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Abstract- The ascites syndrome (AS), also known as Pulmonary Hypertension Syndrome (PHS), can be a major problem in the poultry indus-
try, especially in the case of poor-managed flocks. It is commonly accepted that AS/PHS is caused by increased pulmonary blood flow or in-
creased resistance to flow in the lung. This condition may produce right ventricular hypertrophy (RVH), valvular insufficiency, increased sys-
temic venous pressure and in the latest stages ascites. Interactions among genetic, environmental and dietary factors play a basic role in the 
determinism of AS/PHS. Interventions should be aimed at slowing down the body growth as the high metabolic rate is a major factor contrib-
uting to the susceptibility of broilers to ascites. In this light is particularly important the choice of a diet appropriate to growing period associated 
with genetic selection addressed to achieve high weight gain without increasing the incidence of AS/PHS. 
Keywords- Broiler chickens, pulmonary hypertension, right ventricular failure, ascites, management, genetic, diet, growth rate  
Abbreviations- AS- Ascites Syndrome, PHS- Pulmonary Hypertension Syndrome, PAP- Pulmonary Arterial Pressure, RV- Right Ventricle, 
RV:TV- Right:Total Ventricular Weight Ratio, RVH- Right Ventricular Hypertrophy, RVF- Right Ventricular Failure, PCV- Packed Cell Volume, 
Hb- Hemoglobin Rbc- Red blood cell, Wbc- White blood cell, BW- body weight 
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Introduction 
The Ascites Syndrome (AS) or Pulmonary Hypertension (PH) Syn-
drome has been major problems in the poultry industry. The terms 
PHS, firstly used by Huchzermeyer and de Ruyck [44], and AS 
have been used to describe ascites caused by PH [57]. Julian and 
Wilson [49] recognized that AS/PHS at low altitude was produced 
by PH resulting in right ventricular hypertrophy (RVH), followed by 
to right ventricular failure (RVF) and ascites. Singh, et al. [96] in-
cluded AS/PHS among the multi-faceted pathologies resulting from 
breeding programs aimed at excessive promotion of growth and 
food conversion efficiency without taking into consideration bird 
welfare. Currently the interactions among genetics, environment 
and management seem to have a primary role in producing AS/
PHS since their actions converge in causing an increase of oxygen 
requirement, thereby force the heart to increase its cardiac output 
[111]. Hypoxia results in hypoxaemia, responsible for polycythae-
mia and increased blood viscosity that causes a greater cardiac 
effort and a further increase of pulmonary pressure [15,45,73]. 
Subsequent hypertrophy of the right ventricle produces atrio-
ventricular valve insufficiency and congestive heart failure, and in 
the latest stages ascites. In fast growing chickens PH may be a 
consequence of insufficient space for the increased blood flow 
through the lung, required to supply the organs and tissues with 
oxygen [53,57]; indeed the pulmonary vasculature of broilers lacks 
functional elasticity and is insufficient at a normal cardiac output 
[106,108,109,112]. Broiler cannot manage the rapidly increasing 

cardiac output possessing a limited pulmonary vascular capability 
and develop pulmonary arterial hypertension (PAH). PAH triggers 
hypertrophy of the right ventricular wall [53] as well as of the mus-
cle layers within the smallest precapillary arterioles [31,83,112]. 
The following reviews the clinical symptoms, gross lesions and 
histopathological and ultrastructural changes related to AS/PHS. 
Anatomical and physiological characteristics as well as manage-
ment factors that predispose chickens to the onset of this syn-
drome are also reviewed.  
 
Clinical Signs 
In the acute form of PHS clinical signs are not obvious, and the 
subject may come to a sudden death, when handled because of 
lung oedema secondary to PH [57]. They frequently die on their 
back Symptoms are visible when right heart failure (RHF) occurs, 
causing fluid collection in coelomic cavity. Chickens develop poorly 
and have distended abdomens. Panting, due to physical restriction 
of the large abdominal air sacs, is often observed and gurgling 
sounds often accompany the panting. Cyanosis especially around 
the comb and wattles is visible. If the birds survive until the time of 
processing, the carcasses are often condemned. 
 
Haematological Changes 
There are significant changes in the blood of broilers suffering from 
AS/PHS with RHF. Blood viscosity may increase because of poly-
cythaemia [71]. Packed cell volume (PCV), hemoglobin (Hb) con-
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tent, red (Rbc) and white blood cell (Wbc) counts are raised. Poly-
cythaemia may result from an increase in erythropoietin production, 
occurring under low oxygen supply and demand [63]. Heterophils 
and monocytes are also increased at the expense of the lympho-
cyte population [63]. Hypoalbuminaemia likely correlated to liver 
damage is also found [18,19,63]. An increase in the value of urea 
may be noticed but it is not always accompanied by variation of 
creatinine blood level [21]. This condition can be related to the low 
systemic pressure that would stimulate fluid retention by the kidney 
and increase blood volume [53]. Skadhauge and Schmidt-Nielsen 
[97] stated that hyperuraemia in dehydrated chickens may also be 
related to re-absorption at the level of renal tubules, condition that 
at times occurs in AS/PHS. Maxwell, et al. [68] evidenced an in-
crease of the lactate dehydrogenase in the hearts of hypoxic and 
ascitic birds indicating reduced oxygen utilization, as demonstrated 
in other animals [40]. 
 
Gross Lesions 
In the acute form of PHS the necropsy notices the presence of 
RHV. The gross lesions depend on how long bird survive in RVF 
[57]. If they survive several days, they develop ascites, often char-
acterized by an abundant collection of yellowish clear liquid with 
presence of fibrin clots [Fig-1], adherent to the liver serosa 
[63,114]. In the early stages of the AS/PHS the liver increases in 
volume showing a nutmeg appearance then it is reduced in size, 
shrunken and mottled, covered by fibrin clots [Fig-2].  

Fig. 1- Collection of yellowish fluid in the coelomic cavity 
 

Fig. 2- Liver showing shrunken appearance in the late stage of the 
syndrome. A collection of fluid in the pericardium is also visible 

The heart undergoes right-side cardiac enlargement, often associ-
ated with left-side ventricular dilatation [76]. Hydropericardium can 
be present [Fig-3]. The RV:TV ratio is increased in affected chick-
ens [114]. Several authors described the presence of nodular thick-
ening of atrioventricular valves [39,77]. The lungs are congested 
and edematous. The intestines and the kidneys are also congested 
following the early chronic passive congestion [63,94].  

Fig. 3- Collection of fluid in the pericardium. A portion of the liver 
with nutmeg appearance is visible 

 
Microscopic Lesions 
The liver presents necrosis of hepatocytes and dilatation of sinus-
oids [Fig-4], often associated with fibrosis of the capsule. In the 
later stages proliferation of the interstitial stroma is seen. Degener-
ation of myocardial fibers, interstitial edema and proliferation of 
connective tissue with focal hemorrhages and infiltration of hetero-
phils are observed [Fig-5], in agreement with what has been de-
scribed by Hall and Machicao [39] and Maxwell, et al. [63].  The 
lungs are hyperemic and edematous and collapse of the atria and 
air capillaries are observed. In our studies [21] cartilaginous and 
osseous nodules were not visible, contrary to what has been de-
scribed by others [66,75]. These structures could follow a process 
of metaplasia of lung connective tissue due to pulmonary hypoxia 
occurring in AS [34]. If the kidneys are affected, they have glomer-
ular congestion and scattered infiltration of lymphocytes [99]. 

Fig. 4- Necrosis of hepatocytes and dilatation of sinusoids. Hema-
toxylin and eosin staining. 10x 
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Fig. 5- Heterophilic infiltration among myocardial fibers. Hematoxy-
lin and eosin staining. 10x 

 
Ultrastructural Changes 
Liver has multiple areas of parenchyma occupied by light and dark 
hepatocytes. These cells appeared shrunken and cytoplasmic gly-
cogen is absent; several hepatocytes have pyknotic nuclei and 
swollen mitochondria [64]. A characteristic lesion is a disorganiza-
tion of the myofibrils of the heart with disruption and subsequent 
disorganization of sarcomeres and mitochondria [67]. Maxwell, et 
al. [69] described calcium deposition in the mitochondria of myo-
cytes in chickens with PHS. Some authors have highlighted the 
presence of enveloped virus like-particles, measuring between 80-
120 n, in heart, lungs, kidney and liver cells [64,85]. These particles 
were identified as retrovirus by Payne, et al. [82]. The mitochondria 
in proximal convolutes tubules of kidneys are abnormal in shape, 
varying from swollen or elongated structures to ring-shaped forms. 
The cells can have a reduced number of mitochondria and some-
times karyolysis is present. Many glomeruli are enlarged and glo-
merular basement membranes may have varying degrees of thick-
ening throughout the capillary loops [64]. 
 
Aetiology 
Anatomical and physiological factors  
A) Blood 
The presence of a nucleus in red blood cells provides rigidity to the 
erythrocytes of birds [71], affecting blood flow in both peripheral 
and lung blood vessels. Viscosity of blood is elevated in genetically 
fat chickens when compared with lean broiler breeder controls [43]. 
In addition, the viscosity of the blood is in close correlation with the 
percentage of erythrocytes in the blood and the amount of Hb in 
red blood cells [32]. The pH of blood may also influence the affinity 
of Hb for oxygen in the lung and release of oxygen to the tissue, 
whereas a reduction of pH blood lowers the oxygen affinity of Hb 
[47]. Julian, et al. [54] suggested that broiler chickens with a high 
metabolic rate may be in a state of metabolic acidosis. The pres-
ence of metabolic acidosis in broilers was also described in our 
previous investigations [21,22]. Several workers found that fast 
growing chicken have lower blood oxygen concentration than slow-
growing chickens [51,86]. Hafshejani, et al. [38], in agreement with 
van As, et al. [101] stated the use of blood gas parameters, in par-
ticular the pv C02 (partial pressure in venous blood) and pH blood, 
are important in predicting AS/PHS susceptibility in broiler chickens 
at 11 to 12 d.  

B) Lung  
Unlike mammals, birds have lungs fixed in the body cavity, result-
ing in limited expansion and reduced oxygenation; indeed the small 
pulmonary capillaries have a limited ability to expand in the event 
of increased blood viscosity and blood flow [56]. Although modern 
commercial meat breeds have been selected for a higher rate of 
growth which requires a larger amount of oxygen [29], their pulmo-
nary and cardiac capacity is similar to the old broiler strains and 
their cardiopulmonary system is often forced to work above to its 
physiological limit [59]. An ultrastructural comparison between 
lungs of domestic fowl with lungs of the jungle fowl demonstrated 
differences in thickness of the blood-gas barrier, influencing the 
relative exchange surface [102,103]; therefore any stressfull condi-
tion can result in inability of the cardiorespiratory system to meet 
oxygen demand [61]. The pulmonary arterioles are sensitive to a 
reduced lower partial pressure in the air capillaries. If oxygen avail-
ability is sufficiently reduced, there is immediate contraction of 
pulmonary arterioles that may result in PH with increased pressure 
in the right ventricle [58]. Several authors [104,113] agree in con-
sidering an inadequate pulmonary vascular capacity as a primary 
determinant of susceptibility to PHS; indeed, when the pulmonary 
vascular ability was experimentally reduced, it was able to initiate 
the pathophysiological progression leading to terminal PHS. Chron-
ic unilateral pulmonary artery occlusion, induced by surgically ob-
struction, triggers the entire pathogenesis observed in broilers af-
fected by PHS [35,105,107,110]. The increased of PAP in PHS 
produces endothelial cell damage that results in hypertrophy and 
hyperplasia of the smooth muscle layer in the small arterioles, re-
sponsible for a reduction of the vessel lumen and for an elevated 
resistance vessels [58]. Presence of respiratory diseases can also 
be responsible for a further reduction of lung ability to supply the 
oxygen demand, predisposing to PHS/AS occurrence. Recently the 
relationship between AS/PHS and IB (Infectious Bronchitis) was 
confirmed by Feizi and Nazeri [33]. The AS/PHS was also detected 
in aspergillosis infection [115].  
 
C) Heart 
It has been postulated that the etiology of AS/PHS at low altitude is 
due to hypoxia causing an increased cardiac output and a conse-
quential elevation of PH [24]. The possibility of a primary cardio-
genic etiology has moreover considered. Endocardiosis of the left 
atrio-ventricular (AV) valve has been described in chickens with 
AS/PHS [77]. Successive research conducted by Olkowski, et al. 
[78] showed that this change is common in fast growing chickens. 
A careful analysis of the clinical symptoms, pathological and ultra-
structural lesions suggested that PH may imply the involvement of 
the musculature of the left ventricle. In addition fragmentation of 
myosin, titin filaments and changes in extracellular matrix have 
been described in fulminant heart failure in AS/PHS [78], similarly 
to that has been observed in human myocardium [91]. The acute 
cardiac lesions could be the cause of sudden death syndrome 
whereas chronic heart failure could produce ascites as speculated 
by Squires and Summers [98]. 
 
Management Factors 
A) Altitude  
Altitude is an important factor in AS, since the partial pressure of 
oxygen becomes lower at high altitude. The first reports of ascites 
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were from broiler farms located at high altitude [6,42,62,84]. This 
could likely be due to onset of hypoxia responsible for PH following 
to immediate vasoconstriction [87]. Pulmonary arterial vasocon-
striction increases the work load of the RW of the heart with an 
increase of RW mass. At an advanced stage of RVH, excessive 
blood is dammed back into the portal vein, causing increased ve-
nous pressure within the liver [53]. The subsequent hepatic blood 
stasis also causes the plasma to filter out of the hepatic sinuses 
into the body cavity [10].  
 
B) Incubation Parameters 
If the parameters of incubation are not adequate, development of 
the cardiovascular and respiratory systems, as well as their func-
tionality, may be adversely affected. Consequently the chicks may 
be predisposed to development of AS/PHS during their productive 
life. Dewil, et al. [30] reported a relationship among the length of 
incubation, hatching, hypoxic condition, and thyroid hormones and 
the occurrence of ascites in embryos of 2 broiler lines differing in 
susceptibility to AS. Hatching of embryos from the AS resistant 
broiler line was earlier compared to the AS sensitive line. A delay in 
hatching of the AS sensitive embryos may result in a more pro-
nounced and extended hypoxic environment, that may produce a 
situation favorable to future development of ascites. Low partial 
pressure of oxygen in the air cell of AS sensitive embryos increas-
es oxygen requirements [30]. The condition of hypoxia during incu-
bation increases Hb, PCV and the number of erythrocytes [65]. 
Different CO2 levels during incubation were correlated with hatch-
ing time and AS susceptibility in two broiler lines selected for differ-
ent growth rates; AS resistant embryos hatched earlier than AS 
susceptible embryos [16,30]. Chicks incubated at high concentra-
tion of C02 (0,4% vs 0,2%) had higher weight because of reduced 
water loss, due to earlier hatching time [16]. Although a slowdown 
in growth during the first weeks of life may reduce the occurrence 
of AS, it has also been shown that an increase of BW, obtained at 
high levels of CO2 incubation(0,4%) was accompanied by a lower 
mortality of AS, as well as a reduced RV:TV ratio of chickens 
slaughtered at 6 weeks of age from both lines [16]. High or low 
temperatures during incubation could be predisposing for AS/PHS 
because of the long-term effect on metabolic rate [56]. 
 
C) Genetics 
Modern broilers have been selected for rapid growth but the in-
crease of muscle mass without a comparable development of res-
piratory and cardiovascular systems has favored the occurrence of 
AS. Several authors demonstrated that the traits related to AS/PHS 
have a high heritability [60,79,97]. Mortality in hybrids selected for 
growth rate is higher in the male parent line [30]. Positive genetic 
correlations between BW and AS/PHS related traits have been 
seen [74,80]. It seems that the effect of genetics is modified by 
temperature; Moghadam, et al. [74] found a positive genetic corre-
lation between AS/PHS and BW under normal climatic conditions 
but Pakdel, et al. [80] reported a negative genetic correlation be-
tween traits related to AS/PHS and BW. In addition Pakdel, et al. 
[81] found a weak positive genetic correlation among AS/PHS-
related traits measured under cold conditions and BW measured 
under normal conditions. Broilers with low food conversion rate 
(FCR) and fast growth rate experienced the highest incidence of 
AS/PHS but its incidence is lower in broilers with slower growth or 

higher FCR. The ability of the vascular system to adapt to polycy-
themia varies in relation to different strains of chicken; White Leg-
horn did not develop AS/PHS in the presence of experimentally 
induced polycythemia [73]. The breeder industry has now focused 
on producing stock adaptable to different environments in order to 
limit the metabolic disorders of which AS/PHS is an example; for 
instance it is strongly suggested a selection on the basis of a lower 
hematocrit [95] and on the basis of high level of oxygen blood satu-
ration since these genetic characteristic reduce susceptibility to AS/
PHS and sudden death syndrome [96].  
 
D) Dietary Factors 
The effects of diet on the determinism of AS/PHS are well known, 
as there are several reports supporting this hypothesis [2-4,26,28]. 
Julian, et al. [54] showed that high chloride diet, causing acidosis 
and reducing oxygen affinity, can be a trigger for AS/PHS. High 
dietary sodium is also responsible for hypervolaemia [72] leading to 
PH. Dietary deficiency may influence the incidence of AS/PHS; 
rickets, due to vitamin D or Ca deficiency, may predispose chick-
ens its appearance, as it leads to poor calcification of the ribs, 
which results in interference with breathing and the oxygenation of 
the blood [55]. Pelleted food favors AS/PHS, since it is particularly 
appreciated by poultry and more consumed; broilers fed pelleted 
diet showed a higher incidence of AS/PHS than broilers consuming 
the same diet in mash form [9,11,53]. Currie [1999] suggested the 
use of a low protein/low energy diet for the first 14 days in order to 
reduce oxygen requirement in the growing period. Changes in the 
texture, density, energy level, or availability of feed are the usual 
methods applied in limiting AS/PHS appearance [2,4,27,88,92]. It 
seems that the long-chain fatty acids and omega 3 decrease eryth-
rocyte deformation [12]. Camacho, et al. [17] stated that feed re-
striction with microelement supplementation from 7 days of age can 
limit losses from AS/PHS in chicken. It has also been confirmed 
that implants of vitamin E reduce mortality due to AS/PHS, proba-
bly because of its antioxidant capacity [13]. Supplementation with 
bicarbonate can have beneficial effect in fast growing birds since it 
increases blood pH that is responsible for an increase of Hb satu-
ration in the lung [47].  
 
E) Ventilation 
The importance of insufficient ventilation as a cause of AS/PHS is 
controversial. Dale and Villacre [25] noted that the increase of the 
ventilation represents one of the methods able to reduce the inci-
dence of AS/PHS at high altitude with care to avoid excessive low-
ering of the temperature. Julian and Wilson [52] found any differ-
ences in oxygen concentrations in pens with high or low level of 
ascites. Shlosberg, et al. [93] concluded that insufficient ventilation 
does not predispose to the occurrence of AS/PHS. Jones [48]
considered different oxygen concentration without modification of 
barometric pressure and stated that sub-optimal oxygen concentra-
tion did not increase AS/PHS susceptibility. On the other hand, 
Maxwell, et al. [68] reported that the reduced ventilation during the 
winter associated with increased gas-fired heating was responsible 
for increase of carbon monoxide up to 70 ppm, which would lead to 
hypoxia and hence AS/PHS. Ammonia, dust and humidity could 
also play a role. In our previous study [21] we confirmed the im-
portance of the environmental hypoxia in determining AS/PHS; in 
fact it was mainly observed in farms where a low concentration of 
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oxygen and a high amount of ammonia were detected. High level 
of ammonia could predispose to AS/PHS since it reduces cilia mo-
tility favoring the appearance of respiratory diseases. Litter treat-
ment, aimed to lower environmental concentration of ammonia, 
decreased the incidence of AS/PHS [100]. Dust can act as a pre-
disposing factor since it irritates the respiratory tract [70]. The pres-
ence in polluted air of reactive oxygen species (superoxide radical, 
hydroxyl radical, hydrogen peroxide, peroxyl radical, hypoclorous 
acid, nitrogen dioxide radical), that are responsible for lipid peroxi-
dation [23], have been considered to have an important role in 
determining PH [14]. During the winter, especially in commercial 
farms, where environmental parameters are not monitored, the 
emission of carbon dioxide by brooders lowers environmental oxy-
gen and contributes to AS/PHS occurrence [8]. Balog, et al. [7] 
supported the importance of a low ventilation rate in farms with AS/
PHS, since the use of ceiling fans was able to reduce its occur-
rence avoiding air stratification and diluting toxic gases. 
 
F) Climatic Factors 
Strong correlation has been demonstrated between cold and AS/
PHS [46,89]. Low temperatures favor the appearance of ascites as 
the increase in metabolic rate results in a high oxygen demand, 
turning in increased PAP and RVF [50]. Widemann and Tackett 
[111] demonstrated that elevated cardiac output rather than hypox-
emic pulmonary vasoconstriction is responsible for the increased 
PAP in a cool group when compared with a warm group. The expo-
sure to cold in the first period of life is seen to have a lasting effect 
in predisposing to AS/PHS [37,56]. Cold stress during the first 2 
weeks of life is able to affect the metabolism of chicks for several 
weeks [96]. Shlosberg, et al. [92] reported polycythemia occur-
rence within 24 hrs. of exposure to cold, likely produced by stress-
induced catecholamine release, that was responsible for a redistri-
bution of fluid from the blood, in particular to the lung.  
 
G) Light 
Continuous lighting increases the amount of feed ingested, in such 
way it can be responsible for the development of AS/PHS [36]. 
Intermittent lighting is able to reduce its incidence in broilers 
[20,41]. Several studies on the effect of a lengthened dark period 
found that it is able to reduce the incidence of AS/PHS as well as 
food restriction [41,56]. 
 
Conclusion 
It is well known that AS/PHS continue to be a cause for economic 
losses in areas characterized by a high stocking poultry population. 
From a pathogenic point of view in the acute form of PHS/AS broil-
er die because of secondary oedema of lungs caused by PH [57]. 
In other cases the sequence of events has a longer course: PH 
causes hypertrophy of the myocytes of the arteriolar wall with thick-
ening of the wall and a reduction in lumen size. This changes fur-
ther increases of PAP, responsible for an increased pressure in the 
RV, which turns in RVF [53,57], when the right atrioventricular 
valve is no longer capable to effectively seal the atrioventricular 
orifice. The blood pressure rises in the vena cava determining por-
tal hypertension, leakage of plasma from the liver and obstruction 
of lymph return. The injuries to the heart, lung, liver, and kidney 
described in AS/PHS, are the consequence of the succession of 
these events [73]. This pathology, in most cases, is the result of the 

intervention of more causative factors responsible for hypoxemia in 
different ways. The most significant among them are genetic selec-
tion for fast growth rate [90], low temperatures [2,50], poor ventila-
tion [52] and dietary factors [2,4,26-28]. A careful control of these 
management factors could limit the incidence of AS/PHS signifi-
cantly. Ventilation must be optimized to ensure sufficient air re-
placement and a removal of waste gases in order to eliminate nox-
ae that cause lung damage and are able to reduce blood oxygena-
tion. Adequate ventilation should also be ensured in the hatchery, 
especially if eggs, coming from old parents, are larger and require 
a larger amount of oxygen [24]. Interventions should be aimed at 
limiting body growth in order to allow a better balance between the 
development of muscle mass and cardio respiratory function, in 
such a way that the heart and lungs may respond adequately to 
oxygen demand. Choice of the volume of food (mash vs. pellets) in 
the starter period, lower nutrient density, limited access to food, 
and application of skip-a-day feeding [5] can produce a reduction in 
growth rate. It should however be kept in mind that, whereas food 
restriction can lead to a reduction of the AS/PHS, it fails to achieve 
optimum weight [1]. Last, but not least, the genetic selection, ad-
dressed to some ascites related traits, especially if estimated in 
normal and cold weather conditions [80], can permit to achieve 
high weight gain without increasing the incidence of AS/PHS. 
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