symptoms, only a few have true 
DVT. So also among 70 % of women with dys-
pnea, only a few have PE. 

 Examination fi ndings of the following are 
important for the diagnosis of DVT:

•    Mid-calf circumference difference of ≥2 cm  
•   Symptoms in the left lower extremity  
•   First trimester presentation    

Antenatal Assessment and Management
(to be assessed at booking and repeated if admitted)

Obstetric thrombophylaxis risk assesment and management

Single previous VTE +

Single previous VTE with no family
history of thrombophilia
Thrombophilia + no VTE MEDICAL
COMORBITIES, eg. heart or lung
disease, SLE, cancer, imflammatory
conditions, nephrotic syndrome, sickle
cell disease, intravenous drug user
Sugical procedure, e.g.
appendicetomy

Age > 35 years
Obesity (BMI>30kg/m2)
Parity ≥ 3
COMORBITIES,
eg. heart or lung diseases
Smoker
Gross varicose veins
Current systemic infection
Immobility, e.g. paraplegia, cerivcal
incompetence, PPROM
long - distance travel
Pre - eclampsia
Dehydration / hypermesis / OHSS
Multiple pregnancy or ART

• Thrombophilia or family history
• Unprovoked / estogen-related

Previous recurrent VTE (>1)

High Risk

Requires antenatal prohylaxis with LMWH

Refer to expert / tertiary team

Intermediate Risk

Consider antenatal prohylaxis with LMWH

Refer to expert / tertiary team for advice

3 or more risk factors

< 3 risk factors

Lower Risk

Mobilisation  & Avoidance of dehydration

  Fig. 20.2    Flowchart for the management of VTE in pregnancy (Adapted from “Thrombosis and Embolism during 
Pregnancy and the Puerperium, Reducing the Risk”, RCOG Green-top Guideline No. 37a. Nov. 2009) [ 113 ]       
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 Since the risks of VTE are increased in preg-
nancy and postpartum and the morbidity and 
mortality are great, a low threshold for initiation 
of evaluation with the above fi ndings is recom-
mended for the prevention of serious catastrophe. 
Until excluded, these women should begin anti-
coagulation therapy.  

    History and Signs and Symptoms 
of Pulmonary Thromboembolism 

 Risk assessment is essential, as deaths due to PE 
are mainly from overlook or not having clinical 
suspicion [ 11 ,  47 ] of the condition. This should 
start prepregnancy. 

 Clinical signs and symptoms of PE as with 
DVT are nonspecifi c. The classic symptoms of 
PE are dyspnea (82 %), abrupt-onset chest pain 
(49 %), and cough (20 %) and sometimes hemop-
tysis. The most common presenting signs are 
tachypnea, crackles, and tachycardia. 

 Pulmonary embolism is more often fatal, has a 
higher recurrence rate, and presents with less 
specifi c symptoms in comparison to DVT. Most 
of these signs and symptoms are common in 
“normal” pregnancies. PE is an enigma in preg-
nancy, in that all these signs and symptoms are 
rarely seen together. PE is usually a consequence 
of DVT. About 40 % of patients with proximal 

DVT are found to have an associated pulmonary 
embolism by lung scan; about 70 % of patients 
presenting with pulmonary embolism are found 
to have DVT in the legs [ 84 ]. 

 Diagnosis is a real challenge to the clinician 
[ 126 ]. The clinician has to make an accurate 
judgment of this life-threatening condition. 
Therefore, if there is a suspicion of PE, antico-
agulation therapy and appropriate immediate 
diagnostic testing should be performed until the 
diagnosis is made or ruled out as early as possible 
[ 69 ]. Patients with massive PE may present with 
syncope, hypotension, pulseless cardiac electri-
cal activity, or death.  

    Electrocardiogram in PE 

 An electrocardiogram pattern suggestive of pul-
monary embolism is a right ventricular strain and 
the S1Q3T3 [ 116 ]. These fi ndings are mostly 
nonspecifi c and infrequent. Seventy percent of 
patients with PE have nonspecifi c ECG 
abnormalities.  

    Laboratory Evaluation for DVT/PE 

 D-dimer value of <500 ng/mL has been shown to 
have 99 % negative predictive value in patients 
with low and intermediate probability for VTE in 
the nonpregnant patients. D-dimer levels are 
increased in pregnancy if there is a concomitant 
problem such as preeclampsia [ 124 ]. At term and 
in the postnatal period, in most healthy pregnant 
women, D-dimer levels are raised [ 42 ]. The spec-
ifi city of this test in pregnancy is hence low. In 
spite of that, it remains a test with good negative 
predictive value even in pregnancy [ 124 ]. DVT 
may be safely excluded if the D-dimer is negative 
[ 18 ] and the compression duplex ultrasonogra-
phy (CUS) is normal. The sensitivity of compres-
sion duplex ultrasonography test is 100 % when 
put together with a low D-dimer test value. 

 Other laboratory testing, e.g., cardiac enzyme, 
arterial blood gas analysis, etc. [ 112 ], are useful 
to rule out possible differential diagnosis to 
PE. Before anticoagulation therapy is initiated, 
a full blood count, coagulation profi le, urea, 

   Table 20.3    Signs and symptoms of DVT and PE   

  Symptoms of DVT : 

   Pain and swelling of the lower extremity 

   Back pain and swelling of lower extremity in iliac 
vein thrombosis 

  Symptoms of PE : 

   Dyspnea – 82 % 

   Abrupt onset of chest pain – 49 % 

   Cough – 20 % 

  The common presenting signs of PE : 

   Tachypnea 

   Crackles 

   Tachycardia 

  Patients with massive PE : 

   Syncope 

   Hypotension 

   Pulseless cardiac electrical activity 

   Death 
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creatinine, electrolytes and liver function tests 
[ 113 ] should be performed. Performing thrombo-
philia screening for an acute episode of PE prior 
to treatment is not recommended.  

    Imaging in PE 

 A chest X-ray is the fi rst image to be taken in sus-
pected PE. CXR helps for differential diagnosis of 
other pulmonary conditions like pneumonia, 
pneumothorax, or lobar collapse. The most com-
mon chest radiography fi ndings associated with 
pulmonary embolism are enlarged pulmonary 
arteries, peripheral wedge of airspace opacity 
which implies lung infarction (atelectasis or 
parenchymal density), pleural effusion, regional 
oligemia, and elevation of a hemidiaphragm. In 
several cases, CXR maybe normal. They are again 
nonspecifi c [ 39 ]. If CXR is normal, a bilateral 
CUS of lower limbs should be performed. If both 
tests are negative, but clinical suspicion is high, a 
ventilation–perfusion (V/Q) lung scan has to be 
performed. This can also detect other pathologies 
like a dissecting aorta. A computed tomography 
pulmonary angiography (CTPA) is the diagnostic 
test of choice when the technology is available 
and appropriate for the patient [ 85 ]. Even when 
the tests come negative, anticoagulation treatment 
should be continued if the clinical suspicion is 
high [ 5 ]. Magnetic resonance direct thrombus 
imaging (MRDTI) may be performed if the diag-
nosis still remains uncertain [ 107 ]. 

 It is necessary to understand that the diagnos-
tic strategy for pulmonary embolism (PE) during 
pregnancy is not based on strong evidence. 
Neither is it accepted unanimously. Most of the 
clinical scores are not validated. The diagnostic 
value of D-dimer is low and is rarely negative in 
pregnant women.  

    Imaging for DVT 

 The initial test of choice in the evaluation of DVT 
is compression duplex ultrasound (CUS) of the 
lower extremity veins [ 8 ,  74 ,  79 ,  86 ,  90 ,  100 ]. 
Sensitivity and specifi city for proximal lower 

extremity DVT is more than 95 % for CUS. CUS 
is to be performed with the patient in the left lat-
eral decubitus position. Doppler analysis of fl ow 
variation during respiration needs to be assessed 
as well, so as to maximize the study’s ability to 
diagnose pelvic DVT [ 5 ]. Veins have to be easily 
compressible and collapse completely. The nor-
mal venous blood fl ow should be spontaneous 
and phasic; cease with the Valsalva maneuver, 
and show augmentation with distal compression. 
Absence of this usually indicates the presence of 
a substantial clot (Fig.  20.3 ).

   If CUS results are negative and if we have no 
suspicion of iliac (pelvic) vein thrombosis (usual 
symptoms are back pain and swelling of lower 
extremity), she may be left for routine observa-
tion. CUS can be done with reasonable accuracy 
for pelvic vein thrombosis in the fi rst and second 
trimesters of pregnancy and with diffi culty in the 
third trimester. 

 If the study is equivocal or abnormal, or if pel-
vic vein thrombosis is suspected, further evalua-
tion is recommended. Magnetic resonance 
venography is the image of choice [ 70 ,  90 ,  107 ]. 
Conventional contrast venography may also be 
performed if MRI is not available [ 86 ]. The risk 
of radiation exposure to the fetus has to be dis-
cussed with the patient in such instances [ 85 ]. 
The choice of imaging testing is based on avail-
ability and in consultation with the radiologist 
(Table  20.4 ).

       Treatment of DVT in Pregnancy 
and the Puerperium 

 If clinical suspicion of DVT or PE is high, 
empirical treatment with LMWH should be 
given until the diagnosis is excluded by objec-
tive testing. LMWH is considered equally 
effective as unfractionated heparin in the initial 
treatment of VTE. Advantages of LMWH over 
UFH include the following: it does not cross 
placenta just as UFH, it lowers the risk of hem-
orrhagic complications, it lowers mortality 
compared to UFH, and there is no risk of hepa-
rin-induced thrombocytopenia [ 9 ,  36 ,  40 ,  66 , 
 72 ,  93 ,  99 ]. Different LMWH preparations have 
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been compared for their effi cacy in the treat-
ment of VTE in pregnancy, and the data are 
now available [ 55 ,  71 ,  96 ,  106 ]. There seems to 
be no particular advantage of one preparation 

over the other. The risk of recurrent VTE after 
treatment with LMWH in pregnancy is compa-
rable to that in nonpregnant state when VTE 
was treated with similar LMWH (1.15 % vs. 
5–8 %) [ 52 ]. It is also comparable to patients 
treated with unfractionated heparin or couma-
rin, especially when followed up over 3–6 
months of initial episode [ 128 ]. LMWH does 
not increase peripartum bleeding and hence 
particularly useful where hemorrhage accounts 
for major peripartum morbidity and even mor-
tality. No case of heparin-induced thrombocy-
topenia has been recorded with LMWH [ 16 , 
 128 ]. Heparin- induced osteoporosis [ 49 ] is 
hardly seen with LMWH. 

 To summarize, comparing LMWH to unfrac-
tionated heparin (UFH), LMWH decreased the 
risk of mortality, recurrent VTE, and hemor-
rhage. Disadvantages of LMWH include cost and 
longer half-life (Fig.  20.4 ).

a b

c d

  Fig. 20.3    Compression duplex ultrasound (CUS). ( a ) 
Patient in the left lateral decubitus position, fl ow variation 
during respiration needs to be assessed.   http://www.vas-
cularweb.org/vascularhealth    . ( b ) Veins have to be easily 
compressible and collapse completely. Blood fl ow should 
be spontaneous and phasic, cease with Valsalva maneuver, 

and show augmentation with distal compression. ( c ) 
Duplex ultrasound showing abnormal Valsalva response. 
( d ) Duplex ultrasound showing absence of augmentation 
with distal compression. ( b – d )   http://www.surgery.wisc.
edu/referring-physicians           

   Table 20.4    Diagnosis of lower extremity deep vein 
thrombosis   

 Diagnosis of lower extremity deep vein thrombosis 

 Compression ultrasound (US) is highly sensitive and 
specifi c for the detection of deep vein thrombosis 
(DVT) in the upper leg 

 Lower extremity US can give indirect evidence of pelvic 
DVT. However, MR venography is recommended for 
direct diagnosis of suspected pelvic DVT 

 US is not suffi ciently sensitive to rule out thrombosis 
below the knee, and, if clinical suspicion remains 
high, US examination should be repeated after a week 
because of the danger of thrombus propagation into 
the thigh veins 

 CT pulmonary angiography combined with CT 
venography of the lower extremity is recommended 
for patients with symptoms of pulmonary embolism to 
detect emboli in the lung and to screen for DVT 
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       The Therapeutic Dose of LMWH 
in Pregnancy 

 Subcutaneous low-molecular-weight heparin 
(LMWH) is the preferred treatment [ 118 ] for 
most patients with acute VTE [ 10 ]. LMWH 
should be given daily in two subcutaneous 
divided doses [ 80 ]. The most commonly used 
LMWH is enoxaparin. Enoxaparin 1 mg/kg 
twice daily or dalteparin 100 units/kg twice daily 
is the recommended dose. Tinzaparin 175 units/
kg is also considered equivalent in the treatment 
of VTE in pregnancy [ 49 ]. This is called weight- 
adjusted, fi xed-dosage regime. Routine platelet 
count monitoring is not required in women who 
receive only LMWH. Occasionally, the dosing 
of LMWH may have to be monitored and 
adjusted by anti-Xa assay because of the effects 
of increased plasma volume and glomerular fi l-
tration rate in pregnancy [ 19 ]. Monitoring anti-
Xa is expensive. But it is benefi cial in extremes 
of body weight [ 61 ], (below 50 kg or above 
90 kg) or for patients with renal disorders or if 
there is a recurrent VTE episodes. Deciding the 
dose of LMWH with anti-Xa measurement is 
called adjusted- dose regime. If anti-Xa level is 
measured, it should be 3–6 h after the third or 
fourth dose of enoxaparin or third or fourth dose 
after dose adjustments. The target is to achieve 
an optimal peak anti-Xa level of 0.5–1.2 IU/ml. 
The LMWH dose may have to be increased or 
decreased 10–25 % to achieve the optimal anti-
Xa level [ 10 ,  80 ]. 

 For patients greater than 150 kg, UFH maybe 
preferred, or otherwise, a closer monitoring of anti-
Xa levels should be performed to ensure therapeu-
tic effect. Unfractionated heparin (UFH) may also 
be preferred if the patient is likely to have immedi-
ate surgery or delivery because of its shorter half-
life and its reversibility with protamine. However, 
due to cost, some patients may have limited access 
to LMWH especially in a country like India. UFH 
should not be denied to such patients. Monitoring 
of heparin therapy is usually by measurement of 
the activated partial thromboplastin time (aPTT) 
[ 10 ]. A therapeutic range of aPTT ratio (interna-
tional normalized ratio or INR) of 1.5–2.5 is rec-
ommended [ 50 ]. UFH is administered by IV bolus, 

followed by IV infusion, with titration of the dose 
to a standard aPTT. The heparin infusion is typi-
cally increased or decreased by 10–30 % to titrate 
to goal aPTT [ 10 ]. 

 After reaching a therapeutic and stable aPTT, 
the heparin can be converted to either subcutane-
ous UFH or LMWH. The disadvantage of subcu-
taneous UFH is that it is less predictable for 
anticoagulation as dosing variability exists to 
maintain therapeutic response. The platelet count 
needs to be monitored every 2–3 days from day 4 
to day 14 or until heparin is stopped, whichever 
occurs fi rst [ 10 ,  34 ,  112 ]. 

 Prophylaxis dose with UFH [ 10 ,  34 ,  112 ]:

•    5000 units SC q8–12 h  
•   7500 units SC q12 h    

 Treatment dose of UFH for DVT and PE [ 10 , 
 34 ,  112 ] 80 units/kg IV bolus and then continu-
ous infusion of 18 units/kg/h:

•    5000–10,000 units IV bolus and then continu-
ous infusion of 1300 units/h  

•   17,500 units SC  
•   Then 250 units/kg q12 h SC    

 (Refer to Table  20.5  for summary.)
   Heparinization can be a problem, especially in 

late pregnancy as heparin resistance may happen 
because of increased fi brinogen and factor VIII 
[ 24 ]. If such a problem is seen, get hematologist’s 
support. 

 If a PE is suspected, an urgent CXR, an elec-
trocardiogram, or CTPA (computed tomography 
pulmonary angiogram) as early as possible [ 34 , 
 85 ,  112 ], preferably within 1 h of presentation, 
should be done.  

    Management of Life-Threatening PE 
in Pregnancy 

 Expedited treatment of patients should be initi-
ated if brought in collapse and in whom PE is 
strongly considered. A multidisciplinary resusci-
tation team has to be set up in all referral hospi-
tals managing high-risk obstetrics [ 112 ]. This 
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team should include, other than the obstetricians, 
senior physician, hematologist, interventional 
radiologist, intensivist and thoracic surgeon. 
They should have collective responsibility in the 
management. They should start immediate 
workup. The treatment should be on an individ-
ual basis. The treatment modalities may include 
thrombolytic therapy or thoracotomy and surgi-
cal embolectomy [ 29 ,  110 ,  111 ]. 

 Immediate treatment is to start intravenous 
unfractionated heparin [ 10 ]. The loading dose of 

UFH is 5000–10,000 U or 80 units/kg intravenous. 
After a loading dose of UFH, an infusion of 18 U/
kg is started. Monitor and keep the activated partial 
thromboplastin time (aPTT) in the therapeutic 
range of 1.5–2 (refer to Table  20.5  for summary). 

 If massive PE is confi rmed, immediate throm-
bolysis [ 122 ] should be considered. Thrombolysis 
with streptokinase, urokinase, and recombinant 
tissue plasminogen activator has been documented 
in pregnancy [ 80 ]. They are found to be more 
effective than heparin in massive PE to reduce the 

Clinical features suggestive
of Deep-Vein Thrombosis(DVT)

Begin LMWH

Continue
LMWH CXR

CTPA CTPA, V/Q Scanning

Normal

Begin LMWH

Restart LMWH Continue
LMWH

Clinical follow-up

Diagnostic algorithm for suspected DVT and PE during pregnancy.
LMWH was discontinued when CUS, V/Q Scan, CTPA & MRDTI was negative.

Low-Molecular Weight Heparin - LMWH, Compression Ultrasonography - CUS
Ventiliation-Perfusion Scanning -  V/Q Scan, Computed Tomographic Pulmonoary Angiography - CTPA

Magnetic Resonance Direct Thrombus Imaging - MRDTI

Pulsed Dopler
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of iliac veins

CUS CUS

NegativeNegative

Negative

Clinical follow-up
Suspicion of iliac
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MRDTI
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MRDTI

No

Repeat CUS
in 5-7 days

or

  Fig. 20.4    Flow chart for the management of DVT/PE. 
 LMWH  low-molecular-weight heparin,  CUS  compression 
ultrasonography,  V/Q Scan  ventilation–perfusion scan-
ning, CTPA computed tomographic pulmonary angiogra-

phy,  MRDTI  magnetic resonance direct thrombus imaging 
(Courtesy, Medscape CME and Education, 
Thromboembolism in Pregnancy, April 2014) [ 34 ]       
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clot burden and to improve hemodynamics [ 3 , 
 122 ]. Reported problems with thrombolysis treat-
ment include maternal bleeding and fetal deaths. 
But to date no maternal deaths have been reported. 

 If thrombolytic therapy has been given, an 
infusion of unfractionated heparin can be given 
but the initial loading dose is avoided. If the 
woman is not fi t for thrombolysis or is moribund, 
a cardiothoracic surgeon must be involved with a 
view to urgent thoracotomy or embolectomy [ 28 ]. 

 Over and above this, a rigid clinical vigilance 
and appropriate objective testing of women with 
symptoms suspicious of DVT, for new episode, 
or for extension of the disease or for pulmonary 
embolism (PE) is pertinent.  

    Additional Therapies 

 Graduated elastic compression stockings [ 13 , 
 112 ] and leg elevation should be done immedi-
ately if a woman is suspected to have 

DVT. Intermittent pneumatic compression can be 
used, if available and if in hospital. This helps to 
reduce edema. Mobilization and wearing gradu-
ated elastic compression stockings should be 
encouraged throughout pregnancy and puerpe-
rium. There is no need for bed rest for patients 
with DVT on anticoagulation therapy. Avoid 
dehydration all through pregnancy. 

 A retrievable temporary inferior vena caval 
fi lter can be placed [ 2 ,  28 ] in the perinatal period 
if a woman presents with PE or a woman has iliac 
vein DVT or if anticoagulant therapy has to be 
interrupted due to bleeding concerns.  

    Maintenance Treatment of VTE 

 Once a woman is diagnosed to have DVT in preg-
nancy, for the rest of pregnancy LMWH twice 
daily therapeutic dose should be continued [ 49 ]. 
If anti Xa is tested, once the optimal anti Xa level 
of 0.5–1.2 IU/mL is reached and stable, repeat 
testing of the levels in 1–3 months is suffi cient [ 9 , 
 104 ]. After the initiation of anticoagulant ther-
apy, patient can be followed up as an outpatient. 
Clinical monitoring for progression or refractory 
VTE, bleeding, heparin allergies, and heparin-
induced thrombocytopenia (HIT) if UFH is used 
should be verifi ed. Estimated risk of HIT is 
1/1000 [ 123 ]. 

 HIT is a thrombocytopenic state which is iat-
rogenic. Paradoxically it is more likely to cause 
both arterial and venous thromboembolism. Be 
alert when platelet count drops 50 % or more of 
baseline or falls below 100 × 10 9 /L or if a new 
venous or arterial thrombosis occurs after initia-
tion of heparin. If anaphylactoid reactions occur 
after intravenous UFH infusion, or if skin necro-
sis occurs even in the absence of thrombocytope-
nia, heparin should be discontinued and alternate 
therapy should be discussed. 

 Alternate therapy in HIT or for those who have 
heparin allergy and require continuing anticoagu-
lant therapy with UFH is management with the 
heparinoids: danaparoid sodium (a heparinoid gly-
cosaminoglycuronan antithrombotic agent) or 
fondaparinux (a synthetic heparin pentasaccha-
ride, with selective inhibition of factor Xa). 
Anecdotal successful case reports of usage of these 

    Table 20.5    The various regimens of UFH and LMWH [ 10 ]   

 Prophylactic UFH: UFH 5000 U subcutaneously q12h 

 Intermediate-dose UFH: UFH subcutaneously q12h in 
doses adjusted to target an anti-Xa level of 0.1–0.3 U/
ml 

 Adjusted-dose UFH:UFH subcutaneously q12h in 
doses adjusted to target a mid-interval aPTT into the 
therapeutic range of 1.5–2 

 Treatment dose of UFH for DVT and PE [ 34 ,  94 ,  112 ] 
80 units/kg IV bolus, then continuous infusion of 18 
units/kg/h OR 5000 units IV bolus, then continuous 
infusion of 1300 units/h OR 17,500 units SC. Then 
250 units/kg q12h. SC 

 Prophylactic LMWH:  e.g. , dalteparin 5000 U 
subcutaneously q24h, tinzaparin 4500 U 
subcutaneously q24h, or enoxaparin 40 mg 
subcutaneously q24h (although at extremes of body 
weight modifi cation of dose may be required) 

 Intermediate-dose LMWH:  e.g. , dalteparin 5000 U 
subcutaneously q12h or enoxaparin 40 mg 
subcutaneously q12h 

 Therapeutic adjusted-dose LMWH: weight-adjusted, 
full treatment doses of LMWH, given once or twice 
daily (e.g., dalteparin 200 U/kg or tinzaparin 175 U/kg 
qd or dalteparin 100 U/kg q125h or enoxaparin 1 mg/
kg q12h) 

 Postpartum anticoagulants: vitamin K antagonists for 
4–6 weeks with a target INR of 2.0–3.0, with initial 
UFH or LMWH overlap until the INR is ≥2.0, or 
prophylactic LMWH for 4–6 weeks 
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drugs in VTE in pregnancy have been reported. 
This requires expert hematologists’ consideration. 

 Oral anticoagulants like warfarin [ 101 ] are not 
recommended in pregnancy as it crosses the pla-
centa and can cause fetal hemorrhage or neonatal 
hemorrhage. Warfarin embryopathy character-
ized by chondromalacia punctata, midface hypo-
plasia, stippled chondral calcifi cation, scoliosis, 
short proximal limbs, congenital heart defects, 
short fi ngers, agenesis of the corpus callosum, 
etc., has been described when it is given in the 
fi rst trimester. Warfarin is rarely used in preg-
nancy. But more studies are coming up for its 
comparative safety in the second trimester. This 
would help countries with poor resources like 
India. Its selective use in midtrimester has to be 
studied well in India. One exception where war-
farin is still used in pregnancy is when it is used 
in women with prosthetic heart valves, usually 
after the fi rst trimester.  

    Peripartum Anticoagulation 

 Managing patients in labor while on complete 
dose of therapeutic anticoagulants is described 
now. Most of these patients do not have increased 
delivery-related bleeding or PPH. Several options 
of management are available for maintaining 
anticoagulation prior to delivery. Patients can be 
converted from LMWH to subcutaneous UFH at 
36–37 weeks. If delivery is expected earlier, this 
can be timed as per case. If delivery can be 
planned, especially planned Cesarean section, 
subcutaneous LMWH or UFH can be withheld 
24–36 h prior to delivery. If anticoagulation has 
to be prolonged for some unexpected reasons, 
subcutaneous LMWH or UFH can be discontin-
ued and the patient can be anticoagulated with 
intravenous UFH because of its shorter half-life. 
Intravenous UFH can be discontinued 4–6 h prior 
to delivery [ 10 ,  34 ,  112 ]. 

 Consultation with anesthesiologists quite 
early to assess risks will help the patient. Before 
neuraxial anesthesia, intravenous UFH should be 
stopped and aPTT checked to ensure clearance. 
Regional anesthesia or analgesia is not recom-
mended until at least 24 h after the last therapeu-
tic dose of LMWH [ 5 ,  113 ]. Neuraxial anesthesia 

is not recommended in women who are fully 
anticoagulated. Women with high risk of hemor-
rhage should be on intravenous UFH until the 
risk is resolved (APH, coagulopathy, progressive 
hematoma, suspected intra-abdominal bleeding, 
and PPH). Surgical drains inserted under the rec-
tus sheath and intra-abdominal should be consid-
ered as good surgical practice in patients on 
heparin. 

 Post-delivery, prophylactic or therapeutic hep-
arin has to be resumed. In women who had neur-
axial anesthesia, once hemostasis is ensured, 
treatment can be resumed [ 5 ,  53 ,  112 ]. A 
 minimum of 4 h after neuraxial catheter removal, 
anticoagulant treatment can be resumed. 
Therapeutic UFH or LMWH can be started 4–6 h 
after vaginal delivery or 6–12 h after Cesarean 
delivery [ 112 ]. Pregnant patients with acute VTE 
are usually treated with therapeutic anticoagula-
tion for a minimum of at least 6 weeks postpar-
tum [ 10 ]. This can be continued use of heparin or 
LMWH, or more cost-effective would be to 
bridge her to warfarin. Both are not contraindi-
cated in breast feeding. Abrupt discontinuation of 
heparin in the transition to warfarin may cause 
increased risk of VTE. During conversion to war-
farin, the patient should remain on therapeutic 
anticoagulation with heparin for at least 4–5 days 
while the warfarin is titrated to a goal INR of 
2.0–3.0 [ 101 ]. Daily INR monitoring is needed 
until the therapeutic dose is reached. In all cases, 
dehydration should be avoided and early ambula-
tion wearing GCS should be encouraged.  

    Postnatal Clinic Visit 

 At the postnatal visit, a clinical assessment should 
be made of possible postthrombotic venous dam-
age. The rare instances of venous insuffi ciency 
and pulmonary hypertension as sequelae of PE 
should not be overlooked. Hereditary and 
acquired thrombophilia tests should be reviewed 
and may have to be repeated. The need for throm-
boprophylaxis in future pregnancies and also at 
other occasions with increased risk of VTE has to 
be counseled. Patients who are considered as high 
risk category for VTE are the ones who have 
hereditary or acquired thrombophilia, morbid 
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obesity, recurrent VTE episodes, who delivered 
by Cesarean section and who are above 40 years 
of age. The risk associated with hormonal contra-
ceptives should be explained.  

    Prevention of Postthrombotic 
Syndrome 

 Postthrombotic syndrome [ 77 ,  117 ] is a group of 
symptoms comprising of chronic leg swelling, 
discoloration, pain on walking or standing, a feel-
ing of heaviness, telangiectasis, dependent cya-
nosis, varicose veins, eczema, and in some cases 
lipodermatosclerosis and chronic ulceration. It 
improves with rest and in recumbent posture. It is 
more common where there is recurrent DVT with 
obesity. It occurs in 60 % of patients [ 77 ] who 
develop a proximal DVT when followed over 4–5 
years. Graduated elastic compression stockings 
(GCS) are considered the treatment for post-
thrombotic syndrome.   

    Prophylaxis for Venous 
Thromboembolic Disease 
in Pregnancy and the Early 
Postnatal Period 

 Currently available literature reviews on preven-
tion of VTE in pregnancy, e.g., Cochrane preg-
nancy and childbirth group [ 7 ], have not shown 
enough good-quality evidence to point out which 
are the best ways to prevent VTE (including DVT 
and PE) during or following pregnancy, even 
with a Cesarean birth. Most studies didn’t fi nd 
enough evidence to be sure of these preventive 
treatments. This clearly shows our management 
dilemmas in preventing VTE in pregnancy. Most 
women are considered low risk for this disease. 
Almost all the cases of maternal mortality and 
near-misses data from all across the world sug-
gest that VTEs (DVT, PE, and CVT) occurred in 
unexpected patients. 

 The need to understand risk stratifi cation of all 
patients who could be prone to such an event and 
the knowledge of management of acute DVT and 
PE, developing an effi cient team for the purpose, 

are the core essentials in reducing maternal mor-
tality and serious morbidity of this condition.  

    Conclusion 

 Proposed scope for improvement in diagnos-
ing VTE and preventing maternal deaths from 
VTE should start by developing a reporting 
format of every case. Several major medical 
registries and noninterventional studies have 
been initiated to assess real-world outcomes in 
patients with VTE. A few such registries are 
 IMPROVE (International Medical Prevention 
Registry on Venous Thromboembolism), 
RIETE (the Computerized Registry of Patients 
with Venous Thromboembolism),  and 
 ENDORSE  ( E pidemiologic I n ternational  D ay 
for the Evaluation  o f Patients at  R isk of 
Venous Thromboembolism in the Acute 
Hospital Care  Se tting). These registries help 
to contribute to the development of strategies 
to improve patient care with venous thrombo-
embolic diseases. 

 Often we have serious doubts on how to 
manage a specifi c patient, e.g., she is pregnant 
with thrombocytopenia, she has cerebral 
metastasis, or she has GI ulcer or even hepatic 
cirrhosis. There is no clinical evidence to 
show us how to manage these patients when 
they develop DVT or PE. Individualization of 
treatment is the crux to its management. The 
bibliography available is not of much help. 
Only if we have a database with suffi cient 
number of cases, we may be able to make evi-
dence-based decisions. It is our duty to have a 
good reporting format for a serious prevent-
able condition as VTE in pregnancy.     
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      Gestational Trophoblastic Disease                     

     P.  K.     Sekharan     

           Introduction 

 Gestational trophoblastic disease (GTD) is a 
spectrum of abnormal trophoblastic hyperpla-
sia resulting from abnormal conception; there is 
imbalance in the genetic input from the ovum and 
sperm. The genetic makeup in complete hydatidi-
form mole (CHM) and partial hydatidiform mole 
(PHM) is different. In both types of mole, there 
is an excess of paternal chromosomes resulting 
in rapidly multiplying trophoblastic cells of both 
the cytotrophoblastic and the syncytiotrophoblas-
tic layers, which is capable of producing excess of 
human chorionic gonadotropin (hCG) with poten-
tial to progress to gestational trophoblastic neopla-
sia (GTN). Gestational trophoblastic neoplasia can 
also develop from previously normal trophoblasts 
as in cases of choriocarcinoma and placental site 
trophoblastic tumor (PSTT) following term deliv-
ery and abortion. All types of GTN, irrespective of 
their genetic origin, share the feature of producing 
high level of hCG. Gestational trophoblastic neo-
plasia is one of the most chemosensitive and highly 
curable cancers, even in the presence of wide-
spread metastatic disease, and in most cases with 
preservation of fertility. GTD is unique because the 
maternal lesions arise from the fetal tissue.  

    Classifi cation 

    Hydatidiform Mole 

•     Complete Hydatidiform Mole (CHM)  
•   Androgenetic Complete Mole  
•   Homozygous – Two identical chromosome 

compliments derived from duplication of 
paternal haploid set of chromosome, mono-
spermic fertilization −80 %, always 46XX  

•   Heterozygous – All chromosomes are pater-
nal, dispermic fertilization, can be 46XX or 
46XY  

•   Biparental complete mole – Both paternal and 
maternal chromosomes, failure of maternal 
imprinting  

•   Partial hydatidiform mole (PHM) – Fertilization 
of ovum containing 23 haploid set by dispermy 
69XXY/69XXX or duplication of sperm with 
haploid set 23X to result in 69XXX     

    Gestational Trophoblastic 
Neoplasia (GTN)  

 GTN comprises a group of tumors with the 
potential for local invasion and metastases:

•    Invasive mole  
•   Gestational choriocarcinoma  
•   Placental site trophoblastic tumor (PSTT)  
•   Epithelioid trophoblastic tumor (ETT)     
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    Genetics of Hydatidiform Mole 

 Hydatidiform moles have excess of paternal 
chromosomes, and imprinting has a role in the 
development of gestational trophoblastic dis-
eases. Paternal genes have control over growth 
and development of trophoblast and placenta 
while maternal gene has more control over 
growth and development of embryo and fetus. 
Thus with excess infl uence of paternal genes in 
hydatidiform moles, there is excessive tropho-
blastic proliferation and invasion. 

 Studies by Vassilakos et al. [ 1 ] in 1977 and by 
Szulman and Surti [ 2 ,  3 ] in 1978 have shown that 
CHM and PHM are two separate entities. 
Complete hydatidiform moles have a normal 
chromosome number of 46, but they are geneti-
cally abnormal as all the chromosomes are pater-
nally derived and hence androgenetic, as the 
maternal haploid set of 23X is inactivated. Partial 
hydatidiform moles are diandric triploid (69XXY, 
69XXX, or 69XYY) and are formed by disper-
mic fertilization of a haploid oocyte, resulting in 
a conceptus with two paternal and one maternal 
haploid set of chromosomes.  

    Paternal Origin of Complete 
Hydatidiform Mole 

 A complete hydatidiform mole results by the 
abnormal fertilization of an “empty egg” (absent 
or inactivated maternal chromosomes) by a sperm 
containing haploid set of 23X chromosomes 
which duplicates to form 46XX (monospermic 
fertilization), the androgenic CHM (AnCHM, 
homozygous). Although majority of CHM results 
from duplication of a haploid sperm, about 20 % 

of AnCHM result from fertilization of an empty 
ovum with an inactivated genome by two sperms 
and can have a 46XY or 46XX karyotype, the 
heterozygous CHM [ 1 ,  2 ,  4 ]. Heterozygous 
moles are at higher risk of developing malig-
nancy. Since absence of the X chromosome is not 
compatible with early development, 46YY 
karyotype has never been observed in CHM. The 
mitochondrial DNA is derived from the mother 
[ 5 ,  6 ]. CHM by dispermic fertilization (heterozygous) 
containing Y chromosome shows high malignant 
potential [ 7 ] (Diagram  21.1 ).

       Paternal Origin of Partial 
Hydatidiform Mole 

 Partial hydatidiform moles are triploid and may have 
a 69XXX, 69XXY, or 69XYY karyotype [ 3 ]. PHM 
results from dispermic fertilization of ovum contain-
ing haploid set of 23X chromosome by two sperms 
containing haploid sets of 23X or 23Y, a diandric 
triploidy. Fertilization by diploid sperm resulting in 
partial mole is also suggested (Diagram  21.2 ).

       Biparental CHM 

 The rare type of biparental CHM (BiCHM) is seen 
in patients with recurrent mole and occurs in fami-
lies with two or more members of the family devel-
oping molar pregnancies. There is contribution 
from both parents, but due to defect in genomic 
imprinting, molar pregnancy develops and resem-
bles complete hydatidiform mole. Genetic studies 
of such families have shown  evidence of mutations 
in the leucine-rich regions of NLRP7 at chromo-
some 19q13.3-13.4 [ 8 – 10 ]. The mode of inheri-

  Diagram 21.1  
  Fertilization of an empty 
ovum by sperm 
containing 23X haploid 
set of chromosome 
which duplicates to form 
46XX       
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tance in familial biparental recurrent mole is by an 
autosomal recessive disorder. The probable mecha-
nism of biparental recurrent moles seems to be a 
defect in the methylation process in the paternal 
and maternal alleles in the H19 gene; the paternal 
allele is methylated and maternal allele is unmythe-
lated. The defective methylation process can some-
times be partial or even may overcome which 
would explain why in certain woman with the dis-
order had a normal pregnancy, despite a theoretical 
recurrence risk of 100 % (Diagram  21.3 ).

       Risk Factors 

 Pregnancy at extremes of age is an important risk 
factor for development of hydatidiform mole; the 
risk is doubled in teenage and at age above 35 
years. Women older than 40 years experience a 5- 
to 10-fold increase in risk compared to younger 
women [ 11 ]. Parity does not affect the risk for 
developing molar pregnancy. Relative defi ciency 
of carotene and animal fat intake is reported as a 
risk factor. History of previous molar pregnancy is 
an important risk factor, a reported risk of ten times 
compared to the normal population. Cigarette 
smoking, history of infertility, contraceptive use, 
and induction of ovulation are reported to increase 
the risk of having molar pregnancy.  

    Pathology of Trophoblastic Lesions 

 All types of gestational trophoblastic diseases 
exhibit proliferation of both syncytiotrophoblast 
and cytotrophoblast which maintain secretion of 
hCG. Placental site trophoblastic tumor arising 
from the intermediate trophoblast cells produces 
low levels of hCG and hPL.  

    Complete Hydatidiform Mole 

 The histological features of complete hydatidi-
form include:

•    Generalized diffuse hyperplasia of both cyto-
trophoblast and syncytiotrophoblast.  

•   Generalized edema of chorionic villi with cen-
tral cistern formation of varying sizes, which 
resembles the macroscopic description of the 
hydatidiform mole, the “bunch of grapes.”  

•   Absenc e of an embryo resorption occurs 
before development of fetal circulation, and 
no nucleated fetal erythrocytes are observed in 
the villous.    

 Fisher and others in 1997 [ 12 ] reported the 
presence of fetal blood cells in seven complete 
hydatidiform moles by polymerase chain reaction 

  Diagram 21.2  
  Fertilization of ovum 
with haploid set of 23X 
by two sperms with 
haploid sets of 23X or 
23X and 23Y to result 
in 69XXX or 69XXY. 
Diandric triploidy       

  Diagram 21.3    BiCHM 
is seen in patients with 
recurrent mole and 
occurs in families with 
two or more members 
developing molar 
pregnancies. Defect in 
genomic imprinting, risk 
of malignancy. Genetic 
defect – 19q13.3-13.4, 
NLRP7       
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amplifi cation of DNA. Their conclusion was that 
fetal blood cells may be present in the villi of com-
plete hydatidiform moles, and the presence of fetal 
erythrocytes alone should not be considered indic-
ative of a diagnosis of partial hydatidiform mole. 

 With the availability of ultrasonography for 
early pregnancy evaluation, many moles are evac-
uated before the classical development of mole as 
a case of failed pregnancy. It is important to sub-
mit all products evacuated for histopathological 
study. The classical fi ndings of the complete mole 
may not be seen in such early cases. Abnormal 
trophoblastic hyperplasia is a constant fi nding in 
early CHM, and the generalized hydrops may not 
be evident. Early CHM may exhibit stromal blood 
vessels and stromal karyorrhexis. 

 Complete moles show overexpression of sev-
eral growth factors, including c-myc, epidermal 
growth factor, and c-erb B-2, compared with nor-
mal placenta. Immunostaining using p57KIP2 
will be absent in complete mole (Fig.  21.1 ).

       Partial Hydatidiform Mole 

 The partial hydatidiform mole (PHM) results by 
fertilization of an ovum containing haploid set of 
23X by two sperms with haploid sets of 23X or 
23X and 23Y, a Diandric Triploidy. The charac-
teric features of partial mole are:

•    Mild focal variable hydropic villi.  
•   Mild trophoblastic hyperplasia, predomi-

nantly confi ned to syncytium.  

•   Fetal vessels are usually present and contain 
nucleated fetal erythrocytes.  

•   Embryo/fetus will be present often with con-
genital anomalies.  

•   Runs a milder course and the diagnosis is 
often missed as “missed abortion”.    

 It was thought that partial mole does not trans-
form into choriocarcinoma. Recently, Newlands 
et al. have reported three cases of choriocarcinoma 
following partial mole [ 13 ]. Many other reports of 
malignant sequelae following PHM were reported 
by other authors also subsequently [ 14 – 16 ]. 

 The distinction between a hydatidiform mole 
and an abortion with hydropic villi can be diffi cult. 
Like hydatidiform mole, a hydropic abortion may 
show villous edema with hydropic swelling, 
although a hydropic abortion lacks the marked tro-
phoblastic hyperplasia. With the introduction of 
p57kip2 immunohistochemistry, a better differen-
tiation between complete and partial mole has 
become possible. The p57kip2 gene (CDKN1C) is 
paternally imprinted and expressed from the 
maternal allele. Since complete moles lack a 
maternal genome, p57kip2 immunostaining is 
absent, whereas hydropic abortus and partial 
moles show positive staining (Figs.  21.1  and  21.2 ).

       Invasive Mole 

 Invasive mole is the penetration of molar villi 
most often from CHM into the myometrium or 
the uterine vasculature and may spread to the 

  Fig. 21.1    The chorionic villi of complete mole are dif-
fusely hydropic with central cistern formation with no 
blood vessels and hyperplasia of trophoblastic layers       

  Fig. 21.2    Focal hydropic degeneration with focal hyper-
plasia of trophoblast with normal villi in between and 
fetal parts       
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vagina or lungs. It is locally invasive and can 
penetrate the full thickness of the myometrium 
leading to severe intraperitoneal hemorrhage. 
The lesion is characterized microscopically by 

 trophoblastic invasion of the myometrium with 
identifi able villous structures. Most invasive 
moles show moderate to marked trophoblastic 
activity and persistence of villous structure. The 
histological diagnosis of invasive mole is rarely 
made, as hysterectomy is seldom done and it is 
diffi cult to identify from curetting. On ultra-
sound examination it shows focal areas of 
increased echogenicity within the myometrium. 
The lesion is heterogeneous containing small 
fl uid-fi lled cavities, and Doppler color fl ow 
mapping shows high vascularity. It is associated 
with uterine subinvolution, persistent heavy 
vaginal bleeding, and rising hCG level. 
Chemotherapy may be started on the basis of 
rising hCG level, and it is not necessary to con-
fi rm the histopathological diagnosis of invasive 
mole or choriocarcinoma (Figs.  21.3 ,  21.4 ,  21.5 , 
 21.6 , and  21.7 ).

  Fig. 21.3    Invasive mole – trophoblastic element is invad-
ing into the myometrium maintaining the villous pattern       

  Fig. 21.4    Color Doppler study showing highly vascular-
ized area in the myometrium in invasive mole       

  Fig. 21.5    Subtotal hysterectomy done as a life-saving 
procedure for perforation of uterus by invasive mole 
which leads to severe intraperitoneal bleeding       

  Fig. 21.6    Choriocarcinoma showing both cytotropho-
blastic and syncytiotrophoblastic hyperplasia with atypia       

  Fig. 21.7    Suburethral nodule causing vaginal bleeding in GTN       
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           Ectopic Hydatidiform Mole 

 Rarely molar pregnancy may develop in the fal-
lopian tube. The criteria for diagnosis are the 
same as for hydatidiform mole present in the 
uterine cavity. Sonographically it will be seen as 
an ectopic pregnancy.  

    Gestational Choriocarcinoma 

 Choriocarcinoma is a malignant neoplasm con-
sisting of sheets of anaplastic cytotrophoblasts 
and syncytiotrophoblasts without chorionic villi. 
Some intermediate trophoblasts may also be seen. 
The important risk factor for choriocarcinoma is 
hydatidiform mole, especially following com-
plete mole. The risk of developing choriocarci-

noma after partial mole is rare. Choriocarcinoma 
can develop after normal pregnancy, abortion, 
and ectopic pregnancy. In some cases there is 
no known antecedent pregnancy, and it is pos-
tulated that choriocarcinoma may develop from 
a conceptus ab initio [ 17 ]. It stimulates virtually 
no stromal reaction and is therefore essentially a 
mixture of hemorrhage and necrosis with tumor 
cells scattered within the mass. On microscopic 
examination, viable tumor is usually confi ned to 
the rim of the neoplasm as choriocarcinoma lacks 
an intrinsic vasculature; the tumor cells derive 
nutrition by invasion of maternal blood vessels. 
Widespread intravascular dissemination to lungs, 
brain, and other sites is common. The metastatic 
sites have a tendency to rapidly outgrow their 
blood supply resulting in necrosis and hemor-
rhage. Extensive necrosis, hemorrhage, and 
vascular invasion are common. The commonest 
sites for metastasis are lung, brain, liver, pelvis, 
vagina, spleen, intestine, and kidney (Figs.  21.6 , 
 21.8 , and  21.9 ).

        Placental Site Trophoblastic Tumor 
(PSTT) 

 In 1981, Scully and others proposed placental 
site trophoblastic tumor (PSTT) to describe a 
variant of gestational trophoblastic tumor [ 18 ]. It 
is a rare type of GTN and is composed mainly of 
intermediate cytotrophoblastic cells arising from 
the placental implantation site. These tumors can 
result from any type of antecedent pregnancy 
and are locally invasive and less widely meta-
static. Placental site trophoblastic tumor pro-
duces more of hPL than hCG as it contains less 
syncytiotrophoblast, and hence hCG may not 
serve as a reliable tumor marker for follow-up. 
However clinically the diagnosis should be sus-
pected when hCG levels are low relative to the 
tumor burden. It is a slow-growing tumor with 
late metastasis and involvement of lymph nodes 
and produces low levels of free β-hCG. 

 PSTT is generally seen as a proliferation of 
extravillous or intermediate trophoblast in the 
myometrium or endomyometrium. Chorionic 
villi are rarely found and the typical dimorphic 
pattern of choriocarcinoma is absent. Instead, 

  Fig. 21.8    Chest X-ray showing secondary in the lung       

  Fig. 21.9    Choriocarcinoma of the uterus       

 

 

P.K. Sekharan



203

there is a characteristic pattern consisting of a 
relatively monomorphic population of predomi-
nantly mononuclear trophoblastic cells infi l-
trating the myometrium and splitting apart the 
muscle fi bers. Necrosis is more prominent in 
PSTT as opposed to hemorrhage in choriocarci-
noma and vascular invasion is not as common as 
in choriocarcinoma. Immunohistochemical stain-
ing for human placental lactogen (hPL), CD146 
(MEL-CAM), and placental alkaline phosphatase 
(PLAP) are additional diagnostic tests for PSTT 
that have a specifi city of approximately 60 % 
[ 19 ]. PSTT usually presents with amenorrhea or 
irregular vaginal bleeding months or years after a 
normal pregnancy, an abortion, or, rarely, a hyda-
tidiform mole [ 20 ]. Origin from both moles and 
normal pregnancy has been demonstrated geneti-
cally [ 21 ,  22 ] .  Response to chemotherapy is poor 
in PSTT and stage one disease is better treated 
with hysterectomy. Metastatic disease is started 
on with multi-agent chemotherapy.  

    Epithelioid Trophoblastic 
Tumor (ETT)  

 Epithelioid trophoblastic tumor is a rare neo-
plasm and is the most recent addition to the ges-
tational trophoblastic tumor category [ 23 ]. Most 
of the patients reported in the literature were 
women of reproductive age, and the antecedent 
pregnancy event was full-term deliveries, sponta-
neous abortions, and molar gestations. The aver-
age interval between the antecedent gestation and 
the development of the tumor is 5–6 years. 

 Only 52 cases were reported till 2008 [ 24 ]. It 
is composed of chorionic-type intermediate tro-
phoblast and is distinct from choriocarcinoma 
and PSTT. The tumor is composed of sheets and 
nests of mononuclear trophoblast with clear, 
eosinophilic, and vacuolated cytoplasm resem-
bling “chorionic-type” intermediate trophoblast. 
Histologically, epithelioid trophoblastic tumor is 
a distinct neoplasm whose cytological features 
and growth patterns mimic squamous cell carci-
noma. Gross inspection of ETT shows a solid to 
cystic, fl eshy, and well-defi ned mass in the uter-
ine wall, lower uterine segment, or endocervix. It 
can be confused with squamous cell carcinoma 
because of its frequent involvement of the lower 
uterine segment or endocervix and its epithelioid 
histologic appearance and expression of p63 and 
cytokeratins (Figs.  21.10  and  21.11 ).

         Clinical Presentation of Molar 
Pregnancy 

 Patients with molar pregnancy may present with 
excessive nausea and vomiting in early weeks. 
Vomiting may be severe enough requiring hospi-
talization for correction of fl uid and electrolyte 
imbalance. Most patients with hydatidiform mole 
will have vaginal bleeding, which may be sudden 
and profuse. Previously reported features such as 
anemia, uterine enlargement more than for the 
period of amenorrhea, preeclampsia, hypereme-
sis, hyperthyroidism, and respiratory distress are 

  Fig. 21.10    PSTT showing proliferation with atypia of 
extravillous trophoblast splitting apart muscle fi bers       

  Fig. 21.11    ETT – showing epithelioid intermediate tro-
phoblastic tumor cells and eosinophilic hyalinization 
(keratin-like material) within tumor nests, simulating 
invasive squamous cell carcinoma       
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rarely seen nowadays due to early termination of 
failing pregnancy due to routine use of ultraso-
nography. The symptoms in partial mole are very 
mild and late to start, and may be diagnosed as 
missed abortion. The routine use of ultrasonogra-
phy in fi rst trimester will diagnose cases of hyda-
tidiform mole as blighted ovum or failed 
pregnancy and may be terminated without a diag-
nosis. Even today, patients without proper ante-
natal care may report at a more advanced 
gestational age with excessive uterine size, large 
theca lutein cysts, and symptoms of hyperthy-
roidism, early onset preeclampsia, and anemia.  

    Ultrasound in Diagnosis of H. Mole 

 Characteristic ultrasonographic scans of com-
plete mole show a uterine cavity fi lled with a het-
erogeneous mass with anechoic spaces of varying 
size and shape, a snowstorm-like appearance 
without any fetal parts. Theca lutein ovarian cysts 
secondary to high hCG level may be present in 
about 30 % of cases, where the pregnancy has 
reached 14–18 weeks. With early detection and 
termination of failing pregnancy, these classic 
sonographic fi ndings will be absent. However, 
the majority of fi rst trimester complete moles still 
demonstrate a typical ultrasound appearance of a 
complex, echogenic intrauterine mass containing 
multiple small cystic spaces [ 25 ] .  In about 30 % 
of partial moles, the sonographic diagnosis will 
be possible; the rest may be diagnosed as missed 
abortion. The ultrasound fi ndings observed in 
partial mole are an excessively enlarged placenta, 
cystic spaces within the placenta, gestational sac 
which is either empty or containing amorphous 
echoes, or a growth retarded fetus. 

 Ancillary techniques are needed in some cases 
to differentiate non-molar miscarriage from 
hydatidiform mole, including immunostaining 
for P57kip2, the product of CDKN1C. P57kip2 is 
expressed by the maternal allele and is visible on 
histology as nuclear staining of cytotrophoblast 
and villous mesenchyme in placenta of all gesta-
tions apart from androgenetic complete mole 
[ 26 ] (Figs.  21.12 ,  21.13 , and  21.14 ).

     In cases of a coexisting normal fetus in a twin 
pregnancy with mole and in cases of placental 

mesenchymal dysplasia, a mistaken diagnosis of 
partial mole is possible and in both cases the 
careful repeated examination and use of 3-D 
ultrasound will help to make a correct diagnosis. 
Amniocentesis and fetal karyotyping will con-
fi rm the diagnosis as in partial mole, the baby 

  Fig. 21.12    USG showing complete mole       

  Fig. 21.13    USG showing theca lutein cyst in complete 
mole       

  Fig. 21.14    USG showing partial mole       
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will be triploid (Figs.  21.6 ,  21.15 ,  21.16 , and 
 21.17 ).

     All products of conception from nonviable 
pregnancies should undergo histological examina-
tion irrespective of ultrasonographic fi ndings, and 

all patients after medical termination of pregnancy 
should have urine hCG tested after 4–6 weeks to 
rule out any persistent trophoblastic activity.  

    Management of Hydatidiform Mole 

 When a diagnosis of complete or partial molar 
pregnancy is made, the most appropriate method 
of evacuation should be decided. Assessment of 
the patient for the presence of medical complica-
tions, including anemia, preeclampsia, hyperthy-
roidism, and respiratory insuffi ciency, is essential. 
It is appropriate to have a baseline pre-evacuation 
hCG, and a chest X-ray may be taken in addition 
to routine blood and urinalysis. The primary 
management of hydatidiform mole is evacuation 
of the mole. Crossmatched blood for transfusion 
and appropriate fl uid resuscitation measures 
should be kept ready at the time of evacuation. 

 Suction evacuation under anesthesia is the 
preferred method of evacuation of the mole irre-
spective of the size of the uterus. The cervix can 
be made favorable by per vaginal application of 
PGE1 analogues 4–6 h prior to evacuation. 
Intravenous oxytocin may be started at the end of 
the procedure, and uterine cavity is gently curet-
ted to ensure complete evacuation. Evacuation 
can be done under ultrasound guidance especially 
in cases of big uterus, and large lutein cysts pres-
ent can be aspirated to avoid torsion later. It may 
take 6–8 weeks for the resolution of the lutein 
cysts. An ultrasound evaluation is done 1 week 
later to make sure the evacuation is complete, and 
a second curettage is done only if there is evi-
dence of incomplete evacuation. 

 Hysterectomy with mole in situ is an option for 
patients who are above 40 years and who desire 
no further childbearing. Hysterectomy reduces 
the risk of subsequent development of choriocar-
cinoma and completely eliminates the risk of 
invasive mole [ 27 ] .  It does not eliminate the poten-
tial for malignant squeal and monitoring with 
β-hCG levels is mandatory. Theca lutein cysts if 
present are left alone after reducing the size with 
multiple needle pricks. Hysterotomy is not to be 
considered as a method of evacuation of the mole. 
Patients who are Rh negative should receive Rh 
immune globulin at the time of evacuation as the 

  Fig. 21.15    Moles evacuated by suction       

  Fig. 21.16    Hysterectomy with mole in situ       

  Fig. 21.17    3-D ultrasound showing molar tissue and nor-
mal placenta in a case of twin with one mole       
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Rh D factor is expressed on trophoblast and also 
due to the reported presence of fetal RBCs in 
complete mole [ 12 ].  

    Chemoprophylaxis 

 The use of chemoprophylaxis during evacuation 
of hydatidiform mole remains controversial. 
However, several investigators have reported that 
chemoprophylaxis can reduce the incidence of 
post-molar tumor [ 28 ,  29 ]. In a prospective ran-
domized trial, Kim et al. observed that in patients 
with high-risk complete mole, prophylactic che-
motherapy reduced the incidence of post-molar 
tumor from 47 to 14 %, and among patients with 
low-risk complete mole, prophylactic chemo-
therapy did not infl uence the incidence of persis-
tent disease (7.7 % versus 5.6 %) [ 29 ]. However, 
patients who developed persistent tumor after 
prophylactic chemotherapy required more 
courses of chemotherapy. Prophylactic chemo-
therapy may be useful in patients with high-risk 
complete mole when hormonal follow-up is 
either unavailable or unreliable. The main objec-
tion to exposing all patients with molar preg-
nancy to chemotherapeutic agents is that only 
about 15 % are at risk for developing persistent 
disease and can be readily identifi ed by proper 
follow-up. If any patient is started on prophylac-
tic chemotherapy, it is not just one injection at the 
time of evacuation, but the full course to be con-
tinued till the hCG becomes negative.  

    Follow-Up 

 Following evacuation of hydatidiform mole, all 
patients should have regular follow-up with serial 
estimation of hCG till they achieve complete sus-
tained remission and should be registered at 
regional centers/tertiary care hospitals for further 
care. The expected fall in serum β-hCG per week 
follows a log-linear fashion (fall by one log per 
week). Patients must be encouraged to use reli-
able contraception during the period of follow-

 up. There is no conclusive evidence to suggest 
that oral contraceptives increase the risk of devel-
opment of choriocarcinoma [ 30 ]. Present-day 
low-dose oral contraceptive pills may be safely 
prescribed without increasing the risk of persis-
tent disease. With the controversy surrounding 
this issue, it may be prudent to advise them on 
barrier contraceptives till the hCG is normal and 
then to start on OC pills. Intrauterine devices are 
avoided due to the risk of perforation. 

 Follow-up requires serial quantitative serum 
hCG measurements every 1–2 weeks until at 
least two consecutive values are normal and 
thereafter monthly up to 6 months. Patients 
whose hCG values normalize within 8 weeks of 
primary evacuation have a reduced risk of devel-
oping GTN and are monitored for 6 months, and 
those requiring more than 8 weeks are followed 
up for 12 months.  

    Diagnosis of Gestational 
Trophoblastic Neoplasia 

 Diagnosis of gestational trophoblastic neoplasia 
(GTN)/persistent trophoblastic disease is made 
by a rise in serum β-hCG of three values (10 % 
increases) over a 2-week period, a plateauing of 
serum β-hCG of four values over a period of 3 
weeks (fall less than 10 %), persistence of hCG 
after 6 months of evacuation, and/or histological 
evidence of choriocarcinoma. Serum β-hCG 
value of more than 20,000 IU/L, after 4 weeks of 
evacuation, is considered an indication for 
chemotherapy. 

 On an average 20 % of patients undergoing 
evacuation of complete hydatidiform mole may 
develop post-molar GTD, with a range of 6–36 % 
as reported by various authors [ 31 – 33 ]. In our 
own series of 1569 cases of hydatidiform moles 
diagnosed and treated over a period of 15 years 
from June 1990, the incidence of gestational tro-
phoblastic neoplasia (GTN) was 20.5 % 
[ 34 ]; . 60 % of GTN develops after hydatidiform 
mole, 30 % following abortions, and 10 % fol-
lowing normal pregnancy or ectopic.  
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    FIGO Staging and Risk Factor 
Scoring 

 In 2002 the International Federation of 
Obstetrics and Gynecology (FIGO), following 
the recommendation of its cancer committee, 
ratifi ed a revised classifi cation system for tro-
phoblastic disease and promulgated a com-
bined FIGO anatomic staging with a revised 
World Health Organization (WHO) risk factor 
scoring system for gestational trophoblastic 
neoplasia [ 35 ,  36 ]. 

    FIGO Staging of GTN (2002) 

 Stage I  GTN strictly confi ned to the uterine 
corpus. 

 Stage II  GTN extends to the adnexa or to the 
vagina but is limited to the genital 
structures (adnexa, vagina, broad 
ligament). 

 Stage III  GTN extends to the lungs with or 
without genital tract involvement. 

 Stage IV  All other metastatic sites. 

   Placental site trophoblastic tumor will be catego-
rized separately from other gestational tropho-
blastic neoplasia. The staging is as for GTN but 
no risk scoring is done.   

    FIGO Risk Factor Scoring Values 

 In order to stage and allot a risk factor score, a 
patient’s diagnosis is allocated to a stage as repre-
sented by Roman numerals I, II, III, and IV. This 
is then separated by a colon from the actual risk 
factor score expressed in Arabic numerals. For 
purposes of reporting, patients are divided into 
low-risk (score 0–6) and high-risk (score ≥7) 
groups. Bagshawe’s risk scoring system [ 37 ] 
which was modifi ed and adopted by WHO [ 38 ] 
was further modifi ed in the FIGO risk scoring 
system. From the WHO scoring, ABO blood 
grouping has been omitted and liver metastasis 
has been given a score of 4. Placental site tropho-

blastic tumor has been classed separately. There 
is no intermediate risk group. 

    FIGO Risk Factor Scoring System 

 FIGO 
scoring 

 0  1  2  4 

 Age  <40  >40 

 Antecedent 
pregnancy 

 Mole  Abortion  Term 

 Months from 
index 
pregnancy 

 <4  4 – <7  7 – <13  ≥13 

 Pretreatment 
serum hCG 
(IU/L) 

 <10 3   10 3  – <10 4   10 4  – <10 5   ≥10 5  

 Largest 
tumor size 
(cm) 

 <3  3 – <5  ≥5 

 Site of 
metastasis 

 Lung  Spleen, 
kidney 

 GIT  Liver, 
brain 

 Number of 
metastasis 

 –  1–4  5–8  >8 

 Previous failed 
chemotherapy 

 –  –  Single 
drug 

 Two or 
more 
drugs 

   Management of GTN depends on the stage and 
risk scoring:

    (a)    Low-risk GTN 
 Stage I, II, and, III risk score ≤ 6 – single- 
agent chemotherapy   

   (b)    High-risk GTN 
 Stage I, II, and III with risk score ≥7 and 
stage IV – combination chemotherapy       

    Low-risk GTN 

 Patients in FIGO stage I, II, or III with risk score 
of 6 and below are grouped as low-risk GTN and 
can be started on single-agent chemotherapy. A 
sustained remission can be achieved in these 
patients after primary treatment with single-agent 
chemotherapy. Methotrexate and actinomycin D 
are the primary drugs used in the management of 
low-risk GTN in various dose schedules. 
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    Methotrexate 

 Methotrexate has been used in the management of 
malignant GTD since the 1950s and achieves up 
to 100 % cure rates in nonmetastatic disease. 
Pretreatment evaluation of liver function and 
renal function tests along with complete hemo-
gram should be done. Total WBC count and plate-
let count are monitored twice a week. Toxicity 
includes ulceration of the GI tract, bone marrow 
depression, alopecia, and photosensitivity reac-
tion of the skin. Presence of anemia and infec-
tions increase the risk of toxicity. Methotrexate 
should not be given if there is impairment of liver 
or renal function as the drug is detoxifi ed in the 
liver and partially excreted by the kidney.  

    Methotrexate-Folinic Acid Regimen 
(MTX-FA) 

 Bagshawe and Wilde proposed the use of folinic 
acid along with methotrexate to rescue normal 
tissues from the dihydrofolate reductase block of 
methotrexate, allowing safe use of higher dose of 
methotrexate [ 39 ,  40 ]. The regimen used is inj. 
methotrexate 1 mg/kg weight on days 1, 3, 5, and 
7 and inj. folinic acid 0.1 mg/kg body weight on 
days 2, 4, 6, and 8. Inj. folinic acid is started 30 h 
after the methotrexate. The cycle is repeated every 
2 weeks to achieve complete remission in non-
metastatic and low-risk metastatic GTN. Patients 
who develop resistance to methotrexate with 
folinic acid rescue can be started on actinomy-
cin D when hCG concentrations are less than or 
equal to 100 IU/L. Patients showing resistance 
and if the hCG level is more than 100 IU/L are 
started on multidrug chemotherapy, which will 
cure nearly all patients [ 41 ,  42 ]. The UK gesta-
tional trophoblastic disease service has increased 
the hCG concentration at which combination 
chemotherapy is started to more than 300 IU/L, 
to reduce the need for multi-agent chemotherapy 
[ 42 ]. Repeat CBC, LFT, and RFT at the begin-
ning of every course. Chemotherapy should be 
continued till hCG comes to the normal range 
and then one to two more courses to eliminate 
the residual tumor cells to prevent recurrence.  

    Other Single-Agent Chemotherapy 
Schedule for Low-Risk GTN 

     (a)    Methotrexate 0.4 mg/kg IM for 5 days 
repeated every 2 weeks. About 10 % of low- 
risk cases may need further treatment.   

   (b)    Methotrexate 50 mg/m 2  IM given weekly. 
The failure rate may be higher than the 
daily dose schedule and may be started on 
 actinomycin D 9–12 μgm/kg for 5 days to 
achieve complete remission.   

   (c)    Actinomycin D 9–12 μgm/kg IV daily for 5 
days, repeated every 2 weeks. Actinomycin 
causes severe slough if extravasated and 
must be injected via a new free-running 
intravenous infusion. If any extravasation 
does occur, the area should be infi ltrated with 
100 mg hydrocortisone and 2 ml of 1 % 
Xylocaine.     

 In a series of 321 cases of nonmetastatic dis-
ease treated by the author using MTX-FA regi-
men, complete remission could be achieved in 
92 % of cases. Remission could be achieved in 
3 % cases with alternating course of actinomycin 
D and 3.6 % required multi-agent chemotherapy 
(MAC, EMA-CO) [ 34 ].  

    High-Risk Gestational Trophoblastic 
Neoplasia 

 Most high-risk patients present with signs and 
symptoms of metastases at different organs, 
months or years after the antecedent pregnancy. 
Patients with brain metastases may present with 
seizures, headaches, or hemiparesis, whereas 
those with lung metastasis might have a combi-
nation of hemoptysis, breathlessness, or pleuritic 
chest pain. Patients may not have any menstrual 
irregularities and until and unless the possibility 
of GTN is thought of and measurement of hCG is 
made, the diagnosis may be missed. Along with 
hCG measurement, imaging by CT abdomen, 
MRI of brain, and Doppler ultrasonography 
should be done to stage the disease and to calcu-
late the risk score. 
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 FIGO stages I, II, and III with WHO score of 
7 or greater or stage IV are high-risk GTN, and 
these patients should be treated initially with 
multi-agent chemotherapy with or without adju-
vant radiotherapy or surgery. Until the mid- 
1980s, the primary multi-agent regimen used was 
MAC, methotrexate, actinomycin D, and cyclo-
phosphamide, and reported cure rates ranged 
from 63 to 71 % [ 43 ,  44 ]. Bagshawe and col-
leagues at Charing Cross Hospital, London, 
developed the seven-drug CHAMOCA protocol 
in the mid-1970s employing cyclophosphamide, 
hydroxyurea, actinomycin D, methotrexate with 
folinic acid, vincristine, and doxorubicin and 
reported a primary remission rate of 82 % [ 45 ]. 

 After the discovery of etoposide in the late 1970s 
as a very effective chemotherapeutic agent for ges-
tational trophoblastic tumors, Newlands et al. for-
mulated the EMA-CO regimen employing 
etoposide, high-dose methotrexate with folinic acid, 
actinomycin D, cyclophosphamide, and vincristine 
with a complete clinical response of 80 % [ 46 ].  

    EMA-CO Regimen for High-Risk GTN 

 Day  Drug  Dose 

 1  Etoposide  100 mg/m 2  IV over 
30 min 

 Actinomycin D  0.5 mg IV bolus 

 Methotrexate  100 mg/m 2  bolus and 
200 mg/m 2  IV 
infusion 1000 ml 
5 % dextrose over 
12 h 

 2  Etoposide  100 mg/m 2  IV 
infusion over 30 min 

 Actinomycin D  0.5 mg IV bolus 

 Folinic acid  15 mg IM every 
12 h, for four doses 
beginning 24 h after 
start of methotrexate 

 8  Cyclophosphamide  600 mg/m 2  IV 

 Vincristine  1 mg/m 2  IV bolus 

   Repeat cycles on days 15, 16, and 22 (every 2 weeks) 
 Patients are advised not to become pregnant 

until 12 months after completion of chemother-
apy to reduce the risk of teratogenicity. 

 The EMA-EP regimen, substituting etoposide 
and cisplatin for cyclophosphamide and vincris-
tine in the EMA-CO regimen, seems to be the 
most appropriate therapy for patients showing 
incomplete remission. The BEP (bleomycin, eto-
poside, cisplatin), VIP (etoposide, ifosfamide, 
cisplatin), and ICE (ifosfamide, carboplatin, eto-
poside) protocols were also successful in a patient 
who failed to respond to EMA-CO regimen.   

    Twin Pregnancy with One CHM 
and Coexisting Normal Fetus 

 This is a rare condition with an estimated inci-
dence of one per 22,000 to 100,000 pregnancies 
[ 47 ]. Patients present with what appears to be 
hydatidiform mole or twin gestation with rapid 
enlargement of uterus. Careful ultrasound exami-
nation will reveal a normal fetus, amniotic sac, 
and placenta with separate molar tissue else-
where. Partial moles may have a fetus but have 
diffuse molar changes throughout the single pla-
centa. However the diagnostic accuracy of this 
condition is only 70 %. 3-D ultrasound examina-
tion may delineate the normal placenta of the 
twin having the amniotic sac and normal baby 
from the molar tissue seen separately. For con-
tinuation of the pregnancy, it is necessary to con-
fi rm the normalcy of the baby, and this could be 
made sure by amniocentesis and karyotype. The 
twin with one normal baby will have 46XX or 
46XY, while partial mole will have 69XXX or 
69XXY, and baby of the partial mole will have 
congenital anomalies as it is triploid and should 
be terminated. The twin with one complete mole 
and the other normal baby can have 30–40 % live 
birth rate, though they are at a higher risk of 
developing preeclampsia and hemorrhage [ 48 ] .  
The subsequent need for chemotherapy for per-
sistent disease is greater than other molar preg-
nancies [ 49 ,  50 ]. The present policy is to allow 
the pregnancy to go to term depending on the 
patient’s choice. Patients are counseled regarding 
a substantial risk of fetal loss and the need for 
operative interventions and the need for follow-
up after delivery. Conservative management of 
these patients allowing the pregnancy to go ahead 
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unless there are clear-cut medical grounds for ter-
mination such as preeclampsia or hemorrhage 
appears to be the treatment of choice (Fig.  21.18 ).

       Quiescent Gestational 
Trophoblastic Disease 

 Quiescent gestational trophoblastic disease 
appears to be due to the presence of inactive, non-
invasive trophoblastic cells. Highly  differentiated 
syncytiotrophoblast cells are the predominant 
cell line. This is slow-growing tissue and does 
not respond to chemotherapy. The majority of 
cases follow complete hydatidiform mole, but 
quiescent gestational trophoblastic disease has 
also occurred after treatment of choriocarci-
noma, invasive mole, and partial mole. These 
cases should be followed up as they may become 
active and metastatic disease may develop later. 
Presence of hyperglycosylated hCG (hCG-H) 
is an indication to start treatment. Low levels 

of hCG are seen in PSTT. An increase in free 
β-subunit is associated with PSTT. One of the 
fascinating aspects of gestational trophoblastic 
neoplasia is the ability of the disease to exist in a 
quiescent form without producing clinical prob-
lems for long periods of time. Clearly there must 
be a small amount of abnormal tissue present but 
not producing enough hCG to be detected by cur-
rently available assays. These rests of GTN are 
important since they can be reactivated by the 
hormonal surge of subsequent pregnancies. The 
dilemma of false positive hCG vs. low persistent 
levels of real hCG has to be addressed by refi ning 
the hCG assay methods [ 51 ,  52 ]  

    Conclusion 

 The outcome of gestational trophoblastic dis-
ease depends on the early detection of persis-
tent disease by regular follow-up of patients 
after evacuation of hydatidiform mole. The 
regional and national referral centers for man-
agement of GTN in the UK and USA have 

  Fig. 21.18    Twin – one CHM and the other normal baby (46XX) and placenta       
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resulted in very high cure rates and elimina-
tion of fatality from GTN. In developing 
countries including India, there is no such pro-
gram. It is up to the practicing physicians to 
organize such follow-up clinics in regional 
tertiary care centers and start a trophoblastic 
disease registry for scientifi c analysis. We at 
Calicut in the northern region of Kerala in 
South India have started such a center 15 years 
ago and so far have followed up more than 
1500 cases with excellent results.     
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      Peripartum Cardiomyopathy                     

     Vidya     A.     Thobbi      and     Abhijit     V.     Kulkarni   

           Introduction 

 Peripartum cardiomyopathy (PPCM) is a type of 
dilated cardiomyopathy of unknown origin. It is 
seen in healthy women in the fi nal month of preg-
nancy and up to 5 months after delivery in absence 
of cardiac disease prior to pregnancy. Even if 
heart failure has its onset out of the historical 
defi nition, the process is similar and is designated 
as pregnancy-associated cardiomyopathy [ 1 ,  44 ]. 
Incidence is less than 0.1 %. Morbidity and mor-
tality ranges from 5 to 32 %. In some, the cardiac 
status may improve and return to normal, but in 
others it may progress to severe cardiac failure 
and even death due to cardiac arrhythmias, heart 
failure, and thromboembolism. The lesser the 
ejection fraction at diagnosis, the worse the out-
come is [ 14 ].  

    Epidemiology 

 The reported frequency of this condition varies 
from 1 in 300 to 1 in 4000 live births. The inci-
dence varies by race and is more common in 

black women in whom the incidence reported is 
1 in 1400. This wide variation is due to geo-
graphic distribution and overestimation by echo-
cardiography [ 5 ]. 

 The exact etiology is not very clear. The fol-
lowing are the implicated factors in the pathogen-
esis [ 30 ,  35 ]:  

    Etiology 

 It occurs during pregnancy [ 20 ].

    1.    Viral myocarditis   
   2.    Abnormal immune response   
   3.    Abnormal hemodynamic response   
   4.    Apoptosis and infl ammation   
   5.    Prolactin   
   6.    Prolonged tocolysis   
   7.    Malnutrition   
   8.    Familial predisposition [ 37 ]    

    1.    Viral myocarditis is the main postulated 
mechanism for PPCM. The biopsy specimen 
revealed dense lymphocytic infi ltration with 
variable amount of myocytic edema, necrosis, 
and fi brosis. Outcome does not differ in 
women with or without myocarditis.   

   2.    Abnormal immune response to fetal cells in 
maternal circulation (fetal microchime-
rism). Due to natural immunosuppression 
during pregnancy, these fetal cells are not 
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rejected. After delivery immune response is 
initiated, and if fetal cells reside in cardiac 
tissue, it initiates a pathological autoim-
mune response [ 2 ].   

   3.    Abnormal hemodynamic response. Due to 
hemodynamic changes during pregnancy, 
there is reversible hypertrophy of the left ven-
tricle, which resolves shortly after delivery. 
PPCM may occur because of exaggerated 
decrease in the left ventricular function.   

   4.    Apoptosis and infl ammation increased levels 
of tumor necrosis factor alpha, C-reactive pro-
tein, and Fas/Apo-1 levels (marker for pro-
gramed cell death). Fas/Apo-1 levels are 
higher in women who died of PPCM than who 
lived. However, ejection fraction is the stron-
gest predictor of outcome.   

   5.    Prolactin. Excessive prolactin production is a 
new mechanism for PPCM. In women with 
PPCM, STAT3 protein levels were low in the 
heart, and serum levels of activated cathepsin 
D and 16-kD prolactin were elevated. The 
deletion of STAT3 led to enhanced expression 
of cardiac cathepsin D, promoting the forma-
tion of a 16-kD form of prolactin [ 23 ].   

   6.    Prolonged tocolysis – use of beta- 
sympathomimetic drugs for more than 4 
weeks. These women develop pulmonary 
edema and hence PPCM [ 27 ].   

   7.    Selenium and nutrition – Defi ciency of sele-
nium increases the cardiovascular risk of viral 
infection, hypertension, and hypocalcemia. 
Cena et al. concluded that the low level of 
selenium or any micronutrients doesn’t play 
any role in PPCM [ 7 ,  18 ].    

      Pathogenesis and Pathological 
Changes in Myocardium 

 Alterations in the cellular immunity have been 
observed in PPCM patients compared to nor-
mal postpartum women. An increase in the 
activation of regulatory T cells and innate 
immunity is a necessary part of all pregnancies 
[ 10 ,  45 ]. But in PPCM patients, it has been 
observed that in the ratio of increased T cells 
compared to NK cells, the NK cell fraction is 
grossly reduced [ 22 – 31 ,  46 – 52 ]. 

 The pathology is that it is an infl ammatory car-
diomyopathy. The process may be either cellular 
or molecular or both. Mean levels of infl amma-
tory cytokines is elevated. Multiple proinfl amma-
tory cytokines involved in the pathogenesis of 
PPCM include Fas, HsCRP, interferon gamma, 
IL-6, TGF-beta, TNF-alpha, and others in the pro-
cess of evaluation [ 6 ,  16 ,  53 ,  54 ].  

    Risk Factors 

•     Non-Caucasian ethnicity, advanced maternal 
age, multiparity, poor socioeconomic status, 
multiple pregnancy, and prolonged tocolytic 
use are some of the associations for increased 
risk of PPCM [ 5 ].  

•   Up to 50 % of PPCM patients have experienced 
some form of hypertension during their index preg-
nancy. This hypertension includes gestational 
hypertension, toxemia, and essential hypertension.  

•   This hypertension includes gestational hyperten-
sion, toxemia, and essential hypertension.  

•   The take-home message is that there should be 
enhanced screening in pregnancy for PPCM in 
those having hypertension.   

 Variables 
 Traditional 
( N  = 100) 

 Early 
( N  = 23)   P  value 

 Age (years)  31 ± 6  30 ± 6  0.67 

 Parity  2.1 ± 1.7  1.9 ± 1.5  0.64 

 Hx of gestational 
HTN 

 43 %  30 %  0.56 

 Twin pregnancy  13 %  26 %  0.009 

 LVEF at 
diagnosis 

 31 ± 12 %  30 ± 12 %  0.72 

 LVEF at last F/U  46 ± 14 %  44 ± 16 %  0.54 

 Duration of F/U 
(months) 

 6 ± 7  7 ± 9  0.52 

 Mortality  9 %  13 %  0.7 

       Clinical Manifestations 

 Onset of PPCM can be masked and missed as 
features of normal pregnancy mimic those of 
mild heart failure.

•    These patients present with dyspnea, dizzi-
ness, chest pain, cough, neck vein distension, 
fatigue, and peripheral edema [ 33 ].  
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•   Left ventricular dysfunction causes dilatation 
of left ventricle in turn causing arrhythmias 
and embolic events.  

•   They also can have other features of heart fail-
ure – hypoxia, jugular venous distension, S 3  
and S 4  gallop, hepatomegaly, and rales [ 32 ].  

•   They have tachycardia, but blood pressure is 
normal or decreased.  

•   Features of pregnancy like edema, tachycardia, 
JV distension, and S3 can be normal also.. Closer 
look at cardiac profi le is necessary in order not to 
miss the diagnosis of heart failure [ 14 ].     

    Diagnosis 

 PPCM is a diagnosis of exclusion. Hence, other 
causes of heart failure are to be excluded such as 
pulmonary embolism, sepsis, myocardial infarc-
tion, valvular disease, severe preeclampsia, and 
other forms of cardiomyopathy [ 15 ].

•    Chest radiographs – cardiomegaly, pleural effu-
sion, and pulmonary congestion may be seen [ 40 ].

     

•       Electrocardiogram may be normal or shows 
changes of left ventricular hypertrophy, ST-T 
wave abnormalities, dysrhythmias, Q waves in 
the anteroseptal precordial leads, and pro-
longed PR and QRS intervals [ 34 ].

     

•       Laboratory tests – complete blood picture, 
blood urea, serum creatinine, serum electro-
lytes, and serum troponin levels (to rule out 
myocardial infarction, but may be raised in 
acute phase of PPCM). Levels of B-type natri-
uretic peptide and N-terminal pro-B-type 
natriuretic peptide can help in confi rming the 
diagnosis [ 3 ].  

•   Echocardiography and Doppler imaging – it 
is the most validated and practical tool for 
establishing the diagnosis. Evaluate ventric-
ular function, valvular structure and func-
tion, pathological pericardial changes, and 
mechanical complications. Features sugges-
tive of PPCM are decreased ejection frac-
tion, global dilatation, and thinned out 
cardiac walls [ 9 ].

     

•       Cardiac MRI measures global and segmental 
myocardial contraction [ 4 ,  34 ].     

    Diagnostic Criteria for Peripartum 
Cardiomyopathy 

 All four of the following:

    Classic 
    1.    Development of cardiac failure in the last 

month of pregnancy or within 5 months 
postpartum   

   2.    No identifi able cause for the cardiac failure   
   3.    No recognizable heart disease before the 

last month of pregnancy    
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     Additional 
    1.    Strict echocardiographic indication of left 

ventricular dysfunction:
    (a)    Ejection fraction <45 % 

 And/or:   
   (b)    Fractional shortening <30 %   
   (c)    End-diastolic dimension >2.7 cm/m 2         

         Differential Diagnosis 

•     Idiopathic dilated cardiomyopathy – seen at a 
younger age. It occurs postpartum (78–93 %). 
Higher incidence of myocarditis is seen in 
PPCM. PPCM leads to rapid worsening of 
clinical course and poor outcome, but heart 
size returns to normal in more number of 
patients soon after delivery [ 17 ].  

•   Occult valvular heart disease can be ruled out 
by transthoracic echocardiography. Finding of 
normal systolic function rules out PPCM [ 41 ].  

•   Ischemic heart disease is uncommon, but 
women with type 1 diabetes mellitus should 
have noninvasive assessment of coronary 
ischemia.  

•   Pulmonary thromboembolism.  
•   Severe eclampsia.  
•   Pneumonia.     

    Management 

 Compensated heart failure:

•    The goal is to improve hemodynamic status 
and minimize signs and symptoms and to 
reduce preload and afterload and increasing 
cardiac inotropy [ 39 ,  40 ].  

•   For preload reduction, nitrates are used which 
are safe in pregnancy and lactation.  

•   Restriction of dietary sodium is helpful.  
•   Loop diuretics are used in management of 

signs and symptoms of preload reduction, but 
it causes decrease in blood supply to uterus 
and fetus [ 41 ].  

•   Exercise such as walking can be advised once 
stable.  

•   During the intrapartum period, hydralazine, 
digoxin, nitrates, and diuretics can be used.  

•   Angiotensin-converting enzyme inhibitors are 
contraindicated in pregnancy [ 40 ].  

•   Beta-adrenergic antagonist (carvedilol and 
metoprolol) has been approved and improves 
the survival in PPCM. Carvedilol can be con-
tinued in the postpartum period in whom 
symptoms of heart failure persists and have 
left ventricular compromise more than 
2 weeks after therapy [ 42 ].  

•   Digoxin can be used in women whose ejection 
fraction is <40 % and who have signs and 
symptoms of heart failure [ 3 ].     

    Guidelines for Management 
of Compensated Heart Failure 

    Nonpharmaceutical Therapies [ 8 ] 

      Oral Pharmaceutical Therapies [ 8 ] 

 Antepartum Management of Peripartum 

Cardiomyopathy 

  Beta-blocker  
 Carvedilol (starting dosage, 3.125 mg 
twice a day; target dosage, 25 mg twice a 
day) 

 Extended-release metoprolol (starting 
dosage, 0.125 mg daily; target dosage, 
0.25 mg daily) 
  Vasodilator  
 Hydralazine (starting dosage, 10 mg 3 
times a day; target dosage, 40 mg 3 times a 
day) 

Low sodium diet: limit of 2 g sodium per 
day
Fluid restriction: 2 L/day
Light daily activity: if tolerated (e.g., 
walking)
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        Decompensated Heart Failure [ 28 ] 

•     Establish airway, breathing, and circulation. 
Pregnancy results in third spacing of intravas-
cular volume which can result in suboptimal 
airway [ 41 ].  

•   ST segment monitoring with cardiac monitor.  
•   Blood pressure monitoring with noninvasive 

blood pressure cuffs until cardiac catheters are 
placed [ 42 ].  

•   Venous and arterial access.  
•   In acute heart failure, administer intravenous 

positive inotropic agents such as milrinone 
and dobutamine. These agents facilitate diure-
sis, improve cardiac performance, and pre-
serve end-organ function [ 40 ].  

•   If systolic blood pressure is less than 
90 mmHg, dobutamine is preferred over milri-
none. Nitroglycerin and nitroprusside also 
may be used. Nitroprusside can cause toxic 
effects of thiocyanate which can be harmful to 
the fetus [ 40 ].  

•   Warfarin is given in postpartum period and hep-
arin or low molecular weight heparin is given in 
pregnancy in patients with ejection fraction 
<35 % as it causes left ventricular thrombus and 
continued until left ventricular function becomes 
normal on echocardiography.  

•   If medical therapy fails, intra-aortic balloon 
pump or left ventricular assist device may be 
used [ 19 ].  

 Postpartum Management of Peripartum 

Cardiomyopathy 

  Angiotensin-converting enzyme (ACE) 
inhibitor  
 Captopril (starting dosage, 6.25–12.5 mg 3 
times a day; target dosage, 25–50 mg 3 
times a day) 

 Enalapril (starting dosage, 1.25–2.5 mg 
2 times a day; target dosage, 10 mg 2 times 
a day) 

 Ramipril (starting dosage, 1.25–2.5 mg 2 
times a day; target dosage, 5 mg 2 times a day) 

 Lisinopril (starting dosage, 2.5–5 mg 
daily; target dosage, 25–40 mg daily) 

 Angiotensin receptor blocker (if ACE 
inhibitor is not tolerated) 

 Candesartan (starting dosage, 2 mg 
daily; target dosage, 32 mg daily) 

 Valsartan (starting dosage, 40 mg twice 
a day; target dosage, 160 mg twice a day) 

 Consider nitrates or hydralazine if 
woman is intolerant to ACE inhibitor and 
angiotensin receptor blocker. 
  Loop diuretic  
 Furosemide intravenously or by mouth. 
Dosing considerations should be made on 
the basis of creatinine clearance. 

 Glomerular fi ltration rate >60 mL/min 
per 1.73 m 2 : furosemide 20–40 mg 
every12–24 h 

 Glomerular fi ltration rate <60 mL/min 
per 1.73 m 2 : furosemide 20–80 mg every 
12–24 h 

  Vasodilator  
 Hydralazine (starting dosage, 37.5 mg 3 or 
4 times a day; target dosage, 40 mg 3 times 
a day) 

 Isosorbide dinitrate (starting dosage, 
20 mg 3 times a day; target dosage, 40 mg 
3 times a day) 
  Aldosterone antagonist  
 Spironolactone (starting dosage, 12.5 mg 
daily; target dosage, 25–50 mg daily) 

 Eplerenone (starting dosage, 12.5 mg 
daily; target dosage, 25–50 mg daily) 
  Warfarin  if ejection fraction is <35 % 

 Digoxin (starting dosage, 0.125 mg 
daily; target dosage, 0.25 mg daily). 
Monitor serum levels. 

 Thiazide diuretic (with caution) 
 Hydrochlorothiazide (12.5–50 mg 

daily) 
 May also consider loop diuretic with 

caution 
 Low molecular weight heparin if ejec-

tion fraction <35 % 
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•   In persistent pulmonary edema with hypox-
emia, extracorporeal membrane oxygenation 
can be done [ 36 ,  43 ].  

•   Heart transplantation is a practical therapeutic 
option for women with PPCM who have 
advanced heart failure and signs and symp-
toms unresponsive to medical therapies [ 38 ].     

    Summary for Management 
of Decompensated Heart Failure [ 21 ]  

 Airway 
Intubate promptly upon distress for 
increased work of breathing to prevent 
complications with diffi cult airway later in 
treatment.
 Breathing 
Provide supplemental oxygen.
Maintain continuous pulse oximetry to 
monitor SaO 2 .
Measure arterial blood gases (if available) 
every 4–6 h until breathing is stable.
 Circulation 
Start cardiac and blood pressure monitoring.
Insert arterial catheter for accurate blood 
pressure monitoring and blood sampling.
Obtain central venous access with central 
venous pressure monitoring.
In antepartum women, obtain fetal monitoring.

 Pharmacological management of acute 
heart failure in peripartum cardiomyopathy 
 Intravenous loop diuretic (caution is 
advised in antepartum women) 
Furosemide: dosing considerations should be 
made on the basis of creatinine clearance.
Glomerular fi ltration rate <60 mL/min per 
1.73 m 2 
Furosemide 20–40 mg intravenously every 
12–24 h
Glomerular fi ltration rate >60 mL/min per 
1.73 m 2 

Furosemide 20–80 mg intravenous 
every12–24 h
In severe fl uid overload, consider furose-
mide infusion or ultrafi ltration.
 Vasodilator 
Nitroglycerin infusion 5–10 μg/min, titrate 
to clinical status and blood pressure.
Nitroprusside 0.1–5 μg/kg/min is used with 
caution in antepartum women.
 Positive inotropic agents 
Milrinone 0.125–0.5 μg/kg/min
Dobutamine 2.5–10 μg/kg/min
Avoid beta-blockers in the acute phase, as 
they can decrease perfusion.
Heparin sodium, alone or with oral warfa-
rin (Coumadin) therapy
Monitor oxygenation with arterial blood 
gases every 4–6 h until patient’s condition 
is stable.
Consider endomyocardial biopsy; if proven 
as viral myocarditis, consider immunosup-
pressive medications (e.g., azathioprine, 
corticosteroids).
Every effort should be made to devise an 
oral regimen that can maintain symptom-
atic improvement and reduce the subse-
quent risk of worsening clinical status.
If no improvement clinically:
Consider cardiac magnetic resonance 
imaging.
Perform endomyocardial biopsy to detect 
viral myocarditis (if not previously 
completed).
Assist devices:
Intra-aortic balloon pump [ 19 ]
Left ventricular assist devices
Extracorporeal membrane oxygenation
Transplantation
If a woman remains refractory to therapy, 
consult your institution’s guidelines for bro-
mocriptine or cabergoline administration for 
suppression of prolactin production [ 11 ].
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    Management During Pregnancy 

•     Welfare of the fetus should always be consid-
ered along with that of the mother.  

•   Patients with severe forms of heart failure will 
require ICCU management, with monitoring 
of arterial blood pressure (ABP), central 
venous pressure (CVP), and sometimes pul-
monary artery catheter (PAC).  

•   Coordinated management with specialist’s 
team is essential.  

•   Angiotensin-converting enzyme (ACE) inhib-
itors and angiotensin receptor blockers are 
contraindicated in pregnancy because these 
can cause birth defects, while remaining the 
main treatment option for postpartum women 
with heart failure [ 40 ].  

•   The teratogenic effects occur particularly in 
the second and third trimester, characterized 
by fetal hypotension, pulmonary hypoplasia, 
oligohydramnios, anuria, and renal tubular 
dysplasia [ 44 ].  

•   Digoxin, loop diuretics, sodium restriction, 
and drugs which reduce afterload such as 
hydralazine and nitrates have been proven to 
be safe.  

•   Amlodipine has been found to improve sur-
vival in nonischemic cardiomyopathy patients.  

•   Beta-blockers have been used in pregnant 
women with hypertension without any known 
adverse effects on the fetus, and patients tak-
ing these agents prior to diagnosis can con-
tinue to use them safely.     

    Management during Postpartum 
Period 

•     Treatment is identical as for nonpregnant 
women with dilated cardiomyopathy.  

•   Angiotensin-converting enzyme inhibitors 
and angiotensin receptor blockers are useful. 
The dosage is one half the maximum antihy-
pertensive doses.  

•   Diuretics are given for symptomatic relief 
(spironolactone or digoxin) and are used in 
patients who have New York Heart Association 
class III or IV symptoms. The dosage of 

 spironolactone is 25 mg/day after dosing of 
other drugs is maximized. The goal with 
digoxin therapy is the lowest daily dose to 
obtain a detectable serum digoxin level, which 
should be kept at less than 1.0 ng/ml [ 42 ].  

•   Beta-blockers are recommended as they 
improve symptoms, ejection fraction, and sur-
vival. Nonselective beta-blockers such as 
carvedilol and selective ones such as metopro-
lol have shown benefi t. The dosage of 
carvedilol is 25 mg twice a day or metoprolol 
100 mg once a day [ 41 ].     

    Newer Treatment Modalities 

  Pentoxifylline : treatment with pentoxifylline, a 
xanthine derivative known to inhibit the produc-
tion of tumor necrosis factor alpha, improves 
functional class and left ventricular function in 
patients with idiopathic dilated cardiomyopathy. 

  Bromocriptine and cabergoline:  prolactin 
secretion can be reduced with bromocriptine and 
with use of cabergoline which is a strong and 
long-lasting antagonist of prolactin, signifi cant 
improvement in left ventricular functions was 
seen [ 11 ]. 

  Immunomodulating therapy : in patients with 
myocarditis on endomyocardial biopsy, immuno-
suppressive and immunomodulatory therapy has 
been utilized. Intravenous immunoglobulin 
improved the ejection. Plasmapheresis has also 
been utilized effectively for this purpose and may 
be an alternative to immune globulin. 
Immunoadsorption therapy in idiopathic dilated 
cardiomyopathy demonstrated signifi cant 
improvements in left ventricular function. Other 
therapies such as calcium channel antagonists, 
statins, monoclonal antibodies, and interferon 
beta are also used [ 29 ]. 

 Interventional cardiology options:

•    Class II and class III HF despite optimal medi-
cal management is at high risk for sudden car-
diac deaths. They are appropriate candidates 
for prevention of arrhythmic deaths by 
implantation of automated implantable car-
diac defi brillator (AICD).  
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•   Patients having LBBB on ECG with severe 
LV dysfunction and signifi cant symptoms are 
candidates for cardiac resynchronization ther-
apy (CRT).      

    Follow-Up 

•     Echocardiographic evaluation at rest or with 
low-dose dobutamine stress test can be 
allowed to taper and then discontinue heart 
failure treatment in 6–12 months.  

•   Aerobic activities and heavy lifting are dis-
couraged for at least the fi rst 6 months 
postpartum.  

•   Breastfeeding is strongly discouraged in more 
symptomatic patients as some drugs are 
secreted in breast milk. If breastfeeding is 
considered in these women, it has to be with 
careful monitoring of the baby.  

•   Echocardiogram should be repeated at 6 
months post delivery. For those patients with 
persistent cardiomyopathy, beta-blockers may 
be added at this point if not already on 
therapy.     

    Outcome 

•     A fractional shortening less than 20 % and a 
left ventricular diastolic dimension of 6 cm or 
greater at the time of diagnosis are associated 
with a more than threefold higher risk for per-
sistent cardiac dysfunction [ 26 ].  

•   Future pregnancies are not recommended in 
women with persistent heart failure, because 
the heart most likely would not be able to tol-
erate the increased cardiovascular workload 
associated with the pregnancy [ 12 ].  

•   Because multiparity has been associated with 
PPCM, subsequent pregnancies can increase 
the risk for recurrent episodes of PPCM, irre-
versible cardiac damage and decreased left 
ventricular function, worsening of a woman’s 
clinical condition, and even death.  

•   The majority of PPCM mothers who experi-
ence full recovery with LVEF >50 % will not 

experience a relapse of heart failure with a 
subsequent pregnancy.  

•   Ninety percent of those who begin the post 
PPCM pregnancy with LVEF >50 % will 
recover to their presubsequent pregnancy car-
diac function despite relapse.  

•   The subset of women with persistent left ven-
tricular systolic dysfunction LVEF <40 % at 
the start of pregnancy should be counseled 
against subsequent pregnancies; the risks are 
19 % higher for maternal death than among 
women with PPCM whose heart failure has 
resolved.     

    Prognosis 

•     An important distinction is that women with 
this disorder have a much higher rate of spon-
taneous recovery of left ventricular function 
on echocardiography in postpartum period; 
nearly half of the women will normalize their 
ejection fraction during follow-up within 6 
months.  

•   Prognosis is directly correlated to recovery of 
left ventricular function. For those women 
whose LVEF normalizes during follow-up, the 
prognosis is excellent as without the stimulus 
of a subsequent pregnancy, the chance of 
development of heart failure or future LV dys-
function is minimal.  

•   For those women whose left ventricular func-
tion does not recover, prognosis remains 
guarded, and mortality rates as high as 
10–50 % have been reported.  

•   Left ventricular size is an important predictor, 
women without signifi cant LV dilatation have 
a greater chance of spontaneous recovery dur-
ing follow-up, but women with marked LV 
dilatation at presentation appeared to have a 
greater likelihood of developing into a chronic 
cardiomyopathy [ 12 ].  

•   A fractional shortening on echocardiogram 
less than 20 % and an LV end-diastolic dimen-
sion greater than or equal to 6 cm were associ-
ated with a threefold increase in persistent LV 
dysfunction.   
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      Risk in Subsequent Pregnancies 

•     In patients whose left ventricular function 
does not normalize during follow-up, subse-
quent pregnancies carry a high risk of left 
ventricular deterioration and progressive 
heart failure, and hence, pregnancy is 
strongly discouraged given the possible risk 
to the life of the mother. Mortality was 

reported to be in the range of 8–17 % com-
pared to 0–2 % in patients with normal left 
ventricular ejection fraction before the sub-
sequent pregnancy [ 13 ].      

    Outcome in Subsequent 
Pregnancies (Elkayam et al.  NEJM  
2001;344:1567) 
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        Conclusions 
 Peripartum cardiomyopathy is a pregnancy- related 
immune cardiomyopathy. The  manifestations 
are dependent on the severity (ejection fraction 
at diagnosis). The presentation is like dilated 
cardiomyopathy with manifestations ranging 
from dyspnea on exertion to fl orid heart fail-
ure. Hypertension is a signifi cant risk factor for 
PPCM apart from multiparity. Early diagnosis 
and treatment is directly related to prognosis. It 
is a form of cardiomyopathy with better progno-
sis. More than half of the patients depending on 
the baseline EF recover completely with normal 
ejection fractions. A small fraction do not recover 
on their EF and are the ones in whom subsequent 
pregnancies are not encouraged. 

 What do we know about 
PPCM? 

 What remains unknown 
about PPCM? 

 Awareness is important for 
making an earlier 
diagnosis with less 
dysfunction 
 Hypertension in pregnancy 
increases risk for 
development of PPCM 
 Most serious 
complications can be 
decreased or avoided 

 Actual “triggers” that 
initiate the process 
 Role of virus in 
pathogenesis 
 Why higher incidence 
and more severe disease 
in those with African 
heritage 

 Full recovery occurs more 
frequently than with any 
other cardiomyopathy 

 How important the role 
of cardiac autoantibodies 
play in pathogenesis 

 Autoimmunity (or 
immune system 
dysfunction) a part of 
pathogenesis 
 Infl ammatory 
cardiomyopathy is 
common 

 The extent and details of 
genetic factors 
 Importance of the role of 
prolactin and prolactin 
inhibition treatment 

 Higher incidence and 
more severe disease in 
those of African heritage 
 There can be a genetic 
predisposition 

 Importance of the role of 
sFLT1 in pathogenesis 
 Why do some who have 
recovered have a relapse 
of heart failure with 
subsequent pregnancy 

 Effective evidence-based 
treatment guidelines 
available 
 Most recovered do not 
have a relapse of heart 
failure in subsequent 
pregnancy 
 Occurs globally but with 
geographic variations for 
incidence and unique 
characteristics 

 Role of micronutrients 
and trace metals in 
pathogenesis 
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      Cerebral Venous Thrombosis 
in Pregnancy                     
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           Introduction 

 Cerebral venous thrombosis (CVT) is encoun-
tered during later weeks of pregnancy and more 
commonly during the second or third week of 
puerperium. The global incidence is about 
1:2500–10,000 deliveries [ 1 ,  2 ]. It is a cerebro-
vascular disorder of considerable morbidity and 
can be fatal when care is delayed. Although rare 
in the developed world (1 in 11,000 to 1 in 45,000 
pregnancies) [ 3 ], it remains the commonest cause 
of stroke in young women in the developing 
countries. In a 10-centre study in the United 
States, 7 % of all cases of CVT were associated 
with pregnancy [ 4 ], whereas an incidence of 
CVT of 1 in 273 obstetric admissions has been 
reported by two groups of investigators in a study 
of 40 years in India [ 5 ].  

    Aetiology and Predispositions 

 Pregnancy has long been recognised as an 
acquired, transient, prothrombotic risk factor. 
The physiological changes of increase in proco-
agulation and decrease in anticoagulation factors 
are marked in the late second and third trimesters 
and resolve to normal levels only 2–3 weeks after 

delivery [ 6 ]. Increased levels of fi brinogen and 
factor VII, VIII, and X and decreased natural 
anticoagulant proteins S and C in pregnancy and 
puerperium are strong predisposing factors. The 
mutations of factor V Leiden and prothrombin 
gene [ 7 ] are important predisposing factors in 
post-oral contraceptive thrombosis. These defects 
can also cause pregnancy-related CVT. 

 Traditional beliefs about birthing care prac-
tised by elders in the family involves restriction 
of water intake. The post natal mother becomes 
dehydrated. This dehydration along with the 
enforced bed rest become a risk factor for throm-
bosis. Cerebrovenous thrombosis has also been 
associated with local or systemic infection and 
anaemia, conditions which are prevalent in 
obstetric population of the developing coun-
tries. Rarely, associated causes for the clinical 
presentation have been reported, e.g. hemoglo-
binopathies (sickle cell anaemia), hyperviscos-
ity syndromes (polycythaemia), leukaemia and 
other malignancies, collagen vascular diseases, 
hypercoagulable states such as thrombophilia 
both APLA [ 8 – 10 ] and inherited thrombophil-
ias [ 11 ,  12 ], AVM (arteriovenous malformation), 
paroxysmal nocturnal haemoglobinuria etc. In 
suspected cases, thrombophilia testing should 
include evaluation for the factor V Leiden muta-
tion, prothrombin gene mutation 20210, lupus 
anticoagulant, anticardiolipin antibodies, hyper-
homocysteinaemia and defi ciencies of protein C, 
S, and antithrombin 3. However, protein C and 
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S, and  antithrombin levels may be abnormal in 
the setting of acute thrombosis, anticoagulation, 
oral contraceptives or pregnancy and therefore 
should be interpreted with due care. At least one 
risk factor can be identifi ed in >85 % of patients 
with cerebral venous thrombosis (Table  23.1 ) 
[ 13 ]. In the International Study on Cerebral Vein 
and Dural Sinus Thrombosis (ISCVT) cohort, a 
thrombophilia was noted in 34 %, and an inher-
ited thrombophilia was detected in 22 %. Use 
of oral contraceptives has been identifi ed as an 
important cause of CVT in developed countries. 
Prolonged use of oral contraceptives leads to 
acquired ‘activated protein C resistance’. This 
phenomenon gets aggravated if factor V Leiden 

and factor II gene mutations are present, increas-
ing the risk of thrombosis by 10 times.

       Pathogenesis 

 The human brain has a unique cerebral venous 
system. It has sinuses which are lacking in mus-
cular walls or valves and hence do not have the 
ability to contract. The sagittal sinuses (superior 
and inferior) drain into transverse, cavernous, 
right and left sigmoid sinuses and fi nally into the 
internal jugular vein. In susceptible patients, 
blood can pool, clot and obstruct these sinuses, 
leading to increased intracranial pressure and 
cytotoxic and vasogenic oedema of variable 
degree, which can progress to intracerebral 
bleeding, ischaemia and infarction (Fig.  23.1 ). 
Pathological fi ndings observed in central nervous 
system as a result of CVT are determined by:

     (a)    Underlying disease pathology   
   (b)    Nature of sinus/cerebral vein involved   
   (c)    Interval between the onset and pathological 

examination    

  Cortical vein thrombosis usually presents as a 
cord-like swelling with minimal or absent haem-
orrhagic infarction of the brain [ 14 ]. This dis-
crepancy has been explained on the presence of 
frequent intercommunications between various 
cortical veins and sinuses. In case of superior 
sagittal sinus thrombosis, the sinus is distended 
and appears blue. Cortical veins are also swollen 
and may rupture at some places giving rise to 
haemorrhagic infarction and even intracerebral 
haemorrhage. In an occasional case, haemor-
rhagic infarction may appear on the other side 
due to occlusion of opposite cortical vein (para-
sagittal). In deep cerebral vein thrombosis, white 
matter may be involved, e.g. basal ganglia, thala-
mus, etc. In due course, thrombosis gets recana-
lised and organised and may even disappear in 
majority of cases. Cerebral oedema with or with-
out increased intracranial hypertension is a fre-
quent fi nding in early stage. It may even lead to 
transtentorial herniation with notching of uncus 
of temporal lobe [ 15 ]. Microscopy shows typical 

   Table 23.1    Risk factors for cerebral venous thrombosis   

  Women’s health concerns  

 Pregnancy 

 Post-partum state 

 Hormonal contraceptive or replacement therapy 

  Thrombophilia  
 Defi ciency of antithrombin 3 and protein C and S 
 Factor V Leiden and prothrombin gene mutation 
 Antiphospholipid antibodies 

 Hyperhomocysteinaemia 

  Infection  

 Puerperal sepsis, episiotomy or wound infections 
 Localised infections such as otitis, mastoiditis, 
sinusitis 

 Meningitis 

 Systemic infectious disorders 

  Chronic infl ammatory diseases  

 Vasculitis 

 Infl ammatory bowel disease 

  Cancer  
 Leukaemia 

  Hematologic disorders  

 Sickle cell anaemia 
 Polycythaemia 

 Essential thrombocytosis 

 Paroxysmal nocturnal haemoglobinuria 

  Trauma  

 Head trauma 

 Local injury to cerebral sinuses or veins 

 Jugular venous cannulation 

 Neurosurgical procedures 

 Lumbar puncture 

  Nephrotic syndrome  
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changes of haemorrhage, but specifi c feature 
appears to be ‘profuse leukocyte invasion’ 
because of patent arteries allowing infl ow. 

 The terminology used and the clinical presen-
tation will vary on the location and extent of the 
thrombosis. In pregnant women, the common 
sites are thrombosis of the sagittal sinus with 
extension into the cortical veins or primary 
thrombosis of a cortical vein [ 16 ].  

    Clinical Features 

 Clinical presentation can be varied depending on 
the site and extent of thrombosis (Fig.  23.2 ). 
CVT often has an insidious onset, though rarely 
it can present as an acute episode of sudden neu-
rological illness. The most consistent symptom is 
unrelenting headache, not responding to analge-
sia and may be progressive over several days. It 
may be accompanied by nausea and vomiting. 

Neurological signs of focal seizures, focal neuro-
logical defi cits and generalised seizures are 
sometimes seen. Visual impairment, blurring of 
vision, diplopia and blindness can result from 
very high intracranial pressure and papilloedema 
[ 17 ]. When the deep cerebral venous system of 
thalami is involved, behavioural symptoms such 
as lethargy, dementia, amnesia, mutism and coma 
can develop, undoubtedly refl ecting a graver 
prognosis [ 18 ].

   The common differential diagnosis is eclamp-
sia. It is differentiated by presence of hyperten-
sion and proteinuria, clinical course of pregnancy 
and delivery, response to treatment and results of 
brain imaging. The other confusing situation is 
the postdural puncture headache if spinal anaes-
thesia is used for delivery [ 19 ]. Spinal headache 
resolves with hydration and posture and has no 
neurological defi cits. Posterior reversible enceph-
alopathy syndrome (PRES), occurring as a squeal 
to hypertension and eclampsia in recently 

  Fig. 23.1    Pathophysiology of cerebral venous thrombosis. CSF indicates cerebrospinal fl uid       
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 delivered women, presents as mental confusion, 
headache, seizures and visual impairment but no 
neurological defi cits. It is diagnosed on MRI, 
seen characteristically as hyperintensities on 
T2-weighted images as distinct from CVT.  

    Diagnosis 

 The confi rmation of a diagnosis of dural venous 
sinus thrombosis is reliant on demonstration of 
the thrombus by neuroimaging. The initial evalu-
ation during pregnancy begins with a brain com-
puterised tomography (CT) without contrast. 
Signs of cerebral venous thrombosis on CT 
include hyperdensity in the area of a sinus or cor-
tical vein (cord sign) and fi lling defects, especially 

in the superior sagittal sinus (empty Δ sign), in 
contrast-enhanced studies [ 20 ]. A partially fi lled 
posterior segment of the superior sagittal sinus is 
seen (empty delta sign) (Fig.  23.3 ), but this is 
found only in 20 % of cases [ 2 ]. It is seen on axial 
CT images and represents enhancement with i.v. 
contrast of the wall of the posterior sagittal sinus, 
outlining the clot within the lumen anteriorly.

   Conventional CT can be entirely normal in 
the presence of CVT and miss the diagnosis in 
60 % of cases. The most sensitive non-invasive 
technique is magnetic resonance imaging (MRI) 
with MR venography (Fig.  23.4 ) and is the inves-
tigation of choice for demonstrating CVT, as it 
may exclude signifi cant alternative diagnoses 
and will also demonstrate cerebral venous infarc-
tion  complicating cerebral venous occlusion. 

Superior sagittal sinus:
Motor deficits
Seizures

Inferior sagittal sinus:
Motor deficits
Seizures

Straight sinus:
Motor deficits
Mental status changes

Transverse sinus:
Intracranial hypertension (headache)
Tinnitus
Cranial nerve palsies
Aphasia (if left-sided)

Internal jugular vein:
Neck pain
Tinnitus
Cranial nerve palsies

Cavernous sinus:
Orbital pain
Chemosis
Proptosis
Cranial nerve palsies(III-IV)

Sigmoid sinus

  Fig. 23.2    Major clinical syndromes according to location of cerebral venous thrombosis       
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  Fig. 23.3    Axial head CT scan demonstrating cerebrove-
nous thrombosis of the straight sinus ( arrowhead ) and the 
empty delta sign ( arrow )       

Diffi culties in diagnosis arise due to unusual nor-
mal anatomical variants and cases where there is 
near occlusion of the venous sinus. T1-weighted 
and T2-weighted images can identify the throm-
bosed sinuses if done within 5 days of the event 
and are currently the test of choice [ 21 ,  22 ]. CT 
venography is the new technique that can provide 
better details and in experienced hands will show 
dilated ‘corkscrew’ veins with thrombosis [ 23 ].

       Management 

 A multidisciplinary approach involving the obstetri-
cian, neurophysician, intensivist, specialised nurs-
ing staff and physiotherapist in an intensive care 
setting is the ideal requirement. General principles 
of intravenous fl uid, nutrition and postural mea-
sures for a patient with neurological illness need to 
be followed. Obstetric assessment and treatment of 
any coexisting risk factor, e.g. pre-eclampsia and 
anaemia, should be prompt. The patient should be 
administered with anticonvulsants for seizures and 
antimicrobials if septic thrombophlebitis is sus-
pected. The treatment of choice to arrest the throm-
botic process and prevent pulmonary embolism is 
systemic anticoagulation with intravenous heparin 
[ 24 ], despite the potential risk that a venous infarct 

might become haemorrhagic. This recommenda-
tion is based on the results of three small RCTs 
[ 25 ,  26 ] and a large multicentric observational study 
[ 27 ]. Evidence supports the use of smallest effective 
dosage of unfractionated heparin of 15,000 units 
per day in three divided subcutaneous doses, aiming 
for a target APTT of 2.5 times the normal. This 
treatment is continued for 3–7 days or till the patient 
stabilises. Low molecular weight heparin in a fi xed 
high subcutaneous dose is a suitable alternative, but 
there are no studies to compare its effectiveness 
against unfractionated heparin. Following the man-
agement of acute episode, oral anticoagulant ther-
apy with vitamin K antagonists (coumarin 
derivatives) should be continued for 6 months or 
longer in the presence of predisposing factors, with 
a target international ratio of 2.5 (APTT of 1.4–2.8 
times the normal).  

    Potential Thrombolytic Therapy 

 Thrombolytic therapy with tissue plasminogen 
activator is an emergent therapeutic approach 
wherein endovascular thrombolytic is attempted 
by experienced interventional radiologist most 
often in arterial ischaemic stroke. In contrast to 
arterial stroke, since the diagnosis of CVT is 
made several hours after the onset of thrombus 
and symptoms, potential for thrombolytic ther-
apy probably holds less promise. Some pregnant 
and parturient women with high risk CVT, with 
signifi cant neurological defi cits, deteriorate 
despite intensive anticoagulation [ 11 ]. In such 
poor prognosis CVT, catheter-directed endovas-
cular thrombolysis can be attempted using a 
combination of a thrombolytic enzyme such as 
r-tPA (recombinant tissue plasminogen activa-
tor, e.g. alteplase) infused into the dural sinus 
and mechanical intervention techniques to aspi-
rate, dislodge and disrupt the thrombus [ 28 ]. .  
Although tissue plasminogen activator throm-
bolysis in pregnancy has been so far regarded as 
relatively contraindicated, recently published 
case reports and series have been reassuring 
regarding maternal safety and effi cacy issues in 
treatment of acute ischaemic stroke in 
gestation.  
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a b

c d

  Fig. 23.4    Computed tomogram (CT) of the head without 
intravenous contrast demonstrating hyperdensities along 
the left tentorium ( arrows ,  a ) and involving the left sig-
moid sinus ( arrowheads ,  b ) that were concerning for cere-

bral venous thrombosis. Magnetic resonance (MR) 
venography demonstrating thrombosis of the left trans-
verse ( arrowheads ) and sigmoid sinus and proximal jugu-
lar vein ( arrows ) in the axial ( c ) and coronal ( d ) planes       
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    Prognosis 

 Despite remaining a diagnostic challenge and a 
potentially disabling or lethal disease, CVT asso-
ciated with pregnancy and the puerperium overall 
has good prognosis with 90–93 % survival with 
very few permanent neurological defi cits, and so 
the long-term outcome is generally better than for 
arterial stroke. The exceptions are patients who are 
comatose, have recurrent seizures or have rapidly 
declining neurologic function. In such cases, the 
clinical course is unpredictable and the prognosis 
extremely guarded with mortality rates of 
15–30 %. The primary cause of death during the 
acute phase of cerebral venous thrombosis is trans-
tentorial herniation, most frequently from large 
venous haemorrhage [ 29 ]. The majority of patients 
have a complete or partial recovery, only 10 % is 
found to have permanent neurological defi cits by 
12 months of follow-up [ 15 ]. Recurrence of cere-
bral venous thrombosis is rare (2.8 %) [ 30 ].  

    Conclusions 

 CVT is a potentially life-threatening neuro-
logical complication in pregnant and parturient 
women, and early diagnosis by MRI and 
prompt anticoagulant and supportive therapy 
in an intensive care set-up by a multidisci-
plinary team will give excellent outcome. In 
patients who present late or suffer delay in 
diagnosis, mortality can be prevented by endo-
vascular thrombolytic therapy, although due to 
the lack of experience and evidence in preg-
nant patients, caution should be exercised.      
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      Post-operative Ileus                     

     Radhakrishna     Nayak    

           Introduction 

 Ileus is a Greek word which means “intestinal 
obstruction”. It is a disruption of the normal pro-
pulsive ability of the gastrointestinal tract. It may 
be due to bowel obstruction which is called 
dynamic ileus or due to intestinal atony or paraly-
sis which is called adynamic ileus. 

 Intestinal paralysis often termed as paralytic 
ileus needs not to be a complete paralysis, but it 
must be suffi cient to prohibit the passage of food 
through the intestine and lead to intestinal block-
age which results in accumulation of gas and fl u-
ids in the bowel.  

    Pathogenesis 

 Following surgery the return of the small intes-
tine’s action begins fi rst, usually 4–8 h post- 
operatively, and generally becomes complete 
around 24 h. The colon resumes its function 
between 48 and 72 h post-operatively. Physiologic 
ileus spontaneously resolves within 2–3 days. If it 
persists for >3 days post-operatively, it leads to 
post-operative adynamic or paralytic ileus. 
Multiple causes have been suggested in the patho-

genesis of post-operative ileus, but exact patho-
physiology still remains unclear. Various causes 
leading to paralytic ileus are sympathetic refl exes, 
inhibitory humoral agents, release of norepineph-
rine from the bowel wall, the effects of anaesthe-
sia agents and opiates and infl ammation. 

  However, the two important aetiologies are: 

•    Inhibitory spinal refl ex due to spinal anaesthe-
sia, abdominal sympathetectomy and nerve- 
cutting techniques  

•   Infl ammatory mediators released from the site 
of injury     

    Causes 

•     Major abdominal and extra-abdominal surger-
ies, particularly gastrointestinal surgery or 
other GI procedures – postsurgical ileus  

•   Electrolyte imbalance  
•   Sepsis and pneumonia  
•   Diabetic ketoacidosis (DKA) and other causes 

of metabolic acidosis  
•   Endocrine disorders: hypothyroidism, diabe-

tes and adrenal insuffi ciency  
•   General anaesthesia  
•   Drugs (e.g. opiates, antimuscarinics, antacids, 

warfarin, chlorpromazine, amitriptyline 
etc.)  

•   Severe illness (acute pancreatitis and 
peritonitis)  
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•   Spinal cord injury, those above thoracic T5 
vertebrae  

•   Cardiopulmonary failure    

  Note     Laparoscopic procedures are associated 
with shorter periods of ileus than open procedures.   

    Symptoms 

•     Abdominal pain, distension and discomfort  
•   Nausea  
•   Vomiting of biliatic fl uid or bile  
•   Flatulence  
•   Belching  
•   Constipation     

    Signs 

•     There may be tenderness on palpation and 
tympanic note on percussion.  

•   Hypoactive or absent bowel sounds on auscul-
tation in contrast to high-pitched bowel sounds 
of obstruction.     

    Differential Diagnosis 
of Paralytic Ileus  

     1.    Pseudo-obstruction/Ogilive syndrome   
   2.    Mechanical bowel obstruction     

  Psuedo-obstruction     Acute and marked disten-
sion of the large bowel   

 Pseudo-obstruction  Paralytic ileus 

 Limited to the colon  Involves both small 
bowel and colon 

 Occurs in elderly 
bedridden patients 

 Any age group 
particularly in post- 
operative patients 

 There will be abdominal 
distension without pain 
and tenderness 

 Abdominal distension 
associated with pain and 
tenderness 

 Increased risk of 
perforation if caecum is 
>12 cm in diameter 

 No such risks 

   Mechanical Obstruction     Caused by adhesions, 
volvulus, hernias, intussusception, foreign bodies 
or neoplasms   

    Characteristics of Ileus,
Pseudo- obstruction
and Mechanical Obstruction   

 Ileus  Pseudo-obstruction  Mechanical obstruction 

 Symptoms  Nausea, vomiting, mild 
abdominal pain, bloating, 
obstipation and 
constipation 

 Nausea, vomiting, 
anorexia, crampy 
abdominal pain, 
obstipation and 
constipation 

 Nausea, vomiting, 
anorexia, crampy 
abdominal pain, 
obstipation and 
constipation 

 Physical examination  Distension (+), tympanic 
on percussion, silent 
abdomen with absent 
bowel sounds 

 Distension (+), localised 
tenderness (+), 
borborygmi sounds heard. 
Hypo- or hyperactive 
bowel sounds heard 

 Distension (+), localised 
tenderness (+), 
borborygmi sounds heard. 
High-pitched bowel 
sounds heard 

 Plain radiograph features  Diaphragm elevated, small 
and large bowel dilatation 
seen 

 Diaphragm elevated, 
isolated large bowel 
dilatation seen 

 Diaphragm mildly 
elevated, bow-shaped 
loops in ladder pattern, 
paucity of colonic gas 
distal to the lesion, 
air-fl uid levels seen 

 Associated risks  Nil  Perforation  Peritonitis due to 
strangulated obstruction 

R. Nayak



235

       Workup 

 Laboratory studies should evaluate for infections 
and electrolyte and metabolic derangements. 

  Note     White cell count can differentiate ileus and 
secondary obstruction.  

  Imaging      By plain abdominal radiographs   
 Copious gas dilatation of small bowel and 

colon is seen in ileus. Contrast medium reaches 
caecum within 4 h in paralytic ileus. If contrast 
medium remains stationary for more than 4 h, 
mechanical obstruction is suggested.  

    Management of Ileus 

 Most cases of post-operative ileus resolve with 
watchful waiting and supportive treatment. The 
underlying cause of ileus should be treated like cor-
rection of underlying medical conditions and elec-
trolyte and acid base abnormalities. Medications 
that produce ileus should be discontinued. 

 Intravenous hydration should be provided. 
Nasogastric tube may provide symptomatic 
relief, but no literature supports the use of naso-
gastric tube for resolution of ileus. 

 For patient with protracted ileus, mechanical 
obstruction must be excluded with contrast 
studies. 

 The clinician must assess the overall status of 
patient and evaluate for adequate oral intake and 
good bowel function.  

    Diet 

 It is advisable to delay oral feeding until ileus 
resolves completely clinically. 

 Chewing gum has been advocated as a means 
of promoting recovery from post-op ileus. Meta- 
analysis have shown that gum chewing can 
reduce the time to fi rst fl atus and faeces by stimu-
lating gastrointestinal motility through sham 
feeding.  

    Activity 

 Post-operative ambulation is benefi cial in pre-
venting atelectasis, deep vein thrombosis and 
pneumonia but not treating ileus.  

    Medication 

     1.    Bowel movements may be stimulated by lact-
ulose, erythromycin and neostigmine.   

   2.    Thoracic epidural administration is benefi cial. 
Epidural blockade with local anaesthetics 
may prevent post-operative ileus   

   3.    Peripheral selective opioid antagonists:
•    Methylnaltrexone is indicated for opioid- 

induced constipation in patient with 
advanced illness.  

•   Alvimopan is also indicated to prevent 
post-operative ileus following bowel 
resection.      

   4.    Prokinetic agents have shown mixed results.     

 In summary management of ileus is a multi-
variate approach involving minimally invasive 
surgical procedures, opiate-sparing pain manage-
ment and fast recovery protocols.  

    Note 

 Traditionally, the routine approach to manage 
postsurgical ileus consisted of placing a naso-
gastric (NG) tube to decompress the bowel 
and delaying feeding until bowel function 
resumed. 

  However, more recent studies indicate a differ-
ent tactic approach, with a simple 3-step 
process: 

•    Withholding the nasogastric (NG) tube  
•   Feeding the patient early in the recovery 

process  
•   Continuing epidural local anaesthesia post- 

operatively as it blocks the refl ex that causes 
post-operative ileus        
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      Trauma and Pregnancy                     

     Anuradha     Khanna     ,     Uma     Pandey     , and     Pooja     Singh    

           Introduction 

 Trauma as such is a disaster, and, during preg-
nancy, it is more dangerous for both the mother 
and baby and poses a special challenge to emer-
gency department. Trauma during pregnancy 
may be caused by accidents, homicide, or other 
violent events  

    Epidemiology 

 Incidence of trauma in pregnant women is 7 % of 
all pregnancies, and it is the most common cause 
of nonobstetric morbidity and mortality in preg-
nancy [ 4 ]. In India and also all over the world, it 
accounts for 46 % of all the maternal deaths. 
According to ACOG, as many as 10–20 % of 
pregnant women suffer physical trauma [ 1 ]. 

 Motor vehicle accidents contribute 54.6 % 
of all the injuries sustained by pregnant trauma 
patient (Rudra et al.). The use of proper 
restraints directly infl uences the pregnant 
patient outcome in motor vehicle collision. 
Typically only 46 % of the pregnant trauma 

patients were using seat belts during motor 
vehicle collision [ 3 ]. With the proper use of 
seat belt, chance of vaginal bleeding is 
decreased by half and that of intrauterine death 
is decreased by one fourth. 

 Next most common cause is domestic abuse 
and assault accounting for 22.3 % of cases 
resulting in various injuries to abdomen and 
genitalia [ 7 ]. Most of the cases of abuse go 
unreported. The abuse is recurrent on 50 % of 
the women. 

 Falls are another common mechanism of 
injury during pregnancy accounting for 21.8 % of 
all cases. Recurrent falls are seen in 2 % of the 
patients. Other less common causes like burns, 
puncture wounds, and animal bites constitute 
1.3 % cases [ 7 ].  

    Anatomical and Physiological 
Alteration in Pregnancy 

 The understanding of unique anatomical and 
physiological changes that takes place in preg-
nancy is essential for adequate management of 
trauma victim. The pathophysiology and mecha-
nism of maternal injury may signifi cantly differ 
from those that commonly occur in nonpregnant 
state.  

        A.   Khanna      (�) •    U.   Pandey      •    P.   Singh      
  Department of Obstetrics & Gynaecology ,  Institute of 
Medical Sciences, Banaras Hindu University , 
  Varanasi ,  Uttar Pradesh ,  India   
 e-mail: Dr_anuradhakhanna@yahoo.co.in; 
Uma.pandey2006@gmail.com; singh8515@gmail.com  

  25

mailto:Dr_anuradhakhanna@yahoo.co.in
mailto:Uma.pandey2006@gmail.com
mailto:singh8515@gmail.com


238

    Physiological and Physical Changes 
in Pregnancy   

  Cardiovascular system:  

 Plasma volume increases by 50 % which leads to 
dilutional anemia and reduced oxygen-carrying 
capacity. Signs of hemorrhagic shock appear late. 

 Heart rate is increased by 15–20 beats and cardiac 
output by 40 % due to the pressure of gravid uterus on 
IVC. These lead to increase in CPR demands. 

 Uterine blood fl ow is about 10 % of the cardiac output 
at term so there is high chance of massive hemorrhage 
in uterine injuries. 

 Systemic vascular resistance and arterial blood 
pressure decrease. 

 Coagulation cascade is in activated state; hence, 
tendency for thrombosis is increased. 

 Decreased venous return due to the pressure of gravid 
uterus leads to increased CPR demands. 

  Respiratory system:  

 Respiratory rate is increased leading to a state of 
physiologic hyperventilation. 

 Oxygen consumption increases by 20 %, so hypoxia 
develops more quickly. 

 Hyperventilation, decreased residual capacity, and 
arterial pCo 2  decrease the buffering capacity, so 
acidosis is more likely. 

 Mucosal congestion and laryngeal edema lead to 
diffi cult airway. 

  Other changes:  

 Decreased gastric motility and relaxed lower 
esophageal sphincter lead to the risk of aspiration. 

 Enlarged uterus causes reduced venous return, supine 
hypotension, and diffi culty in respiration. 

 Increased weight during pregnancy leads to diffi cult 
airway management. 

 Hypertrophied pelvic vasculature predisposes for 
massive retroperitoneal hemorrhage. 

 Bowel and bladder are more susceptible for injury due 
to the upward displacement by uterus. 

 Placenta: lack of elasticity of placenta predisposes it to 
abruptio placenta leading to release of placental 
thromboplastin or plasminogen activator from the 
myometrium. 

 Musculoskeletal: pelvic ligament laxity, protruding 
abdomen, and change in the center of gravity lead to 
pelvic widening, lordosis, gait instability, and 
tendency of fall. 

       Types of Trauma in Pregnancy 

     1.     Blunt trauma 
   Automobile accidents  
  Physical abuse  
  Sexual assault  
  Falls  
  Aggravated assaults      

   2.     Penetrating trauma 
   Knife wound  
  Gunshot wound      

   3.     Burn injury       

    Blunt Injury 

 Besides motor vehicle accidents, assaults, abuse, 
and falls are frequent causes of serious blunt 
trauma in pregnancy. 

 The main concerns are immediate assessment 
of maternal effects of trauma, emergency treat-
ment, and evaluation of collateral effects on fetus. 

 Problems in blunt abdominal trauma:

    1.    The enlarged uterus loses the protection of the 
bony pelvis.   

   2.    Increased chances of retroperitoneal hemor-
rhage as the pelvic vessels are engorged.     

 Amniotic fl uid provides some protection to 
fetus by absorbing the thrust of trauma, dissipat-
ing the force of the blow by transmitting it equally 
in all directions. 

    Risks to the Mother 

 Maternal mortality from blunt trauma is estimated 
to be about 7 % [ 2 ]. It includes placental abrup-
tion, preterm labor, massive fetomaternal hemor-
rhage, uterine rupture and fetal loss, amniotic fl uid 
embolism, and DIC. Splenic hemorrhage is the 
most common cause of intraperitoneal hemor-
rhage followed by uterine rupture. Retroperitoneal 
hemorrhage may occur secondary to rupture of the 
pelvic venous plexus.  
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    Risks to the Fetus 

 Direct fetal injuries occur in less than 1 % of cases of 
severe blunt abdominal trauma. Fetus is at signifi -
cant risk, especially if placental abruption, uterine 
rupture, or maternal shocks occur [ 5 ]. Fetal mortal-
ity after blunt trauma varies from 3.4 to 38 % [ 7 ].  

    Factors Associated with Increased 
Fetal Mortality after Trauma 

     1.    Maternal hypotension   
   2.    High maternal Injury Severity Score   
   3.    Ejection from a motor vehicle   
   4.    Maternal pelvic fracture   
   5.    Automobile versus pedestrian accidents   
   6.    Maternal history of alcohol use   
   7.    Young maternal age   
   8.    Motorcycle crashes      

    Assessment of a Pregnant Patient 
with Blunt Trauma 

 All pregnant women should be evaluated in a 
medical setting. The assessment and manage-
ment of a case of blunt abdominal trauma depends 
upon the gestational age, degree of maternal 
injury, and mechanism of injury. 

 The physical examination may be unreliable 
and diffi cult due to the displacement of abdomi-
nal content by gravid uterus and stretching of 
peritoneum, diminishing the response to perito-
neal irritation.   

    Penetrating Trauma 

 With the progress of pregnancy, there are changes 
in intra-abdominal organs in position with impor-
tant implications. Penetrating injury to the upper 
part of the abdomen is more likely to be associated 
with multiple gastrointestinal injuries due to 
upward pushing of bowel by enlarged uterus. 
Organs involved are small bowel, liver, colon, and 
stomach in decreasing frequency. Injuries to the 
lower quadrants of the abdomen during the third 

trimester almost exclusively involve the uterus 
which may be advantageous to the mother due to 
the protective effect of the uterus and amniotic 
fl uid resulting in less destruction to other organs. It 
is rare for a projectile to clear the posterior wall of 
the uterus so the maternal viscera are often spared. 
If the uterus is involved in penetrating trauma, 
fetal injury may occur in 70 % [ 3 ] of cases. 
Gunshot wounds to the uterus carry a maternal 
mortality of 7–9 % [ 2 ]. In case of injury before 37 
weeks, fetal mortality is higher [ 2 ]. 

 In cases of trauma in the upper abdomen, sur-
gical exploration is generally recommended. In 
trauma involving lower abdomen, a more conser-
vative approach, including observation, wound 
exploration, and laparoscopy, remains an option 
if maternal and fetal status is reassuring [ 4 ]. 

 Stab wounds which do not appear to penetrate 
beyond the abdominal wall have been managed 
nonoperatively, whereas laparotomy is usually 
indicated with evidence of peritoneal penetration, 
particularly if intraperitoneal hemorrhage or 
bowel perforation is suspected.  

    Severity of Injuries 

 All patients with major injuries require hospitaliza-
tion where surgical and obstetric facilities are avail-
able due to high rate of mortality. Even minor 
injuries are associated with complications as feto-
maternal hemorrhage, so it needs careful attention. 

    Classifi cation of Major Trauma 
in Pregnancy 

 Table 1 shows criteria for major trauma in preg-
nancy. If any one criterion (except systolic BP*) 
is present from any category (vital signs, injury 
pattern, or mechanism of injury), trauma is con-
sidered “major.”

         Minor Trauma 

 Any trauma injury that does not meet the criteria 
for defi ning major trauma.   
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    Traumatic Complications 
in Pregnancy 

•     Vaginal bleeding.  
•   Preterm rupture of membranes.  
•   Placental abruption.  
•   Maternal pelvic fractures.  
•   Fetal death.  
•   Fetal fractures, especially skull, clavicles, and 

long bones.  

•   Intracranial hemorrhage.  
•   Indirect injury is generally due to fetal hypoxia 

secondary to maternal hypotension, fetal hem-
orrhage, placental abruption, cord injury, uter-
ine injury, or other injury.  

•   Other: spontaneous abortion, preterm deliv-
ery, and Rh isoimmunization.     

    Uterine Contractions 
and Preterm Labor  

 The most common obstetric problem during 
trauma is uterine contractions. Myometrial and 
decidual cells, damaged by contusion or pla-
cental separation, release prostaglandins that 
stimulate uterine contractions. Progression to 
labor depends upon the size of uterine damage, 
the amount of prostaglandins released, and the 
gestational age of the pregnancy. Occasional 
uterine contractions, the most common fi nding 
after trauma in pregnant women, are not asso-
ciated with adverse fetal outcomes and resolve 
within a few hours in 90 % of cases. 

 The occurrence of eight or more uterine con-
tractions per hour for more than four hours is 
associated with placental abruption. Uterine con-
tractions, which occur in 39 % [ 8 ] of pregnant 
trauma patients, may progress into preterm labor. 

 Risk factors, outside of trauma, associated with 
preterm labor include cardiovascular disease, 
hypertension, preeclampsia, eclampsia, diabetes, 
smoking, placenta previa, abruptio placenta, 
infection, and physical abnormalities. The diag-
nosis of preterm labor is made by the presence of 
3 contractions in 20 min plus cervical change or 
a cervix that is 2 cm dilated and less than 1 cm in 
length which can be done by serial cervical 
examinations [ 8 ].  

    Spontaneous Abortion 

 Traumatic injuries may result in spontaneous 
abortion before the 20th week of gestation. The 
most common signs and symptoms include 
abdominal pain or cramping and vaginal 
bleeding.  

   Vital signs criteria   

 Conscious state  Altered level of consciousness 

 Respiratory rate  <10 or >30 breaths/min 

 SpO 2  (room air)  <95 % 

 Heart rate  >120 bpm 

  a Systolic BP  <90 mmHg 

    a   Interpret BP in conjunction with gestation, other vital 
signs, injury pattern, and mechanism of injury   

   Mechanism of injury criteria   

 Ejected from vehicle 

 Fall from height >3 m 

 Involved in an explosion 

 Involved in a high impact motor vehicle crash with 
incursion into the occupants compartment 

 Involved in a vehicle rollover 

 Involved in a road traffi c collision in which there was 
a fatality in the same vehicle 

 Entrapped for >30 min 

 Pedestrian impact 

 Motorcyclist impact >30 kph 

   Injury pattern criteria   

 Penetrating or blast injury to the head, neck, chest, 
abdomen, pelvis, axilla, or groin 

 Signifi cant blunt injury to a single region of head, 
neck, chest, abdomen, pelvis, or axilla 

 Injury to any two or more body regions of the head, 
neck, chest, abdomen, pelvis, or axilla 

 Limb amputation above the wrist or ankle 

 Suspected spinal cord injuries 

 Burns >20 % or other complicated burn injury to the 
hand, face, genitals, and airway and respiratory tract 

 Serious crush injury 

 Major compound fracture or open dislocation with 
vascular compromise 

 Fractured pelvis 

 Fractures involving two or more of the following: 
femur, tibia, humerus 
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    Placental Abruption 

 Placental abruption results as the inelastic pla-
centa shears away from the elastic uterus during 
sudden deformation of the uterus. It is one of the 
most common injuries, usually associated with 
blunt trauma, and accounts for 50–70 % of fetal 
losses [ 8 ]. Incidence of abruption increased with 
the severity of injury, from 8.5 % in non- injured 
pregnant women involved in car accidents to 
13 % in women with severe injuries [ 6 ]. Maternal 
mortality from abruption is less than 1 %, but 
fetal death ranges from 20 to 35 %. 

 Diagnosis is based on the presence of abdomi-
nal pain, vaginal bleeding, uterine tenderness, 
amniotic fl uid leakage, maternal hypovolemia, a 
uterus larger than normal for the gestational age, 
or a change in the fetal heart rate, but it can also 
be present in asymptomatic mothers. 

 Ultrasound is also not sensitive enough to rule 
out abruption, necessitating the use of routine 
posttraumatic fetal cardiotocographic monitoring.  

    Uterine Rupture 

 The risk of uterine rupture is 1 % in pregnant 
trauma patients (Schwaitzberg 2014). The most 
common cause of uterine rupture is severe blunt 
trauma to the abdomen, from a vehicular crash 
when the pelvis strikes the uterus, leading to rup-
ture. Some uterine rupture also involves penetrat-
ing trauma. 

 Such an injury may result in serosal hemor-
rhage or abrasions; avulsion of the uterine vascu-
lature with hemorrhage; complete disruption of 
the myometrial wall with extrusion of the fetus, 
placenta, or umbilical cord into the abdominal 
cavity; or complete uterine avulsion. 

 In spite of adequate counseling about the 
proper use of seat belts, inappropriate seat belt 
placement can result in signifi cant force directed 
directly on the uterus. There is more risk of uter-
ine rupture in intentional penetrating trauma 
which is often directed at the uterus. 

 Although 75 % of cases of uterine rupture 
involve the uterine fundus, rare injuries such as a 
cornual myometrial defect following blunt 
trauma had been reported. Clinical presentation 

can vary from subtle fi ndings (e.g., uterine ten-
derness, nonreassuring fetal heart rate patterns) 
to a rapid onset of maternal hypovolemic shock. 
Typical signs of peritoneal irritation can be iden-
tifi ed but are not always evident.  

    Fetomaternal Hemorrhage 

 Fetomaternal hemorrhage (FMH) occurs in 
approximately 10–30 % of pregnant trauma 
patients and should be considered as early as the 
fourth week of gestation when the fetal circula-
tion develops. 

  Clinical presentation of FMH is variable and 
can be nonspecifi c. 

    1.    Decreased or absent fetal movements.   
   2.    Fetal distress – especially if the fetal heart 

tracing is sinusoidal (indicating fetal 
anemia).   

   3.    Massive FMH is a rare but severe complica-
tion which can result in fetal anemia, fetal 
hypoxia, intrauterine death, or neonatal neu-
rologic damage.   

   4.    Transfusion reaction (nausea, edema, fever, 
and chills) in the mother.    

  May occur more commonly with anteriorly 
located placenta and in women who experience 
uterine tenderness, contractions, vaginal bleed-
ing, and fetal distress. 

  Assessment of fetomaternal hemorrhage:  
Kleihauer-Betke test.

•    Used to detect and quantify FMH.  
•   Commonly to determine dose of Rh D immu-

noglobulin for Rh D-negative women.  
•   Results are reported quantitatively in mL of 

fetal blood within maternal circulation.  
•   A “negative” result is commonly understood 

to be less than 1 mL of fetal blood.  
•   It is not a test for placental abruption.    

 The evidence is limited about the usefulness of a 
positive Kleihauer test for predicting outcomes and 
guiding clinical management (beyond determining 
the dose of Rh D immunoglobulin for Rh D-negative 
women). This test cannot be used to detect FMH in 
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Rh-positive mothers or in Rh-negative mothers car-
rying an Rh-negative fetus. A positive Kleihauer-
Betke test along with other parameters, such as third 
trimester trauma, abdominal trauma, and an Injury 
Severity Score greater than 2, identifi es those at risk 
for adverse perinatal outcomes. Currently antifetal 
hemoglobin fl ow cytometry is used for detecting 
FMH more accurately.  

    Pelvic Fractures 

 Pelvic fractures, most frequently resulting from 
blunt trauma to the abdomen, are another con-
cern. Along with signifi cant retroperitoneal 
 hemorrhage, mother may sustain bladder, ure-
thral, or intestinal injuries. Maternal pelvic frac-
tures signifi cantly increase fetal susceptibility to 
head injury, which accounts for 25 % fetal mor-
tality. Patients with pelvic injuries may present 
with pelvic pain and signs and symptoms of 
hypovolemia. Pelvic and acetabular fractures are 
rare during pregnancy. 

 Diagnosis is made by physical examination 
supplemented by radiological studies. Plain 
X-ray along with uterine shield generally exposes 
the fetus to very small amounts of radiation. The 
estimated fetal exposure from a single view hip 
fi lm is 200 milli Rads which is greater than the 
estimated exposure from chest X-rays and 
abdominal fi lms, which are 0.02–0.07 milli Rads 
and 100 milli Rads, respectively. Yet, these val-
ues are much lower than 5 Rad, below which the 
risks of congenital anomalies, growth restriction, 
or abortions are not increased [ 4 ]. 

 Pelvic fractures are characterized by signifi cant 
morbidity and mortality rates in both the mother 
and fetus as they can be associated with hypovole-
mic shock, particularly in the setting of intraperi-
toneal bleeding. There is a higher maternal and 
fetal mortality in automobile-pedestrian collisions 
when compared with falls. Both maternal and fetal 
outcomes depend on the degree of injury, although 
the fracture class (simple versus complex) and 
type (acetabular versus pelvic), and trimester of 
pregnancy, did not infl uence mortality rates. 

 Pelvic fractures can also be associated with 
bladder or urethral trauma resulting in hematuria 
and diffi cult placement of a urinary catheter. 

According to the ACOG educational bulletin, a 
pelvic fracture is not a defi nite contraindication 
for vaginal delivery even in the presence of a 
slightly displaced pelvic fracture [ 4 ].  

    Hemorrhage and Shock 

 Hemorrhage should be suspected and assessed after 
any trauma to a pregnant patient. Cardiovascular 
changes during pregnancy may make it diffi cult to 
detect signs and symptoms associated with mater-
nal hypotension and shock. Acute blood loss result-
ing in hypovolemia is masked by maternal 
vasoconstriction and tachycardia. Vasoconstriction 
severely impacts uterine blood fl ow by about 30 %, 
commonly resulting in fetal hypoxia and bradycar-
dia [ 8 ]. 

 Shock is a frequent cause of death to both the 
fetus and mother. It is important that the emergency 
medical services practitioner anticipate shock and 
maternal hypotension and not rely solely on vital 
sign changes to aggressively manage the patient. If 
the traditional signs and symptoms of hypovolemic 
shock are exhibited, fetal mortality can be as high 
as 85 % (Swaitzberg 2010).  

    Cardiorespiratory Arrest 

 Cardiorespiratory arrest in a pregnant female 
poses a signifi cant threat to the viability of the 
fetus. About 41 % of fetuses die when the mother 
suffers a life-threatening injury and more deaths 
occur with cardiac arrest (Swaitzberg 2010). 
Aggressive management of the mother is neces-
sary to increase fetal survival. Although the 
chance of the fetus surviving maternal cardiopul-
monary arrest due to trauma is poor, resuscitative 
attempts should be provided for patients who are 
more than 24 weeks’ pregnant. The receiving 
facility should be notifi ed in advance so staff can 
prepare for an emergency Caesarean section. The 
effi ciency of CPR is signifi cantly reduced by aor-
tocaval compression. There is limited evidence 
about the degree of tilt required to achieve IVC 
decompression and the effectiveness of chest 
compressions performed in the left lateral 
position. 

A. Khanna et al.



243

      Amniotic Fluid Embolism 

 Exposure of the amniotic fluid to the maternal 
circulation may cause amniotic fluid embo-
lism and DIC. It may present with maternal 
respiratory distress, seizure, cardiac arrest, 
fetal distress, massive hemorrhage, and coag-
ulopathy/DIC. Management is supportive; 
there is no proven effective treatment. Blood 
product replacement is done including 
fresh frozen plasma (FFP), platelets, and 
cryoprecipitate.  

    Disseminated Intravascular 
Coagulation (DIC) 

 DIC may arise following placental abruption, 
fetal demise, and amniotic fl uid embolism. Early 
delivery protects against severe DIC – which is 
partly due to the massive release of thromboplas-
tins from the damaged uterus. 

 Clinical presentation may vary from detect-
able microvascular bleeding as well as abnormal 
blood coagulation tests including: 

 Various abnormal blood coagulation tests 
may be:

    1.    Platelet count less than 50 × 109/L   
   2.    Prothrombin time (PT) greater than 

1.5 × normal   
   3.    International normalized ratio (INR) greater 

than 1.5   

   4.    Activated partial thromboplastin time (aPTT) 
greater than 1.5 × normal   

   5.    Fibrinogen level less than 2.5 g/L      

    The Initial Evaluation 
and Management of Pregnant 
Trauma Patients 

    Primary Survey 

 The primary survey of the injured pregnant 
patient addresses the airway and cervical spine, 
breathing, and circulation (ABC; volume replace-
ment/hemorrhage control), with the mother 
receiving treatment priority. 

 Severe trauma stimulates maternal catechol-
amine release, which causes uteroplacental vaso-
constriction and compromised fetal circulation. 
Prevention of aortocaval compression is also essen-
tial to optimize maternal and fetal hemodynamics.  

    Positioning 

 After 20 weeks’ gestation, aortocaval compres-
sion by the uterus impedes resuscitation by 
decreasing venous return causing supine hypo-
tension, reducing stroke volume and cardiac out-
put, and decreasing the effectiveness of thoracic 
compressions. 

  Position the woman to minimize inferior vena 
cava (IVC) compression:  consider gestation and 
the ability to provide effective care (e.g., intuba-
tion) when determining positioning requirements:

•    Left lateral tilt 15–30°.  
•   Place a fi rm wedge under the right buttock/hip 

to achieve tilt.  
•   In cases of major trauma, place the wedge 

under the spinal board (Figs.  25.1  and  25.2 ).

       If lateral tilt is not feasible, manual uterine 
displacement to minimize IVC compressions is 
done by standing on the woman’s left; the clini-
cian places two hands around the uterus and gen-
tly pulls the uterus towards themselves (Fig.  25.3 ).

   Rapid maternal respiratory support is criti-
cal; anoxia occurs more quickly in advanced 
pregnancy because of the changes that occur in 

 Key Points in Management of 

Cardiorespiratory Arrest 

     1.    Position the woman to reduce IVC 
compression.   

   2.    Defi brillate as for the nonpregnant 
trauma patient – no signifi cant shock is 
delivered to the fetus.   

   3.    Remove CTG leads prior to 
defi brillation.   

   4.    Administer advanced cardiac life sup-
port drugs as would be indicated for the 
nonpregnant patient.     
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respiratory physiology during pregnancy. 
Supplemental oxygen is essential to prevent 
maternal and fetal hypoxia.  

    Airway and C-Spine 

 There is increased risk of failed intubation due to 
laryngeal edema from water retention, lingual and 
nasal mucosa swelling from capillary engorge-
ment, increased facial adipose tissue affecting 
space for maneuvering laryngoscope handle, 
increased abdominal contents elevating diaphragm 
with anterior shifting larynx, and morbid obesity 

(heavier than 300 lb). Mask ventilation may also 
be diffi cult due to increased intra-abdominal pres-
sure and low chest compliance. Due to these, ear-
lier intubation of nonpregnant patients is 
considered. Use short handle laryngoscope, cri-
coid pressure, and a smaller endotracheal tube 
(ETT) due to laryngeal edema. Factors increasing 
the risk of aspiration associated with pregnancy 
include gravid uterus, progesterone mediated 
lower oesophageal sphincter relaxation, lower gas-
tric pH and delayed gastric emptying during 
labour. Due to this, consider insertion of an oro-
gastric tube if intubated and nasogastric tube if not 
intubated. Cervical spine collar should be applied.  

Inferior
vena cava Aorta

  Fig. 25.1    Inferior vena cava compression when positioned supine. Queensland Clinical Guidelines, Trauma in preg-
nancy, guideline no MN14.31-V1-R19, Queensland Health. Feb 2014       

  Fig. 25.2    Left lateral tilt ( right side up ) 15–30° to relieve compression. Queensland Clinical Guidelines, Trauma in 
pregnancy, guideline no MN14.31-V1-R19, Queensland Health. Feb 2014       
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    Breathing and Ventilation 

 Supplemental high fl ow 100 % oxygen is routinely 
administered provided by nasal cannula, mask, or 
endotracheal intubation as deemed appropriate for 
the situation. Ventilation volumes may need to be 
reduced because of elevated diaphragm. If safe to 
do so, raise the head of the bed to reduce weight of 
uterus on the diaphragm and facilitate breathing. If 
a chest tube is indicated, place tube 1–2 intercostal 
spaces above usual fi fth intercostal space land-
mark due to raised diaphragm.  

    Circulation and Hemorrhage Control 

 Hypovolemia should be suspected before it 
becomes apparent because of the relative 
pregnancy- induced hypervolemia and hemodilu-
tion that may mask signifi cant blood losses. 
Additionally, the mother’s blood pressure may be 
maintained by shunting blood away from the 
uterus. Up to 25 % of maternal intravascular blood 
volume may be lost without change in maternal 
vital signs. Aggressive volume resuscitation is 
encouraged even for normotensive patients.

    1.    Obvious external hemorrhage should be 
controlled.   

   2.    Position with left lateral tilt 15–30°.   
   3.    Obtain large-bore intravenous (IV) access.   

   4.    Avoid femoral lines due to compression by 
gravid uterus.   

   5.    Commence crystalloid IV.   
   6.    Assess response – maintain an awareness of 

pregnancy-related physiological parameters.   
   7.    Aim to avoid large volumes of crystalloids 

(greater than 2 L) which may lead to pulmo-
nary edema due to the relatively low oncotic 
pressure in pregnancy.   

   8.    Avoid vasopressors to restore maternal BP as 
they may compromise uteroplacental fl ow.   

   9.    Maintain a high index of suspicion for bleed-
ing and an awareness of the limitations of 
clinical signs.   

   10.    Perform a thorough search for occult bleed-
ing as maternal blood fl ow is maintained at 
expense of fetus.   

   11.    Conduct focused abdominal sonography for 
trauma (FAST) to assess for intra-abdominal 
hemorrhage.   

   12.    If hypovolemia is suspected, initiate fl uid 
resuscitation to ensure adequate maternal 
and uteroplacental perfusion.   

   13.    Consider Massive Transfusion Protocol (MTP) 
activation if nonresponsive to crystalloids.   

   14.    Rapid transfer to operating theatre as 
indicated.   

   15.    Evaluate fetal heart rate but do not delay 
resuscitation for fetal assessments.      

    Disability 

 Rapid neurological evaluation utilizing the 
Glasgow Coma Scale. The examination should be 
a focused assessment of the patient’s level of con-
sciousness using the Glasgow Coma Scale and 
also an evaluation of their pupillary size, gross 
motor function, and sensation in each limb. If 
signs, symptoms, or suspicion of spinal cord injury 
is present, it is especially important to note any lat-
eralizing signs and the level of intact sensation. 

 The pneumatic antishock garment (PASG) 
may be used to stabilize lower extremity frac-
tures and perhaps control hemorrhage. In the 
pregnant patient, infl ation of the abdominal 
compartment of the PASG should be avoided 
because it compromises uteroplacental blood 
fl ow.

  Fig. 25.3    Manual displacement of the uterus to relieve 
compression ( arrows ). Queensland Clinical Guidelines, 
Trauma in pregnancy, guideline no MN14.31-V1-R19, 
Queensland Health. Feb 2014       
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Flow Chart: Initial assessment and management of the pregnant trauma patient

Additionally for pregnancy

Principles of care for the pregnant trauma patient

Initial stabilisation

Cardiac arrest

• Follow ATLS guidelines
• First priority is to treat the woman
• Multidisciplinary team that includes an obstetrician is essential

° Contact neonatal team early if birth imminent/likely
• Recognise anatomical and physiological changes of pregnancy
• Clear, coordinated and frequent communication essential
• Generally, medications, treatment and procedures as for non-pregnant patient
• Refer pregnant women with major trauma to a trauma centre

   ° < 20 weeks gestation: to the nearest trauma centre

   ° ≥ 20 weeks gestation: to a trauma centre with obstetric services
• Thoroughly assess all pregnant women − even after minor trauma

• As indicated for all trauma patients
• Follow ATLS guidelines
• Initiate early obstetric consultation
• Contact QCC (1300 799 127) to
  expedite transport & identify
  receiving facility as required

• Position (tilt or wedge):

   ° Left lateral 15-30˚ (right side
     up) or

   ° Manual displacement of uterus

   ° Place wedge under spinal
     board if necessary
• Routinely administer Oxygen
  therapy
• Large-bore IV access
• Volume resuscitation (Crystalloid
  infusion)

• Follow ATLS guidelines
• Defibrillate as for non-pregnant
  patient
• Advanced cardiac life support
  drugs as indicated for non-
  pregnant patients
• Perimortem CS if:

   ° ≥ 20 weeks gestation

   ° No response to effective CPR
     after 4 minutes

• High-flow Oxygen 100%
• Consider tube thoracostomy in
  3rd or 4th rib space if
  pneumothorax or haemothorax

• Control obvious haemorrhage
• 2 x large-bore IV access
• Recognise occult bleeding
• Commence Crystalloid infusion

   ° Assess response

   ° Avoid volumes > 2 L
• FAST
• Consider Massive Transfusion
  Protocol (MTP) activation
• Rapid transfer to OT

Abbreviations
ATLS: Advanced Trauma Life Support
CPR: Cardiopulmonary Resuscitation
CS: Caesarean section
ETT: Endotracheael tube
FAST: Focused Abdominal
  Sonography for Trauma
IV: Intravenous
OT: Operating Theatre
QCC: Queensland Emergency
  Medical Coordination Centre
>: Greater than
≥: Greater than or equal to

Queensland Clinical Guideline: Trauma in pregnancy. Guideline No: MN14.31-V1-R19

Yes

Respiratory
compromise?

Haemodynamic
compromise?

Proceed to flowchart:
Secondary assessment and

management of pregnant trauma
patient

Yes

Yes

No

No

No

Airway
compromise?

• Early ETT intubation

   ° Pre-oxygenation

   ° Consider cricoid pressure

   ° Consider smaller ETT
• Insert orogastric tube
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        Secondary Survey 

 The secondary survey consists of obtaining a 
complete history, including an obstetrical history, 
performing a physical examination, and evaluat-
ing and monitoring the fetus. The obstetrical 
 history is important because the identifi cation of 
comorbid factors may alter management 
decisions  

    Obstetric History 

 The obstetrical history should include the date of 
the last menstruation, expected date of delivery 
and any problems or complications of the current 
and previous pregnancies, prenatal care, and his-
tory of vaginal bleeding.  

    Physical Examination 

 The fi ndings of the physical examination in the 
pregnant woman with blunt trauma are not reli-
able in predicting adverse obstetric outcomes. 
Head-to-toe examination as for nonpregnant 
trauma patients is done. Abdomen is inspected 
for ecchymosis or asymmetry. 

 Compared with nonpregnant persons, preg-
nant women have a higher incidence of serious 
abdominal injury but a lower incidence of chest 
and head injuries. Maternal pelvic fractures, par-
ticularly in late pregnancy, are associated with 
bladder injury, urethral injury, retroperitoneal 
bleeding, and fetal skull fracture. After 12 weeks 
of gestation, the maternal uterus and bladder are 
no longer exclusively pelvic organs and are more 
susceptible to direct injury. 

 Skull fracture is the most common direct fetal 
injury, with a mortality rate of 42 %. Altered 
mental status or severe head injury after trauma 
in a pregnant woman is associated with increased 
adverse fetal outcomes. 

 In cases of motor vehicle accident, incorrect 
positioning of the seat belt across the gravid 
uterus may cause marked bruising of the abdo-
men, increase the risk of placental abruption, and 
increase the risk of uterine rupture. Assess uter-

ine tone, contractions, rigidity, tenderness, and 
palpable fetal parts. The gravid abdomen may be 
relatively insensate to peritoneal irritation. 

    Estimation of Gestational Age 
 Gestational age can be estimated by measuring 
fundal height and the vertical distance in the 
midline from the symphysis pubis to the top of 
the fundus in centimeters. The top of the fundus 
is marked to evaluate the possibility of con-
cealed abruption as noted by increasing fundal 
height.  

    Fetal Heart Rate Monitoring 
 Normal FHR 110–160 bpm. FHR can be assessed 
using standard stethoscope from about 20 weeks 
and Doppler from about 12 weeks. Maternal and 
FHR should be differentiated as maternal tachy-
cardia may cause confusion. 

 For gestations greater than 24 weeks (major 
trauma), continuous cardiotocography (CTG) 
should be initiated as soon as possible. It has a 
good sensitivity for immediate adverse outcome. 
It detects uterine irritability and abnormal fetal 
heart rate patterns. Abnormal CTG may be the 
only indication of injury or compromise to the 
fetus. Persistent fetal bradycardia more than 
5 min, loss of baseline variability or recurrent 
complex variable, or late decelerations indicate 
fetal compromise. Sinusoidal trace indicates fetal 
anemia. 

 Physiological control of FHR and resultant 
CTG trace interpretation differs in the preterm 
fetus compared to the term fetus, especially at 
gestations less than 28 weeks. Four hours of con-
tinuous monitoring is suffi cient in the absence of 
vaginal bleeding and abdominal pain, uterine 
contractions more frequent than 1 in 10 min, and 
non-reassuring fetal heart rate tracing. Additional 
monitoring up to 24 h is warranted with any evi-
dence of more frequent uterine contractions, non- 
reassuring fetal heart testing, vaginal bleeding, 
signifi cant uterine tenderness or irritability, seri-
ous maternal injury, or rupture of the amniotic 
membranes 

 Staff and equipment should be moved to the 
woman’s location rather than transporting a 
women to an obstetric unit for monitoring.   
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    Pelvic/Vaginal Examination 

 In case of major trauma, a rectal examination should 
be performed to assess for spinal cord damage or 
local trauma. Sterile speculum vaginal examination 
should be performed as clinically indicated. 
Evaluation for ruptured membranes, vaginal bleed-
ing, cord prolapse, cervical effacement, and dilation 
in labor and fetal presentation should be done. 
Vaginal bleeding may indicate preterm labor, abrup-
tion, pelvic fracture, or uterine rupture. Urinary 
catheter insertion may be done if required.  

    Diagnostic Imaging 

 The fetus is most vulnerable to radiation during 
the fi rst 15 weeks of gestation. The risks of radia-
tion to the fetus are small compared with the risk 
of missed or delayed diagnosis of trauma. 
Increased risks to the embryo or fetus have not 
been observed for intellectual disability, birth 
defects, growth restriction, neurobehavioral 
effects, impaired school performance, convulsive 
disorders, or embryonic or fetal death below an 
effective dose of 100 millisievert (mSv) [ 5 ]. 

 Although iodinated contrast agents cross the 
placenta and may be taken up by the fetal thyroid, 
no cases of fetal goiter or abnormal neonatal thy-
roid function have been reported in connection 
with in utero contrast exposure. Gadolinium used 
in MRI has known teratogenic effects on animals 
and is not recommended unless benefi ts clearly 
outweigh the risks. 

 X-ray examinations of the extremities, head, 
and skull, mammography, and computerized 
tomography (CT) examinations of the head and 
neck can be undertaken on pregnant or possibly 
pregnant women without concern. Other X-ray 
examinations may also be undertaken if the radi-
ation dose to the embryo or fetus is likely to be 
less than 1 mSv [ 5 ]. 

 Risk benefi t ratio should be assessed where a pro-
cedure on a pregnant woman may result in a radia-
tion dose of more than 1 mSv to an embryo or fetus. 

 Personal protective equipment, (e.g., lead 
gown) is advised for pregnant women only when 
the position of the uterus is in the direct X-ray 
beam (and not if it interferes with imaging). It is 

preferable to perform a single CT scan with 
iodinated contrast rather than perform multiple 
suboptimal studies without contrast. Information 
and counseling to women exposed to radiation 
during diagnosis and care should be done.  

    Ultrasound 

 Ultrasound (US) can assess solid organ injury, 
intraperitoneal fl uid, gestational age, FHR, fetal 
activity, fetal presentation, extent of fetal injury, 
placental location, amniotic fl uid volume, and bio-
physical profi le. US is not a reliable indicator of 
recent placental abruption. FAST (focused assess-
ment with sonography for trauma) scan is as accu-
rate as in nonpregnant patients for intra- abdominal 
free fl uid. Formal obstetric US following FAST 
should be done if required. It helps identify intra-
abdominal fl uid, thus increasing the index of sus-
picion for an intraperitoneal hemorrhage.  

    CT Scan 

 Another imaging modality that may be indicated 
during evaluation of a trauma patient during preg-
nancy is computed tomography (CT), which gen-
erally exposes the fetus to 3.5 rad. Although a CT 
scan is indicated in cases where its benefi ts to the 
mother outweigh its associated fetal risks, proper 
counseling, when possible, remains warranted.  

    Open Peritoneal Lavage 

 Open peritoneal lavage may be necessary if an intra-
peritoneal hemorrhage is suspected on the basis of 
abdominal signs or symptoms suggestive of intra-
peritoneal bleeding, altered sensorium, unexplained 
shock, major thoracic injuries, and multiple major 
orthopedic injuries. Open  peritoneal lavage, usually 
periumbilical, with sharp dissection and opening of 
the anterior abdominal peritoneum under direct 
vision is the preferred technique in pregnancy as this 
is less likely to injure the uterus or other organs com-
pared with blind needle insertion. It is important to 
emphasize that, if intraperitoneal bleeding is clini-
cally evident, a lavage is not indicated.
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Secondary survey

Flow Chart: Secondary assessment and management of the pregnant trauma patient

No

No
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Maternal or
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Discharge
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met?

Yes or uncertain

Yes

Yes

Discharge

Queensland Clinical Guideline: Trauma in pregnancy. Guideline No: MN14.31-V1-R19

Abbreviations
CS: Caesarean section
CTG: Cardiotocograph
DIC:  Disseminated intravascular
  coagulopathy
FAST: Focused Abdominal
  Sonography for trauma
FHR: Fetal heart rate
US: Ultrasound scan
<: Less than
>: Greater than
≥: Greater than or equal to

Admit

Consider discharge criteria

Gestation
> 24 weeks?

Consider - especially for major trauma

• Consult obstetric team
• Maintain high index of suspicion for occult
  shock and abdominal injury
• Maintain position (tilt or wedge) left lateral
  15-30˚ (right side up) or

 ° Manual displacement of uterus

 ° Wedge spinal board if required
• Obtain obstetric history

 ° Gestation

 ° Estimated date of delivery

 ° Pregnancy complications
• Physical examination
• Assess uterus

 ° Tone, rigidity, tenderness

 ° Contractions
• Estimate gestational age

 ° Fundal height

 ° US

 ° If uncertain (i.e. severe trauma, no prior
     US or lack of accurate records)
     presume viability
• Assess and record FHR

 ° Stethoscope or

 ° Doppler

• CTG
 ° Application and
     interpretation by
     experienced obstetric
     team member
 ° Interpret with caution
     at < 28 weeks
• Monitor uterine activity

• Obstetric team consulted/agree for
  discharge
• Reassuring maternal status
• No vaginal loss/bleeding
• Normal CTG/FHR (minimum 4
  hours CTG)
 ° Interpret CTG with caution at
     < 28 weeks
• No contractions
• Blood results reviewed
• Rh immunoglobulin given if
  required
• Social worker referral offered

• Rectal examination
• Pelvic exam (obstetric team)

 ° Sterile speculum

 ° Assess for rupture of membranes,
     vaginal bleeding, cervical effacement
     and dilation, cord prolapse, fetal
     presentation
• Imaging

 ° FAST ultrasound

 ° Formal obstetric ultrasound

 ° Other radiographs
• Blood tests

 ° Standard trauma bloods

 ° Group and Antibody screen

 ° Kleihauer Test if Rh D negative and all
     women if major trauma (EDTA tube)

 ° Consider Coag Profile (major trauma)
• If Rh D negative and ≥ 12 weeks
  gestation, administer Rh D
  immunoglobulin (but do not delay definitive
  care to do so)

• Advise to seek medical advice if:

 ° Signs of preterm labour

 ° Abdominal pain

 ° Vaginal bleeding or discharge

 ° Change in fetal movements
• Advise to inform usual maternity
  care provider of trauma event

• Assess for:

 ° Placental abruption

 ° Feto-maternal
     haemorrhage

 ° Uterine rupture

 ° Preterm labour

 ° DIC
• Continuous CTG if
  > 24 weeks gestation
• Intervene as appropriate
• Consider emergency CS

As for non-pregnant patient AND
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        Perimortem Caesarean Section 

 It is a Caesarean section (CS) that is initiated 
after CPR has commenced. It may improve sur-
vival of either or both the woman and fetus but 
should be considered a resuscitative procedure 
performed primarily in the interests of maternal 
survival. It improved maternal condition/survival 
from the increase in venous return after removal 
of the gravid uterus from the IVC. 

 Survival and neurologic outcome of the viable 
fetus is related to time between maternal death 
and birth. Best fetal survival occurs when birth is 
within 4–6 min of the maternal cardiac arrest. 
Intact fetal survival has not been demonstrated 
beyond 30 min of cardiac arrest. Delay in initiat-
ing a perimortem CS has been linked to adverse 
outcomes. 

    Management 
 Where gestation is greater than 20 weeks, peri-
mortem CS is performed 4 min after commence-
ment of nonresponse to effective CPR. CS is 
performed at the point of resuscitation. CPR is 
continued during and after the procedure.   

    Prevention Strategies 

 Prenatal care is essential for optimal outcomes 
for the pregnant patient and the infant. Part of 
prenatal care is appropriate education regarding 
prevention of injury, particularly blunt trauma, 
although proper seat belt use. 

    Social Violence 
 Interpersonal violence has been emphasized as 
an etiology of trauma only during the past few 
decades. Sexual or physical abuse occurs in up to 
17–32 % of pregnancies, and 60 % of those 
abused reported multiple episodes of abuse. 

Abuse often begins or escalates during pregnancy 
or the immediate postpartum period. Most often 
the abuser is known to the patient, frequently her 
husband or partner. Such interpersonal violence 
is not a function of marital status, race, age, or 
economic status. All healthcare workers must be 
aware of this epidemic and must aid in reduction 
of such abuse, especially during pregnancy.  

    Use of Illegal Drugs during Pregnancy 
 Unfortunately, signifi cant numbers of pregnant 
women who are injured have elevated blood lev-
els of alcohol or other drugs. These substances 
contribute to automobile accidents as well as low 
birth weights.  

    Automobile Restraint Systems 
and Patient Education 
 Ejection from a moving automobile results in 
great injury to anyone in an accident. Restraint 
systems, both air bags and appropriately worn lap 
belts, decrease the incidence of injury and are 
considered to be safe for pregnant females. 
Education about how these lap belts should be 
worn low at the pelvic brim and not on top of the 
gravid uterus will aid in decreasing lap belt- 
associated injury. 

  Correct positioning of the seat belt includes: 

•    Lap belt over hips below uterus  
•   Sash between breasts above uterus    

  Correct application of the seat belt: 

•    Reduces maternal/fetal injuries  
•   Reduces ejection mortalities  
•   Improves fetal survival    

 The use of a lap belt only is not recommended. 
It increases uterine fl exion and may increase pla-
cental abruption (Fig.  25.4 ).
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      Burns in Pregnancy                     

     Reeti     Mehra      and     Sanjay     Gupta    

           Introduction 

 Thermal injury during pregnancy requires special 
consideration. The presence of foetus leads to a 
number of maternal physiological changes, and 
burn wounds pose additional stress on body sys-
tems that are already modifi ed. This compro-
mises body’s ability to respond to burns and the 
reserve required for foetal well-being, thus 
increasing the risk to both the mother and foetus. 
It is rarely reported from developed nations, and 
most of the available data is from developing 
countries. The incidence in reproductive age 
group varies from 0.6 to 15 % in different series 
with highest being reported from India 
(Table  26.1 ) [ 1 – 8 ]. Flame burn involving kero-
sene oil is the most common type of burn seen in 
these countries. Illiteracy, unsafe cooking habits 
and social custom of dowry are some of the fac-
tors responsible for this high prevalence. In con-
trast, in developed countries, burns are accidental 

in nature and are usually scalds or industry- 
related fl ame burns [ 8 ].

   The paucity of data has made it diffi cult to 
frame the standard management guidelines of 
such patients. This chapter aims to describe the 
management of pregnant female with thermal 
injuries on the basis of limited available 
literature.  

    Classifi cation and Estimation 
of Burn Wounds 

    Burn Depth 

 It is classifi ed on the basis of degree of injury to 
the epidermis, dermis, subcutaneous fat and 
underlying structures.

    First-degree burns  are confi ned to the epidermis. 
These burns are painful, erythematous and 
blanch to the touch with an intact epidermal 
barrier. These burns do not result in scarring.  

   Second-degree burns  are divided into two types: 
superfi cial and deep. This division is based on 
the depth of injury into the dermis. Superfi cial 
dermal burns are erythematous, painful and 
blanch to touch and often lead to blister for-
mation. These wounds re-epithelialize sponta-
neously from retained epidermal structures in 
the rete ridges, hair follicles and sweat glands 
in 7–14 days. Deep dermal burns that extend 
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into the reticular dermis, appear more pale and 
mottled, and do not blanch to touch but remain 
painful to pinprick. These burns heal in 14–35 
days by re-epithelialization from hair follicles 
and sweat gland keratinocytes, often with 
severe scarring.  

   Third-degree burns  are full thickness through the 
epidermis and dermis and are characterized by 
a hard, leathery eschar that is painless and 
black, white or cherry red. These wounds heal 
by re-epithelialization from the wound edges. 
Deep dermal and full-thickness burns usually 
require excision with skin grafting.  

   Fourth-degree burns  involve other organs beneath 
the skin, such as the muscle and bone 
(Fig.  26.1 ).

          Burn Size 

 Burn size is generally assessed by the ‘rule of 
nines’ (Fig.  26.2 ). In adults, each upper extremity 
and the head and neck are 9 % of the total body 
surface area (TBSA), the lower extremities and 
the anterior and posterior trunk are 18 % each, 
and the perineum and genitalia are considered to 
be 1 % of the TBSA. For smaller burns, the area 
of the open hand (including the palm and the 
extended fi ngers) of the patient is taken as 1 % 
TBSA.

        Management 

 In addition to preterm labour and intrauterine 
foetal death, the pregnant woman with major 
burns is at risk of all the serious complications 
that can occur in a nonpregnant woman like car-
diovascular instability, respiratory distress, sep-
sis, liver failure and renal failure. Therefore, a 
multidisciplinary approach involving a plastic 
surgeon, obstetrician and intensivist is required 
for the management of burned pregnant patient. 
Going by the high incidence of burns in repro-
ductive age group (up to 15 %), all female burned 
patients of child-bearing age should be tested for 
pregnancy unless the pregnancy is obvious. Early 
diagnosis of pregnancy helps in avoiding terato-
genic drugs and ionizing imaging studies and at 
the same time helps in initiating optimal therapy 
for better outcome [ 9 ]. 

   Table 26.1    Case series reported from India   

 Author (year) 

 Incidence in 
reproductive age group 
(%)  Number of cases 

 Maternal mortality 
(%)  Foetal mortality (%) 

 Bhattt (1974) [ 1 ]  NA  28  71.4  82.1 

 Jain (1993) [ 2 ]  13.3  25  20  36 

 Akhtar(1994) [ 3 ]  7.1  50  70  72 

 Sarkar(1996) [ 4 ]  NA  20  0  60 

 Prassana (1996) [ 5 ]  15  6  16.6  16.6 

 Gaffar (2007) [ 6 ]  14.9  32  71.8  81.2 

 Zalquarnain (2012) [ 7 ]  12.7  87  21.8  54.02 

 Aggarwal (2014) [ 8 ]  12.2  49  67.3  69.3 

   NA  not available  

Epidermis
First degree burn

Superficial second degree

Deep second degree

Third degree

Fourth degree

Dermis

Sub cutaneous fat

Muscle

  Fig. 26.1    Burn depth       
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    Fluid Therapy 

 Proper fl uid management is critical to survival 
following major thermal injury. One of the 
principal causes of multiple organ failure sys-
tem (MOFS) is found to be inadequate fl uid 
resuscitation. The primary goal of fl uid resusci-
tation is to ensure end-organ perfusion by 
replacing fl uid that is sequestrated as a result of 
the thermal injury. Pregnancy is associated with 

hyperdynamic circulation. As pregnancy pro-
gresses, there is also progressive fall in colloid 
osmotic pressure. These changes, along with an 
increase capillary permeability in burned 
patient, predispose the burned pregnant patient 
to additional fl uid loss beyond the amount as 
seen in nonpregnant individuals. Because 
uterus has little capacity for autoregulation, 
early and aggressive fl uid resuscitation is vital 
to avoid maternal hypotension and resultant 

4.5%4.5% 4.5%

4.5% 4.5% 4.5% 4.5%

9% 9%

9%

9% 9% 9% 9%

9%

1%

  Fig. 26.2    Burn size       
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utero-placental  hypoperfusion and foetal 
hypoxia in these patients [ 10 ,  11 ]. 

 In nonpregnant patients, the fluid require-
ment in early postburn is estimated using 
 Parkland formula . According to this, the fluid 
requirement in the first 24-h postburn period is 
4 ml/kg body weight per percent of burned 
body surface area. One half of this fluid is to 
be given in the first 8 h and the rest in the next 
16 h. However, it has been found that this for-
mula underestimates the fluid requirement in 
pregnant patients by almost 50 %. Therefore, 
it is suggested that volume resuscitation 
should be titrated to other parameters like 
urine output (30–60 ml/h), mean arterial pres-
sure, central venous pressure (CVP) and 
maternal and foetal heart rate, rather than by 
Parkland formula. As far as the choice of fluid 
is concerned, crystalloid, i.e. lactated Ringer 
solution, should be preferred as normal saline 
invariably leads to hyperchloremic metabolic 
acidosis [ 12 ].  

    Ventilation 

 Thermal injury to the respiratory tract is usually 
manifests as mucosal and submucosal erythema, 
oedema and ulceration. It is usually limited to 
upper airway because of refl ex closure of vocal 
cords to hot air. The presence of signifi cant intra-
oral and pharyngeal injury is an indication for 
early endotracheal intubation. 

 Supplemental oxygen and nursing in semi- 
sitting posture is recommended for all patients 
even in the absence of smoke inhalation injury. 
This improves tissue oxygenation, especially in 
third trimester when there is reduced functional 
residual capacity and end-expiratory volume. 
Inhalation injury must be suspected in patients 
who sustain burns in closed space or have facial 
burns. Inhaled carbon monoxide crosses placen-
tal barrier, binds to foetal Hb and can result in 
foetal hypoxemia. Supplementing 100% oxygen 
helps in reversing this by reducing half-life of 
carboxyhemoglobin. Ventilatory support should 
only be initiated when maternal pO 2  is less than 
60 mmHg [ 13 ].   

    Wound Management 

    Burn Wound Excision 

 For deeper wounds (deep partial thickness and 
full thickness), rather than waiting for  spontaneous 
healing, the eschar is surgically removed and 
wound is closed by split skin graft or by fl ap. 
This approach is known as early excision and 
grafting (E&G). Any burn wound projected to 
take longer than 3 weeks to heal is a candidate for 
E&G within the fi rst postburn week. Early tan-
gential excision of burn wound and grafting 
improves maternal and foetal outcome by reduc-
ing septic complications. Removal of burn eschar 
also reduces the circulating level of prostaglandin 
E2 (PGE2) and a burn toxin-A lipoprotein com-
plex released form damaged cell membranes, 
which are responsible for uterine stimulation 
[ 5 ,  14 ]. Early excision and grafting also mini-
mizes excessive scar formation which is associ-
ated with secondary healing of wounds. Wounds 
over the abdomen and breasts should be treated 
fi rst. This helps in pain-free stretching of abdom-
inal wall as pregnancy develops, better supervi-
sion of growing foetus and easy performance of 
caesarean section if need arises. Better healing of 
breast wound prevents infection and sloughing of 
nipples and subsequent breastfeed. Early exci-
sion is recommended not only in patients who 
sustain minor burns but also in patients who has 
full- thickness major burns ranging from 25 to 
65 % [ 10 ,  15 ].  

    Wound Infection 

 All burn wounds become colonized by 72 h after 
the injury. Bacteria colonize on the surface of the 
wound or may penetrate the eschar. This coloni-
zation is of no clinical signifi cance; hence, rou-
tine wound cultures are not recommended. 
Bacterial colonization beneath the eschar at the 
viable nonviable interface rather helps in eschar 
separation in cases where early E&G is not done. 
Wound sepsis occurs only if microorganisms 
invade the deeper viable tissue. This can be diag-
nosed by biopsy or quantitative tissue culture 
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demonstrating greater than 10 5  organisms per 
gram of tissue. Once the diagnosis of wound sep-
sis is confi rmed, suitable antibiotics should be 
given along with wound excision.  

    Use of Topical and Systemic 
Antibiotics 

 Chloramphenicol, either in powder form or oint-
ment form, is absolutely contraindicated in preg-
nancy. It has teratogenic effect if used in the fi rst 
trimester and can lead to grey baby syndrome in 
newborns if used in the fi nal trimester. 
Gentamicin, if used after 14th week of preg-
nancy, can cause ototoxicity and nephrotoxicity. 
Most commonly used topical ointment silver sul-
fadiazine is found to be teratogenic if applied 
before 14th week of pregnancy and can cause 
growth retardation if used subsequently. 
Povidone-iodine, one of the widely used agents 
for cleaning burn wounds, is not recommended if 
TBSA increases by more than 20 %. The iodine 
absorbed through burn wound will cross the pla-
cental barrier and can cause thyroid dysfunction 
and metabolic acidosis. Vancomycin, one of the 
most commonly used anti-staphylococcal drug, 
is considered as teratogenic, and ciprofl oxacin 
can damage the articular cartilages [ 15 ]. 

 The choice of antibiotics is therefore very lim-
ited in burned pregnant patient. The need of anti-
biotics can be minimized by early wound excision 
and split skin grafting as this signifi cantly reduces 
the chances of wound infection. Penicillins and 
cephalosporins are antibiotics that are considered 
to be safe in pregnancy.  

    Nutritional Support 

 The hypermetabolic response to burns is associ-
ated with exaggerated energy expenditure and 
massive nitrogen loss. The aim of nutritional sup-
port therefore is to provide adequate calories to 
match energy expenditure and to provide enough 
nitrogen to replace or support body protein stores. 
To achieve a positive nitrogen balance, 36 kcal/
kg/day with a protein of 1.5–2.0 g/kg/day is 

 recommended. The route of nutritional support 
directly infl uences the outcome in burned 
patients. Total enteral nutrition (TEN) is pre-
ferred over total parenteral nutrition (TPN). TPN 
is indicated only if enteral nutrition fails as TPN 
is associated with increased mortality due to sep-
tic complications [ 16 ].  

    Obstetric Management 

 The most common complication for the foetus is 
intrauterine foetal distress followed by spontane-
ous abortion and premature labour. In case of 
maternal hypovolemia, blood is diverted from the 
gravid uterus to the maternal circulation. Thermal 
injuries also increase prostaglandin levels and oxy-
tocin release. These actions along with hypovole-
mia decrease uteroplancetal circulation leading to 
foetal hypoxia and acidosis thus increasing risk of 
preterm labour or spontaneous abortion [ 17 ]. 

 Foetal survival depends gestational age and 
extent of maternal injury. Foetal loss is usually high 
in the fi rst trimester. In the second trimester, the 
survival is dependent on maternal survival. 
Therefore, in the second trimester in case preterm 
labour occurs, tocolytic therapy should be initiated 
provided the condition of mother permits. 
Parenteral magnesium sulphate is a better choice 
than β-mimetic agent as it has got less vasodilatory 
and metabolic effect. Electronic foetal heart moni-
toring and ultrasonography should be regularly 
done to confi rm foetal well-being during conserva-
tive therapy. However, in the presence of maternal 
distress, emergency caesarean section is indicated. 
In the third trimester, conservative approach or 
urgent delivery (induction/caesarean section) 
should be considered depending on the extent of 
injury. Modern neonatal intensive care units have 
improved the survival for neonates delivered in the 
third trimester. Therefore, elective obstetrical inter-
vention is indicated in severely burned only if the 
patient is in the third trimester or if there are fea-
tures of hypoxia or sepsis. The manner of delivery 
(vaginal or caesarean section) should be decided on 
the basis of obstetric considerations, and caesarean 
section is not a contraindication even when the 
lower abdominal wall is burned [ 8 ]. 
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 The general scheme regarding obstetric man-
agement of burned pregnant patients as proposed 
by Gang et al. [ 18 ] in 1992 is still being followed 
(Table  26.2 ).

       Thromboprophylaxis 

 Burns aggravates the hypercoagulable state of 
pregnancy by activation of coagulation system 
with the release of cytokines. The hemoconcen-
tration associated with fl uid loss may further 
increase the risk thrombosis. The use of prophy-
lactic doses of unfractionated heparin or low- 
molecular- weight heparin is therefore strongly 
recommended to prevent deep vein thrombosis 
and associated complications [ 15 ].  

    Anaesthetic Considerations 

 Similar general anaesthesia techniques can be 
applied for both burn wound excision and for 
caesarean section. Prevention of hypoxia and 

hypotension during anaesthesia is vital during 
any surgical procedure. Intraoperatively, 1 ml/
kg/h of urine output and 100 % oxygen saturation 
should be maintained. In use of diffi cult intuba-
tion due to airway oedema, uses of GlideScope, 
cricoid pressure and small diameter endotracheal 
tube (6.5 mm) are other options. Among drugs, 
ketamine should be avoided as it triggers myo-
metrium excitability and can induce premature 
labour. Succinylcholine can be safely used within 
12–24 h of thermal injury, but beyond this, there 
is a risk of hyperkalaemia. Non-depolarizing 
muscle relaxants like curare and pancuronium 
are found to be safer options [ 12 ,  19 ,  20 ].  

    Psychosocial Care 

 Psychosocial care should begin immediately. The 
patient and family members must be made com-
fortable, and a realistic assessment regarding the 
prognosis of the burns must be given. At the same 
time, because of high incidence of homicidal and 
suicidal burns especially in a developing country 

   Table 26.2    Obstetric management of burned pregnant patient   

 Burn area (%)  Gestational age  Management 

 <30  First trimester  No obstetric interference 

 Second trimester  No obstetric interference 

 Third trimester  >36 weeks  Induce labour/caesarean section 

 <36 weeks  Conservative approach and 
monitoring of heart rate 

 30–50  First trimester  Foetal monitoring by ultrasound 
every 3–4 weeks 

 Second trimester  Foetal monitoring every 3–4 weeks. 
Tocolytic therapy 

 Third trimester  >36 weeks  Deliver foetus within 48 h 

 <36 weeks  Careful foetal monitoring 

 50–70  First trimester  Terminate pregnancy 

 Second trimester  Terminate pregnancy 

 Third trimester  If baby is viable  Induce labour/caesarean section 
within 24 h 

 Intrauterine death  No active intervention up to 4 
weeks/monitoring of foetus of 
haemo coagulation factors 

 >70  First trimester  No treatment 

 Second trimester  No treatment 

 Third trimester  Caesarean section as an emergency 
procedure at the earliest 
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like India, all cases must be reported to the local 
law enforcing agencies.  

    Tetanus Prophylaxis 

 All burn wounds are tetanus prone. The need for 
tetanus prophylaxis should be determined by the 
patient’s immune status.  

   Rehabilitation 

 Burns rehabilitation includes care of physical, 
psychological and social aspects of burn patient.  
It is same for burn pregnant patient as it is for any 
other burn patient.  It starts on day one of burns 
and may continue for several years.  Burns can 
leave a patient with severely debilitating and 
deforming contractures, which can lead to sig-
nifi cant disability if left untreated. The aim of 
burn rehabilitation is to minimize contracture 
development and impact of scarring on func-
tional ability. Early phase of rehabilitation 
include proper positioning, splinting, stretching 
and early mobilization whereas late phase include 
management of contractures and hypertrophic 
scars, if these develop.  A dedicated multidisci-
plinary team of professionals and the full partici-
pation of the patient is must to achieve maximum 
outcome.   

    Outcome 

 Maternal and foetal outcome is directly related to 
burn percentage of TBSA. A mortality rate of 
(mother or foetus) more than 60 % has been 
reported for both if burn is 25–50 % of 
TBSA. Foetal mortality may reach 100 % if burn 
surface exceeds 50 %. However, it is found that 
foetal outcome largely depends on maternal out-
come and most of the foetuses survive if mother 
survives and remain free of complications like 
hypoxia and sepsis. Most common foetal compli-
cation is intrauterine foetal death followed by 
abortion.  

   Chemical Burns 

 Chemical burns occur as a result of industrial 
accidents, assaults or by improper use of harsh 
household cleaners. These burns can cause pro-
gressive damage to the skin and underlying tis-
sues until the chemical is inactivated or diluted. 
Acids creates an impermeable barrier of coagula-
tion necrosis at leading edge and thus limits fur-
ther penetration, whereas alkalis creates soap 
with cutaneous lipids and continue to spread until 
they are neutralized. 

 Initial management includes irrigation under 
running stream of tepid water for at least 15 min. 
This will decrease the severity of the burns. The 
use of neutralizing agents is usually contraindi-
cated (except for hydrofl uoric acid burns where 
calcium is used as an antidote) as neutralization 
leads to production of substantial heat causing 
thermal burns. Most of these burns are deep par-
tial or full thickness in nature and early E&G 
after full demarcation of injury gives best results.  

    Conclusion 

 Burns during pregnancy is associated with 
signifi cant maternal and foetal mortality. 
However, adequate fl uid resuscitation, wound 
management and intensive care involving 
multidisciplinary approach have been found to 
be associated with better outcome. Early 
delivery of a viable pregnancy (>32 weeks) 
must be attempted after resuscitation if burn 
area is 30–50 % of TBSA, and termination of 
pregnancy should be done irrespective of ges-
tational age if burned area exceeds 50 %.     
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      Poisoning in Pregnancy                     

     Pushpa     Junghare      and     Sayali     Jahagirdar    

           Introduction 

 Poisoning in pregnancy is a rare but possible 
event due to which the woman may be brought 
to the hospital in a serious condition, necessi-
tating critical care. Critical care is possible 
only with critical thinking. Like any other 
obstetric emergency, poisoning in pregnancy 
may be life- threatening. Responding to emer-
gency by providing rapid and appropriate care 
is vital. Certain other things that need to be 
pondered upon are that the history is often 
unreliable Even if the woman is in the state of 
giving history, she may not be aware of her 
pregnant state or she may have ingested the 
drug/substance with the purpose of terminating 
the pregnancy. 

 Prevalence or incidence in India is not known 
but is quite infrequent. 

 Poisoning in pregnancy may be accidental or 
intentional (suicidal or rarely homicidal)  

    Pathophysiology 

 A poison is a substance which when adminis-
tered, inhaled, or ingested can cause deleteri-
ous effect on the human body. Poisoning 
denotes the morbid state produced by the expo-
sure of a toxic agent (poison) that, because of 
its chemical action, causes a functional distur-
bance (e.g., renal failure or hepatitis) and/or 
structural damage (e.g., chemical burn) [ 1 ]. 
Overdose or overdosage refers to a state pro-
duced by the excess or abuse of a drug or sub-
stance [ 1 ]. Envenomations are a particular type 
of toxic exposure resulting from the human 
contact with biologic substances (venoms or 
toxins) produced in specialized glands or tis-
sues from animals, usually by cutaneous or 
transdermal (parenteral) injection (bee and 
scorpion stings, snake bites, etc.) [ 2 ]. 

 The physiologic changes of pregnancy may 
infl uence the absorption, distribution, and meta-
bolic disposition of different potentially toxic 
agents [ 3 ]. 

 In pregnancy not only the woman but also 
her fetus is likely to be affected. The toxic 
agent can cross the placental barrier to directly 
affect the fetus or it can be adversely affected 
because the mother lands in complications, in 
which she develops profound delirium, hypo-
tension, renal/hepatic failure, convulsions, or 
other life- threatening problems. The woman 
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may recover without any long-term effects, but 
the fetus in utero may suffer for weeks or years 
due to teratogenic or other effects of the toxic 
substance.  

    Evaluation 

 The poisoning and the pregnancy can be con-
cealed or unknown at the time of presentation or 
initial consultation by the patient or her family 
members [ 2 ]. 

 The patient is brought in outpatient depart-
ment or casualty. The problem can vary from 
very straight forward with no consequences to a 
life-threatening and complex situation. 

 The initial assessment should rapidly deter-
mine whether the patient is conscious or uncon-
scious and whether she is in cardiac or respiratory 
arrest. 

 In an unconscious patient with a history of 
suspected toxic exposure, differential diagno-
sis of trauma, especially to the cervical spine, 
should be kept in mind and patient stabilized 
accordingly. One has to see whether she is 
hemodynamically stable. She may be con-
scious but disoriented. With such altered men-
tal status, hypoxemia and hypoglycemia should 
be considered, and she should be treated with 
oxygen by mask and parental glucose infusion. 
Oral intake and sedation should be delayed till 
secondary evaluation. 

 Thereafter detailed history should be obtained 
from all possible sources. In addition to general 
and obstetric history, specifi c questions should 
be asked regarding time, route, duration, and 
circumstances of exposure, location, surround-
ing events, and intent. The woman might be 
confused, stimulated, depressed, comatose, dis-
cordant, or normal. Rarely, she may be unaware 
of an exposure. She may be unable or more com-
monly unwilling to admit to one [ 4 ].  

    Toxicological Evaluation 

•     The name and amount of each drug, chemical, 
or ingredient involved  

•   Ingestion of food, drink, or medications  
•   The time of onset, nature, and severity of 

symptoms  
•   The time and type of fi rst aid measures 

provided  
•   The medical and psychiatric history  
•   Psychiatric problem like depression  
•   Family/relationship issues     

    Examination 

    Thorough physical examination should be car-
ried out.  

  Vital signs.  
  Cardiorespiratory status.  
  Neurologic status: dyskinesia, dystonia, fascicu-

lations, myoclonus, rigidity, and tremors.  
  Evidence of trauma.  
  Underlying illnesses.  
  Focal neurological fi ndings (goes more in favor 

of CNS lesion than poisoning).  
  Eyes: nystagmus, pupil size, reactivity.  
  Abdomen: bowel activity, bladder, and obstetri-

cal examination.  
  Skin: burns, bullae, color, warmth, moisture, 

pressure sores, and puncture marks [ 4 ].    

    Investigations 

 Routine and specifi c to assess the condition of the 
patient and fetus: CBC, blood group and Rh type, 
LFT, KFT, blood sugar, USG, NST. 

 For identifi cation of toxin/drug causing the 
poisoning: the collection of sample for toxicol-
ogy is of utmost importance in the identifi ca-
tion of the toxic agent(s) causing the exposure 
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to predict the severity and to  implement and 
monitor specifi c treatment/antidotes. These 
will include blood, urine, saliva, vomit, gastric 
lavage fl uid, feces, cerebrospinal fl uid, amniotic 
fl uid if collected, and meconium if the patient 
delivers soon after admission. Occasionally, 
the analysis of an arterial blood gas and basic 
chemistry will detect an anion gap or osmolar 
gap which will assist in the differential diagno-
sis of acidosis and suggest the possibility of a 
poisoning or overdose [ 5 – 7 ].   

    Management 

    General Principles 

     1.    Knowledge of the offending agents, their 
pharmacokinetics, and pharmacodynamics is 
helpful.   

   2.    Prior to onset of poisoning, decontamination 
is the highest priority and treatment is based 
solely on history.   

   3.    Intravenous access should be obtained along 
with cardiac monitoring at the earliest. Most 
patients who remain or become asymptomatic 
4–6 h after ingestion will not develop subse-
quent toxicity and can be discharged.   

   4.    Effects after an overdose begin sooner, peak 
later, and last longer than they do after a thera-
peutic dose.   

   5.    Symptomatic patients should have an intra-
venous line, oxygen saturation determina-
tion, cardiac monitoring, and continuous 
observation. Baseline laboratory, ECG, and 
X-ray evaluation may also be appropriate. 
Intravenous glucose (unless the serum level is 
documented to be normal), naloxone, and thi-
amine should be considered in patients with 
altered mental status, particularly those with 
coma or seizures [ 4 ].     

  Treatment withheld from women because of 
their gravid condition will have catastrophic 
results for both mother and fetus.  

 Pelvic tilt or wedge to lift and/or the manual 
displacement of the uterus off the midline to the 
left is recommended to relieve aortocaval com-
pression by the gravid uterus and improve the 
venous return. Perimortem caesarean section 
should be considered in exceptional cases to save 
the fetus of moribund mother.

    I.     Supportive therapy:  The goal of supportive 
therapy is to maintain physiologic homeo-
stasis until detoxifi cation is accomplished 
and to prevent and treat secondary compli-
cations such as aspiration, bedsores, cere-
bral and pulmonary edema, pneumonia, 
 rhabdomyolysis, renal failure, sepsis, throm-
boembolic disease, coagulopathy, and gener-
alized organ dysfunction due to hypoxia or 
shock.
•    Airway protection  
•   Oxygenation/ventilation  
•   Hemodynamic support  
•   Treatment of seizures  
•   Treatment of arrhythmias  
•   Correction of temperature abnormality  
•   Correction of metabolic derangement  
•   Prevention of secondary abnormalities   

  Indications for ICU Admission 

•   Patients with severe poisoning (coma, respira-
tory depression, hypotension, cardiac arrhyth-
mias, hypothermia, hyperthermia, seizures)  

•   Those needing close monitoring, antidotes, or 
enhanced elimination therapy  

•   Those showing progressive clinical 
deterioration  

•   Those with signifi cant underlying medical 
problems  

•   Those having suicidal tendencies      
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   II.     Prevention of further poison absorption  
 Decontamination of skin, eyes, body cav-

ities and GIT (includes induced emesis, gas-
tric lavage, whole bowel irrigation, catharsis, 
dilution, giving activated charcoal, and rarely 
endoscopic or surgical removal.) 

 The skin should be fl ushed thoroughly 
with warm soapy water. Eyes should be irri-
gated with saline. 

 Inhalational exposures should be treated 
with fresh air or oxygen. 

  GIT:  The effi cacy of forced emesis, gas-
tric lavage, and activated charcoal decreases 
with time, and their benefi cial effect is 
doubtful when they are used 1 h after 
 ingestion. Hence, they should be performed 
selectively [ 4 ]. 

  Activated charcoal  is the preferred 
method of gastrointestinal decontamination 
in most situations. Activated charcoal sus-
pension is given orally via a cup, straw, or 
small bore nasogatric tube. Charcoal adsorbs 
ingested poisons within the gut lumen, 
allowing the charcoal toxin complex to be 
evacuated with stools. 

  Emesis  can be brought about by giving 
30 ml of ipepac with water and repeated if 
vomiting is not induced in 30–90 min of 
toxin/drug ingestion. It is contraindicated in 
caustic ingestion, altered mental status, 
inability to protect airway, seizures, hemor-
rhagic diathesis, and hematemesis or when 
patient has rapidly deteriorated [ 8 – 11 ] 

  Gastric lavage  is appropriate when eme-
sis is inappropriate or contraindicated, the 
patient is comatose or mentally altered, the 
substance ingested has the potential for 

 seizures, or when the substance ingested is 
lethal and/or rapidly absorbed. It is contrain-
dicated in ingestion of caustics and hemor-
rhagic diathesis. 

 It can be performed rapidly and immedi-
ately on admission. It also facilitates char-
coal administration. 

  Dilution:  In case of caustic ingestions, 
200–300 ml of milk may be given orally. 

  Whole bowel irrigation:  Is carried out by 
administration of polyethylene glycol at a 
rate of 50–2000 ml/h orally or through a 
nasogastric tube to clean the bowel of whole 
or undissolved pills. It is contraindicated in 
patients with bowel obstruction, ileus, hemo-
dynamic instability, and compromised 
unprotected airways.   

   III.     Enhancement of poison elimination: 
•    Multiple dose activated charcoal  
•   Forced diuresis  
•   Peritoneal dialysis  
•   Hemodialysis  
•   Hemoperfusion  
•   Hemofi ltration  
•   Plasmapheresis  
•   Exchange transfusion      

   IV.     Administration of antidotes  which can 
counteract the effect of poisons by neutral-
izing them or by antagonizing their physi-
ologic effects. Antidotes can signifi cantly 
reduce morbidity and mortality, but most 
are potentially toxic. Hence, these should 
be used cautiously after correct identifi ca-
tion of a specifi c poisoning or syndrome in 
consultation with physician and intensivist. 
Prevention of reexposure is important so also 
psychiatric referral [ 4 ].
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 Guidelines for evaluation and management of pregnant patients with a known or suspected toxic exposure [ 2 ] 

Unconscious 

Suspected poisoning

Conscious

Mentally alert *Altered mental status 
Airway (N)

Breathing (N)

Circulation (N)

History

Examination 

Psychiatry consultation 

* Altered mental status 

O2+ Glucose/ naloxone  

No response  

Consult intensivist   

Forensic consultation   

ICU admission 

Response/mentally alert   

Investigations to
detect drug/agent 

Identified Not identified 

Supportive measures
Decontamination

procedures  

Specific antidote  

Observation/
Monitoring    

Improvement No improvement

Repeat doses   

27 Poisoning in Pregnancy



266

                  Suspected Poisoning in Unconscious Patient

   

Obstructed airway Establish airway 

No spontaneous 

breathing 

Assisted ventilation  

No Pulse CPR

ACLS protocols:
team approach  

Stable Unstable
Determine viability consider

emergent C/S  

Monitor ECG/SaO2/fetus
history & examination

drug ID/OD mechanism   

Continue CPR/ACLS
protocols determine

GA/Viability   

ICU admission 

Response No response 

Consider
perimortem C/S  

   

  Guidelines for evaluation and management of pregnant patients with a known or suspected toxic exposure [ 2 ]  
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     Common organic poisons, clinical features and diagnosis of poisoning, maternal and fetal effects, management and 
antidotes [ 39 ]   

 Drug 
 Clinical features and 
diagnosis  Maternal and fetal effects  Management and antidotes 

 Castor oil: 
 Accidental 
ingestion 
 Used to 
procure 
criminal 
abortion 

 Abdominal pain 
 Vomiting and diarrhea 
 Dehydration 
 Convulsions 
 Drowsiness 
 Delirium 

 Oliguria 
 Hepatic failure 
 Uremia 
 Multiorgan failure, 
cardiovascular collapse, 
dermatitis, rhinitis, asthma, 
conjunctivitis 

 Supportive treatment 
 Gastric lavage 
 Activated charcoal 
 Sodium bicarbonate to prevent 
precipitation of hemoglobin in renal 
tubules 

 Marking Nut: 
 Biba 
 Accidental 
 Used to 
procure 
criminal 
abortion 

 Dermal: irritation, 
infl ammation, vesication 
formation, pain, and 
itching. Ulceration and 
sloughing of skin 
 Ingestion: Blister 
formation in and around 
oral cavity, vomiting, 
diarrhea, abdominal pain, 
hypotension/shock, 
delirium, and coma 

 Hypotension/shock, 
delirium and coma 

 Supportive measures 
 Gastric lavage 
 Activated charcoal 

 Ergot: 
Accidental 
 Used to 
procure 
criminal 
abortion 

 Acute: nausea, vomiting, 
diarrhea, giddiness, 
breathlessness, muscular 
weakness, tingling and 
numbness in hands and 
feet, paresthesia, cramps in 
muscle, bleeding from 
nose and other mucosal 
surface 
 Chronic (ergotism): 
 Burning of extremities, 
hemorrhagic vesication, 
pruritis, formication, 
nausea, vomiting, 
bradycardia, headache, 
miosis, delirium, 
hallucinations 

 Peripheral ischemia leading 
to gangrene of fi ngers and 
toes, convulsions, ischemia 
of cerebral, mesenteric, 
coronary and renal vessels. 

 Gastric lavage with activated 
charcoal 
 For Hypertension or cerebral/
mesenteric/cardiac ischemia – IV 
nitroglycerin or nitroprusside 
 Peripheral ischemia – oral parazosin, 
captopril, or nifedipine; convulsions 
and hallucinations: diazepam or 
lorazepam 
 Hypercoagulable state – heparin or 
dettran 

 Cow dung: 
 Dried cow 
dung powder 

 Nausea, vomiting,  GI irritation, yellow green 
discoloration of skin and 
mucous membranes 

 Gastric lavage 
 Hydration 
 Symptomatic treatment 
 No specifi c antidote available 

        Envenomations During Pregnancy 

    Animal Bites and Stings [ 40 ] 

 Common animals which are poisonous include 
snakes, scorpions, bees, wasps, ants, spiders, and 
centipedes.  

    Snake Bite 

 Cobra, krait, vipers, and sea snakes are common 
poisonous snakes encountered in India 
(Table  27.1 ).
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       Management of Snake Bite 

    Reassurance.  
  Limit systemic spread of venom by immobilizing 

the affected part.  
  For viperid bites, the bitten limb should be 

splinted if possible and kept at approximately 
heart level.  

  For elapid or sea snake bites, the Australian pres-
sure immobilization technique is benefi cial. In 
this method, the entire bitten limb is wrapped 
with an elastic or crepe bandage and then 
splinted.  

  Tourniquet – a proximal lymphatic – occlusion 
constriction band or tourniquet may limit the 
spread of venom if applied within 30 min. The 
tourniquet should be applied such that it does 
not prevent arterial fl ow of blood and the dis-
tal pulsation should be appreciated.   

  Specifi c Management 

  Monitor vital signs, cardiac rhythm, oxygen satu-
ration, and urine output.  

  Measure the circumference of affected limb 
every 15 min.  

  Intravenous fl uids and vasopressors as required.  
  Care of bite site – dry sterile dressings, splint.  
  Tetanus immunization. Antivenom therapy 

Fasciotomy for compartment syndrome  

  Laboratory investigations CBC, KFT, LFT, coagu-
lation studies, blood group/cross matching, urine 
for blood, myoglobin, ECG, ABG, X-ray chest.    

    Indications of Antivenom Therapy 

    Deranged coagulation profi le.  
  Spontaneous bleeding.  
  Rapidly progressive and severe local swelling.  
  Persistent hypotension.  
  Neurotoxic or myotoxic features.  
  Depressed consciousness.  
  Antivenoms are of equine origin and carry risk of 

anaphylaxis or delayed hypersensitivity 
reactions.     

    Prior to Giving Antivenom Therapy 
 Keep oxygen and ventilatory support ready; 
load patient with intravenous antihistaminics; 
arrange blood and FFP; keep neostigmine ready 
for   neurotoxicity (give atropine prior to neo-
stigmine); keep treatment for anaphylaxis 
ready.   

    Scorpion Bite 

 Scorpion venom contains phospholipase,  
acetyl cholinesterase, hyaluronidase, serotonin, 
and neurotoxin, all of which are toxic [ 40 ].

   Table 27.1    Clinical features of snake bite   

 Poisonous Snakes 

 Venom  Clinical features 

 Local  Systemic 

 Cobra, banded krait, 
common krait 

 Nuerotoxic  Fang marks 
 Burning pain 
 Swelling and discoloration, 
serosanguinous discharge 

 Preparalytic stage – vomiting, headache, 
giddiness, weakness, and lethargy, 
 Paralytic stage – ptosis, opthalmoplegia, 
drowsiness, dysarthria, convulsions, 
bulbar paralysis, respiratory failure, and 
death 

 Saw scaled viper 
 Russell’s viper 

 Vasculotoxic 
 Hemotoxic 

 Pain, rapid swelling and 
discoloration, blister 
formation, bleeding from 
bite site 

 Generalized bleeding shock, renal failure 

 Sea snakes  Myotoxic  Local swelling, pain  Myalgia, muscle stiffness, 
myoglobinaria, renal failure 
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       Mechanism of Scorpion Envenomation      

 Local features  Systemic features  Lab fi ndings  Management 

 Scorpion 
bite 

 Burning and 
excruciating 
pain at bite site, 
swelling, 
redness, itching 
ecchymosis 

 Sweating, urticaria, 
salivation, vomiting, 
breathlessness, cough, 
hemoptysis, priaprism, 
hypertension, 
bradyarrhythmias, 
pulmonary edema and 
myocarditis, myocardial 
ischemia, giddiness, 
convulsion, intracerebral 
hemorrhage 

 ECG shows changes 
mimicking acute MI, ST 
seg depression/elevation 
inverted and T waves left 
anterior hemiblock Q 
waves, elevated CPK 

 Immobilize affected 
limb, oxygen 
administration, 
Prazosin – α + β 
blocker reverses 
inotropic, 
hypokinetic, and 
metabolic effects. 
Inotropic support, 
sodium nitroprusside 
for massive 
pulmonary edema, 
antivenom therapy in 
life-threatening 
complications 

 Bee sting  Pain, redness, 
swelling, 
pruritus, airway 
obstruction, and 
dysphagia 

 Anaphylaxis, tingling 
sensation, fl ushing, 
dizziness, visual 
disturbances, syncope, 
vomiting and diarrhea, 
wheezing, urticaria, 
angioedema, glotis 
edema, coma, renal 
failure, hemolysis with 
hematoglobinuria, 
rhabdomyolysis 

 Hemoglobin and myoglobin 
estimation 

 Parenteral 
epinephrine for 
anaphylactic reaction, 
observation for 
delayed 
manifestation, 
antihistaminics, 
treatment of renal 
failure, dialysis may 
be required 

     Clinical features, lab fi ndings, and management of scorpion bite and bee sting   

Autonomic storm

Envenomation by scorpion

Myocardial toxin 

Sympathetic activity Parasympathetic activity 

Hypertension Hypotension

Anoxia

Arrhythmia
myocardial failure  

Death 
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         Summary 

     1.    Poisoning in pregnancy is rare but an impor-
tant and challenging problem.   

   2.    It may be simple and straight forward or may 
be complex and life-threatening.   

   3.    The emergency treatment and stabilization of 
the mother should take priority over the moni-
toring and treatment of the fetus.   

   4.    The obstetrician should assess the fetal viabil-
ity and if the fetus can be salvaged should 
decide about emergency and/or perimortem 
caesarean section if the patient is moribund.   

   5.    Supportive therapy is the mainstay of treatment. 
Specifi c therapy is indicated but will vary 
according to the poison/drug which the woman 
has consumed or is exposed to. Hence, basic 
knowledge about common poisons and overdos-
ages of drugs and their antidotes is desirable.   

   6.    Poisoning/overdosages might be accidental, 
but it can be intentional suggesting some 
severe social, emotional, and/or psychiatric 
pathology which will also require active 
intervention.   

   7.    Insect and arthropod exposures are not 
uncommon during pregnancy. The majority of 
these envenomations result in minor or no 
effects. Moderate effects are more likely when 
the cause of the exposure is a spider bite than 
with other arthropod exposures, including 
scorpion and bee stings.         
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      Electric Injury in Pregnancy                     

     Alok     Sharnma       and     Rohini     Rao     

           Introduction 

 Electric injury in pregnancy is not common; 
rather, it is a very rare presentation in the emer-
gency department. Even after extensive research, 
the electric injury with pregnancy is rare and 
uncommon. 

 The artifi cial electricity injury has been 
reported almost 300 years back, and fi rst death 
was reported in 1879 in Lyons, France, when a 
carpenter inadvertently contacted a 250 watt 
alternating current (AC) generator current [ 1 ]. 

 In pregnancy, patients with electrical injuries 
can present with a wide spectrum of presenta-
tions from trivial to fatal injuries. It could range 
from a mild transient unpleasant sensation hav-
ing no effect on the mother or the foetus to mor-
tality of either or both due to cardiac arrest (2007) 
[ 2 ]. The foetal outcome is not predicted by the 
severity of the maternal injury as it requires less 
current to produce injury to the foetus.  

    Epidemiology 

 The electrical burn injuries account for 3–4 % of 
all admissions to burn unit [ 3 ]. Most of the elec-
trical injuries are occupation related. Children 
have a predisposition to low-voltage injuries as 
they are confi ned to a particular environment [ 4 ]. 
However, in adolescents the injuries are more 
grievous and can lead to burn death as they 
explore the environment more actively. 

 Deaths most often occur in young males 
(male/female = 9:1). Most of the deaths occur in 
spring and summer season. Water contact 
increases the severity.  

    Pathophysiology 

•     The nature and severity of electrical burn 
injury are directly proportional to the current 
strength, resistance and duration of current 
fl ow.  

•   Electrical current causes damage through:
    (a)    Direct change in physiology by altering 

resting cell membrane potential   
   (b)    Electrical energy conversion into thermal 

energy which in turn causes massive tis-
sue destruction and coagulative necrosis   

   (c)    Secondary damage after fall or strong 
muscular contractions         
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    Factors Determining Electrical 
Injury 

•     Type of circuit  
•   Duration of exposure  
•   Resistance of tissues  
•   Voltage  
•   Amperage (strength of current in amperes)  
•   The pathway of current     

    Type of Circuit 

 The circuit may be:

•    Direct current (DC)  
•   Alternating current (AC)    

 The high-voltage DC causes a single muscle 
spasm and often throws the victim away from 
source, whereas the AC current is 4–5 times as 
dangerous as an equal voltage of DC. The AC 
current has its frequency of 50 cycles per second, 
and it is very dangerous as it corresponds to the 
frequency of the fi brillation of myocardium. The 
AC exposure can cause continuous muscle con-
traction or tetany and can occur when the muscle 
fi bres are stimulated at between 40 and 110 times 
per second.  

    Duration of Exposure 

 The current greater than the “let-go threshold” 
(6–9 mA) can prevent the victim from releasing 
the current source, which prolongs the duration 
of exposure to electrical current. The longer the 
duration of contact with high-voltage current, the 
greater the degree of electrothermal heating and 
tissue destruction.  

    Resistance of Tissues 

 Resistance is the tendency of a material to resist 
the fl ow of electrical current. It is specifi c for a 
given tissue depending on the moisture content, 
temperature and other physical properties. If the 

resistance of a tissue to the fl ow of the current is 
higher, then there is great potential for transforma-
tion of electrical energy into thermal energy [ 5 ]. 

 Nerves carry electrical energy signals. 
Muscles and blood vessels have low resistance 
and good conductance due to high electrolyte and 
water content. Bones, tendons and fat contain a 
large amount of inert matrix, thus have a high 
resistance and tend to heat up and coagulate 
rather than transmitting current [ 5 ]. 

 The amniotic fl uid having high level of water 
content has a low resistance and is a good con-
ductor of current. 

 Resistance of body tissues [ 6 ]: 

 Least resistance  Nerves, blood, mucous 
membranes, muscles, amniotic 
fl uid 

 Intermediate 
resistance 

 Dry skin 

 Most resistance  Tendons, fat, bones 

       Voltage 

 Voltage is the measure of difference in electrical 
potential between two points and is determined by 
the electrical source. Electrical injuries are divided 
into high or low voltage using 500 or 1000 V as 
dividing lines. No death is recorded from contact 
with low-voltage telephone line (65 V).  

    Amperage (Strength of Current 
in Amperes) 

 Current is expressed in amperes, which is a mea-
sure of amount of energy that fl ows through an 
object. 

 Physical effects of different amperage levels 
at 50–60 Hz: 

 Physical effect  Milliamperes (mA) 

 Tingling sensation  1–4 

 Let-go current (muscular tetany 
preventing release of grip from 
current source) 
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 Physical effect  Milliamperes (mA) 

   (a) Children  4 

   (b) Women  7 

   (c) Men  9 

 Freezing to circuit  10–20 

 Respiratory arrest from thoracic 
muscle tetany 

 20–50 

 Ventricular fi brillation  60–120 

 Asystole  >2 A 

       The Pathway of Current 

       In most of the cases, the current passes from 
hand to hand (Figs.  28.1  and  28.2 ), and it 
does not have effect on the foetus if the dura-
tion and strength of current is less. From hand 
to foot (Fig.  28.3 ) transmission, the current 
passes through the uterus and is associated 
with high incidence of foetal mortality and 
morbidity [ 2 ]. 

 Hands are commonest site for contact with 
an AC electrical source, and the contractions of 
the wrist can pull the AC source closer to body 
[ 6 ]. Current passing through the thorax or heart 
can cause cardiac dysrhythmias or direct myo-
cardial damage. Current passing through the 
brain can result in respiratory arrest, seizures 
and paralysis (Fig.  28.4 ).  

    Electrical Shock in Pregnancy 

 The amount of current which will cause minimal 
injury to the mother may cause grievous injury to 
the foetus as the foetal skin is 200 times less 
resistant than the skin postnatal. So less current is 
more lethal to the foetus. The pathway of current 
is also very important; if the pathway is through 
the uterus, the foetus is seriously injured [ 7 ].  

  Fig. 28.1    Hand to hand       

  Fig. 28.2    Head to hand       

  Fig. 28.3    Hand to foot       
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    Foetal Outcome 

 The foetus can have cardiac arrest, foetal compli-
cations like intrauterine growth retardation, oli-
gohydramnios and reduced foetal movements to 
spontaneous abortions [ 7 ].  

    Lightning 

 Flash or bolt of lightning is due to an electrical 
discharge from a cloud to the earth. The electric 
current is direct with a potential of 1000 million 
volts or more. Lightning is neither a direct cur-
rent nor an alternating current. It is best regarded 
as unidirectional massive current impulse; thus, it 
is classed as a phenomenon of current. A light-
ning bolt may injure or kill a person by a direct 
strike, a side fl ash or conduction through another 
object (ground current or step voltage) and last 
but not the least by blunt trauma. After lightning 
meets the body, current is initially transmitted 
internally, and then there is skin breakdown, and 
ultimately external fl ashover occurs. 

 Thus, burns and myoglobinuric renal failure 
are not common injuries in lightning. The  injuries 

which occur are cardiac or respiratory arrest, vas-
cular spasm, neurologic damage and autonomic 
instability. Lightning causes asystole rather than 
ventricular fi brillation.  

    Prehospital Management 

•     Immediately turn off the electrical supply, if 
possible, and separate the patient from the 
source using non-conducting instrument (e.g. 
rubber, wood). It should be made a principle 
to not to touch the patient before the power is 
turned off.  

•   Start with cardiopulmonary resuscitation 
immediately.  

•   As the most common cause is arrhythmia, 
start early defi brillation.  

•   Basic trauma care is also mandatory because 
these patients often suffer blunt injuries and 
burns.  

•   All patients with conductive injury should 
have at least one large-bore intravenous (IV) 
line established.  

•   An electrical injury should be treated like a 
crush injury rather than like a thermal burn.     

    Management 

 Once the pregnant woman is received in the hos-
pital, trauma team must emphasise on the assess-
ment and resuscitation of mother. A short history 
should be asked regarding:

    1.    Source of shock   
   2.    Voltage   
   3.    Environment   
   4.    Presence of tetany   
   5.    Loss of consciousness   
   6.    Burns   
   7.    Pathway (entry or exit signs)      

    Physical Examination 

 Look for injuries including tympanic membrane 
injury, peripheral nerve injury and vascular injury.  

  Fig. 28.4    Head to foot       
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    Continuous Cardiac Monitoring is 
Recommended if there is [ 9 ] 

•     Loss of consciousness or altered mental 
status  

•   Cardiac dysrhythmias  
•   Abnormal 12-lead electrocardiogram (ECG)  
•   Known case of cardiovascular disease  
•   Physical examination showing burn or tissue 

damage  
•   Hypoxia  
•   Chest pain  
•   Cardiac arrest     

    Investigations 

•     Complete blood picture including serum 
myoglobin  

•   Urine analysis for myoglobinuria  
•   Electrolytes  
•   Renal function tests  
•   ECG  
•   Ultrasound for foetal well-being and any other 

intra-abdominal injuries  
•   If there is severe suspected intra-abdominal 

injuries, then obtain:
    (a)    Pancreatic and hepatic enzyme levels   
   (b)    Coagulation profi le   
   (c)    Cervical spine, chest and pelvic 

radiography     
•  If ventilator support is needed, then obtain:

    (a)    ABG (arterial blood gas analysis)   
   (b)    Creatinine kinase and troponin values         

    Treatment 

•     Minor shock: 
 In minor shock, the patient is asymptomatic 
and has a normal ECG. They can be  discharged 
after the normal USG of foetus with reassur-
ance [ 7 ].

  Discharge the minor electrical injury 
patient if 

•   Review after 4 h of initial electronic foetal 
monitoring.  

•   Discharge criteria:
    (a)    No sign of foetal compromise.   
   (b)    No uterine activity.   
   (c)    No ruptured membranes.   
   (d)    No vaginal bleeding.   
   (e)    No evidence of foetal maternal 

haemorrhage.   
   (f)    Normal ultrasound fi ndings.   
   (g)    Ensure that all Rh (D)-negative women 

with abdominal trauma receive anti-D 
injection.       

  Discharge home with instructions to 
report if the following occur 
   (a)    Any signs of preterm labour   
   (b)    Abdominal pain/vaginal bleeding   
   (c)    Change in foetal movements    

•     Mild to moderate shock: 
 Arrhythmias and neurological sequelae 
require simple observation and tend to resolve 
spontaneously. Analgesics for muscle pain 
from tetany are given [ 7 ].  

•   Severe shock:
    (a)    Stabilise any life-threatening 

dysrhythmias.   
   (b)    Transfuse crystalloids; titrate volume 

against central venous pressure(CVP), 
pulse and blood pressure.   

   (c)    Check blood gases, RFTs and coagulation 
profi le.   

   (d)    Perform ECG.   
   (e)    Perform cervical spine, chest, pelvic and 

limb imaging.   
   (f)    Administer antibiotic prophylaxis as 

indicated.   
   (g)    Perform wound and burn care.   
   (h)    All patients with conductive injury should 

have large-bore intravenous line estab-
lished. Hypotensive patients should 
receive a bolus of 20 ml/kg isotonic fl uid.   

   (i)    In case the patient is having haeme pig-
ments in urine, the patient should be 
assumed to have myoglobinuria. Alkalise 
the urine so that the solubility of myoglo-
bin and its clearance rate increases. Urine 
output should be maintained at 1–1.5 ml/
kg/h until all traces of myoglobin is 
cleared [ 7 ].         
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    Foetal Surveillance 

•     Confi rm presence of foetal heart activity.  
•   If the gestation is 24 weeks or more, electronic 

foetal monitoring should be continued for 4 h 
for all women with minor injury.  

•   EFM (electronic foetal monitoring) is contin-
ued for 24 h if there is:
    (a)    Abnormal results of maternal ECG   
   (b)    History of maternal unconsciousness   
   (c)    History of maternal cardiovascular disease   
   (d)    Uterine contraction > 1 every 15 min   
   (e)    Uterine tenderness   
   (f)    Signs of foetal compromise   
   (g)    Evidence of vaginal bleeding and rupture 

of membranes   
   (h)    Positive Kleihauer test   
   (i)    USG showing placental or cord abnormality   
   (j)    Serious maternal injury   
   (k)    USG showing oligohydramnios or IUGR        

 There is a high rate of foetal or neonatal 
death (about 50 %) even when maternal survival 
occurs [ 8 ]. 

 Patient in fi rst trimester should be informed 
about the remote complications of spontaneous 
abortion. Patient can be discharged with instruc-
tions for the threatened abortion, and close fol-
low- up is required if they have mild to moderate 
injury. 

 Patients in the latter half of pregnancy should 
receive foetal monitoring even if there is minor 
blunt trauma and should be considered a high risk 
for the remaining of pregnancy.  

    Complications 

•     Maternal
    (a)    Cardiac dysrhythmias   
   (b)    Muscle contractions   
   (c)    Skeletal fractures   
   (d)    Neurological injury   
   (e)    Placental abruption   
   (f)    Conversion of electrical injury to thermal   
   (g)    Loss of consciousness   
   (h)    Rhabdomyolysis   
   (i)    Tissue necrosis   

   (j)    Tetany   
   (k)    Respiratory arrest   
   (l)    Asystole      

•   Foetal
    (a)    Foetal burns   
   (b)    Reduced foetal movement   
   (c)    Miscarriage   
   (d)    Cardiac arrest        

 According to Indian mythology and traditions, 
in case of maternal mortality, last rituals of 
mother and foetus are performed separately. The 
foetus should be extracted out either by hyster-
otomy or post-mortem caesarean section and 
should be buried separately from mother.  

    Conclusion 

 Every pregnancy after having electric injury 
should be considered and treated as high-risk 
pregnancy till delivery of baby.     
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      Acute Psychiatric Crisis 
in Obstetrics                     

     Neema     Acharya    

           Introduction and Etiopathology 

 Although pregnancy has typically been consid-
ered a time of emotional well-being, recent stud-
ies suggest that up to 20 % of women suffer from 
mood or anxiety disorders during pregnancy. It is 
not rare to present women with the fi rst onset of 
psychiatric illness while pregnant. 

 It is likely that biological, psychological, and 
social factors interact to trigger an episode of a 
major psychiatric disorder in pregnant and post-
partum women. 

 Estrogen has effects on neurotransmitter sys-
tems and has been implicated in major depressive 
disorder. Studies that support this theory have 
shown that postpartum estrogen supplementa-
tion, which slows the postpartum decline in 
estrogen levels, leads to resolution of depressive 
symptoms. Hormones and neurotransmitter sys-
tems and neurotransmitters implicated in major 
depressive disorder such as monoamine oxidases 
(MAOs), i.e., MAO-A and MAO-B, serotonin, 
and norepinephrine have been specifi cally stud-
ied in perinatal populations. According to 
hypothalamo- pituitary-cortico axis theory, the 
placenta independently produces a number of 
hormones (e.g., CRH, ACTH, and cortisol) that 
are regulated in a feed-forward manner, which 

leads to downregulation of autoreceptors in the 
hypothalamus and anterior pituitary. This process 
of receptor downregulation and the transition to a 
nonpregnant hormonal state has been hypothe-
sized by some to constitute a period of vulnera-
bility for mood disorders. 

 Immune theory states that pro-infl ammatory 
cytokines produced in peripartum period due to 
pain in physical exertion and tissue injury are 
also linked to hypothalamic-pituitary-adrenal 
axis activity and have been associated with mood 
disorders in nonpregnant individuals.  

    Types of Psychiatric Disorders 
during Pregnancy 

     1.    Major depression   
   2.    Bipolar disorders   
   3.    Anxiety disorder   
   4.    Psychosis      

    Antidepressants and Pregnancy 

 Rates of major and minor depression during 
pregnancy are as high as approximating 10 %. 
About one third of depressed pregnant women 
experience the fi rst episode of major depression. 
Pregnant women may have many clinical signs 
and symptoms like sleep and appetite disturbance 
and low energy, feelings of guilt and  hopelessness, 
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and suicidal thoughts. Of all the antidepressants, 
fl uoxetine (Prozac) is the best studied antidepres-
sant. Data collected from over 2500 cases indi-
cate no increase in risk of major congenital 
malformation in fl uoxetine-exposed infants.  

    Anxiolytic Therapy during Pregnancy 

 Pregnancy appears to be a protective period for 
some anxiety disorders, including panic, while it 
may precipitate to obsessive compulsive disorder. 
Some studies, however, have shown an increase 
in both panic disorder and OCD in pregnant 
women. Women with anxiety related to preg-
nancy may be at a greater risk for postnatal 
depression. Hence, recognition and management 
of anxiety disorders in pregnant women is impor-
tant. For these cases, fl uoxetine or a TCA is a rea-
sonable treatment option. In patients who do not 
respond to these antidepressants, benzodiazepine 
use may be considered. Patients with moderate to 
severe OCD require maintenance therapy.  

    Bipolar Disorder During Pregnancy 

 Bipolar disorder or manic-depressive disorder 
affects between 3.9 and 6.4 % of women . Bipolar 
disorder should always be considered in the differ-
ential diagnosis of depression; one quarter of those 
presenting with depression prove to have bipolar 
disorder. Women who experience relapse appear to 
be more likely to have relapse into an episode of 
depression or mixed mood disorder that is charac-
terized by both manic and depressive symptoms. 
Rates of postpartum relapse range from 32 to 67 %. 
Almost 33 % of women with bipolar disorder will 
experience an episode during pregnancy. Use of 
lithium in pregnancy may be associated with a 
small increase in congenital cardiac malformations 
particularly Ebstein’s anomaly, neonatal cardiac 
arrhythmias, hypoglycemia, nephrogenic diabetes 
insipidus function, premature delivery, and fl oppy 
infant syndrome. Symptoms of neonatal lithium 
toxicity include fl accidity, lethargy, and poor suck 
refl exes, which may persist for a week. 

    Guidelines for Treatment of Women 
with Bipolar Illness 

 Guidelines for women treated with lithium and 
plan to conceive are as follows:

    1.    In women who experience mild and infre-
quent episodes of illness, treatment with lith-
ium should be gradually tapered before 
conception.   

   2.    In women who have more severe episodes but 
are only at moderate risk for relapse in short- 
term, treatment with lithium should be tapered 
before conception but reinstituted after 
organogenesis.   

   3.    In women who have especially severe and fre-
quent episodes of illness, treatment with lith-
ium should be continued throughout gestation 
and the patient counseled regarding reproduc-
tive risks.   

   4.    Fetal assessment with fetal echocardiography 
should be considered in pregnant women 
exposed to lithium in the fi rst trimester.     

 Several anticonvulsants, including valproate, 
carbamazepine, and lamotrigine, currently are 
also used in the treatment of bipolar disorder. A 
“fetal valproate syndrome” has been described 
with features of fetal growth restriction, facial 
dysmorphology, and limb and heart defects with 
valproate use. Carbamazepine exposure in preg-
nancy is associated with a  fetal carbamazepine 
syndrome  manifest by facial dysmorphism and 
fi ngernail hypoplasia. Lamotrigine is proven 
safer with growing reproductive safety profi le 
relative to alternative mood stabilizers. Folate 
supplementation of 4 mg/day is recommended 
preconceptionally and for the fi rst trimester of 
pregnancy in these patients.   

    Antipsychotic Medications 

 Neuroleptic agents such as haloperidol, perphen-
azine, and trifl uoperazine which are high potency 
agents are recommended over the lower-potency 
agents in managing pregnant women with psy-
chiatric illness. 
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 Atypical antipsychotic medications are now 
being used to treat a spectrum of psychiatric dis-
orders, including psychotic disorders and bipolar 
disorder, as well as treatment of refractory 
depression and anxiety disorders. Investigators 
prospectively followed a group of 151 women 
taking olanzapine (Zyprexa), risperidone, que-
tiapine, or clozapine and compared outcomes to 
controls without exposure to known teratogens. 
There were no differences between the groups in 
terms of risk for major malformations or rates of 
obstetrical or neonatal complications. 

 Not enough information is available regarding 
safety of these drugs in pregnancy and lactation; 
hence, National Pregnancy Registry has been 
created to prospectively gather information 
regarding outcomes in infants exposed in utero to 
these newer atypical antipsychotic medications. 

 The US Food and Drug Administration (FDA) 
recently updated labels for the entire class of anti-
psychotic drugs to include warnings regarding the 
use of antipsychotic drugs (both the typical and atyp-
ical agents) during pregnancy. The new drug labels 
now contain more details about risk for abnormal 
muscle movements (extrapyramidal signs or EPS) 
and withdrawal symptoms in newborns exposed to 
these drugs during the third trimester of pregnancy.  

    Postnatal Care and Antipsychotic 
Treatment 

 Postpartum psychosis often constitutes a psychiat-
ric emergency, increasing the risk of both infanti-
cide and suicide. Maintenance treatment in the 
postpartum period is needed to prevent acute epi-
sodes. Communication between treating physi-
cians is critical, and infants should be monitored 
for adverse effects, including with laboratory tests. 

 Most medications are transferred through breast 
milk, although most are found at very low levels 
and likely are not clinically relevant for the neo-
nate. The American Association of Psychiatrists 
and the World Health Organization (WHO) 
Working Group on Drugs and Human Lactation 
have concluded that use of most of the typical psy-
chotic medications is compatible with breastfeed-
ing. The atypical antipsychotics, such as olanzapine, 

for which we have less information, appear to be 
like older antipsychotics and can lead to extrapyra-
midal side effects in the infants. No adverse effects 
from the use of carbamazepine, valproate, or 
lamotrigine have been reported.  

    Acute Psychosis: A Medical 
Emergency 

 Psychosis is a mental disturbance in which there 
is a loss of contact with reality evidenced by hal-
lucination, delusions, or thought disorganization. 
Psychotic episodes are seen most commonly in 
patients who suffer from schizophrenia/schizoaf-
fective disorder or psychotic episodes of bipolar 
disorder and major depression. The risk of devel-
oping a severe mental illness in pregnancy is esti-
mated to be 7.1 in 10,000 per year. 

 The risk of women presenting with an acute 
psychotic episode is more in a preexisting disease 
which may progress during pregnancy mainly so if 
the woman has discontinued the medications. 
Relapse rates are also high for women who have 
experienced a previous psychosis in pregnancy. 
Proper history and clinical examination should 
search for an underlying medical or pharmacologic 
cause in a new-onset psychosis during pregnancy. 

 Wernicke’s encephalopathy is caused by thia-
mine (vitamin B1) defi ciency and is a known 
complication of hyperemesis gravidarum. This 
encephalopathy presents with a classic triad of 
symptoms: confusion, oculomotor dysfunction, 
and gait ataxia. 

 The risk factors associated with acute psycho-
sis in pregnancy are:

    1.    Previous history of psychosis in pregnancy   
   2.    Preexisting psychotic or mood disorder   
   3.    Family history of psychosis      

    History Taking and Examination 

 A multidisciplinary approach is followed taking 
the opinion of neurologist and a psychiatrist. A 
thorough history should help in eliminating 
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 medical or pharmacologic causes. Physical 
examination and more so detailed neurologic 
examination are an important component of the 
evaluation. In suspected cases, MRI may be done. 

 Serum electrolytes, complete blood count, 
hepatic and renal function, coagulation panel, 
arterial blood gas, thyroid function, albumin, uri-
nalysis, and serum and urine drug screen are 
done in laboratory investigations. Serum/plasma 
testing also can be useful in the diagnostic 
workup of suspected Wernicke’s encephalopathy 
especially in case of hyperemesis gravidarum 
(viz., erythrocyte transketolase activity, thiamine 
pyrophosphate effect, and thiamine pyrophos-
phate) concentration in plasma or whole blood).  

    Emergency Management 

 Psychosis during pregnancy or the postpartum 
period owing to any cause is a medical emergency. 
Whatever may be the cause for psychiatric emer-
gency due care should be taken to look after the 
newborn. Transfer to an inpatient psychiatric unit is 
recommended. 

 If labor and delivery is not evident, then patient 
can be managed in medical or psychiatry indoor 
unit. In case of associated obstetric complication or 
labor, appropriate care should be taken more with 
continuous close supervision of the gravid mother.  

    Medications for Acute Psychotic 
Episode 

     1.    Atypical antipsychotics: aripiprazole, clozap-
ine, olanzapine, paliperidone, quetiapine, ris-
peridone, ziprasidone   

   2.    Typical antipsychotics: haloperidol and 
perphenazine     

 Acute psychosis in pregnancy is a clinical emer-
gency, and prompt hospitalization is necessary. 
Haloperidol is safest in pregnancy with most exten-
sive reproductive safety data as it was used com-
monly in the management of hyperemesis 
gravidarum in the past. Therefore, it is typically used 
to manage new-onset psychosis during pregnancy. 

 To manage agitation or combativeness during 
acute psychosis, lorazepam can be used in conjunc-
tion with haloperidol; however, lorazepam does not 
alleviate psychosis itself, and its indiscriminate use 
can at times aggravates symptoms of disorganiza-
tion or disinhibition. Consequently, many such 
patients will have conceived while taking one of 
the newer so-called atypical antipsychotics. 

 Though atypical group of medications are pre-
ferred for long-term management owing to 
reduced risk for tardive dyskinesia and extrapyra-
midal side effects and greater effectiveness in 
managing the negative symptoms of schizophre-
nia, the data remains sparse with regard to the 
safety and effi cacy of atypical antipsychotic drug 
use in pregnancy. Switching agents after concep-
tion only heightens risk by exposing the fetus to 
yet another psychotropic agent and increases the 
likelihood of maternal psychiatric decompensa-
tion; hence, the patient should receive same 
group of medication.  

    Electroconvulsive Therapy (ECT) 

 Severely depressed patients having acute suicidality 
or psychosis may require electroconvulsive therapy 
which is frequently the treatment of choice. ECT 
use during pregnancy is found to be safe and effi ca-
cious. Care while giving ECT during pregnancy 
should include a pelvic examination, discontinua-
tion of nonessential anticholinergic medication, car-
diotocography, and intravenous hydration. 

 A variety of medications are available to treat 
psychiatric illness, though their effects are under 
research. When the risks to the mother and the 
fetus are to be weighed, effective treatment 
should be started at times as emergency with 
multidisciplinary management.     
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      Cancer in Pregnancy                     

     M.     Jayaraman Nambiar      and     Theincherry     Rema   

           Introduction 

 Cancer complicating pregnancy is not common. 
The incidence is about 1 in 1000 [ 1 ,  2 ]. In a study 
by Van Calsteren K. et al., the commonest cancer 
complicating pregnancy is cancer of the breast 
and haematological malignancies. Carcinoma of 
the cervix is the commonest gynaecological 
malignancy which occurs during pregnancy. 
Cancers which occur less frequently include 
malignant melanoma, brain tumours, thyroid 
cancer, ovarian cancer and colon [ 3 ]. 

 The treatment of cancer is easy in pregnancy 
when pregnancy is unwanted or foetus is mature. 
In these situations, pregnancy can be terminated 
and treatment of cancer can be undertaken. 
Dilemmas arise when pregnancy is remote from 
term. In this situation, a balance should be taken 
with preservation of pregnancy and treatment of 
malignancy. 

 The safety of chemotherapy after the fi rst tri-
mester is being established. Radiotherapy can 
be used with shielding, and many chemothera-
peutic agents are now used with safety after the 

fi rst trimester [ 4 ,  5 ]. The prognosis of cancer in 
pregnancy is not different from cancer in non-
pregnant women.  

    Radiotherapy in Pregnancy 

 Radiotherapy if given to pelvis invariably results 
in foetal damage. Whenever possible, one should 
wait for foetal maturity and delivery before radio-
therapy. However, radiotherapy can be given to 
areas other than pelvis with shielding of abdo-
men [ 6 ].  

    Chemotherapy in Pregnancy 

 Most chemotherapeutic agents can be given after 
14 weeks of gestation without much foetal dam-
age. Doxorubicin, alkylating agents, cyclophos-
phamide, cisplatin and carboplatin can be 
administered after 14 weeks of gestation. The 
teratogenic effects include ventriculomegaly and 
cerebral atrophy. However, incidence of these 
effects were low (<10 %) [ 7 – 13 ].  

    Surgery in Pregnancy 

 Surgery during pregnancy is not associated with 
increased congenital malformation in foetus. 
There is a risk of preterm labour during surgery, 
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and prophylactic tocolysis should be used during 
surgery in pregnancy. Laparoscopy can be used 
up to 26–28 weeks of gestation. Abdominal entry 
in laparoscopy is through the left upper abdomi-
nal quadrant to reduce risk of injury to the preg-
nant uterus.  

    Breast Cancer 

 Breast cancer is the commonest cancer diag-
nosed during pregnancy. Physiological changes 
in pregnancy make diagnosis diffi cult and often 
detected at later stage [ 14 ]. Suspicious lump in 
breast must be biopsied. There is diffi culty in 
interpreting FNAC because of pregnancy 
changes in breast, and it is not recommended. 
Chest X-ray, non-contrast MRI and ultrasound 
can be used in staging. No survival benefi t is 
seen if treatment is delayed after delivery; 
hence, treatment should not be delayed [ 15 ]. 
Option of termination of pregnancy and treat-
ment should be given to the patient. Termination 
of pregnancy does not alter the outcome of 
cancer [ 16 ]. Radiotherapy has foetal detrimen-
tal effects and is given only after delivery. 
Surgery is used with relative safety during 
pregnancy. 

 Cytotoxic drugs can be given after 14 weeks 
of gestation though IUGR, foetal death and pre-
term labour have been reported [ 4 ]. 
Chemotherapeutic agents like fl uorouracil and 
epirubicin or doxorubicin pluscyclophosphamide 
or epirubicin or doxorubicin pluscyclophospha-
mide and taxane can be used after 14 weeks of 
gestation. Tamoxifen alters the hormonal milieu 
and should not be used in pregnancy. Trastuzumab 
causes oligoamnios and anhydramnios and 
should not be used for long periods. If the breast 
cancer is not locally advanced, patients are taken 
for surgery followed by chemotherapy. Delivery 
is considered at 35–37 weeks. For locally 
advanced cancers, neoadjuvant chemotherapy 
followed by surgery is done. Delivery is con-
ducted in 35–37 weeks. There should be a delay 
of 3–4 weeks before delivery and chemotherapy 
to avoid transient myelosuppression associated 
with chemotherapy.  

    Cancer Cervix 

    Preinvasive Lesions of Cervix 

 Interpretation of Pap smear in pregnancy is diffi -
cult to physiological changes [ 17 ]. In many coun-
tries where there is no regular screening, 
pregnancy may offer the woman a chance of 
screening during pregnancy. Abnormal smears 
should be followed up with colposcopy in preg-
nancy, and a directed biopsy must be taken. 
Endocervical curettage is contraindicated during 
pregnancy. The most common complication dur-
ing colposcopic-directed biopsy is bleeding. 
Bleeding can be tackled with pressure, packing 
or rarely ligation of vessels. The risk of progres-
sion of CIN to invasive disease in pregnancy is 
low. The treatment of preinvasive lesions can be 
postponed after delivery. If there is microinvasive 
lesion, a cone biopsy or LEEP must be under-
taken. The risk of bleeding PROM and preterm 
labour is more in higher gestational age than in 
lower gestational age [ 18 ,  19 ]. Cerclage of the 
cervix after LEEP or cone biopsy can be done to 
prevent preterm labour. If the pregnancy is close 
to maturity, LEEP or cone biopsy may be deferred 
till foetal maturity is achieved.  

    Invasive Cancer of the Cervix 

 Surgery, neoadjuvant chemotherapy followed by 
surgery and chemoradiation are treatment avail-
able for carcinoma cervix. Seventy per cent of 
cancer cervix presents at stage 1 in pregnancy. 
Cervical cancer in pregnancy presents with 
bleeding, and it is important for physicians to 
remember that nonpregnancy-related causes can 
also present with bleeding in pregnancy. 
Pregnancy changes can underestimate the para-
metrial involvement. Pregnancy does not alter the 
prognosis in cervical cancer. A policy of 
 termination of pregnancy and treatment of carci-
noma of the cervix was advocated before. But 
currently the management has changed. Since 
pregnancy makes clinical staging diffi cult, MRI 
is used to stage the disease in pregnancy. MRI is 
the best modality to stage the disease [ 20 ]. 
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However, MRI may not detect all enlarged nodes, 
and the best way to assess nodes is through 
lymphadenectomy and histopathological exami-
nation. Laparoscopic lymphadenectomy has been 
successfully used in pregnancy [ 21 ]. The man-
agement of carcinoma depends on the stage of 
the disease, lymph node metastasis and period of 
gestation. For stage IA1 squamous cell carci-
noma, cone biopsy with preservation of the foe-
tus can be safely performed between 14 and 20th 
week of pregnancy. In early-stage carcinoma of 
the cervix (< stage 1 B), the current policy is to 
do laparoscopic lymphadenectomy after MRI is 
used for staging [ 22 ,  23 ]. If the lymph nodes are 
negative, chemoradiation or defi nite surgery is 
done after delivery. In later-stage disease (> stage 
1b) or if lymph nodes are involved, neoadjuvant 
chemotherapy is used and patient is delivered 
when foetal maturity is obtained. Most studies 
have used cisplatin for neoadjuvant therapy as 
weekly dose every 3 weeks [ 24 ]. No signifi cant 
foetal effects have been observed. Defi nitive ther-
apy can be undertaken once the patient is 
delivered. 

 If the patient presents in pregnancy and the 
patient is not keen, continuation of pregnancy 
chemoradiation can be started. Patient usually 
aborts in 3 weeks. If the patient is close to term, 
caesarean delivery followed by chemoradiation 
can be undertaken. Radical hysterectomy can be 
done along with caesarean section in early-stage 
disease.   

    Cancer Ovary 

 Most ovarian masses discovered during preg-
nancy are benign. Adnexal masses are usually 
diagnosed during routine scan during pregnancy. 
Some may present with features of torsion or 
bleeding. Malignancy is suspected when the 
mass is >6 cm and morphological appearance is 
suggestive of malignancy and in the presence of 
extra-ovarian disease [ 25 ]. Tumour markers are 
unreliable in pregnancy as they may be normally 
elevated. However, LDH is unaffected by preg-
nancy. Though elevated in pregnancy, extremely 
high values of alpha-fetoprotein are suggestive of 

endodermal sinus tumour. Ovarian cysts less than 
6 cm are unlikely to be malignant. Ovarian 
masses that persist into second trimester and 
complex echogenic pattern need exploration. CT 
scan is contraindicated in pregnancy, but MRI 
can be used in pregnancy to differentiate between 
benign and malignant tumours. The commonest 
malignancy that occurs in pregnancy is germ cell 
tumours followed by borderline epithelial 
tumours and malignant epithelial tumours [ 26 ]. 
Laparoscopy can be done with standard precau-
tions in pregnancy. The affected ovary is removed 
and the specimen is sent for frozen section. 
Further management depends on frozen report. 

    Tumours of Low Malignant Potential 

 Resection of affected ovary and removal of mac-
roscopic deposit should be done. If the tumour is 
of mucinous type, appendicectomy also should 
be done. There is no need for postoperative che-
motherapy and can be observed full staging if not 
performed during pregnancy can be 3 weeks after 
delivery [ 27 ].  

    Germ Cell Tumours 

 Patients with germ cell tumours need full staging. 
Fertility preservation surgery should be done. 
Routine lymphadenectomy is not indicated; how-
ever, suspicious nodes must be removed. Ninety 
percent of germ cell tumours are discovered at 
stage 1 disease. They need postoperative chemo-
therapy. A combination of bleomycin, etoposide 
and cisplatin is given to these patients. Indications 
of postoperative chemotherapy are the same as 
that of non-pregnant patients [ 27 ]. Chemotherapy 
can be used with relative safety after 14 weeks of 
gestation.   

    Epithelial Ovarian Cancer 

 Patients with ovarian cancers need chemother-
apy. Most ovarian cancers present late in preg-
nancy. Prognosis is bad in epithelial ovarian 
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cancers. The option of preservation of pregnancy 
and neoadjuvant chemotherapy should be dis-
cussed with the patient. In stage 1 A and B 
tumours, which are of grade 1 and 2, conservative 
surgery can be undertaken with preservation of 
pregnancy. Invasive cancer diagnosed in stage II 
onwards cancer before 24 weeks of gestation, 
pregnancy termination and full surgical staging 
followed by chemotherapy must be undertaken. 
If the cancer is discovered after 24 weeks of ges-
tation, a policy of neoadjuvant chemotherapy and 
preservation of pregnancy can be undertaken. 
Caesarean section can be done at 32–34 weeks of 
gestation. A gap of 3–4 weeks should be there 
between chemotherapy and caesarean section. 
Full surgical staging must be undertaken at cae-
sarean section with the help of a gynaecological 
oncologist [ 27 ].  

    Haematological Malignancies 
in Pregnancy 

 Hodgkin’s lymphoma is the commonest haema-
tological malignancy occurring in pregnancy. 
Prognosis of Hodgkin’s lymphoma diagnosed 
during pregnancy is similar to that of non- 
pregnant women [ 28 ]. Doxorubicin, bleomycin, 
vinblastine and dacarbazine (ABVD) is the stan-
dard chemotherapy for Hodgkin’s lymphoma. 
However, when used in the fi rst trimester, it can 
lead to congenital anomalies in foetus. Standard 
approach in the fi rst trimester is termination of 
pregnancy and chemotherapy. If Hodgkin’s lym-
phoma is diagnosed beyond the fi rst trimester, 
ABVD regimen can be used and pregnancy ter-
minated at 34 weeks [ 29 ].  

    Malignant Melanomas in Pregnancy 

 Malignant melanoma which occurs in pregnancy 
carries a poorer prognosis [ 30 ]. This poor prog-
nosis may be due to a delay in diagnosis in preg-
nancy. Malignant melanomas in pregnancy tend 
to be thicker and have a poorer prognosis. 
Standard treatment of melanoma during preg-
nancy is surgery. Patients with advanced disease 

may be given systemic chemotherapy in preg-
nancy beyond the fi rst trimester. However, sys-
temic chemotherapy is not very effective in 
disseminated melanomas. Women who have mel-
anoma should not become pregnant as 50 % of 
melanomas recur within 3 years [ 31 ]. Melanomas 
can metastasise to the foetus and placenta.  

    Conclusion 

 Cancer complicating pregnancy is a rare event. 
Breast cancer if diagnosed in pregnancy can 
be managed surgically in early stages and with 
neoadjuvant chemotherapy and surgery in late 
stages. In carcinoma cervix less than stage 1 
B, a laparoscopic lymphadenectomy is done, 
and if no nodes are found negative, defi nitive 
treatment can be done after delivery. In later 
stages of carcinoma cervix, neoadjuvant che-
motherapy and defi nite chemoradiation are 
done after delivery. Borderline ovarian malig-
nancies are treated conservatively. Germ call 
tumours are also treated conservatively fol-
lowed by chemotherapy. Stage 1 A and 1 B 
epithelial cancers are treated conservatively in 
pregnancy. They do not need post- 
chemotherapy if they are of grade 1 and 2. 
Malignant epithelial ovarian tumours present-
ing less than 24 weeks of gestation are treated 
with termination of pregnancy and surgical 
staging followed by chemotherapy. If epithe-
lial tumours are detected after 24 weeks of 
gestation, neoadjuvant chemotherapy can be 
given and pregnancy terminated at around 34 
weeks. Full staging is done after delivery. In 
Hodgkin’s lymphoma, ABVD chemotherapy 
can used beyond the fi rst trimester preserving 
pregnancy. Melanomas are treated surgically 
in pregnancy.     
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      Life-Threatening Complications 
of MTP/Abortion                     

     Shrinivas     Gadappa      and     Rajendrasing     Pardeshi    

            Introduction 

 Unwanted pregnancies and abortion have existed 
since time immemorial. Chinese, Greek, and 
Roman cultures all developed systems of dealing 
with unwanted pregnancies and regulating popu-
lation growth in their respective societies. The 
Egyptians were some of the fi rst to create abor-
tion techniques, which were discussed and 
reported in some of their fi rst, and our oldest, 
medical texts [ 1 ]. 

 The term “abortion” is derived from the Latin 
word “aboriri,” which means “to get detached from 
the proper site.” “Abortion” is the termination of 
pregnancy when the fetus is not viable or termina-
tion prior to 20 weeks of gestation or a fetus born 
weighing less than 500 g (World Health Organization 
(WHO), Centers for Disease Control (CDC), 
National Center for Health Statistics (NCHS)). 

  “Miscarriage” or spontaneous abortion  means 
the premature expulsion of the product of concep-
tion (an ovum, embryo, or a fetus) from the uterus, 
without the application of any deliberate methods 

to terminate it during the early weeks after concep-
tion. “ Induced abortion”  means willful termina-
tion of pregnancy before viability. Induced 
termination of pregnancy whether in hands of 
skilled or unskilled persons are always fraught 
with health hazards, leading to increased incidence 
of “maternal mortality” and “morbidity” espe-
cially when performed in “unsafe” and “unhy-
gienic conditions.”  Safe abortions  – those done by 
trained providers in hygienic settings – and early 
medical abortions (using medication to end a preg-
nancy) carry few health risks (WHO 2003). 

 Unsafe abortion is a persistent, but prevent-
able pandemic with grave implications on the life 
of women and their reproductive career [ 2 ]. The 
World Health Organization (WHO) defi nes 
 unsafe abortion  ―as a procedure for terminat-
ing an unintended pregnancy carried out either by 
persons lacking the necessary skills or in an envi-
ronment that does not conform to minimal medi-
cal standards, or both (WHO 2007). The term 
 “septic abortion”  refers to a spontaneous miscar-
riage or therapeutic/artifi cial abortion compli-
cated by a pelvic infection. Unsafe abortion is 
most often associated with attendant complica-
tions of sepsis, hemorrhage requiring blood 
transfusion, uterine and bowel perforation, pelvic 
abscess, endotoxic shock, renal failure, and 
death. Long-term sequelae include ectopic preg-
nancy, chronic pelvic pain and infertility with 
grave implications for future reproductive health 
of the woman. What is particularly worrisome 
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about the scenario of unsafe abortion is that these 
deaths or disabilities are occurring in spite of the 
fact that the world has safe, effective, and afford-
able means of preventing unwanted pregnancy 

 Unsafe abortion is one of the leading causes of 
maternal mortality and morbidity. In developing 
countries, the risk of death following complica-
tions of unsafe abortion procedures is several 
hundred times higher than that of an abortion per-
formed professionally under safe conditions 
(WHO 1998). 

 Before the enactment of MTP Act, 1971, 
induced abortion was illegal and violation of law 
(IPC 312 Causing Miscarriage). Abortion was 
liberalized in India after the Medical Termination 
of Pregnancy (MTP) Act which came into effect 
on 1 April 1972, according to which a pregnancy 
may be terminated within 20 weeks of gestation. 

 Abortion being a sensitive issue, a large num-
ber of women, is not aware of its being legal. In 
such circumstances, most of these women if they 
had to go for abortion, they would prefer sources 
which are not public and go to private clinics 
where privacy and confi dentiality are better 
maintained [ 3 ].  

    Incidence 

 WHO estimates that globally 210 million women 
become pregnant each year and that around 80 
million of these pregnancies are unplanned 
(WHO 2004) [ 4 ]. However, every year, close to 
20 million women risk their lives and health by 
undergoing unsafe abortions. Twenty-fi ve per-
cent of these women will face a complication 
with permanent consequences and close to 
66,500 women will die. The majority of these 
women live in the developing world, and half of 
those who die are under the age of 25 years 
(WHO 2007) [ 1 ]. 

 Among all unsafe abortions, 97 % occur in 
developing countries and more than half (55 %) 
are in Asia, particularly in south-central Asia. 
Nearly 13 % of all illegal abortions in the world 
are carried out in India [ 4 ]. 

 Globally, fi ve million women are estimated 
to be hospitalized because of abortion-related 

 complications (WHO 2007) and 67,900 maternal 
deaths are the result of unsafe abortions annually, 
representing 13 % of maternal mortality deaths 
(Singh 2006; WHO 2007; Fawcus 2008). Every 8 
min, a woman dies in the developing world due to 
complications from unsafe abortion (id21, 2007; 
cited in Bhandari et al. 2008) [ 4 ]. 

 According to the Consortium on National 
Consensus for Medical Abortion in India (2008), 
every year, an average of about 11 million abor-
tions take place annually and around 20,000 
women die every year due to abortion-related 
complications. Most abortion-related maternal 
deaths are attributable to illegal abortions [ 3 ].  

    Causes for Unsafe Abortion   

    Complications of Abortion 

 Complications of abortion depend upon gesta-
tional age, method employed, or the abortion pro-
cess. Earlier abortions are defi nitely safer. 
Fourfold rise in complications with late abortions 
(Fig.  31.1  and Table  31.1 ).

    Complications of spontaneous miscarriages 
and therapeutic abortions include the following:  

    Immediate 

     1.     Injury to the cervix (cervical lacerations):  
The cervix is sometimes torn during the pro-
cedure. The most common complication 
after dilatation and evacuation was cervical 
laceration that required suturing [ 5 ], but in 

•    Lack of access  
•   Lack of trained MTP providers  
•   Lack of equipment  
•   Lack of facilities  
•   Lack of information about availability 

of safe abortion services  
•   Social causes   
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most cases, the tear is minimal and heals 
quickly on its own without treatment.   

   2.     Vasovagal shock (cervical shock):  Vasovagal 
syncope produced by stimulation of the cer-
vical canal during dilatation may occur. 
Rapid recovery usually follows.   

   3.     Uterine perforation and/or injury to the 
bladder/bowel : Rarely, an instrument may 
puncture the wall of the uterus. The fre-
quency of this event is about one in one thou-
sand cases. Hospitalization is usually 
necessary for observation and/or completion 
of the abortion. To inspect the condition of 
the uterus in this situation, laparoscopy can 
be done. If damage is serious, an abdominal 
operation may be required to repair the dam-
age. This can include hysterectomy.   

   4.     Postabortion triad  (i.e., pain, bleeding, low- 
grade fever) due to retained clots or products.   

   5.     Thrombosis and embolism .   
   6.     Hematometra : Also known as postabortion 

syndrome, this is the result of retained prod-
ucts of conception or uterine atony for other 
causes. The endometrium is distended with 
blood, and the uterus is unable to contract to 
expel the contents.   

   7.     Retained products of conception : During a 
nonsurgical abortion, medication will induce 
the uterus to contract and naturally slough 
and empty of blood and tissue. Occasionally, 
however, this process is incomplete and can 
lead to infection, hemorrhage, or both espe-
cially if fetal tissue remains in the uterus. 
The thickened lining of the uterus is never 
completely removed during a surgical abor-
tion, and therefore, it is normal for the uterus 
to naturally shed excess blood and tissue 
while healing. This process can lead to infec-
tion, hemorrhage, or both. To remove 
remaining tissue, it will be necessary to 
repeat the misoprostol or perform a uterine 
aspiration at the offi ce. In rare instances, 
hospitalization or surgery is required.   

   8.     Infection : Infection is caused by germs from 
the vagina and cervix getting into the uterus, 
and this can occur when the cervix is dilated 
to pass the pregnancy. If a woman has gonor-
rhea, syphilis, or chlamydia, a serious tubal 
infection can occur. The risk of infection 
associated with early medical abortion is 
very low. Such infections usually respond to 
aspiration and antibiotics, but in some 
instances, hospitalization can be necessary. 
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  Fig. 31.1    Relation of rate of abortion complications and 
gestational age       

   Table 31.1    Complications of MTP/abortion   

 Immediate  Remote 

  1.  Injury to the cervix 
(cervical lacerations) 

  2. Vasovagal shock 
  3. Hemorrhage and shock 
  4.  Retained products of 

conception 
  5. Infection 
  6. Uterine perforation 
  7. Injury to bladder/bowel 
  8.  Postabortion triad with 

pain 
  9. Thrombosis and embolism 
 10. Hematometra 

 A.  Gynecological  
 1. Menstrual disturbances 
 2. PID 
 3. Infertility 
 4. Scar endometriosis 
 5. Incisional hernia 
 6.  Uterine synechiae leading to secondary 

amenorrhea 
 B.  Psychological/emotional trauma  

 C.  Obstetrical  
 1.  Recurrent midtrimester 

abortion due to cervical 
incompetence 

 2. Ectopic pregnancy 
 3. Preterm labor 
 4. Increased perinatal loss 
 5. Rupture uterus 
 6. Rh isoimmunization 
 7. Abruptio placenta 
 8.  Failed abortion and continued 

pregnancy 
 9. Placenta acreta 
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Surgery may also be required in extreme 
cases. It is very important to observe all fol-
low- up instructions and return for your check 
up to ensure that your risk of infection is 
minimized. In severe form, it may cause sep-
tic abortion and peritonitis.   

   9.     Hemorrhage and shock  due to trauma, 
incomplete abortion, atonic uterus, or coagu-
lation failure (DIC). Bleeding from the 
uterus heavy enough to require treatment 
occurs rarely. Hemorrhage, heavy enough to 
require a blood transfusion, occurs in less 
than one in one thousand cases. A bleeding 
problem may require medications to help the 
uterus contract, a repeat aspiration or dila-
tion and curettage or, rarely, surgery to cor-
rect the bleeding   

   10.     Related to methods employed 
    (i)     Prostaglandins 

    1.    Vomiting   
   2.    Diarrhea   
   3.    Fever   
   4.    Abdominal pain   
   5.    Cervico-uterine injury    

      (ii)     Oxytocin 
    1.    Water intoxication   
   2.    Convulsions    

      (iii)     Hysterotomy 
•    Hemorrhage and shock  
•   Complications of anesthesia  
•   Peritonitis  
•   Intestinal Obstruction      

   (iv)     Saline 
•    Hypernatremia  
•   Pulmonary edema  
•   Endotoxic shock  
•   DIC  
•   Renal failure  
•   Cerebral edema       

          Remote 

     (i)     Gynecological 
    1.    Menstrual disturbances.   
   2.    PID: 5 % of women suffer PID following 

induced (or surgical) abortion. PID can 
lead to fever and infertility.   

   3.    Infertility due to cornual block.   
   4.    Scar endometriosis especially in hyster-

otomy (1 %).   
   5.    Incisional hernia.   
   6.    Uterine synechiae leading to secondary 

amenorrhea.    
      (ii)     Obstetrical 

    1.     Recurrent midtrimester abortion  due to 
cervical incompetence.   

   2.     Ectopic pregnancy : Studies point out that 
the risk of an ectopic pregnancy is 30 % 
higher for women who have had one 
abortion and up to four times higher for 
women with two or more abortions. 
When a woman has an ectopic preg-
nancy, she has a 12 % risk of dying in a 
future pregnancy.   

   3.     Preterm labor .   
   4.     Increased perinatal loss .   
   5.     Rupture uterus .   
   6.     Rh isoimmunization  in Rh-negative 

women, if not prophylactically protected 
with immunoglobulin.   

   7.     Abruptio placenta : Abruptio placenta 
can result in extreme and severe life- 
threatening bleeding. Women who have 
experienced abortion have a 600 % 
increase in their risk for abruptio pla-
centa in future pregnancies.   

   8.     Failed abortion and continued preg-
nancy . Failed MTP is defi ned when there 
is failure to achieve termination of 
 pregnancy within 48 h. Sometimes, an 
early abortion does not succeed in termi-
nating the pregnancy. The likelihood of 
this event is less than one in one thou-
sand cases. In such cases, another abor-
tion procedure is recommended, because 
the fi rst attempted abortion can adversely 
affect the normal development of the 
pregnancy. Alternately, this can also be a 
sign of a tubal pregnancy, which would 
require hospitalization and abdominal 
surgery.   

   9.     Placenta acreta     
      (iii)     Psychological/emotional trauma:  50 % of 

women who have had abortions report 
 experiencing emotional and psychological 

S. Gadappa and R. Pardeshi



299

 problems lasting for months or years. These 
emotions include, but aren’t limited to:
    1.    Acute feeling of grief   
   2.    Depression   
   3.    Anger   
   4.    Fear of disclosure   
   5.    Preoccupation with babies or getting 

pregnant again   
   6.    Nightmares   
   7.    Sexual dysfunction   
   8.    Termination of relationships   
   9.    Emotional coldness   
   10.    Increased alcohol and drug abuse   
   11.    Eating disorders   
   12.    Anxiety   
   13.    Flashbacks of the abortion procedure   
   14.    Suicide    

      Many of these women go on to report that they 
regret their choice and would do anything to go 
back and undo the decision that resulted in so 
much pain. 

 Severity of complications is another important 
measure of effects on health. The proportion of 
women classifi ed with severe complications if:

•    Fever of 38 °C or more  
•   Organ or system failure  
•   Generalized peritonitis  
•   Pulse 120 per min or more  
•   Shock  
•   Evidence of a foreign body  
•   Mechanical injury    

 Out of the abovementioned life-threatening 
complications are uterine hemorrhage due to per-
foration, severe sepsis, peritonitis, visceral inju-
ries, hemorrhagic and septic shock, renal failure, 
DIC, hepatic failure, and encephalopathy.  

    Mortality 

 Early abortion is one of the safest procedures. 
Maternal death is lowest (0.6/100,000 proce-
dures) in the fi rst trimester termination while 
mortality rate increases 5–6 times in midtrimes-
ter termination of pregnancy.  

    Pathophysiology 

 Postabortion complications develop as a result of 
three major mechanisms as follows: incomplete 
evacuation of the uterus and uterine atony, which 
leads to hemorrhagic complications; infection; 
and injury due to instruments used during the 
procedure. 

 In septic abortion, infection usually begins as 
endometritis and involves the endometrium and 
any retained products of conception. If not 
treated, the infection may spread further into the 
myometrium and parametrium. Parametritis may 
progress into peritonitis. The patient may develop 
bacteremia and sepsis at any stage of septic abor-
tion. Pelvic infl ammatory disease (PID) is the 
most common complication of septic abortion.  

    Prevention of Complications 

    Primary Prevention 

 It includes reduction in the need for unsafe abor-
tion through contraception, legalization of abor-
tion on request, the use of safer techniques, and 
improvement of provider skills. Access to safe, 
effective contraception can substantially reduce – 
but never eliminate – the need for abortion to 
regulate fertility. 

 All abortion patients – whether seeking treat-
ment of a complication or an elective induced 
abortion – should be offered contraceptive coun-
seling and a choice of appropriate methods. 
Contraceptive counseling and provision at the 
time of treatment reduced unintended pregnan-
cies and repeat abortions by 50 % over 1 year in 
Zimbabwe, compared with postabortion patients 
who did not receive such services. 

 The advent of vacuum aspiration in the 1960s 
revolutionized the primary prevention of compli-
cations in developing countries. Vacuum aspira-
tion is safer than sharp curettage, and the WHO 
recommends vacuum aspiration as the preferred 
method for uterine evacuation before 12 weeks of 
pregnancy. This method is faster, safer, more 
comfortable, and associated with shorter hospital 
stay for induced abortion than sharp curettage. 
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Additional advantages compared with sharp 
curettage are its ease of use as an outpatient pro-
cedure, the need for less analgesia and anesthe-
sia, and its lower cost per procedure especially if 
done on an outpatient basis. 

 The combined use of mifepristone and miso-
prostol has become the standard WHO- 
recommended medical regimen for early 
medication abortion and is better than either drug 
alone. Regimens with misoprostol alone as an 
abortifacient have varied widely, with reported 
success rates ranging between 87 and 97 %. 
Increased access to misoprostol has been associ-
ated with improved women’s health in develop-
ing countries, and studies are being done to refi ne 
the regimen for misoprostol alone to induce 
abortion.  

    Secondary Prevention 

 Secondary Prevention entails prompt and appro-
priate treatment of complications. This includes 
timely evacuation of the uterus after incomplete 
abortion. WHO has issued technical and clinical 
guidelines for the provision of safe abortion care 
and treatment of abortion complications. 
Misoprostol can be used for the management of 
incomplete abortion, and vacuum aspiration is 
better than sharp curettage. 

 Postabortion care is spreading worldwide. It 
included postabortion assessment and diagno-
sis, uterine evacuation procedures and tech-
niques, pain management, infection prevention, 
management of complications, referral to other 
sexual and reproductive health services, contra-
ceptive counseling and provision, and follow-up 
care. 

 Interventions include clinical training of phy-
sicians and midwives, provision of manual vac-
uum aspiration and other supplies, reorganization 
of services, supervisory visits to facilities, and 
improved record-keeping. Critics of postabortion 
care worldwide complain that the preoccupation 
with secondary (rather than primary) prevention 
of unsafe abortion is myopic, tantamount to plac-
ing ambulances at the bottom of a cliff instead of 
erecting a fence at the top.  

    Tertiary Prevention 

 Tertiary prevention mitigates long-term damage. 
Rapid transfer to a hospital can be lifesaving. 
Prompt repair of uterine injury could preserve 
fertility. Acute renal failure and tetanus from 
unsafe abortions remain important causes of 
death and lengthy disability. Repair of fi stulas in 
bowel and bladder can end the suffering, stigma-
tization, and abandonment that these injuries 
cause.   

    Medical/Legal Pitfalls 

     1.    Do not underestimate the amount and rate of 
bleeding. In the supine position, more than 
500 mL of blood may collect in the vagina 
without severe external bleeding. Always per-
form a pelvic examination on a postabortion 
patient who is bleeding.   

   2.    Failure to aggressively treat vaginal bleeding, 
even if it seems minimal: Stabilize the patient 
with 2 large-bore IVs and with oxygen. 
Closely monitor vital signs.   

   3.    Failure to diagnose uterine perforation may 
lead to life-threatening complications: In 
postabortion patients with abdominal pain 
beyond the pelvic area, suspect perforation 
and evaluate with kidney, ureter, and bladder 
(KUB)/upright radiographs and pelvic ultra-
sonography. Consult a gynecologist and, if 
suspicion is high, insist on laparoscopy.   

   4.    Failure to diagnose ectopic pregnancy: The 
chance of a missed ectopic pregnancy always 
exists. Do not presume intrauterine pregnancy 
in a patient who has just had an abortion; she 
may have had a missed ectopic pregnancy.   

   5.    Failure to promptly administer broad- spectrum 
antibiotic therapy may result in complications, 
including sepsis and septic shock. Do not 
delay administration of antibiotics if a patient 
has signs of severe postabortion infection. 
Administer broad-spectrum antibiotics before 
completing diagnostic workup.   

   6.    Failure to obtain information about recent ter-
mination of pregnancy may lead to a wrong 
diagnosis or delayed/inappropriate treatment.   
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   7.    Failure to evacuate retained products of con-
ception from the uterus leads to treatment fail-
ure and possible complications.   

   8.    Failure to diagnose bowel injury may lead to 
life-threatening complications.      

    Diagnosis of Complications 

 Diagnosis of complications is made by thorough 
history, physical examination, and investigations. 

    History 

 Presentation depends on the type of complication 
the patient develops. Intraoperative and early 
postoperative complications are rarely seen, but 
some patients develop these types of complica-
tions and present to the emergency for treatment. 
Complications include the following:

    1.     Local anesthesia:  Paracervical block is a 
common method of anesthesia for therapeutic 
abortion. Accidental intravascular injection of 
anesthetic is a potentially life-threatening 
complication of this method that could lead to 
seizure, cardiopulmonary arrest, and death.   

   2.     General anesthesia:  Complications with 
general anesthesia may lead to uterine atony 
with severe hemorrhage.   

   3.     Cervical shock:  Vasovagal syncope pro-
duced by stimulation of the cervical canal 
during dilatation may occur. Rapid recovery 
usually follows.   

   4.     Postabortion triad:  Pain, bleeding, and low- 
grade fevers are the most common present-
ing complaints. Postabortion triad usually is 
caused by retained products of conception.   

   5.     Hemorrhage:  Excessive hemorrhage during 
or after abortion may signify uterine atony, 
cervical laceration, uterine perforation, cer-
vical pregnancy, a more advanced gestational 
age than anticipated, or coagulopathy.   

   6.     Hematometra : Also known as postabortion 
syndrome, this is the result of retained prod-
ucts of conception or uterine atony for other 
causes. The endometrium is distended with 

blood, and the uterus is unable to contract to 
expel the contents. Patients usually present 
with increasing lower midline abdominal pain, 
absent or decreased vaginal bleeding, and, at 
times, hemodynamic compromise. This may 
develop immediately after miscarriage or 
abortion, or it may develop insidiously.   

   7.     Perforation:  Patients with uterine perforation 
missed during the procedure usually present 
as an emergency with increased abdominal 
pain, bleeding (possibly ranging from very 
mild to absent), and fever. If perforation 
results in injury to major blood vessels, 
patients may present in hemorrhagic shock.   

   8.     Bowel injury:  This may accompany uterine 
perforation. If initially unrecognized, 
patients present with abdominal pain, fever, 
blood in the stool, nausea, and vomiting.   

   9.     Bladder injury:  This occurs as a result of 
uterine or cervical perforation. Patients pres-
ent with suprapubic pain and hematuria.   

   10.     Septic abortion:  This is endometritis. Patients 
present with fever, chills, abdominal pain, 
foul-smelling vaginal discharge, vaginal 
bleeding, and history of recent pregnancy.   

   11.     Failed abortion  (continued intrauterine or 
ectopic pregnancy): Failure to terminate the 
pregnancy is relatively common with very 
early abortions (<6 weeks gestational age). 
Such patients may present with symptoms of 
continuing pregnancy such as hyperemesis, 
increased abdominal girth, and breast 
engorgement. In addition, an unrecognized 
ectopic pregnancy in the postabortion period 
presents in the usual manner.   

   12.     Disseminated intravascular coagulation:  
Suspect DIC in all patients who present with 
severe postabortion bleeding, especially 
after midtrimester abortions.      

    Physical Examination 

     1.    Vital signs
    (i)    Monitoring of vital signs is essential for 

patients with postabortion complications.   
   (ii)    Increasing fever could be a sign of pro-

gressing infection.   
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   (iii)    Tachycardia and hypotension may be signs 
of severe hemorrhage or septic shock.       

   2.    Abdominal examination
    (i)    Suprapubic tenderness is common in the 

postabortion period. Severe tenderness is 
unusual and may be a sign of hematome-
tra, bladder perforation, or bowel injury.   

   (ii)    Tenderness in other areas of the abdomen 
(e.g., rebound tenderness, guarding) 
strongly indicates instrumental injury 
complications (e.g., perforation, bowel 
injury, bladder injury).   

   (iii)    A tender mass in the suprapubic area 
suggests hematometra.   

   (iv)    Diminished or absent bowel sounds are a 
sign of developing peritonitis.       

   3.    Vaginal examination
    (i)    Assess the quantity and rate of 

hemorrhage.
•    Look for possible vaginal or cervical 

injury.  
•   Identify the source of bleeding (e.g., 

uterine, cervical os, lesions of the vulva, 
vagina, or vaginal portion of cervix).      

   (ii)    Cervical motion tenderness on bimanual 
examination may be suggestive of pelvic 
infection or ectopic pregnancy.   

   (iii)    A large tender uterus may be a sign of 
hematometra.   

   (iv)    Adnexal tenderness or masses may sug-
gest ectopic pregnancy, pelvic infl amma-
tory disease (PID), cyst, or hematoma.       

   4.    Rectal examination
    (i)    A rectal examination must be performed 

if bowel injury is suspected.   
   (ii)    The presence of rectal tenderness and 

blood (or guaiac-positive stool) makes the 
diagnosis of bowel injury almost certain.          

    Management of Complications 
of Abortion 

    Investigations 

     A.    Laboratory Studies
    1.    Complete blood count and platelets: 

Repeat CBC may be helpful in assessing 
the degree of ongoing hemorrhage.   

   2.    Blood grouping and cross-matching.   
   3.    Complete metabolic panel.LFT, RFT.   
   4.    Beta-human chorionic gonadotropin 

level: A quantitative level may provide 
useful information and a basis for future 
comparison.   

   5.    Coagulation profi le: PT and aPTT, INR.   
   6.    Urinalysis.   
   7.    If DIC is suspected, fi brinogen, fi brin 

split products, and D-dimer should be 
obtained.   

   8.    Erythrocyte sedimentation rate may be 
helpful in assessing developing infection.   

   9.    Endocervical cultures (e.g., aerobic, 
anaerobic, gonorrheal, chlamydial) and 
Gram stain may be indicated.   

   10.    Blood cultures should be obtained if the 
patient is febrile and systemic infection 
is suspected.       

   B.    Imaging Studies
    1.    To exclude free air as a result of bowel 

perforation, obtain either an  upright chest 
radiograph or an upright abdominal 
radiograph . Both supine and upright 
radiographs of the abdomen assist in the 
detection of free air or foreign bodies.   

   2.    USG: Transvaginal  ultrasonography  to 
rule out ectopic pregnancy, retained prod-
ucts of conception in the uterus, adnexal 
masses, free fl uid in the cul-de-sac, and 
hematometra.   

   3.     Abdominal and pelvic CT  may be useful in 
evaluating the acutely tender abdomen and 
pelvis if pelvic ultrasonography is not 
diagnostic.            

    Treatment 

     A.    Prehospital care
    1.    Monitor vital signs.   
   2.    Stabilize with intravenous fl uids (e.g., nor-

mal saline, Ringer’s lactate), if the patient 
is hemodynamically unstable.   

   3.    Administer oxygen.       
   B.    Emergency care

    1.    Screen all patients with postabortion com-
plications for Rh factor. Administer 
Rho(D) immune globulin (RhoGAM) if 
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results indicate that the patient is Rh nega-
tive and unsensitized.   

   2.    Patients with the postabortion triad (i.e., 
pain, bleeding, low-grade fever) may 
respond to treatment with oral antibiotics 
and ergot preparations. Immediately initiate 
these agents. In most cases, however, blood 
clots or retained products of conception 
must be evacuated from the uterus. In these 
cases, administer medications parenterally, 
as the patient will undergo anesthesia.   

   3.    Hemorrhage or hematometra
    (i)    Monitor vital signs and rate of bleed-

ing. Administer fl uids, blood, and 
blood products as needed.   

   (ii)    Administer intravenous oxytocin for 
treatment of uterine atony.   

   (iii)    Alternative treatments for uterine 
atony include intracervical vasopres-
sin or carboprost tromethamine and 
bimanual uterine massage.   

   (iv)    If bleeding persists, screen for coagu-
lopathy/DIC and obtain immediate 
gynecologic consultation with the 
intention of transferring the patient 
to the operating room (OR) for 
repeat curettage and, if necessary, 
hysterectomy.       

   4.    Uterine perforation, bowel injury, and 
bladder injury: If one or any combination 
of these complications is suspected or 
diagnosed treat as follows:
    (i)    Hemodynamically stabilize the patient.   
   (ii)    Insert a Foley catheter.   
   (iii)    Transfer to the OT for laparoscopy/

laparotomy and further treatment.       
   5.    Failed abortion, continued pregnancy, and 

ectopic pregnancy.
    (i)    If the patient is stable, perform ultra-

sonography and obtain a beta-human 
chorionic gonadotropin (hCG) level 
to establish the diagnosis and further 
treatment.   

   (ii)    If the patient is unstable, transfer to the 
OT for dilation and curettage (D&C) 
and/or laparoscopy/laparotomy.       

   6.    Suspected septic abortion.
    (i)    Administer intravenous fl uids 

through a large-bore angiocatheter.   

   (ii)     For patients who are unstable, administer 
oxygen and insert a Foley catheter.   

   (iii)     Early antibiotic treatment may be 
guided by Gram stain, but broad- 
spectrum coverage is recommended.   

   (iv)     Perform evacuation of retained tissues 
from the uterine cavity, preferably by 
D&C. If D&C is not immediately avail-
able, high doses of oxytocin can be 
used.   

   (v)     Laparotomy may be needed if the above 
measures elicit no response.   

   (vi)     A hysterectomy may be necessary in 
cases of uterine perforation, bowel 
injury, clostridial myometritis, and pel-
vic abscess.           

   C.    Specialty care
   Consult surgery and urology if bowel or blad-

der injury is diagnosed.        

    Medication Summary 

•     The goals of pharmacotherapy are to eradicate 
the infection, reduce morbidity, and prevent 
complications. Aggressive antimicrobial ther-
apy prevents death by eliminating all septic 
sources during the early stages of the disease.   

    A.    Antibiotics 
 Immediately administer broad-spectrum anti-
biotics to patients with severe postabortion 
infection.

    1.    Cefoxitin 
 Indicated for infections caused by suscep-
tible Gram-positive cocci and Gram- 
negative bacilli. Many infections caused 
by Gram-negative bacteria resistant to 
some cephalosporins and penicillins 
respond to cefoxitin.   

   2.    Doxycycline 
 Treats infections caused by susceptible 
Gram-negative and Gram-positive organ-
isms, in addition to infections caused by 
susceptible  Rickettsia, Chlamydia,  and 
 Mycoplasma  species.   

   3.    Gentamicin sulfate 
 Aminoglycoside antibiotic for Gram- 
negative coverage. Used in combination 
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with both an agent against Gram-positive 
organisms and an agent that covers anaer-
obes. Not the drug of choice. Consider if 
penicillins or other less toxic drugs are 
contraindicated, when clinically indi-
cated, and in mixed infections caused by 
susceptible staphylococci and Gram- 
negative organisms. Dosing regimens are 
numerous; adjust dose based on creatine 
clearance and changes in volume of dis-
tribution. May be administered intrave-
nous or intramuscular.   

   4.    Ticarcillin and clavulanate potassium 
 Presumptive therapy prior to identifi ca-
tion of organism. Inhibits biosynthesis of 
cell wall mucopeptide; effective during 
stage of active growth.   

   5.    Ampicillin and sulbactam sodium 
 Drug combination of beta-lactamase 
inhibitor with ampicillin. Covers skin, 
enteric fl ora, and anaerobes. Not ideal for 
nosocomial pathogens.   

   6.    Imipenem and cilastatin sodium 
 Treats multiple-organism infections for 
which other agents lack wide- spectrum 
coverage or are contraindicated due to 
potential toxicity.   

   7.    Piperacillin and tazobactam sodium 
 Treats septicemia caused by many Gram-
positive and Gram-negative pathogens.   

   8.    Clindamycin 
 Useful as treatment against aerobic strep-
tococci and most staphylococci. Inhibits 
bacterial growth, possibly by blocking 
dissociation of peptidyl tRNA from ribo-
somes, causing RNA-dependent protein 
synthesis to arrest.   

   9.    Cefotaxime 
 Treats septicemia caused by  Streptococcus  
spp.,  S. aureus ,  E. coli , and  Klebsiella  
spp. organisms. Used in genitourinary 
infections such as pelvic infl ammatory 
disease, endometritis, and pelvic celluli-
tis. Arrests bacterial cell wall synthesis, 
which, in turn, inhibits bacterial growth.   

   10.    Vancomycin HCL 
 Potent antibiotic directed against Gram-
positive organisms and active against 

enterococcal species. Useful in the treat-
ment of septicemia and skin structure 
infections. Indicated for patients who 
cannot receive or have failed to respond to 
penicillins and cephalosporins or who 
have infections with resistant staphylo-
cocci. To avoid toxicity, current recom-
mendation is to assay only vancomycin 
trough levels after the third dose, drawn 
0.5 h before next dosing. Doses and dos-
ing intervals may be adjusted based on 
creatine clearance.   

   11.    Ceftriaxone 
 Third-generation cephalosporin with broad- 
spectrum Gram-negative activity; lower 
effi cacy against Gram-positive organisms; 
higher effi cacy against resistant organisms. 
Arrests bacterial growth by binding to one 
or more penicillin-binding proteins.       

   B.    Synthetic posterior pituitary hormones 
 When D&C is not immediately available, 
these hormones are used to induce contrac-
tions to help evacuate retained products of 
conception from the uterus (carbetocin).

    1.    Oxytocin: Produces rhythmic uterine con-
tractions and can stimulate the gravid 
uterus, as well as antidiuretic effects. Also 
can control postabortal hemorrhage.   

   2.    Carbetocin: Carbetocin is a long-acting 
synthetic octapeptide analogue of oxytocin 
with agonist properties. It can be adminis-
tered intravenously to prevent hemorrhage 
after abortion.       

   C.    Ergot alkaloids 
 Ergot derivatives are used for oxytocic effects 
on uterine muscle. These agents prevent posta-
bortion uterine atony and hemorrhage.

    1.     Methylergometrine (Methergine) : Acts 
directly on the smooth muscle of the uterus; 
induces a rapid and sustained tetanic utero-
tonic effect that reduces bleeding.       

   D.     Syntometrine : Is available in injectable 
form as combination of oxytocin and 
methylergometrine.   

   E.     Prostaglandins 
    1.     PGE1/misoprostol:  Misoprostol is mostly 

used in cases of retained products of con-
ception per vaginal.   
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   2.     15 Methyl PGF2α/Carboprost:  Is avail-
able in injectable form used in cases of 
retained products of conception and also 
used to prevent postabortal hemorrhage.    

           Further Inpatient Care 

     1.    Inpatient treatment of patients with abortion 
complications includes repeat D&C, laparos-
copy, and laparotomy (for treatment of com-
plicated perforation, bowel and bladder 
injuries, refractory bleeding).   

   2.    Further inpatient care for patients with septic 
abortion include the following:
    (i)    Perform a prompt evacuation of retained 

products of conception from the 
uterus.   

   (ii)    Administer aggressive antibiotic therapy.   
   (iii)    Monitor the patient’s temperature, vagi-

nal discharge, and bleeding.          

    Further Outpatient Care 

     1.    If the patient is discharged, arrange defi nite 
follow-up care in 1–2 days with the patient’s 
primary gynecologist.   

   2.    Patient should be counseled about 
contraception.   

   3.    Patient should be advised to follow up as soon 
as there is period of amenorrhea and early 
ANC registration.   

   4.    Advise the patient to observe for menstrual 
pattern for menstrual disturbances.   

   5.    At the time of discharge, patient should be 
discharged on oral iron preparation for 3 
months.      

    Case Report 

  Case No. 1 
 A 21-year-old woman, ABC, G3P2L2, last child 
birth 10 months back, brought by relatives with 
referral from private hospital as “uterine perfora-
tion” with c/o repeated vomiting and distended 
abdomen since 2 days, termination of a 10-week 

pregnancy by an uncertifi ed practitioner 2 days 
ago. She was dehydrated, pale, having tachycar-
dia, and BP – 90/60 mm of Hg. Outside USG s/o 
uterine perforation. X-ray erect abdomen s/o 
intestinal obstruction. So in view of uterine per-
foration with intestinal obstruction, exploratory 
laprotomy done. 

 On laparotomy, there was evidence of pos-
terior uterine wall rent with small bowel loop 
incarcerated into the uterine cavity which was 
gangrenous so resection anastomosis with 
rent repair done. Postop was uneventful and 
patient discharged on day 8 postop (Figs.  31.2  
and  31.3 ).

  Fig. 31.2    Postabortal posterior uterine wall rent with 
bowel incarceration in uterine cavity       

  Fig. 31.3    Gangrenous bowel loop with posterior uterine 
wall rent       
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      Case No. 2 
 A 24-year-old woman, primigravida, had under-
gone SE in private hospital at 12 weeks of gesta-
tion brought by relatives to emergency department 
with severe abdominal pain, sweating and giddi-
ness. On examination, patient was pale and had 
tachycardia, hypotension, guarding, and rigidity 
over abdomen, Ut 12–14 weeks. On PV examina-
tion, tender mass present in anterior fornix. USG 
done s/o ant uterine wall hematoma measuring 
10 × 10 cm. 2 units PCV given and exploratory 
laparotomy done, Hematoma drained, there was 
e/o ant uterine wall peforation, repaired. Postop 
patient went home uneventfully on day 8 
(Figs.  31.4  and  31.5 ).

         Conclusion 

     1.    Legally induced abortion is one of the 
safest procedures in medicine. Although 
complications are not completely avoid-
able, they can be minimized by careful 
prescreening and sound medical and sur-
gical practices, including the following.   

   2.    Diligent effort to determine gestational 
age prior to attempting abortion   

   3.    Sound aseptic technique   
   4.    Simple regimens of anesthesia and evacu-

ation of the uterus   
   5.    Confi ning operative procedures to those 

with which the surgeon is experienced 
and comfortable   

   6.    Avoiding vigorous sharp curettage   
   7.    Dilating the cervix adequately to perform 

a rapid, safe operation   
   8.    Condemn procedures like aspirotomy for 

gestational age less than 12 weeks.   
   9.    Rational use of uterotonic regimens to 

prevent and treat hypotonus   
  10.    Maintaining a high index of suspicion for 

occult injury and insidious medical 
complications   

  11.    Use of periabortal antibiotic prophylaxis   
  12.    Careful tissue examination and confi rma-

tion of products of conception to rule out 
incomplete abortion or molar pregnancy   

  13.    Assiduous monitoring during and after 
surgery   

  14.    24-h telephone access to a clinician knowl-
edgeable about postabortal complications   

  15.    Appropriate emergency consultation and 
hospital referral when necessary         
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      Ovarian Hyperstimulation 
Syndrome and Pregnancy                     
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        Ovarian hyperstimulation syndrome (OHSS) is 
an iatrogenic complication of ovarian stimulation 
occurring during the luteal phase or during early 
pregnancy. 

 The most common form occurs a few days 
after the induction of rupture of follicle following 
the administration of hCG when ovarian stimula-
tion has been medically induced by using either 
clomiphene citrate or gonadotrophins, along with 
GnRh agonists or antagonists. OHSS is more fre-
quent and severe in conception cycles and in mul-
tiple vs singleton conceptions. 

    Incidence 

  The reported prevalence of the severe form of 
OHSS is ranging from 0.5 to 5 %.  

 With the use of  clomiphene citrate for ovarian 
stimulation, Schenker and Weinstgein [ 1 ] 
reported occurrence of OHSS in 13.5 % in a mild 
form, while moderate and severe OHSS forms 
were described only sporadically. 

 When considering IVF cases, the reported inci-
dence of OHSS is 3 ± 6 % for the moderate form and 
0.1 ± 2 % for severe forms (Serour et al. 1998) [ 2 ] .  

 ESHRE report on ART in Europe (2004) 
found an incidence of OHSS of 1.2 % of all stim-
ulated cycles (Nyboe et al. [ 3 ]).  

    Classifi cation 

 OHSS is classifi ed as early and late OHSS 
depending upon the time of appearance of clini-
cal signs and symptoms: 

 Early OHSS  Late OHSS 

 Related to an exaggerated 
ovarian 
 Response to gonadotrophin 
stimulation 

 Mainly related to the 
secretion of placental 
HCG 

 <10 days after the ovulation 
triggering injection of HCG 

 ≥10 days after HCG 

   Those cases which constitute a combination 
of the early form and are followed by pregnancy 
are serious and long-lasting. 
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 Another classifi cation is based on severity of 
symptoms, clinical presentation and ultrasound 
fi ndings:

  Mild OHSS 
  Abdominal bloating  
  Mild abdominal pain  
  Ovarian size usually <8 cm   

  Moderate OHSS 
  Moderate abdominal pain  
  Nausea ± vomiting  
  Ultrasound evidence of ascites; ovarian size usu-

ally 8–12 cm   

  Severe OHSS 
  Clinical ascites (occasionally hydrothorax)  
  Oliguria Haemoconcentration  
  Haematocrit >45 %  
  Hypoproteinaemia; ovarian size usually >12 cm   

  Critical OHSS 
  Tense ascites or large hydrothorax  
  Haematocrit >55 %  
  White cell count >25,000/ml  
  Oliguria/anuria  
  Thromboembolism  
  Acute respiratory distress syndrome    

 OHSS is more likely to develop in patients 
with following risk factors [ 4 ]:

    1.    Polycystic ovarian syndrome   
   2.    Elevated baseline AMH   
   3.    Increased ovarian volume   
   4.    High antral follicle count (AFC) on baseline 

scan   
   5.    Age <30 years   
   6.    Low body mass index (BMI)   
   7.    Previous history of OHSS   
   8.    High doses of FSH used during ovarian 

stimulation   
   9.    Large number of oocytes collected (>25)   
   10.    rapidly rising and/or high oestradiol levels 

(>17,000 pmol/l)    

      Diagnosis 

     1.     History : Nature, duration and severity of 
symptoms, presence of risk factors if any. Past 
history of any major medical disorder. 
Previous history of hyperstimulation   

   2.    Examinations: body weight and body mass 
index:
   Abdominal circumference  
  Heart rate  
  Blood pressure  
  Cardiovascular system  
  Respiratory systems  
  Per abdomen    

  Pelvic examination should be avoided, as this 
may induce cyst rupture .     

    Laboratory Investigations 

     1.    Full blood count: white cell count and haematocrit   
   2.    Urea, creatinine and electrolytes (hyponatrae-

mia, hyperkalaemia)   
   3.    Liver function tests: albumin level   
   4.    Coagulation profi le: elevated fi brinogen and 

reduced antithrombin III   
   5.    HCG: if it is 10 days post oocyte retrieval      

    Radiology 

    Ultrasound pelvis: For size of ovaries, ascites if any  
  Ovarian vessel Doppler studies: if suspected 

ovarian torsion     

    Others 

     In particular cases if clinically indicated   
   Arterial blood gases –  to diagnose respiratory 

failure  
   D-dimers  – elevated  
   ECG, echocardiogram  – pericardial effusion  
   Chest x-ray   
       Pleural effusion  
       Interstitial oedema  
   CTPA or V / Q scan  – defi nitive diagnosis of pul-

monary embolism      
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    OHSS and Complications 
in Pregnancy 

     1.    In 1st trimester:
   Ovarian torsion (more common between 6 

and 10 weeks of pregnancy and with mul-
tiple pregnancies)  

  Abortion  
  Vanishing twin  
  Abdominal distention and pain in abdomen  
  Respiratory distress because of pleural effusion  
  Dehydration and oliguria      

   2.    In 2nd trimester:
   Development of pregnancy-induced 

hypertension  
  Development of glucose intolerance or gesta-

tional diabetes mellitus      
   3.    In 3rd trimester:

   Preterm labour  
  Abruption of placenta      

   4.    Low birth weight babies with lower Apgar 
scores     

 A study by Blandine Courbiere et al. pub-
lished in 2011 [ 5 ] about the outcomes of preg-
nancy in patients with OHSS showed that the 
incidence of OHSS requiring hospitalization was 
1.14 %. 

 Early OHSS occurred in 22.5 % of patients 
and late OHSS in the remaining 77.5 % patients. 

 In the OHSS group, 10 % had thromboem-
bolic complications. 

 The miscarriage rate was similar for the OHSS 
group and the control IVF group. 

 Incidence of vanishing twin was higher in 
OHSS group. 

 There was defi nitely higher incidence of ovar-
ian torsion and laparoscopy required in OHSS 
group. Laparoscopy was done in patients with 
exacerbated abdominal pain and signs of local-
ized peritoneal irritation, and the decision was 
based on physical examination, clinical judge-
ment and colour Doppler showing decreased or 
absent venous and/or arterial fl ow. Incidence was 
3.5 times higher in twin pregnancies than single-
ton pregnancies. 

 Majority of cases were treated with detorsion 
of ovary and had an uneventful pregnancy course. 

Laparoscopic detorsion of ovary is now routinely 
performed. 

 Concerning ongoing clinical pregnancies, 
pregnancy-induced hypertension (PIH) and pre-
term labour were signifi cantly higher in the 
OHSS group. 

 One hypothesis to explain an insuffi ciency of 
placentation is a systemic vascular dysfunction 
with the conjunction between haemoconcentra-
tion, hypoxaemia, electrolytic disorder and 
microthromboembolic events [ 6 ]. 

 Kamada et al. observed high concentrations of 
endothelin-1 (ET-1) in the follicular fl uids of 
women undergoing IVF [ 7 ]. 

 ET-1 is a powerful vasoconstrictor agent and 
may be implicated in the etiopathogeny of vascu-
lar diseases like PIH [ 8 ]. 

 In the subgroup of singletons, PIH was signifi -
cantly higher for OHSS pregnancies than for 
controls. 

 The incidence of preterm delivery was higher 
but with biases of uterine malformation and low 
BMI. 

 Other studies have reported a high rate of pre-
term deliveries: 25 % for Mathur and Jenkins [ 9 ] 
and 44.1 % for Abramov et al. [ 10 ]. 

 Bastek et al. recently suggested a link between 
infl ammation, placental dysfunction and preterm 
births [ 11 ]. 

 According to a case control study by Haas J in 
2014, rates of preterm delivery were signifi cantly 
increased among patients with severe OHSS as 
was the rate of smaller babies. However, this was 
only in singleton pregnancies [ 12 ]. 

 The mean birth weights in OHSS multiple 
pregnancies were lower than in the control group. 
One hypothesis is that fetal growth restriction 
could be induced by altered placenta develop-
ment and PIH due to OHSS. 

 In this study, GDM was not increased after 
OHSS, and the rate was similar to the 2.5 % in 
the general population [ 13 ]. 

 In a study by A Wiser et al. published in 2005 
[ 14 ] on the outcome of pregnancies complicated 
by severe ovarian hyperstimulation syndrome 
(OHSS), a follow-up beyond the second trimester 
showed that in the study population, GDM and 
PIH were the major complications noted during 
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the second half of pregnancy. The incidence was 
similar in singleton and twin pregnancies. 

 The incidence of preterm delivery was more 
with twin pregnancies as in control group. No 
signifi cant difference in birth weight as well as 
Apgar scores. 

 Two cases of placental abruption noted in con-
trol group. 

 Generally, severity of symptoms dictate the 
need for admission, and mild cases can usually 
be treated on an outpatient basis, as long as reso-
lution is reported and review takes place every 
2–3 days.

  Outpatient Management Includes 
   1.    Daily fl uid balance   
   2.    Daily weight and girth check   
   3.    Regular blood tests and scans     

  Analgesia : Use of paracetamol or codeine; 
avoiding NSAIDS as these may affect renal 
function 

  Luteal support: use of progesterone not hCG  
  Hydration : drinking if thirsty, not excess fl uid 

intake 
  Activity : avoidance of strenuous exercise and 

sexual intercourse, as injury or torsion to enlarged 
ovaries can occur 

  Blood investigations : at each visit

    Ascites : if tense ascites is present and expertise 
exists, tapping should be done. Ultrasound 
guidance is mandatory.  

  Transvaginal drainage could be considered.  
  If symptoms do not resolve and severe OHSS 

develops, hospital admission should be 
considered.   

  Indications for Hospitalization 
  Intolerance of oral fl uids  
  Vomiting or diarrhoea  
  Hypotension  
  Diffi culty breathing and decreased breath sounds  
  Tense, distended abdomen or peritonism  
  Thromboembolic event  
  In cases of suspected ovarian torsion    

 The management is essentially supportive 
until the condition resolves spontaneously. 

 The following parameters should be 
monitored:

    1.    Abdominal girth and weight on admission and 
daily.   

   2.    Blood pressure, pulse and respiratory rate 4 
hourly.   

   3.    Input/output balance: indwelling catheter 
should be kept.   

   4.    Bloods tests daily.
•    Full blood count  
•   Coagulation screen  
•   Urea and electrolytes  
•   Liver function tests      

   5.    Pelvic ultrasound size of ovaries and presence 
of ascites.   

   6.    Ultrasound for well-being of pregnancy.   
   7.    Screening for glucose intolerance and gesta-

tional diabetes.     

 Supportive management includes: 

  Prevention of Thromboembolism (TE)        Throm-
boembolic deterrent stockings (TEDs) should be 
used for all patients admitted with OHSS.  
  Prophylactic anticoagulant therapy with low 

molecular weight heparin should be 
 commenced (dose to be determined according 
to patient’s weight).     

  Hydration        Fluid management in patients with 
severe OHSS is a challenge due to the porous 
nature of the vascular bed.  
  In principle, women that can drink should be 

encouraged to drink to thirst rather than to 
excess.  

  If the woman cannot tolerate oral fl uids, intrave-
nous (IV) fl uids such as normal saline should 
be commenced.  

  The volume should be titrated using the haemato-
crit as indicator of the state of hydration.  

  Excess i.v. fl uids could make the condition worse.  
  Constant monitoring of the input/output balance 

is mandatory.     
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  Of note, diuretics are contraindicated when 
haemoconcentration is present as they can pre-
cipitate critical OHSS.  

  Diuretics can be used only where renal output 
is decreased on a background of normal 
haematocrit.  

 Women with severe haemoconcentration (Hb 
>14 g/dl); Htc >45 %) require a bolus of 500 ml 
fl uids intravenous (i.v.) on admission. 

 Plasma expanders like HES (hydroxyethyl 
starch) 6 % solution in isotonic sodium chloride 
solution can be used at a maximum daily dose of 
33 ml/kg in 250–500 cc/day, in very slow admin-
istration to avoid lung congestion.

    Albumin administration should be kept for a later 
stage  [ 4 ] ,  once hypoalbuminaemia is proven 
because of risk of hepatitis, excessive albumin 
overload, renal function impairment and 
potential viral contamination.  

  Administration is mainly important during drain-
age of ascites.  

  Daily dose: 25–75 g (100–300 ml) per day 
according to the severity of hypoalbuminae-
mia and the total volume of ascitic fl uid 
drained.   

  Paracentesis Should Be Considered 
  In women with severe abdominal distension  
  In women with dyspnoea  
  In women with renal impairment (oliguria per-

sists despite adequate volume replacement)    

 Paracentesis results in increased venous 
return, increased cardiac output, improved diure-
sis and renal function and improved lung 
function. 

 The following should be followed:

    1.    Drainage will take place abdominally or vagi-
nally under ultrasound guidance.   

   2.    Rate of drainage is very slow to prevent car-
diovascular collapse (maximum 2 l within 
12 h).   

   3.    Blood pressure and pulse need continuous 
monitoring.   

   4.    Use pigtail catheter and cover patient with 
antibiotics.     

  Pain Relief     Paracetamol or opiates (oral, i.v.) 
can be routinely used for pain management. 
Nausea and vomiting are treated with 
antiemetics.  

    Laparoscopy 

 Laparoscopy should be considered in cases of 
ovarian torsion. Patients presenting with symp-
toms of acute and severe abdominal pain should 
be admitted to hospital. Diagnosis is by clinical 
examination demonstrating signs of peritoneal 
irritation as well as by ultrasound with colour 
Doppler examination. Detorsion is adequate 
treatment in majority of cases as long as the tis-
sue viability is confi rmed. Very rarely oophorec-
tomy may be required in neglected cases with 
necrosis of ovarian tissue or patients with severe 
bleeding due to ovarian rupture. 

 As such, the indications for admission for crit-
ical nursing care in ICU in a general hospital are:

    1.    Renal compromise (oligoanuria) or failure to 
respond to fl uid management or paracentesis 
as patient may require dialysis.   

   2.    In respiratory compromise not responding to 
diuresis or paracentesis, patient may require 
ventilation.   

   3.    Clinical appearance of acute respiratory dis-
tress syndrome (ARDS).   

   4.    Thromboembolism.   
   5.    Tense ascites or large hydrothorax.   
   6.    Haematocrit >55 %.   
   7.    WCC >25,000/ml.      

    Prevention of OHSS [ 4 ] 

 OHSS today is completely preventable. In 
patients who show excessive response during 
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ovarian stimulation, preventative measures to be 
implemented include:

    1.    Metformin cotreatment in women with 
PCOD.   

   2.    Lower starting dose of FSH in women with 
previous OHSS.   

   3.    Cancellation of cycle of treatment and con-
tinuation of downregulation with GnRHa or 
GnRh antagonist.   

   4.    Coasting (withholding the FSH injections) 
and monitoring follicular development as 
well as E2 levels. Triggering with a low-dose 
hCG only is E2 levels’ safe zone.   

   5.    Withholding the ovulatory trigger (hCG), if 
ovarian response is signifi cantly high (num-
ber of follicles and oestradiol level).   

   6.    Reducing the dose of the hCG trigger to 
5000 IU instead of the standard 10,000 IU.   

   7.    Nowdays, with the use of GnRh antagonist 
for downregulation, using GnRha for trigger 
instead of HCG is very safe. This reduces 
dramatically the risk of OHSS. If the number 
of follicles is not too many, a small 1500 U 
HCG dose can be added on day of trigger in 
order to improve pregnancy outcomes.   

   8.    Cochrane review 2012 has concluded that 
using cabergoline 0.5 mg daily post oocyte 
retrieval reduces OHSS and does not affect 
pregnancy outcome.   

   9.    Using progesterone and not hCG for luteal 
phase support.   

   10.    Intravenous administration of prophylactic 
25 % albumin (20–50 g) at the time of oocyte 
retrieval in high-risk cases (e.g. where oes-
tradiol levels are markedly elevated or his-
tory of previous OHSS episode exists). This 
however is controversial. Also using recom-
binant HCG or LH does not reduce OHSS 
incidence.   

   11.    The practice of cryopreservation of all 
embryos resulting from the cycle (“freeze all” 
policy) makes ART treatment safer. It should 
be routine for all cases where the estimated 
risk of OHSS is high as it reduces the risk of 
late (pregnancy-induced) OHSS. Using GnRh 
agonist trigger instead of HCG and freezing all 

embryos gives no OHSS. Transferring back 
embryos in a later cycle gives a cumulative 
pregnancy rate of 50 %.   

   12.    Infusions of 10 ml 10 % calcium gluconate 
in 100 ml of 0.9 % saline on the day of ovum 
pick up and day 1, 2 and 3 after was found to 
reduce the incidence of OHSS from 23 to 
7 % when compared with the placebo group. 
Severe OHSS reduced from 4 to 0 %+.   

   13.    Using in vitro maturation in patients with 
PCOS, the problem of OHSS can be avoided 
completely [ 15 ].     

 With all these measures, it is possible to have 
‘OHSS’ Free Clinics. In view of the morbidity 
and potential mortality pertaining to OHSS and 
its progressive nature, it is crucial that women 
attending an assisted conception unit be provided 
with written information about OHSS including 
risks, symptoms and a 24-hour contact number 
with prompt access to a suitably informed profes-
sional with expertise in the diagnosis and man-
agement of OHSS. Reassurance is necessary that 
pregnancy may continue normally despite OHSS, 
and there is no evidence of an increased risk of 
congenital abnormalities.      
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          Admission of the pregnant or post partum women 
to the Intensive Care Unit is uncommon but may 
require specialised knowledge for successful 
management. 

   Obstetric patients are generally young and 
healthy. However, potential for catastrophic event 
is real, and despite the therapeutic advances of 
the last few decades, maternal morbidity and 
mortality continue to occur. This may be related 
to pregnancy itself, aggravation of a pre-existing 
illness or complication of delivery. Every year, 
more than half a million women—most of them 
living in developing countries—die from preg-
nancy- or childbirth-related complications. 

    Obesity and Pregnancy 

 Obesity has become a major health problem of 
modern society and is increasing globally at 
nearly epidemic proportion especially in western 
and European countries [ 1 ,  2 ]. Obesity is often 
expressed with reference to body mass index 
(BMI).

   Body mass index = weight (in kg)/height (in m 2 )    

 Though BMI is a useful measure of prevalence 
and associated health risks of obesity, it does not 
account for the wide variation in the distribution 
of fat and may not correspond to the same degree 
of fatness in different individuals. WHO classifi es 
obesity primarily based on the association 
between BMI and mortality (Table  33.1 ).
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   Table 33.1    WHO classifi cation of Obesity   

 Classifi cation 
 Body mass 
index (kg/m 2)  

 Associated health 
risks 

 Underweight  <18.5  Low 

 Normal range  18.5–24.9  Average 

 Overweight  >25 

 Preobese  25–29.9  Increased 

 Obese class I  30–34.9  Moderately 
increased 

 Obese class II  35–39.9  Severely increased 

 Obese class III  >40  Very severely 
increased 
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   The World Health Organization (WHO) char-
acterised obesity as a pandemic issue whose 
prevalence is higher in women than in men [ 3 ]. 

 Almost all the organ systems are affected by the 
impact of obesity either directly or indirectly. The 
degree of obesity and its prolonged duration are the 
main factors which determine the harmful effect of 
obesity in the human body .  Even moderate over-
weight is a risk factor for gestational diabetes and 
hypertensive disorders of pregnancy, and the risk is 
higher in subjects with overt obesity. Compared 
with normal weight, maternal overweight is related 
to a higher risk of Caesarean deliveries and a higher 
incidence of anaesthetic and postoperative compli-
cations in these deliveries (Table  33.2 ).

       Challenges to Anaesthetist 

 Adding to the spectrum of medical and surgical 
pathologies, obesity is also associated with an 
increased incidence of antenatal disorders. A thor-
ough understanding of physiology, pathophysiol-
ogy, associated conditions, their complications 

and the implications for analgesia and anaesthesia 
should place the anaesthetist in a better position to 
care for these patients. As a result, increasing num-
ber of obese patients is being presented to critical 
care units for various indications. The attending 
intensivist has to face numerous challenges during 
management of such patients. Consequently, the 
anaesthetist is increasingly confronted with the 
problems of anaesthetising obese patients, and 
even more so the obstetric anaesthetist.  

    Anaesthetic Considerations 

 Obesity has been identifi ed as a signifi cant risk 
factor for anaesthesia-related maternal mortality 
[ 4 ,  5 ]. The increased incidence of operative pro-
cedures, both elective and emergency, and the 
concurrent medical and antenatal problems may 
contribute to the risk. Postoperative complica-
tions such as wound infection, deep vein throm-
bosis, atelectasis and chest infection are more 
prevalent [ 5 – 7 ]. In addition to the associated 
medical problems, the anaesthetist is challenged 
by these patients with technical diffi culties of air-
way management and insertion of regional 
blocks. No anaesthetic technique is without spe-
cial hazards in grossly obese patients.  

    Airway 

 The incidence of failed tracheal intubation is 
approximately 1 in 280 in the obstetric popula-
tion compared to 1 in 2230 in the general surgical 
population [ 8 – 10 ]. This is in contrast with an 
incidence of diffi cult intubation in an obese pop-
ulation as high as 15.5%. 

 So it is evident that diffi cult or failed tracheal 
intubation in obese parturients is very high, and 
optimal assessment and management of the air-
way cannot be overemphasised in this population. 

 Though there are no bony differences between 
the pregnant and non-pregnant population, obese 
and nonobese patients, fat deposition in obese and 
soft tissue changes during pregnancy do infl uence 
the airway. Operational factors such as poor head 
positioning, cricoid pressure and anxiety contribute 

   Table 33.2    Physiological effects and risks in the criti-
cally ill morbidly obese patient   

 Respiratory  Reduced lung volumes 
 Atelectasis and ventilation–
perfusion mismatch 
 Increased work of breathing and 
oxygen consumption 
 Obstructive airways disease 
(mechanical and asthma) 
 Obstructive sleep apnoea 
 Obesity hypoventilation 
syndrome 

 Cardiovascular  Coronary artery disease 
 Hypertension 
 Systolic and diastolic left 
ventricular dysfunction 
 Pulmonary arterial hypertension 
 Obesity supine death syndrome 

 Other  Diabetes mellitus 
 Increased risk of venous 
thromboembolism 
 Increased risk of gastric acid 
aspiration 
 Altered drug pharmacokinetics 
 Diffi cult venous access 
 Increased risk of renal failure 
 Increased risk of pressure ulcers 
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to the diffi culty on occasion [ 11 ,  12 ]. In addition, 
pregnancy-induced hypertension, upper respiratory 
tract infection, stridor and voice changes may sug-
gest the presence of airway oedema. Weight gain in 
excess of 15 kg during pregnancy has been shown 
to be associated with an increase in suboptimal 
laryngoscopic views [ 13 ]. 

 Anaesthesia for both emergency and elective 
scenarios should be planned in advance. It is 
appropriate to involve patients in the decision- 
making process for safe delivery of the foetus.  

    Respiratory System 

 The likelihood of obstructive sleep apnoea (OSA) 
has been alluded to, but it is often under- 
diagnosed in women of childbearing age [ 14 ]. It 
is possible that, in as much as complaints of dif-
fi culty in sleeping and daytime fatigue are com-
mon, women suffering from OSA are not 
identifi ed. Careful history taking may help diag-
nose OSA. Prompt diagnosis by polysomnogra-
phy and treatment with continuous positive 
airway pressure may be benefi cial. Pulmonary 
hypertension and right heart failure need to be 
excluded in parturients with OSA [ 15 ,  16 ]. 
Measurement of oxygen saturation by pulse 
oximetry, both in sitting and supine positions, 
may provide evidence of airway closure during 
normal tidal volume ventilation, thereby identify-
ing candidates for postoperative oxygen 
administration.  

    Cardiovascular System 

 Cardiovascular co-morbidities such as hyperten-
sion, ischaemic heart disease and heart failure 
dominate the clinical picture in the obese popula-
tion, and these can coexist in obese parturients. 
Nearly 40% of the obese population experience 
angina without demonstrable coronary artery dis-
ease [ 17 ]. Hence, routine electrocardiograph 
recording may be useful. Cardiologists should be 
involved early in the care of symptomatic mor-
bidly obese parturients to investigate and opti-
mise the disease status wherever appropriate.  

    Gastrointestinal and Endocrine 
Systems 

 Gastro-oesophageal refl ux and diabetes mellitus 
are the most commonly seen disorders [ 18 ]. Any 
previous laboratory investigations such as fasting 
blood glucose concentration and liver function 
tests should be noted. If there is any abnormality 
of liver function, HELLP syndrome should be 
ruled out. Though aggressive prophylaxis against 
acid aspiration is advocated for all obese mothers 
undergoing Caesarean section [ 19 ], there is a 
lack of conclusive evidence for starvation poli-
cies and prophylaxis during labour.  

    Postoperative Complications 

 Obese parturients are at increased risk of postop-
erative complications such as hypoxaemia, atel-
ectasis and pneumonia, deep vein thrombosis and 
pulmonary embolism, pulmonary oedema, post-
partum cardiomyopathy, postoperative endome-
tritis and wound complications such as infection 
and dehiscence [ 6 ,  7 ]. Early mobilisation, throm-
boprophylaxis, aggressive chest physiotherapy 
and adequate pain control are the key to the suc-
cess of effective postoperative care. 

 In the recovery room, critical respiratory 
events (desaturation, hypoventilation and airway 
obstruction) occur twice as commonly in the 
obese compared to nonobese [ 20 ]. Computerised 
tomography has demonstrated that obesity pre-
disposes to the formation of pulmonary atelecta-
sis per se and even more so under general 
anaesthesia, persisting into the postoperative 
period [ 21 ]. Moreover, even after spinal anaes-
thesia, there is a BMI-dependent decrease in 
respiratory function. Hence, these critical respi-
ratory events may not be benign and can lead to 
postoperative pulmonary morbidity. Nursing in 
the reclined position and oxygen supplementa-
tion can potentially reduce critical respiratory 
events. Early mobilisation has been shown to 
improve the respiratory volumes in the immedi-
ate postoperative phase [ 22 ]. 

 Thromboembolic episodes remain the leading 
cause of direct maternal deaths in the UK. Obesity 
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is a known independent risk factor for deep vein 
thrombosis. Both pharmacological and mechani-
cal strategies are used for thromboprophylaxis 
and an adequate dose of an anticoagulant for an 
appropriate duration is recommended [ 23 ]. 
Obesity cardiomyopathy is a well-recognised 
clinical entity, and at least three cases of peripar-
tum cardiomyopathy in obese patients have been 
reported [ 24 ,  25 ]. Although not established yet, 
obesity may well be a risk factor for peripartum 
cardiomyopathy [ 25 ]. Wound complications 
occur more frequently in obese than in nonobese 
patients and often lead to prolonged recovery. 
They have been found to be increased with mid-
line abdominal incision compared to a Pfannenstiel 
incision [ 26 ]. An increased incidence of postop-
erative complications and antepartum medical 
disease probably contributes signifi cantly to lon-
ger hospitalisation for the morbidly obese. 
Hospital stay and costs have been found to be 
increased for morbidly obese patients after both 
vaginal delivery and Caesarean section [ 27 ].  

    Conclusion 

 The critically ill obstetric patient presents a 
unique clinical challenge to the intensivist 
because of maternal physiological adaptations 
to pregnancy, pregnancy-specifi c conditions 
which may require critical care management 
and also the presence of foetus whose well 
being is linked to the mother. Successful 
maternal and neonatal outcome for patients 
admitted to a critical care facility are largely 
dependent on a multidisciplinary approach to 
management requiring input from critical care 
personnel, obstetricians, anaesthetists, neona-
tologists and midwives.     
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      Drug-Induced Serious Maternal 
and Fetal Complications 
in Pregnancy                     

     Rajendrasing     Pardeshi      and     Ajay     Mane    

           Introduction 

 A woman starts out with a 3–5 % chance of hav-
ing a baby with a birth defect. Drugs can have a 
variety of harmful effects on the fetus and neo-
nate. This chapter briefl y elaborates on drugs that 
can affect pregnancy and the fetus.  

    Thalidomide 

 Thalidomide, an immunomodulatory sedative, 
reduces the ability of the body to grow new blood 
vessels and was one of the fi rst drugs recognized 
to cause birth defects in humans. First-trimester 
risk is higher in all infants exposed to thalido-
mide. The fetal and infant death rate is 40 % with 
maternal thalidomide intake. If the mother 

 consumes thalidomide early in pregnancy, there 
is a risk of approximately 20 % or more of having 
a baby with birth defects, such as extremely short 
stature or missing arms and legs, missing ears, 
and deafness. Heart defects, kidney abnormali-
ties, missing or small eyes, paralysis of the face, 
gastrointestinal/genital/urinary tract abnormali-
ties, poor growth, and mental retardation may 
also occur.  

    Tetracycline 

 Tetracycline, an antibiotic, and minocycline, 
doxycycline, oxytetracycline, and from that 
group only. The risk of major birth defects 
increases with tetracycline use in the fi rst trimes-
ter. There may also be a slightly increased risk of 
minor birth defects, such as an inguinal hernia. It 
is possible that the baby's teeth and bones might 
be affected if tetracycline is consumed in the sec-
ond and third trimesters of pregnancy. Also, den-
tal discoloration may occur with tetracycline 
exposure in the fourth month of pregnancy; 
hence, it should be avoided after 4 months' 
gestation. 

 The use of tetracycline may even result in cal-
cifi cation of the bones and teeth and reduced 
growth. Although the tooth discoloration is per-
manent, bone growth seems to return to normal 
after exposure to tetracycline ends.  
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    Valproic Acid 

 Valproic acid is used to control epileptic seizures 
and bipolar disorder and migraines. Long-term 
use is associated with menstrual problems and 
diffi culty getting pregnant. 

 Major birth defects, such as a heart defect or 
an opening in the lip (called cleft lip), are 
observed with exposure to valproic acid. In 
higher doses, the risks associated with valproic 
acid are higher or if taken as a combination of 
more than one seizure medicine. A 1–2 % risk of 
neural tube defects has been found, which usu-
ally occur in the fi rst trimester, the most common 
being spina bifi da. 

 Minor birth defects such as facial differences, 
for example, a thin upper lip, a fl at face, and an 
upturned nose, may be observed in some cases of 
valproic acid exposure.  

    Prednisolone 

 Prednisone, or prednisolone, is a corticosteroid. 
Long-term use in pregnancy is associated with 
premature and/or low birth-weight babies. 

 A slightly increased risk of oral clefts has 
been observed when used in the fi rst trimester. 
The risk is usually approximately 1 in 1000. If 
consumed during the fi rst trimester, the risk of 
oral clefts is between 3 and 6 in 1000.  

    Methotrexate 

 Methotrexate stops the growth of cells and also 
interferes with the immune system. It decreases 
folic acid breakdown and interferes with the 
metabolism, hence decreasing folic acid levels. 
Use in early pregnancy increases the risk of mis-
carriage. Birth defects such as malformations of 
the infant’s head, face, and bones may be more 
prevalent when methotrexate is administered in 
the fi rst trimester. Poor growth and developmen-
tal delay may even occur in some cases.  

    Alcohol 

 Heavy alcoholism may increase fertility problems 
among women because of long-term exposure. 
Hence, women are advised to avoid alcohol to treat 
fertility problems. Higher rates of miscarriage and 
stillbirth have been found when alcohol is con-
sumed during pregnancy. This can cause mental 
retardation and fetal alcohol syndrome, in which a 
pattern of certain birth defects, such as a small head, 
small body size, specifi c facial features, learning/
behavioral problems, occurs. This syndrome is 
severe when alcohol consumption during preg-
nancy is heavy and takes place on a regular basis. 

 Fetal alcohol syndrome has been associated 
with many lifelong challenges. Poor judgment and 
diffi culties with understanding, social relation-
ships, learning, and memory are the lifelong con-
sequences of fetal alcohol syndrome, and even 
drug abuse, mental health problems, irregularities 
in the school, and school absenteeism may occur.  

    Trimethoprim/Sulfamethoxazole 

 In combination, these drugs are used to treat bac-
terial infections and are usually given together in 
a variety of infections, including urinary tract 
infections. Birth defects due to their exposure 
were seen and included heart defects, neural tube 
defects, cleft lip or palate, and urinary tract 
defects. It has been reported that trimethoprim 
may decrease the level of folic acid; hence, the 
increase in birth defects. Even because of the 
decrease in folic acid levels in the mother, pre-
eclampsia, placenta abruption, and intrauterine 
growth restriction occur. Preterm delivery and 
prematurity are common with exposure to these 
drugs during pregnancy.  

    Benzodiazepines 

 These drugs are used to treat anxiety, seizures, 
sleeplessness, muscle spasms, and alcohol with-
drawal. Diazepam, alprazolam, clonazepam, 
temazepam, and lorazepam belong to this group. 
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A slight increase in the risk of cleft lip and/or 
cleft palate occurs if exposed to this group during 
the fi rst trimester. A higher rate of preterm deliv-
eries and low birth weight in infants was observed 
with these drugs when consumed during preg-
nancy. Withdrawal symptoms in the baby, such as 
breathing diffi culties, muscle weakness, tremors, 
irritability, crying, sleep disturbances, and jitteri-
ness, may be seen if the mother consumed benzo-
diazepine near the time of delivery.  

    Carbamazepine 

 Carbamazepine is used to control epileptic sei-
zures and bipolar disorder, schizophrenia, trigemi-
nal neuralgia, and pain disorders. Its long-term use 
is associated with menstrual and infertility prob-
lems and hormone disturbances. It crosses the pla-
centa; hence, if the mother is exposed during the 
fi rst trimester, a 1 % risk of neural tube defects has 
been observed. In some studies infants were found 
to have deformities of the nasal bone, upper lip, 
and small fi ngernails. Even a 2–3 times increased 
risk of major birth defects, such as heart defects 
and cleft lips, has been observed. In one study, 
small head size and an increased frequency of 
growth retardation have been observed.  

    Depot Medroxyprogesterone 

 This hormone is used to prevent pregnancy and is 
effective for 90 days, but it has been found to have 
higher levels in the blood, even after 90 days; 
hence, its concern while being pregnant in that 
state as fertility will be their even that will be in 
blood in higher levels also. Ambiguous genitalia is 
a severe external genital anomaly that has been 
observed in individuals exposed to this drug.  

    Diphenhydramine 

 This is an antihistamine commonly used to treat 
allergy symptoms, nausea, vomiting, insomnia, 
motion sickness, and the tremors of Parkinson’s 

 disease. Higher levels of diphenhydramine may 
cause uterine hyperstimulation, which may affect the 
developing baby and possibly lead to serious compli-
cations, including a uterine rupture or placental 
abruption. Withdrawal symptoms in the baby such as 
diffi culty breathing, muscle weakness, tremors, irri-
tability, crying, sleep disturbances, and jitteriness 
may be seen if the mother consumed diphenhydr-
amine daily throughout pregnancy. The combination 
of temazepam and diphenhydramine may increase 
the risk of stillbirth or infant death shortly after birth. 
Hence, it is advised to avoid benzodiazepines with 
diphenhydramine during pregnancy.  

    Etanercept 

 Etanercept is a drug for treating autoimmune dis-
eases such as rheumatoid arthritis, ankylosing 
spondylitis, psoriasis, psoriatic arthritis, and 
juvenile rheumatoid arthritis. It is known as a 
tumor necrosis factor (TNF) inhibitor as it binds 
and blocks TNF. Birth defects reported include 
the VACTERL association, which is a pattern of 
birth defects that includes vertebral (spine), anal, 
cardiac (heart), tracheal–esophageal (structures 
in the neck), renal (kidney), and limb (arms and 
legs) defects. If two or more defects are observed 
in a baby, then it is diagnosed with VACTERL.  

    Fluconazole 

 Fluconazole is an antifungal medicine used to 
treat various infections. A single dose of fl ucon-
azole does not in itself provoke an increase in 
premature delivery or low birth weight. However, 
in higher doses a pattern of major malformations 
of the head, face, bones, and heart have been 
reported in the fi ve children of four mothers.  

    Calcium Carbonate 

 This is a dietary supplement, needed for healthy 
bones, nervous system, muscles, and heart. The 
recommended level of calcium for pregnant and 
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breastfeeding women is 1000 mg. If more is con-
sumed, lower fetal weight may occur. Calcium 
carbonate has also been associated with milk–
alkali syndrome, which is caused by increased 
levels of calcium in the blood. This may lead to 
the breakdown of calcium in other body tissues 
and to kidney failure.  

    Carbon Monoxide 

 Carbon monoxide gas comes from motor vehi-
cles, furnaces, working heaters, or fuel-burning 
appliances. Carbon monoxide exposure from 
cigarettes, a fi re, or methylene chloride, if in high 
enough concentrations, can cause the blood to 
carry less oxygen to organs and lead to the dam-
age of these organs. Headache, nausea, vomiting 
and dizziness, confusion, chest pain, stumbling 
or falling, sleepiness, and loss of consciousness 
are all symptoms of carbon monoxide poisoning. 
Severe poisoning may lead to death. 

 Carbon monoxide crosses the placenta; hence, 
fetal damage or fetal death can occur because of 
damage to the developing brain. Cigarette smok-
ing leads to low birth-weight babies. As is postu-
lated in several studies, severe hypoxia in the 
mother fi nally affects the brain of the fetus and 
other organs and leads to death in many cases.  

    Fluoxetine 

 This is a drug for treating depression and belongs 
to the selective serotonin reuptake inhibitors 
(SSRIs). Increased chances of premature delivery 
when using fl uoxetine in the fi rst trimester have 
been shown in one study and the chance of hav-
ing a low birth-weight baby is higher, incurring a 
longer stay in the NICU. In another study, fl uox-
etine use in the second trimester was postulated 
to cause an increased risk of pulmonary hyper-
tension. Exposure to fl uoxetine in the third tri-
mester and up to the time of delivery causes the 
baby to suffer from withdrawal symptoms such 
as jitteriness, increased muscle tone, breathing 
problems, irritability, eating diffi culties, altered 
sleep patterns, and tremors.  

    Cigarette Smoking 

 Newborns of mothers who are smokers are at a 
higher risk of respiratory infections, asthma, and 
bronchitis during infancy and childhood. 
Smoking in pregnancy may also lead to a higher 
risk of sudden infant death syndrome. The occur-
rence of oral cleft in newborns is slightly 
increased; this risk increases if this abnormality 
is already in their family history. One study even 
suggests a slightly increased risk of a variety of 
birth defects. Preterm labor and prematurity or 
low birth-weight babies are associated with 
mothers who are smokers. Their pregnancy will 
be associated with complications such as placen-
tal abruption, placenta previa, bleeding, and 
stillbirth.  

    Sertraline 

 Sertraline is a medication used to treat depres-
sion, panic disorder, obsessive compulsive disor-
der (OCD), post-traumatic stress disorder and is 
also known as a SSRI. Reports of over 2000 
pregnancies exposed to sertraline during the fi rst 
trimester have found associations between ser-
traline use during pregnancy and particular birth 
defects, and it suggests that sertraline might 
increase the risk of birth defects by approxi-
mately 3–5 %. Low birth-weight babies and pre-
mature delivery were observed in some studies. 
Others even suggest an increased risk of pulmo-
nary hypertension.  

    Ibuprofen 

 Ibuprofen is a nonsteroidal anti-infl ammatory 
drug (NSAID) used to treat headaches, arthritis, 
muscle aches, fever, and menstrual cramps. In 
some studies it has been observed that the use of 
NSAIDs in early pregnancy produces a low risk 
of certain birth defects and in the fi rst trimester 
there is a slightly increased risk of gastroschisis 
with ibuprofen use. Heart defects have been 
observed with the use of NSAIDs during the fi rst 
trimester of pregnancy.  
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    Iodine 

 The body needs iodine for the functioning of the 
thyroid gland. Women with low levels of thyroid 
hormone may have fertility problems or hormonal 
disturbances. Lower levels of thyroid hormone dur-
ing pregnancy carry an increased risk of miscar-
riage and high levels could result in hyperthyroidism, 
which can lead to health problems for both mother 
and baby and has been observed in many studies. 

 Low iodine levels during pregnancy may 
result in the premature birth of babies small for 
gestational age. Learning problems in babies 
with severe iodine defi ciency have been proven.  

    Isotretinoin 

 Isotretinoin is a form of vitamin A. Miscarriage 
may be as high as 40 % in women taking isotreti-
noin during the fi rst trimester of pregnancy. 
Infants with birth defects have small or absent 
ears and hearing and eyesight problems. Some 
may have a small jaw, a small head, a cleft palate, 
and some may be born with a small or missing 
thymus gland. With isotretinoin, severe heart 
defects and fl uid around the brain are seen in 
almost 50 % of the exposed infants. Moderate to 
severe mental retardation in their childhood will 
be the possible risk in the future.  

    Lead 

 If high levels of lead are present during preg-
nancy this can cause miscarriage and stillbirth, 
low birth weight, and premature delivery. High 
maternal lead levels cause learning and behav-
ioral problems in exposed babies and mild effects 
on learning may occur in babies exposed to small 
amounts of lead.  

    Lithium 

 In one study, case reports of lithium use during preg-
nancy indicate the development of a goiter in the 
mother, which, if neglected, can lead to a goiter in the 

baby. There is an increased chance of heart defects if 
lithium is used in the fi rst trimester, when the heart is 
forming. A very rare heart defect, Ebstein’s anomaly, 
has been seen, in which there is abnormal placement 
of one of the valves that controls blood fl ow into the 
heart. This rare heart defect with lithium exposure 
occurs in approximately 1–5 %.  

    Methamphetamine 

 Babies exposed to methamphetamine during preg-
nancy are premature, very small, and are at risk of 
lifelong breathing, hearing, vision, and learning 
problems. Methamphetamine also increases the 
chance of sudden infant death syndrome (SIDS). 
High doses can lead to miscarriage, preterm deliv-
ery, and problems in the newborn period, such as 
jitteriness and trouble sleeping and feeding, 
together with neurological effects, such as tremors 
and muscle tone problems. Children later face 
schooling and behavioral problems if their mother 
was exposed to methamphetamine.  

    Metronidazole 

 This is an antibiotic used to treat different kinds of 
infections. Previous studies have suggested an 
increase in various birth defects. However, some 
sources still state that this drug should not be used 
during the fi rst trimester or at all in pregnancy.  

    Acetaminophen 

 High doses of acetaminophen may cause liver 
damage, kidney damage, and anemia in the 
mother and are hence seen to cause the same 
problems in the baby.  

    Paroxetine 

 Paroxetine is a drug that is used to treat depres-
sion, obsessive compulsive disorder (OCD), 
social anxiety disorder, and panic disorder. The 
risk of miscarriage is slightly increased in some 
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studies. A 2 % risk has been observed. An 
increased risk of pulmonary hypertension has 
been observed in one study.  

    Opioids 

 Opioids are known as narcotics. Heart and other 
birth defects have been observed in some studies 
with exposure in the fi rst trimester. Withdrawal 
signs are common in babies, including breathing 
diffi culties, extreme drowsiness, irritability, 
sweating, poor feeding, tremors, vomiting, and 
diarrhea. Rarely, seizures and death have occurred 
in severe, untreated cases.  

    Pseudoephedrine 

 An oral decongestant, it has been found that 
the use of pseudoephedrine during the fi rst tri-
mester was related to an increase in the risk 
of gastroschisis. One study suggested that 
pseudoephedrine might slightly increase the 
risk of some birth defects; hence, it should be 
avoided during the fi rst trimester of pregnancy. 
Pseudoephedrine and cigarette smoking can 
both constrict the blood vessels. Thus, when a 
mother who smokes cigarettes also consumes 
pseudoephedrine, the risk of gastroschisis may 
be greater than if she was exposed to either one 
alone (Table  34.1 ).

   Table 34.1    List of contraindicated drugs in pregnancy   

 Sr. No.  Name of drug  Drugs type/used for 

 1  Acitretin  Vitamin A derivative 

 2  Amantadine  Antiviral/antiparkinson 

 3  Cerivastatin  Antilipemic 

 4  Chenodiol  GI agent 

 5  Cocaine  Sympathomimetic 

 6  Coumarin derivatives  Anticoagulants 

 7  Danazol  Androgen 

 9  Anisindione  Anticoagulant 

 10  Atorvastatin  Antilipemic 

 11  Benzphetamine  Anorexiant 

 12  Carbarsone  Amebicide 

 13  Dienesterol  Estrogenic hormone 

 14  Diethylstilbestrol  Estrogenic hormone 

 15  Doxycycline  Antibiotic 

 16  Ergotamine  Antimigraine 

 17  Estazolam  Hypnotic 

 18  Estradiol  Estrogenic hormone 

 19  Estrogens, conjugated  Estrogenic hormone 

 20  Ethanol  Sedative 

 21  Ethinyl estradiol  Estrogenic hormone 

 22  Ethisterone  Progestogenic hormone 

 23  Ethynodiol  Progestogenic hormone 

 24  Etretinate  Vitamin/psoralen 

 25  Fenfl uramine  Anorexiant 

 26  Flucytosine  Antifungal 

 27  Fluoxymesterone  Androgenic hormone 

 28  Fluvastatin  Antilipemic agent 

 29  Isotretinoin  Vitamin A isomer 

(continued)
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Table 34.1 (continued)

 Sr. No.  Name of drug  Drugs type/used for 

 30  Kanamycin  Antibiotic (aminoglycoside) 

 31  Lefl unomide  Immunologic (antirheumatic) 

 32  Lenalidomide  Immunomodulator 

 33  Lovastatin  Antilipemic agent 

 34  Lynestrenol  Progestogenic hormone 

 35  Lysergic acid diethylamide  Hallucinogen 

 36  Marijuana  Hallucinogen 

 37  Meclofenamate  NSAID 

 38  Medroxyprogesterone  Progestogenic hormone 

 39  Mestranol  Estrogenic hormone 

 40  Methylergonovine maleate  Oxytocic 

 41  Mifepristone  Antiprogestogenic 

 42  Misoprostol  GI agent (secretary) oral contraindicated, for 
cervical ripening – low risk 

 43  Nonoxynol-9/octoxynol-9  Vaginal spermicide 

 44  Norethisterone  Progestogenic hormone 

 45  Norethynodrel  Progestogenic hormone 

 46  Norgestrel  Progestogenic hormone 

 47  Oral contraceptives  Estrogenic/progestogenic hormones 

 48  Paramethadione  Anticonvulsant 

 48  Phencyclidine  Hallucinogen 

 50  Phentermine  Anorexiant 

 51  Podofi lox  Keratolytic agent 

 52  Pravastatin  Antilipemic agent 

 53  Ribavirin  Antiviral 

 54  Rosuvastatin  Antilipemic agent 

 55  Simvastatin  Antilipemic agent 

 56  Sodium iodide  Antithyroid 

 57  Tazarotene  Dermatological agent 

 58  Terpin hydrate  Expectorant 

 59  Testosterone  Androgenic drug 

 60  Tetracycline  Antibiotic 

 61  Thalidomide  Immunologic agent 

 62  Trimethadione  Anticonvulsant 

 63  Trimethaphan  Antihypertensive 

 64  Measles vaccine  Vaccine 

 65  Mumps vaccine  Vaccine 

 66  Rubella vaccine  Vaccine 

 67  Varicella vaccine  Vaccine 

 68  Majority of antineoplastic drugs 

   NSAID  nonsteroidal anti-infl ammatory drug  
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      Anesthesia and Pain Relief 
in Critically Ill Obstetric Patient                     

     Alka     Saraswat     

           Perianesthetic Evaluation 

•     Conduct a focused history and physical exam-
ination before providing anesthesia care:
 –    Maternal health and anesthetic history  
 –   Relevant obstetric history  
 –   Airway and heart and lung examination  
 –   Baseline blood pressure measurement  
 –   Back examination when neuraxial anesthe-

sia is planned or placed     
•   A communication system should be in place 

to encourage early and ongoing contact 
between obstetric providers, anesthesiolo-
gists, and other members of the multidisci-
plinary team.  

•   Order or require a platelet count based on a 
patient’s history, physical examination, and 
clinical signs; a routine intrapartum platelet 
count is not necessary in the healthy parturient.  

•   Order or require an intrapartum blood type 
and screen or crossmatch based on maternal 
history, anticipated hemorrhagic complica-
tions (e.g., placenta accreta in a patient with 

placenta previa and previous uterine surgery), 
and local institutional policies; a routine blood 
crossmatch is not necessary for  healthy and 
uncomplicated  parturients.  

•   The fetal heart rate should be monitored by a 
qualifi ed individual before and after adminis-
tration of neuraxial analgesia for labor;  con-
tinuous  electronic recording of the fetal heart 
rate may not be necessary in every clinical set-
ting and may not be possible during initiation 
of neuraxial anesthesia.     

    Aspiration Prophylaxis 

•     Oral intake of modest amounts of clear liquids 
may be allowed for uncomplicated laboring 
patients.  

•   The uncomplicated patient undergoing elec-
tive cesarean delivery may have modest 
amounts of clear liquids up to 2 h before 
induction of anesthesia.  

•   The volume of liquid ingested is less impor-
tant than the presence of particulate matter in 
the liquid ingested.  

•   Patients with additional risk factors for aspira-
tion (e.g., morbid obesity, diabetes, diffi cult 
airway) or patients at increased risk for 
 operative delivery (e.g., nonreassuring fetal 
heart rate pattern) may have further restrictions 
of oral intake, determined on a case-by-case 
basis.  
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•   Solid foods should be avoided in laboring 
patients.  

•   Patients undergoing elective surgery (e.g., 
scheduled cesarean delivery or postpartum 
tubal ligation) should undergo a fasting period 
for solids of 6–8 h depending on the type of 
food ingested (e.g., fat content).  

•   Before surgical procedures (i.e., cesarean 
delivery, postpartum tubal ligation), practitio-
ners should consider timely administration of 
nonparticulate antacids, H 2 -receptor antago-
nists, and/or metoclopramide for aspiration 
prophylaxis.     

    Anesthetic Care for Labor 
and Delivery 

    Neuraxial Techniques: Availability 
of Resources 

•     When neuraxial techniques that include local 
anesthetics are chosen, appropriate resources 
for the treatment of complications (e.g., hypo-
tension, systemic toxicity, high spinal anes-
thesia) should be available.  

•   If an opioid is added, treatments for related 
complications (e.g., pruritus, nausea, respira-
tory depression) should be available.  

•   An intravenous infusion should be established 
before the initiation of neuraxial analgesia or 
anesthesia and maintained throughout the dura-
tion of the neuraxial analgesic or anesthetic.  

•   Administration of a fi xed volume of intrave-
nous fl uid is not required before neuraxial 
analgesia is initiated.     

    Timing of Neuraxial Analgesia 
and Outcome of Labor 

•     Neuraxial analgesia should not be withheld on 
the basis of achieving an arbitrary cervical 
dilation and should be offered on an individu-
alized basis when this service is available.  

•   Patients may be reassured that the use of neur-
axial analgesia does not increase the incidence 
of cesarean delivery.     

    Neuraxial Analgesia and Trial 
of Labor after Previous Cesarean 
Delivery 

•     Neuraxial techniques should be offered to 
patients attempting vaginal birth after previ-
ous cesarean delivery.  

•   For these patients, it is also appropriate to 
consider early placement of a neuraxial cath-
eter that can be used later for labor analgesia 
or for anesthesia in the event of operative 
delivery.     

    Early Insertion of Spinal or Epidural 
Catheter for Complicated Parturients 

•     Early insertion of a spinal or epidural catheter 
for obstetric (e.g., twin gestation or pre-
eclampsia) or anesthetic indications (e.g., 
anticipated diffi cult airway or obesity) should 
be considered to reduce the need for general 
anesthesia if an emergent procedure becomes 
necessary. In these cases, the insertion of a 
spinal or epidural catheter may precede the 
onset of labor or a patient’s request for labor 
analgesia.     

    Continuous Infusion Epidural (CIE) 
Analgesia 

•     The selected analgesic/anesthetic technique 
should refl ect patient needs and preferences, 
practitioner preferences or skills, and avail-
able resources.  

•   CIE may be used for effective analgesia for 
labor and delivery.  

•   When a continuous epidural infusion of local 
anesthetic is selected, an opioid may be added 
to reduce the concentration of local anesthetic, 
improve the quality of analgesia, and mini-
mize motor block.  

•   Adequate analgesia for uncomplicated labor 
and delivery should be administered with the 
secondary goal of producing as little motor 
block as possible by using dilute concentra-
tions of local anesthetics with opioids.  
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•   The lowest concentration of local anesthetic 
infusion that provides adequate maternal anal-
gesia and satisfaction should be administered.     

    Single-Injection Spinal Opioids 
With or without Local Anesthetics 

•     Single-injection spinal opioids with or with-
out local anesthetics may be used to provide 
effective, although time-limited, analgesia for 
labor when spontaneous vaginal delivery is 
anticipated.  

•   If labor is expected to last longer than the 
analgesic effects of the spinal drugs chosen or 
if there is a good possibility of operative deliv-
ery, a catheter technique instead of a single- 
injection technique should be considered.  

•   A local anesthetic may be added to a spinal 
opioid to increase duration and improve qual-
ity of analgesia.     

    Pencil-Point Spinal Needles 

•     Pencil-point spinal needles should be used 
instead of cutting-bevel spinal needles to mini-
mize the risk of post-dural puncture headache.     

    Combined Spinal–Epidural (CSE) 
Anesthetics 

•     CSE techniques may be used to provide effec-
tive and rapid analgesia for labor.     

    Patient-Controlled Epidural 
Analgesia (PCEA) 

•     PCEA may be used to provide an effective and 
fl exible approach for the maintenance of labor 
analgesia.  

•   PCEA may be preferable to CIE for providing 
fewer anesthetic interventions, reduced dos-
ages of local anesthetics, and less motor 
blockade than fi xed-rate continuous epidural 
infusions.  

•   PCEA may be used with or without a back-
ground infusion.      

    Removal of Retained Placenta 

•     In general, there is no preferred anesthetic 
technique for the removal of retained 
placenta.
 –    If an epidural catheter is in place and the 

patient is hemodynamically stable, epi-
dural anesthesia is preferable.     

•   Hemodynamic status should be assessed 
before administering neuraxial anesthesia.  

•   Aspiration prophylaxis should be considered.  
•   Sedation/analgesia should be titrated carefully 

due to the potential risks of respiratory depres-
sion and pulmonary aspiration during the 
immediate postpartum period.  

•   In cases involving major maternal hemor-
rhage, general anesthesia with an endotracheal 
tube may be preferable to neuraxial 
anesthesia.  

•   Nitroglycerin may be used as an alternative to 
terbutaline sulfate or general endotracheal 
anesthesia with halogenated agents for uterine 
relaxation during removal of retained placen-
tal tissue.
 –    Initiating treatment with incremental doses 

of intravenous or sublingual (i.e., metered 
dose spray) nitroglycerin may relax the 
uterus suffi ciently while minimizing poten-
tial complications (e.g., hypotension).        

    Anesthetic Choices for Cesarean 
Delivery 

•     Equipment, facilities, and support personnel 
available in the labor and delivery operating 
suite should be comparable to those available 
in the main operating suite.
 –    Resources for the treatment of potential 

complications (e.g., failed intubation, inad-
equate analgesia, hypotension, respiratory 
depression, pruritus, vomiting) should be 
available in the labor and delivery operat-
ing suite.  
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 –   Appropriate equipment and personnel 
should be available to care for obstetric 
patients recovering from major neuraxial 
or general anesthesia.     

•   The decision to use a particular anesthetic 
technique should be individualized based on 
anesthetic, obstetric, or fetal risk factors (e.g., 
elective vs. emergency), the preferences of the 
patient, and the judgment of the 
anesthesiologist.
 –    Neuraxial techniques are preferred to gen-

eral anesthesia for most cesarean 
deliveries.     

•   An indwelling epidural catheter may provide 
equivalent onset of anesthesia compared with 
initiation of spinal anesthesia for urgent cesar-
ean delivery.  

•   If spinal anesthesia is chosen, pencil-point 
spinal needles should be used instead of 
cutting- bevel spinal needles.  

•   General anesthesia may be the most appropri-
ate choice in some circumstances (e.g., pro-
found fetal bradycardia, ruptured uterus, 
severe hemorrhage, severe placental 
abruption).  

•   Uterine displacement (usually left displace-
ment) should be maintained until delivery 
regardless of the anesthetic technique used.  

•   Intravenous fl uid preloading may be used to 
reduce the frequency of maternal hypotension 
after spinal anesthesia for cesarean delivery.  

•   Initiation of spinal anesthesia should not be 
delayed to administer a fi xed volume of intra-
venous fl uid.  

•   Intravenous ephedrine and phenylephrine are 
both acceptable drugs for treating hypotension 
during neuraxial anesthesia.
 –    In the absence of maternal bradycardia, 

phenylephrine may be preferable because 
of improved fetal acid–base status in 
uncomplicated pregnancies.     

•   For postoperative analgesia after neuraxial 
anesthesia for cesarean delivery, neuraxial 
opioids are preferred over intermittent injec-
tions of parenteral opioids.     

    Management of Obstetric 
and Anesthetic Emergencies 

•     Institutions providing obstetric care should 
have resources available to manage hemor-
rhagic emergencies.
 –    In an emergency, the use of type-specifi c or 

O-negative blood is acceptable.  
 –   In cases of intractable hemorrhage when 

banked blood is not available or the 
patient refuses banked blood, intraopera-
tive cell salvage should be considered if 
available.  

 –   The decision to perform invasive hemody-
namic monitoring should be individualized 
and based on clinical indications that 
include the patient’s medical history and 
cardiovascular risk factors.     

•   Labor and delivery units should have person-
nel and equipment readily available to manage 
airway emergencies, to include a pulse oxim-
eter and qualitative carbon dioxide detector.
 –    Basic airway management equipment 

should be immediately available during the 
provision of neuraxial analgesia.  

 –   Portable equipment for diffi cult airway 
management should be readily available in 
the operative area of labor and delivery 
units.  

 –   The anesthesiologist should have a prefor-
mulated strategy for intubation of the diffi -
cult airway.  

 –   When tracheal intubation has failed, venti-
lation with mask and cricoid pressure or 
with a laryngeal mask airway or supraglot-
tic airway device (e.g., Combitube®, 
Intubating LMA [ Fastrach ™]) should be 
considered for maintaining an airway and 
ventilating the lungs.  

 –   If it is not possible to ventilate or awaken 
the patient, an airway should be created 
surgically.     

•   Basic and advanced life-support equipment 
should be immediately available in the opera-
tive area of labor and delivery units.  
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•   If cardiac arrest occurs during labor and deliv-
ery, standard resuscitative measures should be 
initiated.
 –    Uterine displacement (usually left dis-

placement) should be maintained.  

 –   If maternal circulation is not restored 
within 4 min, cesarean delivery should be 
performed by the obstetrics team.            
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      Transport of the Critically Ill 
Obstetric Patient                     

     Lila     Vyas      and     Rekha     Menghani    

         Introduction 

 Transport of critically ill patients places the 
patient at risk of adverse events, due to absent or 
small physiological reserves, a medical judge-
ment to be made such that the risk of transport 
outweighs the potential benefi ts to the patient at 
the destination. 

 A physiological track and trigger system 
should be used to monitor all antepartum and 
postpartum admissions [ 1 ]. The introduction of 
a national modifi ed obstetric warning score 
(MOWS) (Appendix  1 ) [ 2 ] for use in all preg-
nant and postpartum women who become 
unwell may aid the more timely recognition, 
treatment and referral of women who are becom-
ing critically ill. 

 Approximately 3/4 of obstetrics ICU patients 
are admitted postpartum. Haemorrhage and hyper-
tension are the most common causes of admission 
from obstetric services to intensive care [ 3 ].  

    Categories of Transport [ 4 ] 

 Transport of critically ill patients may be 
required in three circumstances, namely, pre-
hospital, intrahospital and interhospital 
transport.

    Prehospital transport :   Transport of a critically ill 
patient from their location (home or any other 
site) to hospital  

   Intrahospital transport :   Transport of critically ill 
patients from one area of a hospital to another 
area within the hospital (diagnostic or thera-
peutic reasons)  

   Interhospital transport:    Transport of the criti-
cally ill patient, either to a higher level of care 
or for a specialty service due to either lack of 
diagnostic facilities, staff, clinical expertise 
and/or facilities for safe and effective therapy 
in the referring hospital     

    Referring Hospital’s Role [ 5 ] 

 Referring doctor should be familiar with the 
transport team, including how to gain access to 
and appropriately use its services. The referring 
doctor is responsible for evaluating the patient’s 
condition and initiating the stabilisation proce-
dure before transport team arrives. 
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 If the patient transported is pregnant, pretreat-
ment evaluation also includes:

•    Fetal assessment  
•   Fetal position  
•   Maternal cervical examination, if uterus is 

contracting    

 It may be necessary to stabilise the mother 
before transport. As in the critically ill non- 
pregnant patient, initial evaluation and resusci-
tation of the obstetric patient should focus on 
airway, breathing and circulation. Obstetric 
patients have increased oxygen requirements 
and are more prone to rapid acute oxygen 
desaturation. Initiation of intravenous fl uids, 
blood pressure medication and anticonvulsants 
may be done at the referring hospital per the 
requirements. Fetal monitoring is an essential 
aspect of the management of the critically ill 
obstetric patient [ 6 ]. 

 The best fl uid for resuscitation will depend on 
the cause of haemodynamic instability. Major 
haemorrhage generally requires replacement with 
blood products whilst other causes of shock will 
require judicious use of either a crystalloid or 
 colloid solution or a combination of both. In 
 general, critically ill obstetric patients are proba-
bly better off with a slightly negative volume  status 
given the potential deleterious effects of fl uid 
overload and noncardiogenic pulmonary oedema. 
They may tolerate a negative volume status better 
given their lack of signifi cant comorbidities [ 6 ].  

    Initiation and Response 

 In all situations requiring transport of the criti-
cally ill, rapid response of the transport system 
and minimal delays are paramount. In emergency 
interhospital transports, dispatch of the medical 
transport team to the referring hospital should not 
be delayed pending the identifi cation of a receiv-
ing hospital. In Indian scenario, the transport 
team will often be arranged by the doctor initiat-
ing the transfer. The team may be from the receiv-
ing ICU or commercial transport ambulance may 
be asked to transport the patient. 

 Ideally, the referring doctor should have to 
make only one telephone call to initiate retrieval 
or patient transfer  

    Coordination and Communication 

 Coordination of transport services for the criti-
cally ill should be centralised to ensure optimum 
utilisation of resources [ 4 ]. 

 Reliable communications must be available at 
all times between the transport team and the 
referring and receiving hospitals [ 4 ]. 

 It is important to optimise communication of 
critical information as an essential component of 
patient care, safety and risk management: 
 ISBAR – a tool for improved communication 
within the team  [ 7 ]:

    Identifi cation : identify yourself and your role to 
the person you are communicating with in the 
communication.  

   Situation : describe the specifi c situation about a 
particular patient, including name, consultant, 
patient location, vital signs, resuscitation sta-
tus and any specifi c concerns.  

   Background : communicate the patient’s back-
ground, including date of admission, diagno-
sis, current medications, allergies, laboratory 
results, progress during the admission and 
other relevant information.  

   Assessment : this involves critical assessment of 
the situation, clinical impression and detailed 
expression of concerns.  

   Recommendation:  this includes the management 
plan, suggestions for care, detail of investiga-
tion requests and expected time frame.    

 Implementing ISBAR takes considerable 
training for an individual and the organisation.  

    Personnel 

 The transport team should have the expertise nec-
essary to provide supportive care for a wide vari-
ety of emergency conditions that can arise with 
the women at high risk. Team members may 
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include obstetrician, doctor, nurses, emergency 
medical technicians and respiratory therapists. 
The composition of the transport team should be 
consistent with the expected medical need of the 
patient being transported. 

 Transport personnel should be thoroughly 
familiar with the transport equipment to ensure 
that any malfunction en route can be handled with-
out the assistance of hospital maintenance staff. 

    Staffi ng 

  Intrahospital Transport [ 8 ]     The transport team 
should consist at least of an appropriately quali-
fi ed nurse, an orderly and a medical practitioner 
with the specifi c skills and training required for 
such transport.  

 Whilst most intrahospital transports are not 
done by dedicated teams, the principles of trans-
port are similar to inter hospital retrieval. 

 Each team must be familiar with the equip-
ment used on the transport and be suffi ciently 
experienced with securing airways, ventilation of 
the lungs, resuscitation and other anticipated 
emergency procedures [ 8 ].  

    Interhospital Transport [ 8 ] 

 Interhospital transport of critically ill patients 
must be performed by an appropriately qualifi ed 
retrieval team including an experienced medical 
practitioner. This team must be familiar with 
their transport equipment particularly power and 
oxygen supply limitations. The retrieval team 
needs to have adequate clinical understanding of 
the patient’s medical condition and potential 
transport complications. The team must also be 
aware of the treatment options available to them 
prior to and during transport of the patient. 

 Staff safety and protection are the responsibil-
ity of the employing authority, who should carry 
appropriate insurance for all contingencies 
related to patient transport activities and should 
also provide personnel with personal protective 
equipment and instruction.   

    Equipment 

 Transfer equipment should be dedicated solely 
for transfer. 

 The transport team generally needs the fol-
lowing items to perform its functions:

•    Equipment for monitoring physiological func-
tions (heart rate, blood pressure levels, tem-
perature (skin, axillary), respiratory rate, 
noninvasive pulse oximetry).  

•   Resuscitation and support equipments (intra-
venous pumps, suction apparatus, mechanical 
ventilators).  

•   In choosing equipment, attention must be 
given to size, weight, volume, battery life, 
oxygen consumption and durability, as well as 
to suitability for operation under conditions of 
transport.  

•   For practical reasons, bag valve ventilation is 
most commonly employed during intrahospi-
tal transport.  

•   Portable mechanical ventilators are gaining 
popularity in this arena, as they more reliably 
administer prescribed minute ventilation and 
desired FiO 2  (fraction of inspired O 2 ).  

•   It is essential that the battery life of the equip-
ments is appropriate for the anticipated jour-
ney time required for the transfer    

 The necessary equipment includes:

  Respiratory Support Equipment [ 8 ] 

•   Airways, oxygen, masks and nebuliser  
•   Self-infl ating hand-ventilating assembly with 

PEEP valve  
•   The Bain circuit with an attached connector to 

the oxygen cylinder  
•   Suction equipment of appropriate standard  
•   Portable ventilator with disconnect and high- 

pressure alarms  
•   Intubation set with appropriate size blades and 

endotracheal tubes  
•   Emergency surgical airway set  
•   Oxygen supply in excess of that estimated for 

the maximum transport time  
•   Capnography (for ventilated patients)   
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  Circulatory Support Equipment 

•   Noninvasive blood pressure measuring device 
with appropriate-sized cuffs  

•   Multipara monitor – maternal pulse, BP, SO 2  
and ECG/cardiotocography  

•   ECG  
•   Defi brillator  
•   Syringe drivers  
•   Vascular cannulae (peripheral and central)  
•   IV fl uids and pressure set/syringes and needles  
•   Infusion pumps  
•   A sharp’s disposal container and a bag for bio-

logical refuse oxygen supply in excess of that 
estimated for the maximum transport time   

  Other Equipment 

•   Portable suction  
•   Nasogastric tube and bag  
•   Urinary catheter and bag  
•   Instruments, sutures, dressings, antiseptic 

lotions and gloves  
•   Cutting shears and portable torch  
•   Gloves and goggles for staff protection     

    Checklist 

 All pieces of equipment must be checked, and 
notes and imaging fi lms gathered. An example of 
a checklist is listed below:

•    The monitors function properly and the alarm 
limits are set appropriately.  

•   The manual resuscitator bag functions properly.  
•   The ventilator (if used) functions properly; 

respiratory variables and alarms are set 
appropriately.  

•   The suction device functions properly.  
•   Oxygen (± air) cylinders are full. A spare oxy-

gen cylinder is available.  
•   Airway and intubation equipment are all avail-

able and working.  

•   Emergency drugs ((iv fl uids: crystalloids, col-
loids) oxytocics, hypertensive emergencies 
(labetalol, hydralazine), anaphylaxis (hydro-
cortisone, chlorpheniramine), seizures (magnesium 
sulphate, calcium carbonate), inotropes (dopa-
mine, adrenaline) and bronchospasm 
(deriphyllin, analgesics, sedatives and muscle 
relaxants (if appropriate))) are all available.  

•   Spare IV fl uids; inotropic solutions are avail-
able if needed.  

•   Spare batteries are available for all battery- 
powered equipment.  

•   Patient notes, imaging fi lms and necessary 
forms (especially the informed consent form) 
are available.     

    Patient Status 

 The patient must be reassessed before transport 
begins, especially after being placed on monitoring 
equipment and the transport ventilator (if used). 
Transport preparations must not overshadow or 
neglect the patient’s fundamental care. An example 
of a brief check on the patient is listed below:

•    Ensuring adequate lateral maternal tilt to avoid 
aorto-caval compression in pregnant women [ 9 ].  

•   Airway is secured and patent.  
•   The Bain circuit can be used with an attached 

connector to the oxygen cylinder if needed. 
The ventilator may or may not be available in 
such ambulances.  

•   Also timely estimation of any respiratory 
obstruction necessitating urgent suction to 
remove the secretions. Availability of the foot 
suction apparatus would work, if there is the fail-
ure of the electrical vacuum suction apparatus.  

•   Ventilation is adequate; respiratory variables 
are appropriate.  

•   All equipment alarms are switched on.  
•   Patient is haemodynamically stable.  
•   Vital signs are displayed on transport moni-

tors and are clearly visible to transport staff.  
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•   PEEP/CPAP (if set) and FIO 2  levels are correct.  
•   All drains (urinary, wound) are functioning 

and secured.  
•   Venous access is adequate and patent: A good 

IV access is an essential requirement for 
administration of any emergency drug during 
transportation, and an emergency tray 
 containing all the life saving drugs should be 
available in the ambulances.  

•   IV drips and infusion pumps are functioning 
properly.  

•   Patient is safely secured on trolley.     

    Departure 

 At the time of departure, all checklists should be 
complete. One of the most important communi-
cation is to inform the receiving team that the 
referring team is about to leave. Also to check the 
exact destination and how to access the ward in 
the hospital (e.g. via the emergency department 
or main entrance) is important. The transfer form 
and checklist provide documentation of adequate 
preparation, and their completion after handover 
to the receiving hospital team completes the legal 
record of the transfer. 

 The receiving person or staff at the destination 
must be notifi ed, and the arrival time must be 
clearly understood.  

    During Transit 

 High-speed journeys should be avoided except 
where strictly necessary. Blue lights and sirens 
may be used to aid passage through traffi c to 
deliver a smooth journey.

  Patient Care 

•   Patient should be observed continuously.  
•   Vital signs monitored and recorded.  

•   Uterine activity of maternal patients and fetal 
heart rates monitored.  

•   Intravenous fl uids should be given, monitored 
and recorded as required.  

•   The transport team must be aware whom to 
contact in an emergency in case of deteriora-
tion in the patient’s condition.  

•   Presence of a relative or an acquaintance of 
the patient alongside ensures not only the 
transparency of healthcare, but it also helps in 
making them understand if any eventuality 
occurs during transportation.     

    Arrival Procedures 

 The transport staff must remain with the patient 
until the receiving team is fully ready to take over 
care and a complete hand over is given to the 
team leader. 

 Receiving staff should inform family mem-
bers, as well as the referring doctor about the 
condition of patient on arrival at the receiving 
hospital and periodically thereafter. 

 On completion of the patient transfer, the 
transport team or other designated personnel 
should immediately restock and reequip the 
transport vehicle in anticipation of another 
call. 

 The instances when mishaps are most likely 
are:

•    Whilst shifting patient from hospital bed to 
ambulance trolley  

•   Shifting patient trolley in to the ambulance  
•   Shifting trolley from ambulance at the receiv-

ing hospital    

 During these intervals extra vigilance is 
needed to prevent disconnections, equipment 
malfunction and dislodgement of indwelling 
catheters.  
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    Documentation (Appendix  2 ) [ 10 ] 

 Referring hospital and transport team should 
document the patient’s clinical status before, dur-
ing and after transport, relevant medical condi-
tions, therapy given and procedures undertaken. 
For intrahospital transport, this documentation 
may form part of the inpatient notes.  

    Medicolegal Aspects 

 Informed consent for transfer, transport and 
admission to and care at the receiving hospital 
should be obtained before the transport team 
moves the patient. The completed consent form 
should be signed by the parent or guardian and 
witnessed; a copy should be placed in the patient’s 
medical record.  

    Challenges 

•     The shortage of well-equipped ambulances 
[ 11 ] in India and lack of centrally organised 
government funded medical transport pose the 
challenge. A majority of the ambulances lack 
even the basic monitoring gadgets required 
during transportation, such as pulse oximetry, 
echocardiogram (ECG), noninvasive blood 
pressure and so on.  

•   Increasing workload: We experiencing an 
increase in the number of high-risk preg-
nant women on account of a rising birth 
rate and changes in obstetric demographics 
including an increase in maternal age and 
co- morbidities, morbid obesity and assisted 
conception. The rise in caesarean section rate 
in many countries has resulted in an increase 
in the incidence of abnormal placentation 
(accreta, increta and percreta) and subse-
quent postpartum haemorrhage.          

 Key Message 

•     All maternity sites must have the facili-
ties and staff to resuscitate, stabilise and 
transfer critical care patients.  

•   The critical care transport system should 
be developed to ensure a complete and 
safe critical care service for obstetric 
patients.  

•   All staff providing critical care for preg-
nant women should have appropriate 
care competencies including the early 
recognition of critical illness in 
pregnancy.  

•    A multidisciplinary training programme 
should be rolled out nationally to facili-
tate this.     
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     Appendix-1: Maternity Modifi ed Obstetric Warning System (MOWS) 

 Each parameter is scored and action taken according to the total.

 3  2  1  0  1  2  3 

 Resp rate  Less than 8  9–18  19–25  26–30  More than 
30 

 Pulse rate  Less than 40  40–50  51–100  101–110  111–129  More than 
129 

 BP Systolic  Less than 70  71–80  81–100  101–159  160–199  200  More than 
200 

 BP Diastolic  Less than 
95 

 95–109  More than 
110 

 Conscious 
level 

 Unresponsive  Responds to 
pain 

 Responds to 
voice 

 Alert  Irritated 

 Urine hourly 
(ml/h) or in 
24-h rate 

 0  Less than 30 
(less than 
720 ml) 

 Less than 45 
(less than 
1000 ml) 

 More  V6.1 
 Nov 2011 

  Originally adapted from Morgan et al. [ 12 ] 
  Action to be taken  
  

 0  Repeat observations when appropriate for clinical scenario - at least daily 

 1  Minimum of 4 hourly observations as there is potential for deterioration 

 2  Inform midwife in charge, obstetric registrar. Minimum 1 hourly observations 

 3  Inform senior midwife, obstetric and anaesthetic staff. Minimum ½ hourly observations 

 4 or more  As above but the consultant obstetrician and consultant anaesthetist should be informed 

 If no one is available to review the patient, inform the outreach team 

        Appendix 2: Transport documentation 

 The following information should be recorded on transport documentation 

  Transfer details  

   Patient’s name, address, date of birth 

   Next of kin, what information they have been given and by whom 

   Referring hospital, ward/unit and contact telephone number 

   Name of referring doctor and contact telephone number 

   Receiving hospital, ward/unit and contact telephone number 

   Name of receiving doctor and contact telephone number 

   Names and status of the escorting personnel 

  Medical summary  

   Primary reason for admission to the referring unit 

   History and past history 

   Dates of admission/delivery/operations/procedures 

   Intubation history, ventilatory support 

   Cardiovascular status including inotrope and vasopressor requirements 

   Other medication and fl uids 

   Type of lines inserted and dates of insertion 

36 Transport of the Critically Ill Obstetric Patient



344

       References 

    1.   Singh S, McGlennan AP. Validation of the CEMACH 
recommended modifi ed early warning system 
(MEOWS). Int J Obstet Anesth. 2010;19:S11.   http://
www.oaaanaes.ac.uk/assets/_managed/editor/File/
Surveys/2010_IJOAsuppl_Newcastle.pdf    .  

        2.   Recognition, high dependency care, and transfer of 
critically ill maternity patients policy (CG489) NHS. 
2013.  

    3.   Guideline summary NGC-7086 AHRQ US. 
  http://f.imd.com/medinfo/material/55c/4eb1368444a
e4ffe12a8155c/4eb1369d44ae4ffe12a8155f.pdf    .  

      4.   Hong Kong College of Anaesthesiologists HKCA- 
P9- v3 Guidelines for Transport of the Critically Ill. 2014. 
  http://www.hkca.edu.hk/ANS/standard_publications/
guidep09.pdf    .  

    5.   Interhospital care of perinatal patient chap. 3 
(aap&acog2008).   http://www.acog.cl/descargar.php?
9cafffa6a93d33b8a8c90a4adc70fcef    .  

     6.   Obstetric critical care clinical problems 2013 ESICM. 
  http://pact.esicm.org/media/Obstetric%20critical%20
care%2030%20April%202013%20fi nal.pdf    .  

    7.   Guidelines for the critically ill woman in obstetrics 
version 1.1 13th August 2014 obstetric & gynaecol-
ogy, anaesthetic and critical programmes clinical 
strategy & programmes division health service execu-
tive   www.hse.ie    .   http://www.rcpi.ie/content/docs/
000001/2976_5_media.pdf    .  

   8.   Guidelines for Transport of Critically Ill Patients 
ANZCA PS52 2013 /P03 by ACEM and IC-10 by CIC. 
  http://www.anzca.edu.au/resources/professional-docu-
ments/pdfs/ps52-2015-guidelines-for-transport-of-criti-
cally-ill-patients.pdf    .  

    9.   ATOTW 310 – Maternal Critical Care 27/10/2014. 
  https://www.aagbi.org/sites/default/files/310%20
Maternal%20Critical%20Care.pdf    .  

    10.   Intensive Care Society. Guidelines for the transport of 
the critically ill adult. 3rd ed. 2011.   http://www.ics.
ac.uk/EasysiteWeb/getresource.axd?AssetID=482&    .  

    11.   Bajwa SK, Bajwa SJ. Delivering obstetrical critical 
care in developing nations. Int J Crit Illn Inj Sci. 
2012;2(1):32–9.   http://www.ncbi.nlm.nih.gov/pmc/
articles/PMC3354375/    .  

    12.    Morgan RJM, Williams F, et al. “An early warning 
system for detecting developing critical illness.” 
Clin Intensive Care. 1997;8(2):100.      

L. Vyas and R. Menghani

http://www.oaaanaes.ac.uk/assets/_managed/editor/File/Surveys/2010_IJOAsuppl_Newcastle.pdf
http://www.oaaanaes.ac.uk/assets/_managed/editor/File/Surveys/2010_IJOAsuppl_Newcastle.pdf
http://www.oaaanaes.ac.uk/assets/_managed/editor/File/Surveys/2010_IJOAsuppl_Newcastle.pdf
http://f.imd.com/medinfo/material/55c/4eb1368444ae4ffe12a8155c/4eb1369d44ae4ffe12a8155f.pdf
http://f.imd.com/medinfo/material/55c/4eb1368444ae4ffe12a8155c/4eb1369d44ae4ffe12a8155f.pdf
http://www.hkca.edu.hk/ANS/standard_publications/guidep09.pdf
http://www.hkca.edu.hk/ANS/standard_publications/guidep09.pdf
http://www.acog.cl/descargar.php?9cafffa6a93d33b8a8c90a4adc70fcef
http://www.acog.cl/descargar.php?9cafffa6a93d33b8a8c90a4adc70fcef
http://pact.esicm.org/media/Obstetric critical care 30 April 2013 final.pdf
http://pact.esicm.org/media/Obstetric critical care 30 April 2013 final.pdf
http://www.hse.ie/
http://www.rcpi.ie/content/docs/000001/2976_5_media.pdf
http://www.rcpi.ie/content/docs/000001/2976_5_media.pdf
http://www.anzca.edu.au/resources/professional-documents/pdfs/ps52-2015-guidelines-for-transport-of-critically-ill-patients.pdf
http://www.anzca.edu.au/resources/professional-documents/pdfs/ps52-2015-guidelines-for-transport-of-critically-ill-patients.pdf
http://www.anzca.edu.au/resources/professional-documents/pdfs/ps52-2015-guidelines-for-transport-of-critically-ill-patients.pdf
https://www.aagbi.org/sites/default/files/310 Maternal Critical Care.pdf
https://www.aagbi.org/sites/default/files/310 Maternal Critical Care.pdf
http://www.ics.ac.uk/EasysiteWeb/getresource.axd?AssetID=482&
http://www.ics.ac.uk/EasysiteWeb/getresource.axd?AssetID=482&
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3354375/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3354375/


   Part V 

   Critically Ill Foetus 

       



347© Springer India 2016 
A. Gandhi et al. (eds.), Principles of Critical Care in Obstetrics: Volume II, 
DOI 10.1007/978-81-322-2686-4_37

      Twin-to-Twin Transfusion 
Syndrome: As an Obstetric 
Emergency                     

     Shah     Aditi     and     Radhakrishnan     Prathima    

           Introduction 

 Dizygotic twins are the result of two eggs fertil-
ized by two separate sperms. Monozygotic twins 
are the result of a single fertilized egg splitting 
within the fi rst 14 days after fertilization. The 
stage at which the egg cell splits determines how 
the twins will implant in the uterine lining and 
whether or not they share an amnion, chorion, 
and placenta as shown in Fig.  37.1  [ 1 ].

   Dichorionic diamniotic (DCDA) twins form 
when splitting takes place by the third day after 
fertilization, i.e., at the two-cell stage. This occurs 
in almost all cases of dizygotic twins and in 25 % 
of monozygotic twins. If the split occurs at the 
early blastocyst stage between days 4–8, then 
monochorionic–diamniotic twins (MCDA) are 
formed, and if splitting occurs between days 
8–12, which is the late blastocyst stage, then 
monochorionic–monoamniotic (MCMA) twins 
are formed. If the split occurs after day 13, con-
joined twins result [ 1 ].  

    Incidence and Defi nition 

 Fifteen percent of spontaneous twin pregnancies 
and almost 5 % of the medically assisted 
twin pregnancies are monochorionic–diamniotic 
(MCDA) [ 1 ]. 

 Fifteen to twenty percent of monochori-
onic–diamniotic twin pregnancies are compli-
cated by twin-to-twin transfusion syndrome 
(TTTS) [ 1 ]. 

 Twin-to-twin transfusion syndrome (TTTS) 
is a specifi c complication of monochorionic 
pregnancy resulting from an imbalance in the 
blood fl ow between the twins sharing the pla-
centa, leading to unequal distribution of the 
blood fl ow such that one twin is compromised 
and the other is favored. Blood from one twin 
(the donor) is “transfused” into the other twin 
(the recipient) via connecting blood vessels 
within their common placenta. It has life-threat-
ening effects upon both twins with perinatal 
mortality approaching 90 % if untreated [ 2 – 4 ].  
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    Pathophysiology 

 Differential cord insertion of the MCDA twins 
with unequal sharing of the placental disk forms 
the basis of TTTS. Inter-twin vascular anastomo-
ses as shown in Fig.  37.2  are present in virtually 
all monochorionic pregnancies. Arteriovenous 
anastomoses (labeled 1 in Fig.  37.2 ) with unidi-
rectional fl ow, arterioarterial (labeled 2 in 
Fig.  37.2 ), or venovenous anastomoses with bidi-
rectional fl ow are seen in the placenta of MCDA 
twins. Arteriovenous anastomoses are usually 

  Fig. 37.1    Insertion of the membrane on the placenta – “T” sign indicated monochorionicity and “λ” sign indicated 
dichorionicity       

  Fig. 37.2    Dark shaded vessels – veins; light shaded 
vessels – arteries       
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situated deeply in the placenta. Bidirectional 
anastomoses (arterioarterial, venovenous – both 
usually located on the placental surface) can 
assist in regulating unbalanced, unidirectional 
fl ow which occurs through the arteriovenous 
anastomoses and are protective against TTTS. 
Thrombosis of the superfi cial vessels may give 
rise to TTTS [ 2 – 4 ] (Fig.  37.3 ).

    The asymmetric, bidirectional inter-twin 
exchange of blood and biochemical components 
that occurs between the donor and recipient 
twins results in severe hemodynamic, osmotic, 
and physiologic changes in both twins resulting 
in renal structural and functional aberrations in 
the donor twin and cardiovascular compromise 
in the recipient twin as depicted in the fl owchart 
below [ 5 ].

  Fig. 37.3    Twin-to-twin transfusion syndrome (TTTS)       

   

Recipient Twin

Hypervolemia

Increase in
atrial natriuretic peptide (ANP) 
human brain natriuretic peptide (hBNP) 
endothelin-1 production

Decrease in
vasopressin 

Receives from donor
Renin
Anti Thrombin II

Hypertension
Cardiomegaly
Tricuspid
regurgitation 
Cardiac insufficiency
Hydrops fetalis 

Donor Twin

Hypovolemia

Increase in
renin overexpression
Anti Thrombin - II activation  

Massive Polyhydramnios
Increased intra-amniotic
pressure 

Decreased placental Blood
volume 

Preterm Prelabour Rupture
Of Membranes (PPROM) 

Preterm labour

Reduced  placental water uptake
Exacerbates hypovolemia
Intrauterine growth restriction (IUGR) 
-leading to further activation of the 
rennin - angiotensin system
Renal tubular dysgenesis
Absentor reversed flow in the 
umbilical artery
Anhydramnios
IUFD

Oliguria
reduction in the  
blood osmolarity

Increased urine
production in 
recipient, 
hyperosmolarity

Intra Uterine Fetal
Demise    (IUFD) 
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        Prenatal Diagnosis 

 Characteristic ultrasound fi ndings enable prena-
tal diagnosis of TTTS. With advances in fi rst tri-
mester ultrasound and the widespread use of 
fi rst-trimester screening, affected pregnancies are 
becoming increasingly diagnosed at earlier gesta-
tional ages. The fi rst step in prenatal diagnosis is 
early and accurate determination of chorionicity 
as shown in ultrasound (USG) Image  37.1 .

   The diagnostic criteria on ultrasound are: 
 In the FIRST TRIMESTER

•    Nuchal translucency – increased measure-
ment – increased risk of TTTS [ 6 ]  

•   Discordant nuchal translucency measure-
ments (USG Image  37.2 ) [ 6 ]

•      Discordant measurements of crown–rump 
length  

•   Reversed “a” wave in ductus venosus in either 
of the twins  

•   Placental cord insertion – differential – mar-
ginal and velamentous (USG Image  37.3 )

•      Discordant abdominal circumference/amni-
otic fl uid volume/bladder size  

•   Tricuspid regurgitation in either of the 
twins    

 In the SECOND TRIMESTER

•    Membrane folding – fl uid discordance  
•   Discrepancy in amniotic fl uid volumes – poly-

hydramnios–oligohydramnios sequence; sig-
nifi cant difference in the amniotic fl uid 

  Image 37.1    Insertion of 
the membrane on the 
placenta – “T” sign 
indicated monochorionic-
ity and “λ” sign indicated 
dichorionicity       

  Image 37.2    Discrepant 
NT measurements in 
MCDA twins at 12 weeks       
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volume – deepest vertical pool (DVP) >8 cm 
in recipient (USG Image  37.4 ) and <2 cm in 
the donor

•      Discrepancy in abdominal circumference 
(AC) measurement (USG Image  37.5 )

•      Discrepancy in bladder size (USG Image  37.6 )
•      Doppler – umbilical artery/middle cerebral 

artery peak systolic velocity/ductus venosus    

 Though all monochorionic pregnancies are 
considered “high risk” and need intensive 
 surveillance, Lewi et al. have recommended a 
method of risk stratifi cation of monochorionic 
pregnancies based on ultrasound fi ndings. 

 In the fi rst trimester, if there is discordant 
amniotic fl uid or a discordance in crown–rump 

length (CRL) of ≥12 mm, these pregnancies are 
categorized as “high risk.” Monochorionic 
 pregnancies with concordant amniotic fl uid and 
difference in CRL of <12 mm are labeled as “low 
risk” [ 7 ]. 

 In the second trimester (after 16 weeks), a 
high risk of adverse outcome was predicted by 
the presence of discordant amniotic fl uid and dis-
cordant cord insertions. Alternatively, for cases 
with only discordant fl uid but concordant cord 
insertions, adverse outcome was predicted by an 
inter-twin difference in abdominal circumference 
of >6 mm and for cases with concordant fl uid but 
discordant cords by a difference in abdominal 
circumference >13 mm. Finally, in the absence of 
both discordant fl uid and cord insertions, an 

  Image 37.3    Discrepant 
cord insertions ( arrows ) in 
MCDA twins at 12 weeks       

  Image 37.4    Discrepant 
amniotic fl uid in MCDA 
twins in 2nd trimester       
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adverse outcome was predicted by a  difference in 
abdominal circumference >24 mm [ 7 ]. 

 The “high-risk” pregnancies have >70 % risk 
of adverse outcome and <70 % survival rate 
unless treated. They will need weekly surveil-
lance in a tertiary care center and have to be 
offered invasive fetal therapy [ 7 ]. 

 The “low-risk” pregnancies have a 90 % sur-
vival rate with <10 % incidence of complications. 
They are followed up fortnightly in a tertiary care 
center [ 7 ]. 

 TTTS is a dynamic condition which may 
remain unchanged, progress slowly, or develop 
quickly with rapid deterioration in fetal well- 
being hence the importance of serial surveillance 
of MCDA twin pregnancies, preferably in a 
maternal fetal medicine unit.  

    Staging of TTTS 

 The Quintero staging for TTTS was proposed in 
1999 and is internationally recognized. It helps in 
early diagnosis and appropriate referral for treat-
ment. The main limitations are in the prediction of 
progression and outcome. It indirectly considers 
cardiovascular changes in recipient twin via the 
ductus venosus Doppler. The staging is as follows:

   Stage I – DVP <2 cm donor, DVP >8 cm 
recipient  

  Stage II – bladder not visible in donor  
  Stage III – abnormal umbilical artery (UA), ductus 

venosus (DV), or umbilical vein (UV) Doppler
   IIIa – absent EDF or reversal of EDF in UA of 

donor  

  Image 37.5    Discrepant 
abdominal circumference 
in MCDA twins in the 
second trimester       

  Image 37.6    Discrepant 
bladders in MCDA twins 
in the second trimester       
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  IIIb – reversal of fl ow in DV of donor  
  IIIc – pulsatile fl ow in UV of recipient     

  Stage IV – hydrops  
  Stage V – demise of one or both twins [ 8 ]    

 The newer staging systems [Cincinnati Staging 
system, Cardiovascular Profi le Scoring system 
(CVPS), Children’s Hospital of Philadelphia sys-
tem (CHOP)] incorporate echocardiographic cri-
teria in order to overcome the limitations of the 
Quintero staging system, but are more complex 
and not widely followed in clinical practice cur-
rently [ 9 ]. Quintero staging system considers the 
pregnancy as a whole and gives a pregnancy spe-
cifi c risk, whereas the newer classifi cations offer 
an individual risk to each fetus. It also minimizes 
inter- and intraobserver variation. It is important 
to remember that patients could change from one 
stage to another rapidly and will not necessarily 
follow the sequence as specifi ed by Quintero.  

    Differential Diagnosis 

 The differential diagnosis of TTTS includes 
uteroplacental insuffi ciency, isolated intrauterine 
growth retardation of one fetus in a twin preg-
nancy due to abnormal cord insertions, dichori-
onic twin pregnancy with fused placentae with 
growth restriction of one fetus, discordant mani-
festation of intrauterine infection, preterm pre-
mature rupture of membranes of one twin, 
congenital infections, and discordant chromo-
somal or structural anomalies of one twin. 

    Management of Pregnancy 

 Once the chorionicity is established on scan, 
detailed anatomic survey of both fetuses has to be 
done followed by echocardiography. Deepest 
 vertical pool of amniotic fl uid should be measured 
in both fetuses. Abdominal circumferences and 
bladder sizes should be compared. Color Doppler 
studies should be done to note the fl ow patterns in 
the umbilical artery, middle cerebral artery, and 
ductus venosus of the donor and the recipient. Both 
placental cord insertions must be documented. 
Invasive testing must be offered to determine fetal 

karyotype before considering fetal therapy. These 
pregnancies ideally should be managed in tertiary 
care centers offering fetal therapeutic options or at 
least in close liaison with such centers. 

 After the fi rst trimester scan, all monochorionic 
pregnancies are monitored by ultrasonography 
every fortnightly from 16 weeks onward to note 
the amniotic fl uid volume (measured as deepest 
vertical pool, DVP), free-fl oating membrane, dis-
crepancy in fetal size – AC, fetal bladder size, and 
fetal Doppler studies are done in both fetuses [ 10 ]. 

 MRI may prove useful in the evaluation of the 
fetal brain because up to 8 % of cases with TTTS 
may show signs of ischemic brain injury at the time 
of presentation. It is usually performed after inva-
sive therapy for TTTS or after death of one twin to 
document an absence of resultant central nervous 
system ischemic or hemorrhagic injury [ 11 ]. 

 More than three-fourth of fetuses with stage I 
TTTS remain stable or regress without invasive 
intervention, with perinatal survival of about 86 %. 
Advanced stages, i.e., stage ≥III TTTS is bleak, 
with a reported perinatal loss rate of 70–100 %, 
when diagnosed at <26 weeks of gestation. 
Fetoscopic laser photocoagulation is the best avail-
able approach for stages II, III, and IV TTTS for 
continuing pregnancies at <26 weeks of gestation. 
Steroids for fetal maturation should be considered 
in pregnancies complicated by stage ≥III TTTS 
and those undergoing invasive interventions [ 12 ].   

    Treatment 

 On diagnosis of TTTS, the fetuses should be 
closely monitored via periodic scans to evaluate 
their condition and to look for signs of  progression 
followed by extensive counseling which includes a 
detailed history of the disease, as well as the man-
agement options along with their benefi ts and risks. 

 The treatment options include serial amniod-
rainages, septostomy, cord ligation/coagulation, 
and fetoscopic laser photocoagulation. 

 Serial amniodrainages [ 13 ] was the mainstay 
of therapy until the advent of fetoscopic laser 
ablation of the intercommunicating vessels. It 
reduced the incidence of extreme preterm birth 
with TTTS and improved survival in addition to 
alleviating maternal discomfort. However, 
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 evidence shows that though serial amniodrainage 
does improve survival compared with no treat-
ment, however, it is associated with signifi cant 
rates of neurological handicap in survivors 
(20 %). It is no longer used in the treatment of 
TTTS as a primary option. 

 Septostomy [ 13 ] is associated with a high 
likelihood of extension thereby creating a 
monoamniotic state and risk of cord entangle-
ment. In studies to date, there is no apparent 
advantage to survival compared with serial 
amniodrainages. 

 Fetoscopic LASER surgery was fi rst reported 
by De Lia in 1990 [ 14 ]. The main advantage with 
laser is that underlying pathology of TTTS is 
treated. The early reports of survival for laser 
were similar to amniodrainages but showed con-
sistently less neurologic abnormality. The prin-
ciple of laser therapy is dichorionization whereby 
fetoscopically directed Nd–YAG laser is used for 
intrauterine ablation of vascular communications 
in the placenta after mapping the arteriovenous 
communications [ 14 ]. 

 Prerequisites for laser therapy are polyhy-
dramnios of the recipient DVP >8 cm up to the 
20th week of pregnancy or >10 cm as from the 
21st week, donor oligohydramnios, i.e., stuck 
twin syndrome DVP <2 cm, and viability of both 
fetuses during weeks 16–26 [ 5 ].          

    Earlier, nonselective laser coagulation of pla-
cental vessels used to be performed, in which all 
the vessels that crossed the inter-twin mem-
branes (“membranous equator”) were coagulated. 
Subsequently selective laser coagulation of placen-
tal vessels was reported, in which vascular anasto-
moses crossing between the twins (“vascular 
equator”) were fi rst identifi ed and then coagulated. 
Recently, selective laser coagulation of placental 
vessels was performed with surface coagulation of 
the placenta between the ablated anastomotic sites 
in order to create a physical separation of the 
donor’s and the recipient’s vascular territories on 
the surface of the placenta. This surgical procedure 
is known as “Solomonization” or the “Solomon 
technique.” This may reduce the recurrence of 
TTTS and/or the incidence of twin anemia– 
polycythemia sequence (TAPS) by coagulating 
microanastomoses that were not coagulated during 
the selective laser ablation alone [ 15 ,  18 ]. 

 In the Eurofetus trial, the enrolment was 
halted early after interim analysis showed signifi -
cantly improved outcomes in the laser group 
(76 % vs. 56 % of at least one twin surviving). 
A Cochrane meta-analysis concluded that selec-
tive laser surgery is preferred treatment for TTTS 
when it is available and amniodrainage is pre-
ferred when laser surgery is not available. If 
TTTS is progressive despite an initial amniod-
rainage, laser surgery should be sought [ 16 ,  17 ]. 

 Indications for laser therapy are:

•    Early-onset severe TTTS 16–26 weeks  
•   Quintero stage II–IV disease  
•   Echocardiographic evidence of recipient twin- 

acquired cardiac dysfunction    

 Placental location infl uences outcome in laser 
surgery, the anterior placentae being more techni-
cally challenging than the posterior placentae. 

 Risks of the procedure include:

•    Preterm prelabor rupture of membranes (PPROM)  
•   Preterm labor  
•   Preterm delivery or pregnancy loss  
•   Amniotic fl uid leakage into the maternal peri-

toneal cavity  
•   Abruption  

LASER coagulation of the vascular anastomoses on the 
placental surface
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•   Intrauterine infection  
•   Persistent or recurrent TTTS – 14 %  
•   Reversed TTTS – 13 % of cases  
•   TAPS – occur spontaneously in MCDA in 

about 4 %; post-laser therapy about – 13 %  
•   Known iatrogenic complication of laser    

 Hence, weekly surveillance is recommended 
especially after LASER [ 18 ,  19 ] more so in the 
fi rst few weeks. 

 There is no contraindication for vaginal deliv-
ery. Delivery is usually contemplated at 34 weeks 
gestation for TTTS. Prenatal steroids should be 
given, especially when elective cesarean is 
planned before 36 weeks. Cord hematocrits 
should be done immediately after delivery. 
Placental examination should be done after deliv-
ery and with vascular dye injection to note the 
vascular anastomoses. Placenta should also be 
sent for histopathological examination.      

    

    Discordant cord sizes, distantly placed cord 
insertions, and the imbalance in placental sharing 
are clearly seen in the above image. 

    Recurrence Risk 

 No recurrence is reported till date.  

    Long-Term Outcome 

 In various studies, the incidence of severe neu-
rodevelopmental abnormalities in MCDA 
without TTTS was 6 %. The increased likeli-
hood of severe neurodevelopmental abnormali-
ties in MCDA pregnancies complicated by 
TTTS is largely infl uenced by prematurity and 
poor APGAR scores. Studies have shown that 
post- LASER, 78 % of the babies show normal 

development at 2 years of age; 11 % have a 
mild delay in motor milestones, strabismus, 
mildly abnormal speech; and 11 % have 
 cerebral palsy, hemiparesis, and spastic quad-
riplegia [ 16 ,  17 ].   

    Conclusion 

 TTTS may have varied clinical presentation. 
Early and accurate detection and documenta-
tion of chorionicity will ensure a favorable 
outcome of all twin pregnancies and that of 
pregnancies with monochorionic placentation 
in particular. An initial fi rst trimester scan fol-
lowed by serial fortnightly ultrasound follow-
ups from 16 weeks onward ensure early 
detection and effective management of 
TTTS. Parental education about the symptoms 
of TTTS (sudden severe abdominal disten-
sion, maternal discomfort, PPROM, preterm 
labor) may also aid in early detection of 

Placental examination
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TTTS. The advent of laser has revolutionized 
the management of TTTS. Selective laser 
coagulation of placental vessels with surface 
coagulation of the placenta between the 
ablated anastomotic sites (Solomon tech-
nique) ensures a high double survival rate in 
MCDA twin pregnancies complicated by 
severe TTTS.  

    Indian Scenario 

 India presents a unique challenge at every stage, 
from diagnosis to management. India is still far 
from making the fi rst trimester mandatory in all 
pregnancies. The awareness of the importance of 
the fi rst trimester scan is gradually increasing 
among the obstetricians, sonologists, and the par-
ents. However, this is true to most urban population 
but much needs to be achieved in the rural sectors. 
The reporting of chorionicity is still not done for 
most pregnancies at the early pregnancy or the fi rst 
trimester scans. Subsequent to the diagnosis of 
monochorionicity, most units do not adhere to fol-
low-up protocols from 16 weeks. Following the 
suspicion of TTTS, many pregnancies are not 
referred appropriately to the fetal medicine units 
offering fetal therapy. Late referrals when cervical 
canal is already compromised lead to relatively 
lower survival and higher post- procedure miscar-
riage rates. There are very few centers offering fetal 
therapy currently and the logistics of travel from 
their home units to these centers is limited by the 
stage of the pregnancy and cervical length. At the 
time of writing this chapter, three centers across the 
country are offering fetoscopic laser therapy for 
such twins with reasonably good success. These 
are at Bangalore, Chennai, and Delhi. 

 A good protocol-based approach from the 
time of diagnosis of monochorionicity with liai-
son with fetal medicine units and early referral 
for fetal therapy is bound to improve outcome of 
these pregnancies as majority of these babies are 
normally formed. This will reduce the unneces-
sary pregnancy losses, especially before 24 
weeks which is the highest risk period for the 
pregnancies that develop severe TTTS. The 

development of severe TTTS is considered an 
obstetric emergency for referral to centers offer-
ing fetal therapeutic interventions in order to pre-
vent unnecessary fetal losses.     
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      Diagnosis and Management 
of Fetal Anemia                     

     S.     Suresh    

        Fetal anemia is an inadequate number or quality 
of red blood cells in the fetal circulatory system. 
Normal fetal hemoglobin concentration increases 
linearly during pregnancy: from about 10 to 11 g/
dL at 17 weeks to about 14 to 15 g/dL at term, one 
standard deviation is approximately 1 g/dL [ 1 ,  2 ]. 

    Causes of Fetal Anemia 

 The most common causes of fetal anemia are red 
cell alloimmunization, parvovirus infection, and 
chronic fetomaternal hemorrhage. The other causes 
for fetal anemia are inherited red cell abnormalities 
like alpha thalassemia, tumors like sacrococcygeal 
teratoma, and placental chorioangioma. 

    Rhesus Alloimmunization 
in Pregnancy 

 The standard obstetrical nomenclature for desig-
nating a pregnant woman’s blood type is the ABO 
type and either Rh positive or Rh negative. These 
terms are commonly used to describe a woman 
who has or does not have the Rh(D) antigen on 

her red blood cells (RBCs). The Rh blood system 
consists of numerous other antigens, most com-
monly C, c, E, e, and G. 

 Maternal Rh(D) alloimmunization develops as a 
result of maternal immune system exposure to 
Rh(D)-positive red blood cells (RBCs). Maternal 
immunization can occur as a result of transplacen-
tal fetomaternal hemorrhage during any pregnancy, 
injection with needles contaminated by Rh(D)-
positive blood, or inadvertent transfusion of Rh(D)-
positive blood (including during transplantation).   

    Minor Red Blood Cell Antibodies 
during Pregnancy 

 Minor red blood cell (RBC) antibodies are immu-
noglobulins associated with RBC antigens other 
than ABO and Rh (i.e., C, c, D, E, e) like Kell, 
Duffy, MNS systems, P system, etc. 

    Pathogenesis of Fetal Anemia 

 The pathogenesis of fetal anemia is the same for 
both major and minor RBC antibodies. The pre-
dominant mechanism involves transplacental pas-
sage of a maternal IgG antibody directed against a 
fetal erythrocyte antigen. Red blood cell hemoly-
sis is cell mediated, rather than a complement 
mediated. In Kell alloimmunization in  addition to 
cell-mediated hemolysis, the  erythropoiesis is 
suppressed at the level of the progenitor cell. 
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Because of this, at the same level of anemia, the 
fetus with Kell alloimmunization has a lower 
number of circulating reticulocytes and normo-
blasts compared with the fetus with Rh(D) alloim-
munization [ 3 ,  4 ]. The suppressive effect of 
anti-Kell antibodies does not extend to fetal gran-
ulocyte or megakaryocyte progenitors [ 5 ], and 
hence signifi cant thrombocytopenia is less com-
mon than in Rh(D) alloimmunization [ 6 ,  7 ].  

    Investigations 

 The diagnosis of Rh(D) alloimmunization is 
based upon detection of anti-Rh(D) antibody in 
maternal serum. In Rh(D)-negative women, the 
antibody screen may be repeated at 28 weeks of 
gestation and should be repeated at delivery [ 8 ,  9 ]. 

 A positive anti-D titer means that the fetus is 
at risk for hemolytic disease, not that it has 
occurred. Variation in titer results between labo-
ratories is common. 

  Critical Titer     A critical titer refers to the titer 
associated with a risk for fetal hydrops. In most 
centers, an anti-D titer between 8 and 32 is con-
sidered critical.  

 Minor red blood cell (RBC) antibodies, with 
the exception of Kell sensitization, are rarely 
present in pregnant women and usually remain at 
low titer (≤4). 

 If the critical titer is reached, the fetus should 
be evaluated for the presence of anemia.  

    Assessment of Fetal Anemia 

 Over the years, various studies state that Doppler 
assessment of the fetal middle cerebral artery 
(MCA) peak systolic velocity is the best noninva-
sive tool for predicting fetal anemia in at-risk 
pregnancies [ 10 ].   

    Middle Cerebral Artery 

 Doppler assessment of the fetal MCA peak sys-
tolic velocity (PSV) in alloimmunized pregnan-
cies was based on the principle that the anemic 

fetus preserves oxygen delivery to the brain by 
increasing cerebral fl ow of low viscosity blood. 
However, under physiologic circumstances, it 
appears that the relationship between fetal hemo-
globin and viscosity is the primary factor deter-
mining MCA-PSV [ 11 ]. 

 Middle cerebral artery peak systolic velocity 
(MCA-PSV) is measured at 1- to 2-week inter-
vals beginning as early as 18 weeks of gestation. 
MCA-PSV ≥1.5 multiples of the median is pre-
dictive of fetal anemia [ 12 ]. 

    Management 

 Severe fetal anemia can be defi ned as a hemato-
crit below 25 % or two standard deviations below 
the mean hematocrit for the gestational age. 
Severe fetal anemia is an indication for interven-
tion because it may result in fetal cardiac failure 
and hydrops. 

 Intrauterine transfusions (IUTs) are generally 
done between 18 and 34 weeks. Leukodepleted, 
irradiated O-negative blood cros-matched to the 
mother’s blood packed to a hematocrit of 
75–85 % is used . 

 The volume of blood for IUT depends upon 
the initial fetal hematocrit, size of the fetus, the 
donor hematocrit, and the target hematocrit to be 
achieved. There are prescribed formulae and 
charts to calculate the volume for infusion. After 
24 weeks of gestation, a target hematocrit of 
40–50 % is preferable. The average neonatal sur-
vival rate is 80 % [ 13 ]. The loss rate from the pro-
cedure is approximately 1–3 % per procedure 
[ 14 ,  15 ]. 

 The packed cells may be given intraperitone-
ally or by the intravascular route in the umbilical 
vein either in the cord or intrahepatically. In 
hydropic cases, the intravascular route is 
preferred. 

 The use of intraperitoneal route is on the decline 
after direct access to the fetal circulation was pos-
sible. IPT is effective in non-hydropic cases and is 
resorted only if vascular access is not available due 
to fetal position or there is a need to perform a 
transfusion prior to 20 weeks. The approximate 
volume of transfusion is calculated by the 
 formula – (gestational age in weeks – 20 × 10). 
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 Vascular access to the fetus can be achieved 
through the umbilical vein near the insertion into 
the placenta, in the free loop of the cord, or 
through the intrahepatic portal vein. The intrahe-
patic route is what we prefer and use for almost 
all our transfusions. 

    Technique 
 Fetal paralysis may be achieved by an intramus-
cular injection of pancuronium in a dose of 0.1–
0.3 mg per kg body weight of the fetus is given in 
the fetal deltoid or gluteal muscle. Intravenous 
injection of fentanyl (10 μg/kg × 1.25 for placen-
tal correction) has been shown to be effective in 
reducing fetal stress response. 

 The umbilical vein/portal vein is accessed 
using a 20 g long spinal needle. Adequate sample 
of blood is drawn for determining the hematocrit, 
hemoglobin, grouping and Rh typing, direct 
Coombs test, and karyotyping. The packed cells 
are transfused at a rate of 2–4 ml/min. The vol-
ume of blood to be transfused depends on the 
donor hematocrit, fetal hematocrit, and the feto-
placental blood volume at this period of gestation 
[ 16 ] Nicolaides et al. [ 15 ]. Another guideline 
proposed by [ 17 ] Macgahan et al. [ 16 ] is: volume 
of packed cells = (desired Hct – actual Hct) × esti-
mated fetoplacental blood volume × estimated 
fetal weight (Kg)/donor hematocrit. 

 The transfusion is given till a fetal Hct of 
45–50 is achieved. Serial 2-week follow-up is 
performed to decide on the next transfusion 
which will be typically 2–3 weeks after the fi rst 
transfusion. The rate of drop of fetal hematocrit 
will be around 0.8–1.1 per day. Combined with 
MCA Doppler, this can be used as a guide to time 
the next transfusion. If the fetus is doing well, 
there is no need to deliver the babies preterm. 

 A clear delivery plan with a good neonatal 
team that is informed well ahead of time is 
needed to be in place. These babies who have had 
intrauterine transfusion may need neonatal care 
including exchange/simple transfusions and 
management of hyperbilirubinemia. 

 Complications of intrauterine transfusion 
include preterm labor, premature rupture of 
membranes, fetal bradycardia (cord transfusion), 
and chorioamnionitis. Placental abruption has 
been reported but is a relatively rare occurrence. 

In expert hands, the rate of complications are 
relatively less and the benefi ts of the procedure 
far outweigh the risks. 

 Prior to 18 weeks of gestation, intraperitoneal 
fetal transfusion is technically easier than intra-
vascular transfusion. When technically possible, 
the intravascular transfusion is preferred because 
the therapeutic effects are more rapid and reli-
able. After 35 weeks, the procedure is generally 
considered riskier than late preterm delivery for 
neonatal treatment of severe anemia. 

 Combined plasmapheresis and intravenous 
immune globulin therapy to decrease the severity of 
disease has only been described in case reports and 
small case series [ 7 ,  13 – 16 ,  18 – 20 ], and the effi cacy 
of this approach is still not proven [ 17 ,  18 ,  21 ,  22 ].    

    Kell-Sensitized Pregnancies 

 Management of pregnancies complicated by 
minor RBC antibodies should be the same as for 
women with Rh alloimmunization [ 7 ,  23 ]. The 
effi cacy of this approach has been demonstrated 
in multiple series involving various minor RBC 
antibodies [ 19 ,  24 ]. 

    Parvovirus B19 Infection 

 Parvovirus B19 is a small non-enveloped DNA 
virus that frequently infects humans, with anti-
bodies to B19 found in 30–60% of adults. The 
incidence of B19 infection during pregnancy is 
3.3–3.8% [ 20 ,  21 ,  25 ,  26 ]. 

 Most intrauterine parvovirus infections do not 
have an adverse outcome. Rarely, it can lead to 
fetal loss and hydrops fetalis. 

    Pathogenesis and Clinical Features 
 B19 is cytotoxic to fetal red blood cell precursors 
and may cause anemia and hydrops fetalis and 
eventually fetal death [ 22 ,  23 ]. B19 can infect 
myocardial cells, and thus myocardial injury may 
contribute to the development of hydrops and 
fetal death in some cases [ 24 ,  25 ]. 

 The risk of developing these complications 
appears to be greater in women infected during 
the fi rst half of pregnancy [ 26 ,  27 ]. 
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 Maternal parvovirus infection has been asso-
ciated with transient isolated fetal pleural or peri-
cardial effusions that resolve spontaneously 
before term. These effusions are thought to result 
from direct pleural or myocardial infl ammation. 

 Severe thrombocytopenia has been observed 
in parvovirus-infected fetuses with hydrops [ 27 ]. 
Hence, the platelet count should also be deter-
mined and platelets should be available for trans-
fusion at the time of any fetal procedures.   

    Investigations 

 Pregnant women who are suspected to have par-
vovirus infection should have serologic testing 
for IgG and IgM antibodies. A positive parvovi-
rus IgM is consistent with acute infection. If both 
IgG and IgM are negative, PCR testing of mater-
nal plasma for parvovirus B19 DNA may be more 
sensitive and should be performed [ 28 ]. 

 Circulating IgM antibodies can be detected 
approximately 10 days after exposure and just 
prior to the onset of symptoms. They may persist 
for 3 months or longer [ 38 ]. 

 Women diagnosed with acute infection should 
be monitored for serial ultrasounds to evaluate 
for fetal hydrops. Fetal anemia is diagnosed non-
invasively by measuring the peak systolic veloc-
ity (PSV) of the middle cerebral artery (MCA) 
with Doppler ultrasound. A MCA-PSV value 
≥1.5 multiples of the median (MoM) correlates 
strongly with severe fetal anemia. 

 When severe anemia is suspected on ultrasound 
fi ndings, the fetus requires close monitoring, and 
intrauterine transfusion of RBCs is indicated to 
prevent fetal death from severe anemia. 

 Polymerase chain reaction (PCR) testing on 
amniotic fl uid is the method of choice to make 
the fetal diagnosis.  

    Management 

 Intrauterine transfusion of RBCs is indicated to 
prevent fetal death from severe anemia. Fetal 
transfusion for hydrops improved the survival rate 
(82 % vs. 55 % without transfusion) [ 24 ,  29 ,  30 ]. 

 Immunoglobulin: given the limited available 
data, the use of IVIG during pregnancy currently 
is not recommended [ 31 ]. 

 Management of the birth of a hydropic infant 
should be undertaken at a tertiary care center. 
Drainage of fetal ascites or pleural effusions may 
be necessary to facilitate resuscitation. 
Postnatally, these hydropic infants generally 
require mechanical ventilation.  

    Fetomaternal Hemorrhage 

 Bidirectional passage of minute numbers of cells 
across the placenta is a physiological event [ 32 , 
 33 ]. Small amount (<0.1 ml) of fetal blood is 
commonly found in maternal circulation. 
Fetomaternal hemorrhage refers to signifi cant 
passage of fetal blood into maternal circulation 
prior to or during delivery. It can be acute or 
chronic. Absolute thresholds of 10–150 mL have 
been proposed [ 34 – 36 ]. Massive fetomaternal 
hemorrhage is suggested as >20 ml of fetal blood 
volume 960 or >150 ml fetal blood [ 7 ]. Massive 
FMH may occur spontaneously or result from 
trauma. 

    Clinical Features 
 The mother is usually asymptomatic, but may 
have symptoms suggestive of a transfusion reac-
tion (e.g., fever, chills, nausea) [ 37 ]. 

 Fetal fi ndings associated with massive FMH 
include absent or persistently decreased move-
ment (most common fi nding), heart rate abnor-
mality (e.g., sinusoidal fetal heart rate pattern), 
low biophysical profi le score, hydrops fetalis, or 
fetal death [ 38 ,  39 ]. 

 A heightened index of suspicion is warranted 
in cases of persistent maternal perception of 
decreased fetal movements. Evaluation for FMH 
should be part of the diagnostic evaluation of 
unexplained fetal anemia. 

 Fetal anemia is diagnosed noninvasively by 
measuring the peak systolic velocity (PSV) of the 
middle cerebral artery (MCA) with Doppler 
ultrasound. A MCA-PSV value ≥1.5 multiples of 
the median (MoM) correlates strongly with 
severe fetal anemia [ 40 ].  
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    Diagnosis 
 Two maternal assays are available for detecting 
FMH: the Kleihauer-Betke test and fl ow cytom-
etry. Both these tests are based on identifi cation 
of hemoglobin F, the fetal hemoglobin. The vol-
ume of fetal blood loss should be calculated as a 
percentage of the estimated fetoplacental blood 
volume. Both assays measure the volume of fetal 
blood in the maternal circulation at a point in 
time and thus do not necessarily indicate the vol-
ume of blood loss over time, if bleeding was 
chronic or occurred on multiple occasions. 

 However, adult red blood cells may also con-
tain hemoglobin F (known as F cells). These cells 
can cause the assay to overestimate the volume of 
fetomaternal hemorrhage in maternal blood. This 
is especially important in some hematological 
disorders, such as sickle cell disease, which can 
be associated with persistence of hemoglobin F 
in a large number of cells.    

    Kleihauer-Betke Test 

 This is the main diagnostic test for detection and 
quantitation of FMH [ 41 ]. Red blood cells from 
the maternal circulation are fi xed to a slide that is 
exposed to an acidic pH solution. Adult red blood 
cells become “ghost” cells since hemoglobin A is 
soluble and eluted across membrane defects at a 
low pH. Fetal red blood cells remain pink because 
hemoglobin F is stable at pHs in this range. 

 The volume of fetal whole blood (mL) in the 
maternal circulation is (% fetal cells) × (maternal 
hematocrit [%] divided by fetal hematocrit 
[%]) × (maternal blood volume mL). 

 In the usual clinical scenario, the maternal blood 
volume and the fetal hematocrit are not known, and 
most laboratories do not request the maternal 
hematocrit for the calculation. The maternal blood 
volume is often assumed to be 5000 mL, yielding 
the following formula to calculate the volume of 
fetal whole blood (mL) in the maternal circulation: 
(% fetal cells) × 5000 mL. Thus, if the Kleihauer-
Betke result is 0.1%, the FMH calculation is 
(0.001 × 5000) = 5 mL of fetal whole blood. 

 Flow cytometry: fl ow cytometry is another 
assay for detecting and quantitating FMH [ 42 ]. 

A monoclonal antibody to hemoglobin F is con-
jugated to a fl uorochrome and used to detect fetal 
hemoglobin in permeabilized cells as they pass 
through the channel of a fl ow cytometer. 

 Comparative analysis of fl ow cytometry and 
the Kleihauer-Betke test has shown that fl ow 
cytometry is more accurate, more reproducible, 
and less labor intensive [ 43 ]. 

 Limitation is the inability to measure the 
maternal blood volume and interference with 
persistence of fetal hemoglobin in adult red blood 
cells (F cells). 

 Dual-parameter fl ow cytometry can alleviate the 
issue with maternal F cells noted in such disease 
states as hemoglobinopathies and thalassemias. 

    Management 

 Intravascular intrauterine transfusion (IVT) of 
donor red blood cells can correct fetal anemia. 
The aim is to prolong the pregnancy to reduce the 
morbidity and mortality associated with preterm 
birth. Antenatal corticosteroid therapy is given to 
enhance fetal lung maturity. 

 For pregnancies ≥32 weeks of gestation with 
severe fetal anemia by Doppler, the patient may 
be delivered after intrauterine transfusion. 

 Diagnosis of ongoing FMH is challenging 
after transfusion because the transfused cells 
contain adult hemoglobin and thus are not 
detected by Kleihauer-Betke or fl ow cytometry 
tests. Continuous monitoring MCA-PSV Doppler 
ultrasound and fetal heart rate (FHR) monitoring 
are necessary. 

 Chronic FMH should be suspected if the per-
centage of fetal cells in the maternal circulation 
increases (Kleihauer-Betke testing or fl ow cytom-
etry) or MCA-PSV increases. Repeated intrauter-
ine transfusions are unlikely to be successful in 
these cases due to the ongoing FMH [ 44 ]. 
Premature delivery is probably a better option. 

 Small FMHs with only mild fetal anemia can 
be followed expectantly with fetal monitoring. 

 Prognosis: Perinatal prognosis depends upon 
the volume of the hemorrhage. Some series report 
neurologic injury in 0–35 % of surviving infants 
[ 34 ,  38 ], whereas some report no long-term 
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 neurologic sequelae related to fetomaternal hem-
orrhage [ 45 ].      
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         Introduction 

 The successful transition from fetal to neonatal 
life is the most complex physiological process, 
yet in majority (90 %) of the births, babies go 
through this transition without diffi culty. 
However, certain maternal, placental, mechani-
cal, and fetal factors can jeopardize this smooth 
transition and signal the need for intervention. A 
prompt and skilled resuscitation may prevent 
deaths and avert lifelong adverse sequelae in 
such babies that had diffi culty in breathing or 
have a weak cry. 

 WHO has estimated that as many as 10 % of 
all newborn infants need some intervention at 
birth and approximately only 1 % need more 
extensive intervention. The International Liaison 
Committee on Resuscitation (ILCOR), the 
American Heart Association (AHA), and the 
American Academy of Pediatrics (AAP) have 

established their NRP (Neonatal Resuscitation 
Program) guidelines of 2010 for newborn resus-
citation [ 1 ]. These were being followed till 
6 months ago till the recent 2015 guidelines 
based on new scientifi cally based evidence were 
released with some changes [ 2 ]. This write-up is 
based on the IAP (Indian Academy of Pediatrics) 
NRP First Golden Minute (FGM) guidelines and 
aims to provide with basic steps used for stabili-
zation and resuscitation of the newborn who does 
not cry [ 3 ,  4 ].  

    Overview and Principles 
of Resuscitation 

 Birth asphyxia is one of the most important lead-
ing causes of neonatal mortality and accounts for 
about 23 % of the approximately four million 
neonatal deaths that occur each year worldwide. 
The outcomes of thousands of these newborns 
per year can be improved if we use correct and 
prompt resuscitation techniques [ 1 ].  

    Fetal Physiology and Normal 
Transition 

 In utero, fetus obtains oxygen and nutrients from 
maternal blood through the placenta. Fetal lungs 
do not perform gas exchange and are fi lled with 
fl uids and pulmonary vessels are markedly 
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 constricted. Because of which the blood from 
fetal heart bypasses the lungs and fl ows to the 
aorta through the ductus arteriosus. After birth, 
the baby cries and takes fi rst breath to inhale air 
into the lungs [ 1 ,  4 ,  5 ]. Three major changes start 
as soon as the baby is born.

    1.    Alveolar fl uid clearance: Alveolar fl uid  is 
absorbed and replaced by air.    

   2.    Increased SVR (systemic vascular resistance): 
The  umbilical arteries constrict , and clamp-
ing of the umbilical cord results in closure of 
umbilical arteries and umbilical vein.   

   3.     Decreased PVR  (pulmonary vascular resis-
tance): Pulmonary vasodilatation in response 
to increased oxygen level in the lungs.    

      In Utero or Perinatal Compromise 

 Perinatal insult results in an initial period of rapid 
breathing followed by  primary apnea  (cessation 
of breathing or gasping). Primary apnea responds 
to simple measures like drying the baby, fl icking 
the soles, or rubbing the back. During this period 
of primary apnea if perinatal stress continues, 
newborn develops gasping respirations followed 
by  secondary apnea . Positive pressure ventila-
tion must be provided to reverse the secondary 
apnea. At birth, it is diffi cult to differentiate 
between primary and secondary apnea and there-

fore every apneic baby is assumed to be in sec-
ondary apnea [ 4 ].  

    Newborn Resuscitation 

 Anticipation, adequate preparation, accurate 
evaluation, and prompt initiation of support are 
critical for successful neonatal resuscitation. 

    Anticipation for Need 
for Resuscitation 

 The presence of risk factors (Table  39.1 ) can help 
identify those who will need resuscitation, but 
one must always be prepared to resuscitate, as 
even some of those babies with no risk factors 
will require resuscitation [ 1 ,  3 – 5 ].

       Preparation for Resuscitation 

  Personnel 
 At every delivery, one must ensure that at least 
one trained NRP personnel is present and his/her 
primary responsibility is the newly born. For 
anticipated high-risk deliveries or for those with 
expected problems, at least two trained people 
are required. For multiple births, separate team is 
required for each baby [ 1 ,  3 ,  4 ].  

   Table 39.1    Antepartum and intrapartum risk factors   

 Antepartum factors  Postpartum factors 

 Maternal diabetes/gestational diabetes  Premature labor/precipitous labor 

 Chronic medical illness – cardiac, renal, pulmonary, neurologic disease  Emergency caesarean section 

 Gestational hypertension/pre-eclampsia/chronic hypertension  Assisted delivery – forceps/vacuum 

 Age< 16 years or >35 years  Breech or abnormal presentation 

 Primigravida or grand multipara  Macrosomia 

 Maternal infections/TORCH/sexually transmitted diseases/
chorioamnionitis 

 Abruptio placenta/cord prolapsed/
placenta previa 

 Oligohydraminos/polyhydraminos  Prolonged labor/obstructed labor 

 Bleeding in second or third trimester  Meconium-stained amniotic fl uid 

 Previous fetal or neonatal deaths/fetal malformations/diminished fetal 
activity 

 Narcotics given to mother within 4 h of 
delivery 

 Multiple gestations  Use of general anesthesia 

 Fetal anemia/isoimmunization  Altered fetal heart rate changes 

 Premature or prolonged rupture of membranes  Signifi cant intra partum bleeding 
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  Equipment 
 All the equipment necessary for a complete 
resuscitation should be regularly checked to 
ensure that they are available in various sizes and 
are functional. The equipments needed included 
in the Table  39.2  below.

         The Resuscitation Flow Diagram 
(Fig.  39.1 ) 

    The above fl ow diagram describes the steps nec-
essary to determine the need for resuscitation and 
all the NRP resuscitation procedures [ 3 ]. 

  Initial Assessment 
 At the time of birth, as per the IAP -NRP FGM 
(fi rst golden minute) guidelines one should ask 

only one question, i.e.,  breathing or crying  and 
then proceed after that as per the response as yes 
or no. 

 If the newborn baby is breathing well or cry-
ing, then the baby does not need resuscitation and 
should be kept with the mother and sent for rou-
tine care.  

  Routine Care Involves 

•     Provide warmth (skin-to-skin care)  
•   Cut cord in 1–3 min  
•   Initiate breastfeeding  
•   Assess neonate/ongoing evaluation    

 If any answer is “No” to the question on 
breathing or crying, then one should continue 
with initial steps of resuscitation.  

    Block A (Airway) 

 These are initial steps to establish an airway and 
begin resuscitating newborn. Approximately 60 s 
(“The Golden Minute”) are allotted for complet-
ing the initial steps, reevaluating, and beginning 
ventilation if required (Fig.  39.1 ) [ 3 ]. 

  Initial Steps of Resuscitation 

     1.     Keep baby warm  by wrapping him with towel 
and placing him on mother’s abdomen/chest 
for skin-to-skin contact with the mother. If 
the baby has not cried, then place the baby 
under radiant heat warmer on a resuscitation 
table.   

   2.     Open the airway  by slightly extending the 
neck, thus creating the “sniffi ng” position.   

   3.     Clear airway as necessary . Secretions can be 
cleared by wiping the nose and mouth with 
towel or by suctioning with a bulb syringe or 
suction catheter. Always suction “mouth 
before nose” by thinking “M” before “N” in 
the alphabet to prevent aspiration of mouth 
content. Clearing the airway involves endotra-
cheal suctioning to clear meconium for 
 non- vigorous newborn with meconium-
stained fl uid [ 1 ].   

   Table 39.2    Equipment required for resuscitation   

 Radiant warmer or other heat source 

 Resuscitation trolley with fi rm surface 

 Warm blankets/pre-warmed linen or towels, shoulder 
roll 

 Stethoscope with neonatal head 

 Oxygen source, compressed air source 

 Oxygen blender (for mixing air and oxygen with fl ow 
meter) 

 Suction source, suction catheter (5, 6, 8, 10, 12 F) 

 Delee’s mucus extractor and meconium aspirator 

 Pulse oximeter and oximeter probe 

 Nasogastric tubes (8 F) 

 Ambu or self-infl ating bag, fl ow infl ating bag, T-piece 
resuscitator 

 Face masks (newborn and premature sizes, cushioned 
rim masks) 

 Laryngoscopes (handles no. 00,0 and 1 blade; 
batteries), stylet 

 Endotracheal tubes (2.5, 3, 3.5, 4 mm) 

 Epinephrine (1:10,000 solution) 3 ml or 10 ml 
ampoules 

 Volume expanders (normal saline, Ringer’s lactate, 
5 % albumin, O-negative whole blood (cross matched 
against mother’s blood)) 

 Clock (Apgar timer) 

 Syringes, hypodermic needles, and tubes for collection 
of blood samples 

 Equipment for umbilical cord catheterization 
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   4.     Dry and stimulate to breath . To minimize heat 
loss, the baby should be received in pre- 
warmed towel. The same can be used to dry 
him and this should be removed and another 
fresh pre-warmed towel should be used for 
continued drying and stimulation. Tactile 
stimulation can be provided by slapping or 
fl icking soles of the feet or by gentle rubbing 
the newborn’s back, trunk, or extremities.      

  Assessment of the Effect of Block A 
 The next step is to evaluate to determine if further 
resuscitation actions are indicated. The entire 
resuscitation process up to this point of initial 
steps should take no more than 30 s (unless suc-
tioning of meconium from the trachea was 

required). Evaluate simultaneously for respira-
tions (apnea, gasping, or labored breathing) and 
heart rate (whether heart rate is greater than or 
less than 100 bpm [beats per minute]).

    Respirations  – Observe baby for good respiratory 
efforts. Rate and depth of respiration should 
increase after a few seconds of tactile 
stimulation.  

   Heart rate  – The heart rate should be more than 
100 bpm. The simplest method to determine 
heart rate is to feel for a pulse at the base of 
umbilical cord. If you cannot feel a pulse, use 
stethoscope to auscultate. Counting the 
 number of beats in 6 s and multiplying by 10 
provide a quick estimate of the beats per 
minute.      

Assessment

A

Evaluation

B

C

D

Evaluation

Evaluation

BIRTH

Evaluate

• Breathing/crying?

No

• Provide warmth
• Position, dear airway
 (as necessary) •#
• Dry & Stimulate

30 sec

60 sec

Assess
every
45-60
sec

Evaluate
• Respiration:gasping/apnea
• Hean rate: <100/min

Yes

No No

• Initiate positive
 pressure ventilation
 with room air •#^

HR <60 HR >60

HR <60 HR >60

• Start chest compressions
• Continue positive pressure
 ventilation
• Ensure 100% oxygen #

• Administer epinephrine(1:10,000)
 (0.1.0.3 mt/kg IV; 0.5–1ml/kgET) #
• Consider volume expanders

Yes

Yes

Routine Care
• Warmth (skin to skin care)
• Cut cord in 1-3 min
• lnitiate breast feeding
• Assess neonate

labored breathing or
persistent cyanosis

Observational Care
• Warmth(skin to skin care)
• Initiate breast feeding
• Monitor neonate
 (temperature, heart rate,
 breathing, blood sugar)

- ^Consider SpO2 monitoring
- Consider CPAP (in preterm)

@Comments
• In all neonates > 32 weeks PPV can be initiated with 21% 
   oxygen with backup 100% oxygen
• In neonates <32 weeks initiate with 100% oxygen or where 
   blenders available with lower oxygen concentrations

• ln meconium stained depressed neonates after oral suction, endotracheal suction may be considered
# endotracheal intubation may be considered at several steps

Post-Resuscitation care
NICU/Special care newborn unit

  Fig. 39.1    IAP NRP FGM algorithm for neonatal resuscitation [ 3 ]       
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    Block B (Breathing) 

 If the baby is apneic, or has gasping respirations, 
or if the heart rate is below 100 bpm, you should 
proceed immediately to providing PPV with room 
air. However, if the baby is breathing and the heart 
rate is above 100, but the respirations  appear 
labored or the baby appears persistently cyanotic  
administer  continuous positive pressure  ( CPAP ) 
with mask. Consider SpO 2  monitoring and one 
should attach an oximeter to determine the need 
for supplemental oxygen, and it is recommended 
that the probe be placed on newborns right hand 
or wrist so as to detect pre-ductal saturation. 

    Positive Pressure Ventilation (PPV) 
 Three devices are available to ventilate newborns 
to give PPV are self-infl ating bag, fl ow-infl ating 
bag, and T-piece resuscitator [ 1 ,  3 ]. 

  Concentration of Oxygen During 
Resuscitation [ 1 ] 
 Meta-analyses showed a decrease in mortality 
and CNS effects in room air-resuscitated group 
of neonates. Therefore, it is recommended that:

•    In term as well as preterm newborns, resusci-
tation can be initiated with room air.  

•   Titrate O 2  to achieve SpO 2  in target range as 
described using pulse oximetry for uncompro-
mised babies (the targeted pre-ductal SpO 2  at 
1 min is 60–65 %, 2 min – 65–70 %, 3 min – 
70–75 %, 4 min – 75–80 %, 5 min – 80–85 %, 
and at 10 min it is 85–95 %).  

•   Use oxygen blender, if available, to deliver 
an oxygen concentration between 21 and 
100 %.  

•   If bradycardia (HR <60) after 90 s of resusci-
tation with lower concentration of O 2 , increase 
concentration to 100 % until recovery of nor-
mal heart rate is achieved.     

  Resuscitation Rate during PPV 
 Count out loud to help maintain a rate of 40–60 
breaths per minute. Say “Breathe” as you squeeze 
the bag or occlude the PEEP cap of the T-piece 
resuscitator and release while one says “Two, 
Three”. So the  cadence  is – 

 B r e a t h e . . . … … … … Tw o . . . … … … … .
Three………….Breathe…………Two……….
Three (squeeze) -------------- (release………….) 
---------- (squeeze) --------- (release…………….) 

 Effective ventilation is defi ned by the pres-
ence of good bilateral breath sounds and chest 
movement. The most important indicator of suc-
cessful PPV is the rising heart rate (along with 
rising saturation if pulse oximetry is functional at 
this point). If the baby’s heart rate and oxygen 
saturation are not rising and you do not hear 
bilateral breath sounds or see chest movements, 
initiate ventilation corrective steps (Table  39.3 ). 
One can use the acronym “MR SOPA” to remem-
ber the ventilation corrective steps [ 1 ,  3 ].

   Signs that PPV has been effective, and indica-
tions that PPV may be discontinued, are (a) heart 
rate rises to over 100 breaths per minute, (b) 
improvement in oxygen saturation, and (c) onset 
of spontaneous respirations.  

 CPAP or supplemental oxygen indications:

•    Working hard to breath  
•   Grunting respiration  
•   Retractions  
•   Central cyanosis  
•   Hypoxemia by oximetry    

 CPAP can be delivered with a fl ow-infl ating 
bag or a T-piece resuscitator, but NOT with a 
self-infl ating bag.  

   Table 39.3    Ventilation corrective steps   

 M 
 Mask adjustment – 
inadequate seal 

 Mask adjusted to ensure 
air tight seal 

 R  Reposition airway – 
inappropriate position 

 Reposition head to be in 
“sniffi ng” position 

 S  Suction mouth and 
nose – blocked airway 

 Suction the airway for 
secretions if present 

 O  Open mouth  Open baby’s mouth and 
lift the jaw forward 

 P  Pressure increase – 
inadequate pressure 

 Increase the pressure 
gradually to achieve the 
chest rise 

 A  Airway alternative to 
be considered 

 Do endotracheal 
intubation or use 
laryngeal mask airway 
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    Endotracheal Intubation: Indications 
•     Prolonged PPV required  
•   Bag and mask ineffective  
•   If chest compressions required for better 

coordination  
•   Tracheal suction required, e.g., MSAF 

(meconium- stained amniotic fl uid)  
•   Diaphragmatic hernia  
•   Use of drugs through ET tube    

  Evaluation of the Effect of Block B 
 In almost all cases, with appropriate ventilation 
technique, heart rate rises above 100 bpm. 
However, if the heart rate is below 60 bpm, then 
proceed to block C    

    Block C (Circulation) 

 Circulation is supported by chest compressions. 
Chest compressions are indicated whenever heart 
rate is below 60 bpm, despite at least 30 s of 
effective positive pressure ventilation (PPV). 
Ensure 100 % oxygen is being given and also 
endotracheal intubation should be considered at 
this stage. 

    Chest Compressions 
•     Compress the heart against the spine  
•   Increase the intrathoracic pressure  
•   Circulate blood to the vital organs    

  Two techniques that are normally used 
include:  

•      Thumb technique : In this method both the hands 
encircle the torso, with thumbs on sternum and 
fi ngers supporting back. Thumbs should be 
fl exed at the fi rst joint. Thumb technique is pre-
ferred because there is better depth control, pro-
vides more consistent pressure, superior in 
generating peak systolic and coronary arterial 
perfusion pressure, and is less tiring.  

•    2 - fi nger technique : Tips of the middle fi nger 
and either the index fi nger or ring fi nger of one 
hand should be used to compress the sternum, 
while the other hand is used to support the 
baby’s back.    

  Location, depth, and rate of compressions: 

•    Compress to depth of one-third AP diameter 
of chest.  

•   Compress the lower one-third of the sternum.  
•   3:1 compressions to ventilation ratio (90 CC 

to 30 ventilations, total 120 events in one min-
ute) and the  cadence  is “ One  –  and  –  two  – 
 and  –  three  –  and  –  breathe  –  and ”.” Do not 
compress during “Breathe and.”    

  During chest compressions  ensure that:

•    Chest movement is adequate during 
ventilation.  

•   Supplemental oxygen is being used.  
•   Thumbs or fi ngers remain in contact with the 

chest at all times.  
•   Chest compressions and ventilation are well 

coordinated.    

  Adequacy of chest compression  

•     Palpate femoral/cord pulsations  
•   Check HR >30 s of CC    

•     HR >60 bpm, discontinue CC, continue PPV  
•   HR <60 bpm, intubate, if not already done for 

better coordination    

 Evaluation of the effect of block C – If the heart 
rate is still below 60, then proceed to block D.   

    Block D (Drugs) 

 One should administer epinephrine as you con-
tinue PPV and chest compressions.

•    Epinephrine (1:10,000) should be adminis-
tered intravenously at 0.01–0.03 ml/kg/dose 
as rapidly as possible.  

•   While access is being obtained, a higher dose 
of endotracheal epinephrine may be given but 
effi cacy of this practice has not been 
evaluated.  

•   Ineffective response to epinephrine, then one 
should consider possibility of hypovolemia.    
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  Evaluation of the Effect of Block D 
 If the HR remains below 60 bpm, the actions in 
block C and block D are continued and repeated. 
When the HR improves and rises above the 
60 bpm, chest compressions are stopped. PPV is 
continued until the HR is above 100 bpm and 
baby is breathing. Supplemental oxygen/CPAP 
can be administered if necessary, based on oxy-
gen saturations measured by pulse oximetry. 
Care should be taken to avoid allowing the SpO 2  
to exceed 95 % [ 1 ,  3 ,  5 ].    

    Management in the Presence 
of Meconium-Stained 
Amniotic Fluid  

    Scenario 1: Meconium Present 
and Newborn Is Vigorous 

 If respiratory efforts are strong and muscle tone 
is good and HR >100 bpm, then use only bulb 
syringe or large bore catheter to suction the 
mouth and nose (Fig.  39.2 ) [ 3 ].

Algorithm for Meconium stained liqor

ASSESS at birth

Respiration, Heart rate & Tone

Breathing, HR>100,
Good tone

Apnea or HR <100
or Poor tone

NON VIGOROUS

No peripartum suction

Place baby under warmer

Do not dry the baby or stimulate

VIGOROUS

NRP Algorithm

Evaluate respiration & HR

Stop ET
suction if
HR <100

Perform brief & quick oro-pharyngeal suction (12 G)
Intubate to place ET tube between the vocal cords

Attach ET tube to suction machine using meconium
adapter

Apply suction withdrawing ET tube

Attendant monitors HR

Re-introduce ET tube & suction while withdrawing,

Repeat till no meconium is aspirated

  Fig. 39.2    Algorithm for meconium-stained liquor [ 3 ]       
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       Scenario 2: Meconium Present 
and Newborn Is not Vigorous 

 In such a scenario, one needs to do tracheal suc-
tion after a brief oropharyngeal suction.

•    Administer oxygen and monitor HR.  
•   Insert laryngoscope and use a 12 or 14 F cath-

eter to clear the mouth and posterior pharynx 
so that one can visualize the vocal cords.  

•   Insert endotracheal tube into trachea and then 
attach it to suction source.  

•   Apply suction as tube is withdrawn.  
•   Attendant monitors the heart rate.  
•   Repeat as necessary until little additional 

meconium is recovered or until the baby’s heart 
rate indicates further need of resuscitation.      

    Post-resuscitation Care 

 Two levels of post-resuscitation care are routine 
care and post-resuscitation care [ 3 ,  6 ]. 

    Observational Care 

 Observational care is given to babies who 
required PPV for less than 1 min and it includes 
providing warmth, initiating breastfeeding, and 
monitoring newborn for temperature, heart rate, 
breathing, and color (every 30 s for 2 h).  

    Post-resuscitation Care 

 This is provided to babies who received PPV for 
more than 1 min or more extensive resuscitation 
like intubation, chest compression, and are at 
high risk for deterioration. These neonates are 
managed in the NICU. 

 All neonates who required resuscitation must 
be closely and frequently monitored for potential 
complications (Table  39.4 ) [ 1 ,  6 ].

        Initial Stabilization and 
Management 

 Early detection and prompt management of com-
plications prevent further extension of cerebral 
injury [ 1 ,  6 ]. 

  Temperature     The temperature should be main-
tained between 36.5 and 37.5 °C to avoid hypo-
thermia as well as hyperthermia since both are 
detrimental.  

  Airway and Breathing     Patent airway should be 
maintained with proper positioning and cleaning 
the secretions. Breathing should be monitored 
and supported as required.  

  Oxygenation     SpO 2  should be maintained 
between 90 and 94 %. Hypoxia and hyperoxia 
should be avoided.  

  IV Fluids and Enteral Feeding     Initiate IV fl u-
ids as per day’s requirement. Start on enteral feed 
once the patient is hemodynamically stable and 
passed meconium and there is no abdominal dis-
tention. Start expressed breast milk 30 ml/kg/day 
and increase daily by 20–30 ml/kg/day or more 
as the baby tolerates.  

  Blood Glucose     Blood glucose should be moni-
tored for at least 48 h. Treat hypoglycemia appro-
priately with intravenous glucose.  

   Table 39.4    Possible complications following resuscitation   

 Organ system  Potential complications 

 Brain  Apnea, seizures 

 Lungs  Pulmonary hypertension, 
pneumonia, pneumothorax, 
meconium aspiration syndrome 

 Cardiovascular  Hypotension, shock 

 Kidneys  Acute tubular necrosis 

 Gastrointestinal  Necrotizing enterocolitis 

 Metabolic  Hypocalcemia, hypoglycemia 
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  Blood Pressure     Maintain systemic mean arte-
rial BP at 40 mmHg for term neonate and for pre-
term neonate; mean BP should be maintained 
equal to gestational age in weeks as mmHg.  

  Seizures     First treat metabolic cause and then 
consider anticonvulsant therapy.   

    Therapeutic Hypothermia 

 This modality should be tried in neonates more 
than 36 weeks of gestation with evolving moder-
ate to severe hypoxemic-ischemic encephalopa-
thy and where the expertise and facility for 
providing therapeutic hypothermia is present. It 
should be used only strictly following the proto-
cols laid down [ 1 ,  3 ].  

    Timing of Cord Clamping 

 Delayed cord clamping (DCC) for 1 min or more 
is safe both in preterm and term babies who did 
not require any resuscitation at birth. However, 
delayed cord clamping is not recommended in 
neonates requiring resuscitation. DCC is associ-
ated with lesser incidence of intraventricular 
hemorrhage, higher blood pressure and blood 
volume, lesser need for blood transfusion, and 
lesser chance of developing necrotizing entero-
colitis. The only disadvantage of DCC being 
increased chance of developing jaundice and the 
need for phototherapy.  

    Withholding and Discontinuation 
of Resuscitation 

 The decision of when to withhold or not to resus-
citate is diffi cult and complex. It will be deter-
mined taking into consideration the local neonatal 
data and ethical issues and a team of the obstetri-
cians, neonatologist, healthcare personnel, and 
family members should discuss and come to the 
possible best decision [ 1 ,  3 ]. 

  Major Criteria to Withhold Resuscitation 

•     Anencephaly  
•   Confi rmed gestational age <23 weeks  
•   Birth weight <400 g  
•   Confi rmed lethal genetic disorder or 

malformation     

  Discontinuation of Resuscitation 
 Discontinuation of resuscitation efforts is consid-
ered when there is no detectable heart rate after 
10 min of complete and adequate resuscitation.   

    2015 American Heart Association 
Guidelines for Cardiopulmonary 
Resuscitation 

 Some of the salient features of the new changes 
made by AHA 2015 guidelines [ 2 ] include:

    1.    Three assessment questions should be asked 
at birth in following order:
   Term gestation?  
  Good tone?  
  Breathing or crying?      

   2.    Delayed cord clamping for >30 s is recom-
mended for non-asphyxiated preterm as well 
as term babies.   

   3.    New guidelines have reemphasized the need 
of temperature regulation during neonatal 
resuscitation. Temperature for non- 
asphyxiated infants should be maintained 
between 36.5 and 37.5 °C.   

   4.    Tracheal suction is no longer recommended 
for non-vigorous baby who is born through 
meconium-stained amniotic fl uid. Appropriate 
interventions to support ventilation and 
oxygenation should be instituted at the 
earliest [ 2 ].   

   5.    Use of 3 lead ECG is recommended for assess-
ment of heart rate during resuscitation. The 
reason for using ECG is because auscultation 
may not assess heart rate accurately and the 
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pulse oximeter may underestimate the heart 
rate.   

   6.    For preterm babies <35 weeks, resuscitation has 
to be started with low FiO 2  concentration, i.e., 
21–30 %. FiO 2  should be gradually increased to 
achieve targeted pre-ductal saturations.          
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 Carry Home Messages 

     1.     Always be prepared  to resuscitate.   
   2.     Provision of warmth  is an essential ini-

tial step in resuscitation and helps in 
normal newborn transition.   

   3.     Establishing effective ventilation  is the 
key to nearly all successful neonatal 
resuscitation.   

   4.    Begin resuscitation of term as well as 
preterm baby with 21 % oxygen ( room 
air ).   

   5.    Need of giving oxygen in appropriate 
concentration should be guided by the 
pulse oximeter readings.  Pulse oxime-
try  should be used for evaluation of 
oxygenation since assessment of color 
is unreliable.   

   6.    Suctioning following birth should be 
 reserved for babies who have obvious 
obstruction  to spontaneous breathing 
or who require PPV.   

   7.    After clearing the airway as necessary, 
drying and removing wet linen, reposi-
tioning, and stimulating,  evaluate res-
pirations and heart rate  ( not color ).
    (a)    If HR is less than 100 bpm, or if 

newborn is apneic or gasping, 
begin positive-pressure ventilation.   

   (b)    If HR is more than 100 bpm and 
respirations are labored, consider 
CPAP, especially for preterm 
newborns.    

      8.    Subsequently, evaluation and decision- 
making are based on  respirations ,  HR , 
 and oxygenation  (per pulse oximetry).   

   9.    Using pulse oximetry, whenever pos-
sible, supplemental oxygen concentra-
tion should be adjusted to achieve the 
 target values for pre - ductal 
saturations .   

   10.     Chest compressions  are indicated 
whenever heart rate is  below 60 bpm , 
despite at least 30 s of effective posi-
tive pressure ventilation.   

   11.     Epinephrine  is indicated when the 
 heart rate remains below 60 bpm  after 
30 s of effective assisted ventilation 
(preferably via endotracheal tube) and 
at least another 45–60 s of coordinated 
chest compressions and effective 
ventilation.   

   12.     Post-resuscitation care and prompt 
treatment of complications  prevent 
further cerebral damage and long-term 
squeal.     
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