
Introduction 

The 
Pathophysiology 
of Hydrops 
Feta I is 

Hydrops fetalis (HF) is a condition that develops during foetal life. It is defined as the 
abnormal accumulation of fl u id in at least two serous cavities and/or within t he soft 
tissues of the foetus. This includes ascites, pericardia! effusion, skin oedema and 
p leura l effusion (1,2). 

Studies have shown that the current incidence of HF is 1.80per1,000 total births with 
a mortality rate as high as 50% to this day, despite the advancements made in foetal 
inteNention and neonatal care (3-5) 

There are two main causes of HF, immune and non-immune. The immune cause of 
HF was previously the major cause of HF, however, due to the introduction of 
preventative medicine, there has been a marked reduction of cases in the western 
world, which have now been surpassed by the non-immune causes (6),(7,8). 

Immune causes are due to antigen-antibody incompatibility of the mother and the 
developing foetus, leading to maternal immunological response to the paternally 
inherited antigens of the foetus (9). Non-immune causes include cardiovascular 
disorders, lymphatic dysplasias, haematological abnormalities, chromosomal 
imbalances, infections, conditions during pregnancy, metabolic disorders, tumours, 
and idiopathic ones. The pat hophysiology leading to non-immune hydrops fetalis 
(NIHF) hence, depends on the cause. 
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Transport of Foetal Fluids 

The foetus has a high risk of fluid 
accumulation due to the physiology of 
the microcirculatory and lymphatic 
system during development (10). Both 
the capillary filtration coefficient and 
reflection coefficient, as in the Starling 
Principle, imply that the endothelium is 
an important structure in determining 
the net movement of fluid between the 
different compartments (10). Damage 
to the glycocalyx makes the capillary 
endothelium more permeable (11,12). In 
such a case, due to a smaller driving 
force, water retains in interstitial space 
resulting in NIHF. Presence of high 
glucose level brings an increase in 
metabolic rate, which without rising 
levels of oxygen results in foetal hypoxia, 
acidosis, as well as, severe accumulation 
of fluid (11). 

Lymphatic Return 

The lymphatic system regulates the 
return of solutes and extracellular fluid 
to the circulation, and functions in 
immune cell trafficking (13). This can 
occur after the sixth embryonic week, 
once lymphangiogenesis has taken 
p lace (14). The rate of fluid extravasation 
and lymphatic return must be 
approximately equal, otherwise, a 
decline in lymphatic return leaves foetal 
oedema due to interstitial space 
expansion, and eventually hydrops 
(11,15). HF can also develop in cases of 
drastic reduction in lymphat ic flow due 
to rise in foetal venous pressure (11). 
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Foetal Transmission to 
Amniotic Fluid 

Amniotic fluid is the product of foetal 
skin transudation made approximately 
from the tenth to the twentieth week, 
such that its composition is similar to 
that of the foetal extracellular fluid (11,16). 
During this time, keratinisation of foetal 
membranes has not yet occurred hence, 
water and solute transport can occur by 
diffusion. The syncytiotrophoblast and 
the placental villi conta in aquaporin 4, 
contributing to water transport into the 
amniotic sac too (17). NIHF can 
therefore also develop from the 
incorrect function of these aquaporins 
(11 ). 

In the second half of pregnancy, 
amniotic fluid is synthesised by the 
lungs and urine of the foetus (11),(16). 

Placental or renal malfunctions 
therefore, likely change the fluid 
balance of the foetus and cause NIHF 
(11). 

lsoimmunisation 

lsoimmunisation is the p1rocess whereby 
antibodies form against antigens which 
are incompatible with those of another 
individual (7,8). This process may lead to 
the development of IHF, previously the 
major cause of HF, however, due to 
advancements in preventative 
medicine, this has been narrowed down 
to less than 10% of all HF etiologies (5), 
(6),(7,8). 



The most common form is that of Rh 
incompatibility which occurs when the 
blood of negative Rh mothers is 
exposed to the positive Rh factor 
present in the developing foetus who 
would have inherited the positive Rh 
factor from the father (7,8),(18). 

Rhesus factor is an ant igen, which is a 
protein found on t he cell surface 
membrane of red blood cells (RBCs). It is 
essential to determine whet her the 
father is homozygous or heterozygous 
for the antigen to analyse t he risk t he 
foetus has in developing the haemolytic 
disease of the foetus (7,9,18)). Being that 
the inheritance of the positive factor is 
dominant, although the mother is 
negative for the antigen, the offspring 
could inherit the factor from the 
heterozygous or homozygous father 
(7,9,18). 

Destruction of the placental barrier will 
cause fetomaternal haemorrhage which 
allows foeta l blood to enter the 
maternal circu lation (7,9,18)). Once the 
foreign antigens gain entry into the 
maternal circu lation, t hey are able to 
incite the reticu loendothel ial system 
reaction which identifies the foreign 
antigen and presents t he ant igens to 
the humeral immune system. The 
specialised B lymphocytes forming part 
of the humeral system recognises the 
antigen and mounts an immune 
response against these cells by 
synthesising lgM and lgG antibodies 
(7,9,18). 
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The initial response of the maternal 
immune system results in the formation 
of a low level of lgM antibodies. During 
the first pregnancy, the level tends to be 
insignificant and is unlikely to have an 
effect on the foetus as the humoral 
immune system requires time to elicit 
an effective antibody response (7,9). 

The lgM antibodies are themselves too 
large to cross the placental barrie r, 
however, they are able t o form lgG 
antibodies that are smaller and ab le to 
cross (7,9,18). Hence, during t he 
following Rh-D positive pregnancy, d ue 
to re-exposure to the ant igen, the 
primary memory B cells made against 
these antigens will increase the lgG 
antibodies synthesised, the booster 
response. The lgG antibodies will cross 
the placenta by binding to the Fey 
receptors of the syncytiotrophoblasts 
(7,9). The RSC-antibody bound cells are 
trapped within the foet al spleen and 
consequently destroyed by 
macrophages (7,9). 

Endothelial Involvement 

Studies have shown t hat the foetal 
plasma of al loimmunized pregnancies 
would have a decreased amount of 
cyclic guanosine monophosphate 
(cGMP), which is complicated by 
hydrops fetalis. The decrease in cGMP 
leads to damage of the foetal vascular 
endothelial cells, which thus leads to a 
decreased nitric oxide production by t h e 



endothelial cells. This decrease can 
cause severe endothelial cell injury 
which is thought to lead to the 
development of ascites and oedema 
(19). 

Foetal Anaemia 

One of the major complications caused 
by Rh incompatibility is haemolysis. The 
decreased number of RBCs caused by 
haemolysis may result 1n 
hyperbilirubinemia or/and anaemia, 
therefore affecting morbidity and 
mortality (20,21). Ultrasonographically, 
this is noted by hepatosplenomegaly as 
well as pleural effusion, pericardia! 
effusion, ascites, subcutaneous and 
scalp oedema. Furthermore, due to the 
decreased oxygen supply to the cells, 
placentomegaly may result, as a 
compensatory mechanism (7). 

Circulation in the Foetus 

Many of the congenital cardiac 
anomal ies and disorders existing, 
change the f low volume of b lood in t he 
outflow tract and are the leading cause 
of cardiogenic NIHF (11,22). Owing to the 
ductus arteriosus, blood can pass from 
the pulmonary trunk to the aortic 
isthmus. Obstruction to this patent 
blood vessel can occur due to low partial 
pressure of oxygen, local nitric oxide 
production and high prostaglandin 
concentration, all of which reduce its 
patency (11,23). 
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In Due to resultant low oxygen levels of 
blood in the pulmonary circulation, 
pulmonary vessels constrict and 
increase their myogenic tone. This 
enhances the pulmonary vascular 
resistance, preventing rise in pulmonary 
artery pressure and inhibiting increase 
in blood flow at the left atrium (11,22). 

turn, these maintain the foramen ova!e 
patent, such that at diastole, blood flows 
from t he right to the left side of the 
heart, rather than entering the 
pulmonary circulation. Simultaneously, 
abnormal left atrial pressure and a 
narrow foramen ovale decrease blood 
entering the left ventricle (22). Th is 
develops decreased ventricular 
compliance and hence, high end
diastol ic volume and congestive heart 
failure. A high afterload also results in a 
small cardiac output. Resultant 
increase in pulmonary blood flow 
induces pulmonary lymphoedema, and 
this complicates as hydrothorax and 
NIHF (11). As explained by Starling's 
Principle, raised centra l venous pressure 
also leads t o hydrops due to minimal 
fluid reabsorption (11). 

Development of Foetal 
Hypoxia 

Foetal asphyxia or heart failure 
promotes the retention of fluid resulting 
in polyhydramnios and NIHF. 
Furthermore, angiotensin receptors in 
the umbilical artery epithelium induce 



vasoconstriction, such that the foetus 
retains more water and salt from the 
placenta, causing renal impairment. 
Oliguria and anuria augment hydrops 
(11). 

At early gestation, the ductus venosus is 
still not responsive to catecholamines 
and so, smooth muscle layers of the 
intra-hepatic veins are stimulated to 
vasoconstrict. 

This may result in liver failure due to 
hypoxic damage, such that less albumin 
is synthesised; lowering oncotic 
pressure inside the capillary and 
enhancing NIHF formation (11). Atrial 
natriuretic peptide is also released from 
atrial myocytes when central venous 
pressure is high and ventricular 
distension occurs (24). This lowers blood 
pressure by inducing vasodilation and 
increasing capillary permeability (25). 

Conclusion 

It is evident that there is substantial 
knowledge about the pathophysiology 
of HF. Furthermore, the importance of 
understanding this is essential for the 
advancements in the treatment of the 
condition. Being that the etiologies of 
HF are diverse, this makes finding a 
treatment highly dependent on the 
diagnosis of the cause in a timely 
manner (4). 
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The pathophysiologies of certain 
causes of NIHF are still unknown, thus 
making treating such a condition 
significantly harder. Although 
advancements made have resulted in a 
significant decrease in mortality, 
namely in regards to IHF, HF is still 
notable, and thus, research on this 
front is still highly sought after (4). 
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