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Introduction

Bovine pulmonary hypertension (BPH) is initiated by high pressure 
flow of blood in the pulmonary artery and is seen in conditions with 
increased resistance in the pulmonary vascular system (both arterial 
and venous).  Pathology is characterised by muscular hypertrophy 
of pulmonary arterial vessels with perivascular fibrosis and arterial 
remodeling with luminal narrowing.  Well-documented causes of 
bovine pulmonary hypertension (BPH) include the hypoxia-induced 
syndromes of high-altitude disease (brisket disease) and chronic 
fibrosing pneumonia, which induce pulmonary arteriolar 
proliferative changes.  Less frequently reported causes of BPH 
include left sided heart failure associated pulmonary venous 
hypertension, pulmonary thromboembolism, genetic cardiac 
defects in neonatal calves and poisoning by Pimelea spp (in 
Australasia). 

However, over the past few decades a syndrome termed bovine 
pulmonary hypertension and congestive heart failure syndrome 
(BPHCHF), very similar to high altitude disease, is emerging as a 
significant disease syndrome in feedlots at moderate to low 
altitudes across the great Western planes of the United States and 
Canada and similar pathology has been identified in feedlots across 
South Africa. 

Regardless of the initial cause, this condition develops into a vicious 
cycle of hypertension initiating pulmonary arteriosclerosis, which 
in turn leads to further hypertension, making it a self-perpetuating 
syndrome.

High altitude (brisket) disease

Brisket disease (hypoxic vasoconstriction) is observed most in cattle 
grazing at elevations above 2500 m. Chronically elevated blood 
pressure in the pulmonary arterial tree frequently results in the 
development of right-sided heart failure (cor pulmonale). This 
condition is more commonly reported in beef breeds with an 
apparent breed predisposition in Angus and Shorthorn breeds. In 
2015 a genetic risk factor (dominant gene with gain of function 
activity) for brisket disease was identified in Angus cattle and this 
genetic predisposition is believed to be responsible for the high 
incidence of brisket disease in Angus cattle, even those raised at 
only moderate elevations. A syndrome of ventricular hypertrophy 
with heart failure has also been described in Holstein cattle at 
modest elevations of 1 600m, suggesting a possible genetic 
susceptibility in certain Holstein lines as well.  

Chronic pneumonia associated alveolar hypoxia

Bovine pulmonary hypertension (BPH) and bovine respiratory 
disease (BRD) are related in that the inflammatory infiltrates reduce 
pulmonary functions and initiate alveolar hypoxia which drives the 
vascular hyperplasia.  Alveolar hypoxia of more than a week’s 
duration stimulates smooth muscle cells in the walls of the 
pulmonary vessels to proliferate.  Vessel wall thickening and lumen 
narrowing leads to increased resistance to blood flow and 
development of pulmonary hypertension.   

Some studies have shown that feedlot cattle treated for respiratory 
disease are 2-3 times more likely to develop right-sided heart 
failure. Cor pulmonale (right-sided heart failure) often follows 
chronic alveolar inflammation, not only because of increased 
pulmonary blood pressure, but also from the effect of inflammatory 
mediators on the contractility of smooth muscle of the pulmonary 
and systemic vasculature. Frequently, these animals present with 
clinical signs that are easily confused with pneumonias.

Bovine pulmonary hypertension and congestive heart failure 
syndrome (BPHCHF)

Similar arteriosclerotic pulmonary blood vessel pathology is being 
reported with increasing frequency in feedlots at low altitudes 
across the great Western planes of the United States and Canada as 
well feedlots at low elevation in South Africa. In some of these cases 
both right and left heart failure are described.   Various hypotheses 
are being investigated including

•	 Genetic factors: there does not appear to be a genetic 
predisposition involved, with BPHCHF described in a 
variety of breeds and crossbreeds and a recent genetic 
study evaluating 102 affected feedlot calves and 102 
unaffected age matched pen-mates, indicated the 
genetic marker identified in Angus cattle was not involved 
with this syndrome. 

•	 Fat body condition: previous rapid growth, heavy finished 
weights and high body fat content have been proposed 
as potential risk factors. However, more recently many of 
these cases are being detected early in the feeding period 
(< a month on feed), bringing into question the role of 
fattening.

•	 Vasoactive mycotoxins: certain mycotoxins (trichothecene 
T-2, ergot alkaloids, citreoviridin), have been shown to 
have direct cardiovascular effects including vascular 
muscular hyperplasia.  Inhalation of Stachybotrys 
chartarum (a common environmental fungus which 
produces tricothecene mycotoxins), has been associated 
with pulmonary arterial hypertension in humans and 
mice.

•	 High atmospheric sulphur dioxide (SO2) levels, as the 
result of combustion of sulphur containing fuels (coal 
fired electricity generators), have been suggested as a 
contributing factor.  Air pollution is known to have 
adverse cardiovascular effects and there has been a 
suggested link to animals originating from or residing in 
geographical areas where coal mining or coal fired 
electricity generation is practiced. 

The clinical syndrome

Many animals present with non-specific respiratory signs, frequently 
with pyrexia due to concurrent bacterial pneumonia. Those that 
develop cardiac failure may present with features of right-sided 
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heart failure, left-sided heart failure or both. Clinical features of right-sided heart failure include peripheral oedema (submandibular, brisket, 
ventral abdomen), distension of the venous system (jugular pulse), hepatomegaly, lethargy and ascites.  With left-sided heart failure there is 
overloading of the pulmonary circulation (pulmonary oedema) which causes respiratory symptoms such as dyspnea, and coughing. 

Pathology

It is only in those cases of BPH that develop cardiac failure where gross pathology provides indications of possible underlying pulmonary 
hypertension. Features which have been commonly reported in cases with cardiac failure include hypertrophy of the right atrium and right 
ventricular myocardium with dilation of the right atrium, right ventricle and pulmonary trunk, accompanied by hepatomegaly (cardiogenic 
hepatic congestion), ascites, oedema of the abomasal mucosa, mesentery and subcutaneous tissue.

Gross pulmonary pathology resembles that of bovine respiratory disease with anterio-ventral atelectasis, with or without exudative pneumonia, 
and in some cases there is distention of bronchi (bronchiectasis).

Diagnosis

Pulmonary hypertension with hypertensive vasculopathy is confirmed on histopathology.   The identifying histological lesions of BPH are the 
following:

•	 Muscular arteries associated with bronchioles become larger than the adjacent bronchioles, have expanded adventitia with 
microvascular proliferation.

•	 Medial hyperplasia of muscular arteries with occlusion of vascular lumens.

As many of these animals with BPH present with respiratory signs and frequently have concurrent bacterial pneumonia with typical gross 
pathology of the common respiratory bacterial and/or viral pathogens involved in bovine respiratory disease, the diagnosis of BRD based on 
gross pathology and culture alone, would not rule out underlying BPH. Therefore, until such time as routine pulmonary histopathology is 
performed on all cases of BRD examined post mortally, the true extent of BPH will remain unknown.

Figure 1: Lung (200x magnification) – Enlarged muscular artery, which 
is larger than its partnered bronchiole, with expanded adventitia 
(asterix).  Median hyperplasia of muscular arteries with luminal 

occlusion (arrowheads).

Figure 2: Lung (400x) magnification – muscular artery with median 
hyperplasia and lumen narrowing.
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MANAGING YOUR CPD COMPLIANCE
We understand that managing your CPD requirements can be a time consuming 
and somewhat frustrating process, which is why we want to introduce you to 
VetEDonline.

VetEDonline is an online CPD Management and Education Platform endorsed by 
the South African Veterinary Association (SAVA), which provide veterinarians 
with state of the art CPD Compliance and Education Solutions that assist them 
on their journey to CPD compliance.

CONTINUING PROFESSIONAL 
DEVELOPMENT FOR VETERINARIANS

As a registered veterinarian, you have a responsibility to improve your knowledge 
and skills on regular basis for the end benefi t of your patients. This responsibility 
is the driving factor behind the Continuing Professional Development (CPD) 
programme implemented by the South African Veterinary 
Council (SAVC).

VETEDONLINE SUPPORTS PRACTICING VETERINARIANS 
WITH THEIR CPD COMPLIANCE BY PROVIDING THE 

FOLLOWING SOLUTIONS AND SERVICES:

WHAT IS CPD?
CPD is a process of lifelong learning whereby a Veterinary 
or Para-Veterinary Professional systematically engages 
in activities that maintain abilities, skills and knowledge 
required for a professional practice.

HOW DOES CPD WORK?
According to the SAVC’s guidelines, veterinarians who 
enter the CPD system during their Compulsive Community 
Service, must accumulate a minimum total of sixty (60) 
CPD points, of which twenty (20) points must be Structured 
CPD, within every three-year cycle from commencement of 
the CPD system.

Visit our VetEDonline Platform for a detailed breakdown 
of your Structured and Unstructured CPD requirements.
As a practicing veterinarian, the SAVC advises that you 
continuously accumulate your CPD points as part of your 
professional development portfolio which starts during 
your community service year.

It remains the responsibility of veterinarians to keep 
record and documented proof the of their CPD activities. A 
summary of all activities is to be submitted on an annual 
basis to the council on a form that is obtainable from the 
registrar.
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To manage your CPD 
certifi cates and keep 

track of your CPD points

ONLINE 
COURSES

Online Courses from 
leading providers

JOURNALS 
& ARTICLES

CPD accredited 
articles from 

SAVA

What to expect as a practising 

veterinarian regarding your CPD 

requirements as set out by the SAVC?

Contact us for more information and guidance on your CPD compliance
+27 12 111 7000 | support@veted.online | www.veted.online
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MULTIPLE-CHOICE QUESTIONS

SAVC CPD Accreditation Code: 
AC/0439/21

To answer the questions and obtain your CPD points for this article visit the 
Online On Demand Journals page on www.veted.online. 
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QUESTION 1 

Hypoxia induced pulmonary hypertension has been associated 
WITH WHICH of the following conditions?

a. Left sided heart failure
b. High altitude/brisket disease
c. Genetic cardiac defects
d. Pulmonary thromboembolism
e. Pulmonary emphysema

QUESTION 2

IN WHICH of the following cattle breeds has a genetic risk factor 
been identified for brisket disease?

a. Hereford
b. Santa Gertrudis
c. Brahman
d. Limousin
e. Angus

QUESTION 3

What is the central pathogenic mechanism by which bovine 
respiratory disease INDUCES pulmonary hypertension?

a. Alveolar hypoxia
b. Reduced alveolar airflow
c. Bronchoconstriction
d. Bronchial airway obstruction
e. Alveolar over-inflation

QUESTION 4

What is the MOST COMMON clinical complication of bovine 
pulmonary hypertension?

a. Right-sided heart failure
b. Left-sided heart failure
c. Bronchopneumonia
d. Pulmonary atelectasis
e. Pulmonary emphysema

QUESTION 5

Which of the following mycotoxins are KNOWN TO HAVE 
vasoactive effects?

a. Aflatoxin
b. Ochratoxin
c. Trichothecene T-2
d. Fumonosin
e. Zearalenone

QUESTION 6

Which of the following environmental fungi have been shown 
experimentally to INDUCE pulmonary hypertension?

a. Penecillium camemberti
b. Candida albicans
c. Aspergillus clavatus
d. Stachybotrys chartarum
e. Alternaria alternata

QUESTION 7

Which of the following is considered a CONSISTENT clinical feature of 
right-sided heart failure in the bovine?

a. Dyspnoea
b. Coughing
c. Jugular pulse
d. Pulmonary oedema
e. Pulmonary emphysema

QUESTION 8

Which of the following gross pathological features are INDICATIVE of 
cor pulmonale?

a. Left ventricular hypertrophy
b. Dilation of the left atrium
c. Dilation of the left ventricle
d. Right ventricular hypertrophy
e. Right ventricular atrophy

QUESTION 9

Which of the following gross pathological features are CONSISTENTLY 
found in animals which have died of left-sided heart failure?

a. Hepatomegaly
b. Ascites
c. Pulmonary oedema
d. Submandibular oedema
e. Ventral abdominal oedema

QUESTION 10

Diagnostic histological changes are observed IN WHICH of the 
pulmonary vessels?

a. Venules
b. Lymphatics
c. Alveolar capillaries
d. Large veins
e. Muscular arteries


