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How to leverage your equine team to the max
By Rebecca Rose, CVT

Introduction 
Studies show when veterinary team members are utilized 
to their fullest potential, there is higher job satisfaction. 
When team members are being delegated responsibilities 
within their scope of practice, they feel empowered as  
contributing members of the team. 

Define job satisfaction 
Veterinary medicine has morphed through the years. 
Today, veterinarians are better positioned to embrace a 
team-based approach to delivering veterinary care than 
ever before. 

As such, a leveraged team offers the opportunity within a 
veterinary practice for staff to pursue even higher 
potentials in career development, engagement, and job  
satisfaction than in the past. 

Many team members have spent years attending various 
programs to acquire appropriate skills and aptitudes to 
enhance their contribution to a veterinary team. Dedicated, 
committed, and knowledgeable individuals will experience 
greater reward in their careers when all of their skills are 
utilized. 

A recent study of veterinary teams found a positive associ-
ation between individual engagement (i.e., feeling 
recognized, appreciated, capable of performing as an 
integral team member, and encouraged to further develop 
skills and knowledge) and veterinary staff job satisfaction.1 
Further, in a focus group study involving credentialed 
veterinary technicians, participants expressed frustration at 
times when their education, knowledge, and skills were 
not utilized. Being delegated responsibilities within their 
scope of practice left them feeling empowered as contrib -
uting members of the team.2 

It seems reasonable, within a highly coordinated, highly 
functional veterinary team, that when veterinarians focus 
on the duties they are trained to perform (diagnose, 
prescribe, treatment planning, and surgery), other tasks 
can be delegated to team members with the appropriate 
levels of education and skill. This coordinated care within 
a veterinary team with shared goals, shared knowledge, 
mutual respect, and effective communication will allow the 
veterinary practice to flourish and thrive on team satisfac-
tion, quality patient care, and overall practice profitability. 

Benefits of a satisfied team are: 
�r�� �"�O���F�O�K�P�Z�B�C�M�F���X�P�S�L���F�O�W�J�S�P�O�N�F�O�U���	�J���F���
���'�6�/���
��

�r�� �"���U�F�B�N���U�I�B�U���J�T���N�F�O�U�B�M�M�Z���B�O�E���Q�I�Z�T�J�D�B�M�M�Z���I�F�B�M�U�I�Z��

�r�� �3�F�E�V�D�F�E���B�C�T�F�O�U�F�F�J�T�N��

�r�� �)�J�H�I���T�U�B�G�G���S�F�U�F�O�U�J�P�O��

�r�� �1�P�T�J�U�J�W�F���P�V�U�D�P�N�F�T���G�P�S���D�M�J�F�O�U�T���B�O�E���Q�B�U�J�F�O�U�T��

Scope of practice—team-delivered veterinary 
care 
What does it mean to offer team-delivered veterinary care? 
It means all team members seek to understand the needs of 
the clients and their pet(s), then fulfill that need, together. 
It means a team that is trained, trusted and empowered to 
work together in a systematic manner, offering extraordi-
nary client experience and the highest standard of 
veterinary care. It means the client and patient are 
receiving the best possible care from an efficient team.4 

The AVMA’s Duties and Task List (avma.org/sites/default/
files/resources/scope_vet_assistant_duties.pdf) is a great 
resource to have. 

continued on next page

BUSINESS OF PRACTICE

Figure 1. Chart from 
Veterinary Nurse Initiative.
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�"�T���B�O���F�E�V�D�B�U�J�P�O�B�M���S�F�T�P�V�S�D�F���G�P�S���N�F�N�C�F�S�T�
���U�I�F���"�"�&�1���T��
�1�S�P�G�F�T�T�J�P�O�B�M���$�P�O�E�V�D�U�������&�U�I�J�D�T���$�P�N�N�J�U�U�F�F���I�B�T���D�P�N�Q�J�M�F�E��
synopses of real-life ethical situations and issues addressed 
by the committee in recent years. A different matter will be 
presented each month, with names omitted to protect the 
privacy of those involved. 

Case 1
�"�"�&�1���N�F�N�C�F�S���i�%�S�����"�u���X�B�T���Q�S�P�N�P�U�J�O�H���B���T�B�N�F���E�B�Z���D�I�J�Q��
removal surgery for horses at a prominent sales venue, 
with immediate return to the sales grounds following the 
surgery. Although no member-on-member complaint was 
filed, this circumstance was brought to the attention of the 
�"�"�&�1���T���1�S�P�G�F�T�T�J�P�O�B�M���$�P�O�E�V�D�U�������&�U�I�J�D�T���$�P�N�N�J�U�U�F�F��

�$�P�O�D�F�S�O�T���S�F�H�B�S�E�J�O�H���U�I�J�T���B�Q�Q�S�P�B�D�I���X�F�S�F����
1. The lack of appropriate recovery time for the horses 

receiving this surgery

2. The nature of the sales environment, which includes 
hard surfaces, repeated showing of the animals 
multiple times per day, and repeated removal of 
bandages over the surgery site

������ �$�P�O�D�F�S�O�T���P�G���U�I�F���B�W�B�J�M�B�C�J�M�J�U�Z���P�G���B�O���B�Q�Q�S�P�Q�S�J�B�U�F��
medical history of the patients and a valid veterinari-
an-client-patient relationship

The committee sent a letter to Dr. A requesting additional 
background and his perspective on the potential health 
and welfare concerns with this type of approach in sale 
horses.

During this time, the sales company required Dr. A to stop 
promoting this service on the sales grounds and imposed 
other restrictions for horses returning to the sales grounds 
following surgery.

Dr. A responded satisfactorily in writing to the committee’s 
inquiry.

�0�V�U�D�P�N�F�����/�P���G�V�S�U�I�F�S���B�D�U�J�P�O���X�B�T���U�B�L�F�O���C�Z���U�I�F���D�P�N�N�J�U�U�F�F��

Ethics in action

Definitions of Direct and Indirect Supervision (may vary 
by state) further define the delegation of duties. The 
�G�P�M�M�P�X�J�O�H���E�F�G�J�O�J�U�J�P�O�T���B�S�F���G�S�P�N���U�I�F���"�7�.�"���.�P�E�F�M���1�S�B�D�U�J�D�F��
�"�D�U���	�.�1�"���������������B�W�N�B���P�S�H���T�J�U�F�T���E�F�G�B�V�M�U���G�J�M�F�T������������������
�.�P�E�F�M���7�F�U�F�S�J�O�B�S�Z���1�S�B�D�U�J�D�F���"�D�U���Q�E�G�
��

Direct Supervision: A licensed veterinarian is readily 
available on the premises where the patient is being  
treated and has assumed responsibility for the veterinary 
care given to the patient by a person working under his  
or her direction. 

Indirect Supervision: A licensed veterinarian need not  
be on the premises; has given either written or oral  
instructions for treatment of the patient; is readily 
available by telephone or other forms of immediate  
communication; and has assumed responsibility for the 
veterinary care given to the patient by a person working 
under his or her direction. 

�"�U���U�I�F���#�B�O�G�J�F�M�E���4�V�N�N�J�U���J�O���1�P�S�U�M�B�O�E���J�O���4�F�Q�U�F�N�C�F�S�����������
��
team utilization was a hot topic. Daniel Aja, DVM, senior 
�W�J�D�F���Q�S�F�T�J�E�F�O�U���B�O�E���D�I�J�F�G���N�F�E�J�D�B�M���P�G�G�J�D�F�S���G�P�S���#�B�O�G�J�F�M�E���1�F�U��
�)�P�T�Q�J�U�B�M�
���T�V�H�H�F�T�U�F�E���W�F�U�F�S�J�O�B�S�J�B�O�T���B�S�F���H�F�U�U�J�O�H���J�O���U�I�F���X�B�Z���P�G��
veterinary technicians not being utilized. During the 
�T�V�N�N�J�U�
���7�F�U�F�S�J�O�B�S�Z���/�V�S�T�F���*�O�J�U�J�B�U�J�W�F���S�P�M�M�F�E���P�V�U���U�I�F���D�I�B�S�U��
seen in Fig. 14 (on the preceding page). 

Team utilization and leveraging is not a new concept, yet 
managers and veterinarians may not have knowledge of 

the training veterinary technicians and assistants received 
from colleges. Keeping the simple formula outlined above, 
veterinarians diagnose, prescribe, design treatment plans, 
�B�O�E���Q�F�S�G�P�S�N���T�V�S�H�F�S�Z�����$�S�F�E�F�O�U�J�B�M�F�E���W�F�U�F�S�J�O�B�S�Z���U�F�D�I�O�J�D�J�B�O�T�
��
assistants, receptionists, and managers perform all the 
other tasks in delivering team-centered veterinary care. 
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Following a month-long vote by the membership that 
concluded Oct. 4, Drs. Emma Adam, Erin Denney-Jones 
and James Zeliff were elected to three-year terms on the 
�"�"�&�1���C�P�B�S�E���P�G���E�J�S�F�D�U�P�S�T�����&�B�D�I���X�J�M�M���C�F���J�O�T�U�B�M�M�F�E���J�O��
�%�F�D�F�N�C�F�S���E�V�S�J�O�H���U�I�F���"�"�&�1���T���7�J�S�U�V�B�M���$�P�O�W�F�O�U�J�P�O����

Emma Adam, DVM, Ph.D., DACVIM, DACVS
Dr. Adam is an equine outreach veterinarian for the 
�6�O�J�W�F�S�T�J�U�Z���P�G���,�F�O�U�V�D�L�Z���%�F�Q�B�S�U�N�F�O�U���P�G���7�F�U�F�S�J�O�B�S�Z���4�D�J�F�O�D�F��
in Lexington, Ky. In this role, she conducts equine research 
and serves as an industry liaison to support the profession 
and equine industry.

A second-generation equine veterinarian who grew up on 
�B���D�P�N�N�F�S�D�J�B�M���C�S�F�F�E�J�O�H���G�B�S�N���J�O���/�F�X�N�B�S�L�F�U�
���&�O�H�M�B�O�E�
���%�S����
�"�E�B�N���S�F�D�F�J�W�F�E���I�F�S���W�F�U�F�S�J�O�B�S�Z���E�F�H�S�F�F���G�S�P�N���U�I�F���3�P�Z�B�M��
�7�F�U�F�S�J�O�B�S�Z���$�P�M�M�F�H�F���J�O���-�P�O�E�P�O�����'�P�M�M�P�X�J�O�H���B���T�U�J�O�U���J�O���Q�S�J�W�B�U�F��
practice, she completed a residency in internal medicine at 
�5�F�Y�B�T���"���.���6�O�J�W�F�S�T�J�U�Z���B�O�E���B���T�V�S�H�J�D�B�M���S�F�T�J�E�F�O�D�Z���B�U���U�I�F��
�6�O�J�W�F�S�T�J�U�Z���P�G���1�F�O�O�T�Z�M�W�B�O�J�B�����4�I�F���F�B�S�O�F�E���I�F�S���1�I���%�����B�U���U�I�F��
�6�O�J�W�F�S�T�J�U�Z���P�G���,�F�O�U�V�D�L�Z���J�O������������

�%�S�����"�E�B�N���I�B�T���T�F�S�W�F�E���P�O���U�I�F���"�"�&�1���T���3�B�D�J�O�H���$�P�N�N�J�U�U�F�F��
�T�J�O�D�F���������������4�I�F���I�B�T���Q�S�F�T�F�O�U�F�E���B�U���U�I�F���"�"�&�1���"�O�O�V�B�M��
�$�P�O�W�F�O�U�J�P�O���N�V�M�U�J�Q�M�F���U�J�N�F�T���B�O�E���T�F�S�W�F�E���B�T���N�P�E�F�S�B�U�P�S���P�G���U�I�F��
�D�P�O�W�F�O�U�J�P�O���T���&�U�I�J�D�T���T�F�T�T�J�P�O���J�O������������

Erin Denney-Jones, DVM
Dr. Denney-Jones is a solo practitioner and owner of 
�'�M�P�S�J�E�B���&�R�V�J�O�F���7�F�U�F�S�J�O�B�S�Z���4�F�S�W�J�D�F�T�
���*�O�D���
���J�O���$�M�F�S�N�P�O�U�
���'�M�B��

�"�G�U�F�S���S�F�D�F�J�W�J�O�H���I�F�S���W�F�U�F�S�J�O�B�S�Z���E�F�H�S�F�F���G�S�P�N���U�I�F���6�O�J�W�F�S�T�J�U�Z��
of Missouri, Dr. Denney-Jones completed an internship at 
�.�J�T�T�J�T�T�J�Q�Q�J���4�U�B�U�F���6�O�J�W�F�S�T�J�U�Z���B�O�E���T�Q�F�O�U���U�X�P���Z�F�B�S�T���B�T���B�O��
associate in a surgical referral practice before establishing 
�I�F�S���B�N�C�V�M�B�U�P�S�Z���B�O�E���D�M�J�O�J�D���Q�S�B�D�U�J�D�F���J�O���U�I�F���N�J�E�����������T�����4�I�F��
�B�D�I�J�F�W�F�E���'�&�*���W�F�U�F�S�J�O�B�S�J�B�O���T�U�B�U�V�T���J�O�������������B�O�E���X�P�S�L�F�E���B�T���B�O��
�F�W�F�O�U���W�F�U�F�S�J�O�B�S�J�B�O���B�U���U�I�F�������������0�M�Z�N�Q�J�D�T���J�O���"�U�M�B�O�U�B�����'�P�S��
�U�I�F���Q�B�T�U���������Z�F�B�S�T�
���T�I�F���I�B�T���I�P�T�U�F�E���B�O���B�O�O�V�B�M���B�M�M���E�B�Z���I�P�S�T�F��
owner education meeting to help the region’s horse owners 
improve care for their animals. 

�%�S�����%�F�O�O�F�Z���+�P�O�F�T���Q�S�F�W�J�P�V�T�M�Z���D�I�B�J�S�F�E���U�I�F���"�"�&�1���T���0�X�O�F�S��
�&�E�V�D�B�U�J�P�O���$�P�N�N�J�U�U�F�F���B�O�E���T�F�S�W�F�E���P�O���U�I�F���4�Q�P�S�U�T���.�F�E�J�D�J�O�F��
�$�P�N�N�J�U�U�F�F���B�O�E���5�S�B�J�M�������&�W�F�O�U�T���$�P�N�N�J�U�U�F�F�����*�O���B�E�E�J�U�J�P�O�
��
she was a charter board member and treasurer of the 
�'�M�P�S�J�E�B���"�T�T�P�D�J�B�U�J�P�O���P�G���&�R�V�J�O�F���1�S�B�D�U�J�U�J�P�O�F�S�T��

James Zeliff, DVM, MBA
Dr. Zeliff is founder and managing partner of Allegheny 
�&�R�V�J�O�F���J�O���.�V�S�S�Z�T�W�J�M�M�F�
���1�F�O�O���
���B���N�V�M�U�J���E�P�D�U�P�S�
���D�M�J�O�J�D���C�B�T�F�E��
ambulatory practice. 

�"���W�F�U�F�S�J�O�B�S�Z���H�S�B�E�V�B�U�F���P�G���1�V�S�E�V�F���6�O�J�W�F�S�T�J�U�Z�
���%�S�����;�F�M�J�G�G��
�D�P�N�Q�M�F�U�F�E���B�O���J�O�U�F�S�O�T�I�J�Q���B�U���U�I�F���&�M�N�P�O�U���&�R�V�J�O�F���)�P�T�Q�J�U�B�M���B�U��
�#�F�M�N�P�O�U���1�B�S�L���J�O���/�F�X���:�P�S�L���C�F�G�P�S�F���S�F�M�P�D�B�U�J�O�H���U�P��
�1�F�O�O�T�Z�M�W�B�O�J�B���J�O�������������B�O�E���P�Q�F�O�J�O�H���I�J�T���Q�S�B�D�U�J�D�F���J�O���������������"�T��
the practice has grown, so, too, has his interest in business 
�F�E�V�D�B�U�J�P�O�����)�F���I�B�T���B�U�U�F�O�E�F�E���T�F�W�F�S�B�M���W�F�U�F�S�J�O�B�S�Z���C�V�T�J�O�F�T�T��
management programs, joined a Veterinary Management 
�(�S�P�V�Q���B�O�E�
���J�O�����������
���D�P�N�Q�M�F�U�F�E���I�J�T���.�#�"��

�%�S�����;�F�M�J�G�G���J�T���"�"�&�1���T���S�F�Q�S�F�T�F�O�U�B�U�J�W�F���U�P���U�I�F���"�7�.�"��
�-�F�H�J�T�M�B�U�J�W�F���"�E�W�J�T�P�S�Z���$�P�V�O�D�J�M���B�O�E���T�F�S�W�F�T���P�O���U�I�F���"�"�&�1���T��
�8�F�M�G�B�S�F�������1�V�C�M�J�D���1�P�M�J�D�Z���"�E�W�J�T�P�S�Z���$�P�V�O�D�J�M���B�O�E���'�P�V�O�E�B�U�J�P�O��
�"�E�W�J�T�P�S�Z���$�P�V�O�D�J�M�����*�O���B�E�E�J�U�J�P�O�
���I�F���J�T���J�N�N�F�E�J�B�U�F���Q�B�T�U��
�Q�S�F�T�J�E�F�O�U���P�G���U�I�F���/�P�S�U�I�F�B�T�U���"�T�T�P�D�J�B�U�J�P�O���P�G���&�R�V�J�O�F��
�1�S�B�D�U�J�U�J�P�O�F�S�T��

ASSOCIATIONASSOCIATION

Practitioners from Florida, Kentucky and Pennsylvania to join AAEP board

1. Earn CE hours at your  
convenience from  
Dec. 1–June 30, 2021, 
by registering for the 
AAEP’s Virtual 
Convention & Trade 
Show at convention.
aaep.org.

5 things  to know about AAEP this month

2. View an updated list of the 
dentistry skills expected of new 
graduates in the revised Core 
Competencies for New 
Veterinary School Graduates at 
aaep.org/core-competencies.

3. The 2021 Resort 
Symposium slated for late 
January in Mauna Lani, 
Hawaii, has been 
postponed until early 
2022 due to ongoing 
concerns with COVID-19.

4. The Equine Disease 
Communication Center 
celebrates five years of 
providing reliable, real-time 
information on disease 
outbreaks. Learn more or 
donate at equinediseasecc.org.

5. A newly updated slide 
deck on laminitis is among 
the custom client 
education PowerPoint  
presentations available at 
aaep.org/dashboard/ 
clienteducation/ 
presentations.

Dr. Emma Adam Dr. Erin Denney-
Jones

Dr. James Zeliff
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Whether seeking advice on a difficult case, perplexed by an 
ethical dilemma, or wanting to offer support or gui dance, you can 
connect, engage and draw upon the collective expertise of the 
�N�F�N�C�F�S�T�I�J�Q���U�I�S�P�V�H�I���U�I�F���"�"�&�1���T���P�O�M�J�O�F���D�P�N�N�V�O�J�U�J�F�T��

One component of this complimentary benefit of your 
�N�F�N�C�F�S�T�I�J�Q���J�T���U�I�F���3�P�V�O�E�T�
���X�I�J�D�I���B�S�F���P�O�M�J�O�F���G�P�S�V�N�T���D�F�O�U�F�S�F�E���P�O��
specific topics and an ideal way to exchange ideas and share 
knowledge with colleagues around the world. Members may 
�T�V�C�T�D�S�J�C�F���U�P���B�O�Z���������3�P�V�O�E�T���B�T���X�F�M�M���B�T���U�I�F���(�F�O�F�S�B�M���%�J�T�D�V�T�T�J�P�O��
List, which is open to all topics of interest. To join any of the  
discussions, visit communities.aaep.org/home.

�*�O���B�E�E�J�U�J�P�O���U�P���U�I�F���3�P�V�O�E�T�
���U�I�F���"�"�&�1���.�F�N�C�F�S���7�F�U���5�B�M�L��
community on Facebook is another forum through which you 
can solicit or offer case advice or simply share content relevant to 
�F�R�V�J�O�F���W�F�U�F�S�J�O�B�S�Z���N�F�E�J�D�J�O�F�����.�P�S�F���U�I�B�O�����
���������N�F�N�C�F�S�T���Q�B�S�U�J�D�J�Q�B�U�F��
�J�O���"�"�&�1���.�F�N�C�F�S���7�F�U���5�B�M�L�����5�P���K�P�J�O���U�I�J�T���"�"�&�1���N�F�N�C�F�S�T���P�O�M�Z��
community, simply search for the group on Facebook. 

Benefit: Enlist colleagues’ expertise in AAEP’s online communities

�0�O���U�I�F���S�F�D�P�N�N�F�O�E�B�U�J�P�O���P�G���J�U�T���3�B�D�J�O�H���$�P�N�N�J�U�U�F�F�
�� 
�U�I�F���"�"�&�1���C�P�B�S�E���P�G���E�J�S�F�D�U�P�S�T���W�P�U�F�E���J�O���N�J�E���0�D�U�P�C�F�S���U�P��
�T�V�Q�Q�P�S�U���U�I�F���)�P�S�T�F�S�B�D�J�O�H���*�O�U�F�H�S�J�U�Z�������4�B�G�F�U�Z���"�D�U���	�)���3����
�����������4�������������
�����5�I�F���M�F�H�J�T�M�B�U�J�P�O���T���D�I�J�F�G���H�P�B�M���J�T���U�P���D�S�F�B�U�F��
uniform safety and medication stand�B�S�E�T���J�O���B�M�M���6���4���� 
racing jurisdictions.

�i�6�O�J�G�P�S�N�J�U�Z���P�G���S�V�M�F�T���J�T���F�T�T�F�O�U�J�B�M���U�P���Q�S�P�U�F�D�U�J�O�H���U�I�F���T�B�G�F�U�Z��
�P�G���U�I�F���S�B�D�F�I�P�S�T�F���B�O�E���F�O�T�V�S�J�O�H���U�I�F���J�O�U�F�H�S�J�U�Z���P�G���U�I�F���T�Q�P�S�U�
�u��
�T�B�J�E���"�"�&�1���1�S�F�T�J�E�F�O�U���%�S�����%�B�W�J�E���'�S�J�T�C�J�F��

�5�I�F���"�"�&�1���T���Q�P�T�J�U�J�P�O���P�G���T�V�Q�Q�P�S�U���J�T���Q�S�J�O�D�J�Q�B�M�M�Z���C�B�T�F�E���P�O��
the qualifications of the individuals chosen to serve on 
�U�I�F���)�*�4�"���/�P�N�J�O�B�U�J�O�H���$�P�N�N�J�U�U�F�F�
���J�O�D�M�V�E�J�O�H���F�R�V�J�O�F��
�J�O�E�V�T�U�S�Z���M�F�B�E�F�S�T���%�S�����+�F�S�S�Z���#�M�B�D�L���B�O�E���%�S�����/�B�O�D�Z���$�P�Y�
���X�I�P��
will select the members of the board of directors and the 
�T�U�B�O�E�J�O�H���D�P�N�N�J�U�U�F�F�T���P�G���U�I�F���)�P�S�T�F�S�B�D�J�O�H���*�O�U�F�H�S�J�U�Z������
�4�B�G�F�U�Z���"�D�U���"�V�U�I�P�S�J�U�Z�����)�P�X�F�W�F�S�
���G�P�S���U�I�F���I�P�S�T�F���U�P���C�F���C�F�T�U��
�T�F�S�W�F�E�
���U�I�F���"�"�&�1���X�J�M�M���D�P�O�U�J�O�V�F���U�P���B�E�W�P�D�B�U�F���G�P�S���B�E�E�J�U�J�P�O�B�M��
�W�F�U�F�S�J�O�B�S�Z���S�F�Q�S�F�T�F�O�U�B�U�J�P�O���P�O���U�I�F���)�*�4�"���C�P�B�S�E���B�O�E��
committees beyond the single position currently 
designated for each.

�i�*�O���U�I�F���Q�S�F�W�J�P�V�T���W�F�S�T�J�P�O���P�G���U�I�F���C�J�M�M�
���U�I�F���"�"�&�1���X�B�T���B��
strong proponent for the governance structure to include 
individuals with the requisite expertise needed to capably 
address anti-doping and therapeutic medication 
�S�F�H�V�M�B�U�J�P�O�
�u���T�B�J�E���%�S�����+�F�G�G���#�F�S�L�
���"�"�&�1���J�N�N�F�E�J�B�U�F���Q�B�T�U��
�Q�S�F�T�J�E�F�O�U���B�O�E���3�B�D�J�O�H���$�P�N�N�J�U�U�F�F���D�I�B�J�S�����i�5�I�F���D�P�N�Q�P�T�J�U�J�P�O��
�P�G���U�I�F���"�V�U�I�P�S�J�U�Z���/�P�N�J�O�B�U�J�O�H���$�P�N�N�J�U�U�F�F���H�J�W�F�T���V�T��
confidence that the needed scientific expertise for these 
important positions will be considered, but we believe the 
breadth of knowledge needed to successfully protect 
�F�R�V�J�O�F���B�U�I�M�F�U�F�T���S�F�R�V�J�S�F�T���B�E�E�J�U�J�P�O�B�M���J�O�E�J�W�J�E�V�B�M�T���u

�3�F�H�B�S�E�J�O�H���U�I�F���S�B�D�F���E�B�Z���B�E�N�J�O�J�T�U�S�B�U�J�P�O���P�G���G�V�S�P�T�F�N�J�E�F��
�	�-�B�T�J�Y�
�
���U�I�F���"�"�&�1���T���Q�P�T�J�U�J�P�O���D�P�O�U�J�O�V�F�T���B�T���P�O�F���P�G���T�V�Q�Q�P�S�U�
��
as the medication remains the most efficacious treatment 
�G�P�S���F�Y�F�S�D�J�T�F���J�O�E�V�D�F�E���Q�V�M�N�P�O�B�S�Z���I�F�N�P�S�S�I�B�H�F���	�&�*�1�)�
���J�O��
�U�I�F���I�P�S�T�F�����)�P�X�F�W�F�S�
���J�O�����������
���B���D�P�B�M�J�U�J�P�O���P�G���������S�B�D�F�U�S�B�D�L�T�
��
�J�O�D�M�V�E�J�O�H���I�P�T�U�T���P�G���5�S�J�Q�M�F���$�S�P�X�O���S�B�D�F�T�
���B�M�P�O�H���X�J�U�I��
numerous racing jurisdictions committed to restricting 
administration of furosemide on race day, independent of 
federal legislation.

�i�8�F���B�S�F���Q�M�F�B�T�F�E���U�P���T�F�F���J�O���U�I�F���S�F�W�J�T�F�E���M�F�H�J�T�M�B�U�J�P�O���U�I�B�U���U�I�F��
Authority will convene an advisory panel comprised of 
horse racing anti-doping and medication control experts 
to study race-day furosemide, including its impact on 
�F�R�V�J�O�F���I�F�B�M�U�I���B�O�E���U�I�F���J�O�U�F�H�S�J�U�Z���P�G���D�P�N�Q�F�U�J�U�J�P�O�
�u���B�E�E�F�E���%�S����
�4�D�P�U�U���)�B�Z�
���"�"�&�1���Q�S�F�T�J�E�F�O�U���F�M�F�D�U���B�O�E���B���S�B�D�F�U�S�B�D�L���Q�S�B�D�U�J�U�J�P-
�O�F�S�����i�*�O�W�F�T�U�J�H�B�U�J�O�H���F�G�G�F�D�U�J�W�F���N�B�O�B�H�F�N�F�O�U���T�U�S�B�U�F�H�J�F�T���G�P�S��
�&�*�1�)���X�I�J�D�I���E�P���O�P�U���S�F�R�V�J�S�F���S�B�D�F���E�B�Z���N�F�E�J�D�B�U�J�P�O���B�E�N�J�O�J�T-
�U�S�B�U�J�P�O���I�B�T���C�F�F�O���B���D�F�O�U�S�B�M���H�P�B�M���P�G���U�I�F���"�"�&�1���T���1�S�F�T�D�S�J�Q�U�J�P�O��
�G�P�S���3�B�D�J�O�H���3�F�G�P�S�N���E�F�W�F�M�P�Q�F�E���G�J�W�F���Z�F�B�S�T���B�H�P���u

AAEP board votes to support Horseracing Integrity & Safety Act
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‘Learn and earn’ at your own pace at budget-friendly convention 

CONTINUING EDUCATION

In a year in which a global pandemic has made everyday 
�M�J�G�F���N�P�S�F���E�J�G�G�J�D�V�M�U���B�O�E���D�V�N�C�F�S�T�P�N�F�
���U�I�F���"�"�&�1���I�B�T���N�B�E�F��
�B�D�R�V�J�S�J�O�H���S�F�M�F�W�B�O�U���$�&���F�B�T�Z�
���D�P�O�W�F�O�J�F�O�U���B�O�E���D�P�T�U���F�G�G�F�D�U�J�W�F����

�5�I�F���"�"�&�1���T�������������7�J�S�U�V�B�M���$�P�O�W�F�O�U�J�P�O�������5�S�B�E�F���4�I�P�X�
��
which kicks off Dec. 1 from the comfort of your hom e or 
office, will deliver a broad range of clinical and business 
education to help you improve patient health and practice 
�T�V�D�D�F�T�T�����:�P�V���D�B�O���T�U�B�S�U���F�B�S�O�J�O�H���$�&���J�N�N�F�E�J�B�U�F�M�Z���J�G���Z�P�V���X�J�T�I��
by watching on-demand recordings of educational sessions 
on your desktop, laptop or other mobile device; keep 
�F�B�S�O�J�O�H���$�&���P�O���E�F�N�B�O�E���B�U���Z�P�V�S���D�P�O�W�F�O�J�F�O�D�F���V�O�U�J�M���+�V�O�F�������
��
������������

While Table Topics and several educational sessions will be 
presented live during the first half of December, these, too, 
�X�J�M�M���C�F���S�F�D�P�S�E�F�E���B�O�E���N�B�E�F���B�W�B�J�M�B�C�M�F���P�O���E�F�N�B�O�E���X�J�U�I�J�O��������
hours afterward.

The online nature of this year’s convention means there is 
no need to take time off from practice nor sit at your 
computer for hours on end. The reduced member registra-
�U�J�P�O���S�B�U�F���P�G�������������	�B�O�E���K�V�T�U�����������G�P�S���S�F�T�J�E�F�O�U�T�
���J�O�U�F�S�O�T���B�O�E��
students), coupled with travel, hotel and entertainment 
savings, has made it more affordable than ever to attend 
the annual convention. 

�3�F�H�J�T�U�F�S���G�P�S���U�I�F���W�J�S�U�V�B�M���D�P�O�W�F�O�U�J�P�O���P�S���W�J�F�X���U�I�F���F�E�V�D�B�U�J�P�O�B�M��
program and schedule of events at convention.aaep.org. 
�3�F�H�J�T�U�S�B�U�J�P�O���X�J�M�M���S�F�N�B�J�O���P�Q�F�O���V�O�U�J�M���%�F�D���������
���H�S�B�O�U�J�O�H��
access to on-demand recordings of the entire educational 
�Q�S�P�H�S�B�N���V�O�U�J�M���+�V�O�F�������
��������������

Opportunity knocks at Career Fair

Are you in between jobs or looking for a new opportuni-
�U�Z� ���-�F�U���"�"�&�1���I�F�M�Q���H�F�U���Z�P�V�S���S�F�T�V�N�Ê���J�O���G�S�P�O�U���P�G���Q�S�B�D�U�J�D�F�T��
looking to fill open positions during the virtual 
�D�P�O�W�F�O�U�J�P�O�����)�F�S�F���T���I�P�X����

������ �$�S�F�B�U�F���P�S���M�P�H���J�O���U�P���Z�P�V�S���"�"�&�1���$�B�S�F�F�S���$�F�O�U�F�S���B�D�D�P�V�O�U��
at jobs.aaep.org. 

������ �6�Q�M�P�B�E���Z�P�V�S���S�F�T�V�N�Ê���J�G���Z�P�V���I�B�W�F�O���U���B�M�S�F�B�E�Z���E�P�O�F���T�P��

3. Indicate on your account page that you’ll be partici -
�Q�B�U�J�O�H���J�O���U�I�F���7�J�S�U�V�B�M���$�B�S�F�F�S���'�B�J�S�
���X�I�J�D�I���X�J�M�M���I�J�H�I�M�J�H�I�U��
�Z�P�V�S���S�F�T�V�N�Ê���G�P�S���Q�B�S�U�J�D�J�Q�B�U�J�O�H���F�N�Q�M�P�Z�F�S�T���U�P���S�F�W�J�F�X��
and contact you (confidentially if you prefer).

�:�P�V���M�M���B�M�T�P���C�F���B�C�M�F���U�P���W�J�F�X���B���M�J�T�U���P�G���Q�B�S�U�J�D�J�Q�B�U�J�O�H���F�N�Q�M�P�Z�F�S�T��
�B�O�E���D�S�F�B�U�F���F�N�B�J�M���K�P�C���B�M�F�S�U�T���G�P�S���O�F�X���$�B�S�F�F�S���'�B�J�S���M�J�T�U�J�O�H�T�����*�G��
�Z�P�V���I�B�W�F���R�V�F�T�U�J�P�O�T���B�C�P�V�U���U�I�F���7�J�S�U�V�B�M���$�B�S�F�F�S���'�B�J�S�
���D�P�O�U�B�D�U��
Megan Gray, member concierge, at mgray@aaep.org. 

Hit the road for fun and fitness 

�-�B�D�F���V�Q���Z�P�V�S���S�V�O�O�J�O�H���P�S���X�B�M�L�J�O�H���T�I�P�F�T���B�O�E���H�J�E�E�Z���V�Q���G�P�S���U�I�F���"�"�&�1���0�V�U�S�V�O��
�����������7�J�S�U�V�B�M�����,�������,���G�V�O���S�V�O�
���T�Q�P�O�T�P�S�F�E���C�Z���.�F�S�D�L���"�O�J�N�B�M���)�F�B�M�U�I�����5�I�F���J�O�T�U�S�V�D-
�U�J�P�O�T���B�S�F���T�J�N�Q�M�F�����K�V�T�U���D�P�N�Q�M�F�U�F���F�J�U�I�F�S�����������P�S�����������N�J�M�F�T���B�U���Z�P�V�S���P�X�O���Q�B�D�F���C�Z���%�F�D����
31. Add a bit of camaraderie by challenging colleagues to run or walk with you. 

�3�F�H�J�T�U�F�S���G�P�S���U�I�F���G�V�O���S�V�O���B�O�E���S�F�D�F�J�W�F���B���U���T�I�J�S�U���B�O�E���������P�V�O�D�F���i�#�V�C�C�B���5�S�B�J�M�C�M�B�[�F�S�u��
thermal bottle while supplies last. Sign up and learn more at  
�I�U�U�Q�T�������U�J�O�Z�V�S�M���D�P�N���B�B�F�Q���L�����L��
 



VIII    AAEP News November 2020  

�5�I�F���'�P�V�O�E�B�U�J�P�O���G�P�S���U�I�F���)�P�S�T�F���I�B�T���B�X�B�S�E�F�E���������
���������G�P�S���G�J�W�F���F�Y�D�F�Q�U�J�P�O�B�M���F�R�V�J�O�F���S�F�T�F�B�S�D�I���Q�S�P�K�F�D�U�T���C�F�J�O�H���J�O�W�F�T�U�J�H�B�U�F�E���C�Z��
�"�"�&�1���N�F�N�C�F�S���H�S�B�E�V�B�U�F���T�U�V�E�F�O�U�T�
���S�F�T�J�E�F�O�U�T���P�S���Q�P�T�U�E�P�D�U�P�S�B�M���G�F�M�M�P�X�T�����5�I�J�T���N�B�S�L�T���U�I�F���T�F�D�P�O�E���D�P�O�T�F�D�V�U�J�W�F���Z�F�B�S���J�O���X�I�J�D�I��
�5�I�F���'�P�V�O�E�B�U�J�P�O���I�B�T���Q�S�P�W�J�E�F�E���O�F�B�S�M�Z�����������
���������J�O���T�V�Q�Q�P�S�U���P�G���J�N�Q�B�D�U�G�V�M���F�R�V�J�O�F���S�F�T�F�B�S�D�I���C�Z���V�Q���B�O�E���D�P�N�J�O�H���J�O�W�F�T�U�J�H�B�U�P�S�T��

�i�5�I�F���'�P�V�O�E�B�U�J�P�O���T���J�O�W�F�T�U�N�F�O�U���J�O���F�N�F�S�H�J�O�H���F�R�V�J�O�F���T�D�J�F�O�U�J�T�U�T���J�T���J�N�Q�F�S�B�U�J�W�F���J�G���X�F���B�S�F���U�P���T�F�F���D�P�O�U�J�O�V�F�E���J�N�Q�S�P�W�F�N�F�O�U�T���J�O��
�Q�B�U�J�F�O�U���N�B�O�B�H�F�N�F�O�U���B�O�E���P�V�U�D�P�N�F�
�u���T�B�J�E���%�S�����"�O�U�I�P�O�Z���#�M�J�L�T�M�B�H�F�S�
���'�P�V�O�E�B�U�J�P�O���"�E�W�J�T�P�S�Z���$�P�V�O�D�J�M���3�F�T�F�B�S�D�I���4�V�C�D�P�N�N�J�U�U�F�F��
�D�I�B�J�S�N�B�O�����i�5�I�F�T�F���O�F�X�M�Z���G�V�O�E�F�E���Q�S�P�K�F�D�U�T���I�B�W�F���U�I�F���Q�P�U�F�O�U�J�B�M���U�P���J�N�Q�S�P�W�F���N�B�S�F���G�F�S�U�J�M�J�U�Z���B�O�E���P�G�G�F�S���O�F�X���U�S�F�B�U�N�F�O�U��
�S�F�D�P�N�N�F�O�E�B�U�J�P�O�T���G�P�S���I�P�S�T�F�T���T�V�G�G�F�S�J�O�H���G�S�P�N���D�P�M�J�D�
���B�S�U�I�S�J�U�J�T�
���K�P�J�O�U���E�J�T�F�B�T�F���B�O�E���C�P�O�F���C�S�V�J�T�J�O�H���u

The supported research projects with brief descriptions are: 

Foundation supporting pertinent studies by promising young researchers

Evaluation of plasma and peritoneal cell-free (cf) 
DNA as potential biomarkers in equine colic 

Dr. Rosemary Bayless, North 
Carolina State University
Assessing the potential of 
�D�F�M�M���G�S�F�F���%�/�"�
���T�I�P�X�O���U�P���C�F��
elevated in critically ill 
humans and dogs, as a tool to 
assist veterinarians with 
prognosis and treatment 
recommendations for colic 
patients, which could support 
clients’ informed decision-
making and ultimately 
improve outcome.

Effect of mare obesity on L-carnitine in the 
ovarian follicle and potential to correct by dietary 
supplementation

Dr. Giovana di Donato 
Catandi, Colorado State 
University
Determining if an 
insufficiency of L-carnitine, 
which helps in the transport 
of fatty acids and cellular 
metabolism, occurs in the 
follicles of obese mares and if 
dietary supplementation will 
improve cellular metabolic 
activity and potentially 
improve fertility.

The temporal course of the cytokine, immune 
and transcriptomic response in osteoarthritis

Dr. Lynn Pezzanite, Colorado 
State University 
�6�O�E�F�S�T�U�B�O�E�J�O�H���I�P�X��
osteoarthritis changes the 
immune system and the 
genetic code of the cells in  
the joint when osteoarthritis  
is induced and then progresses 
will help researchers develop 
appropriate targeted therapies 
depending on the stage of 
osteoarthritis (early, mid,  
or late). 

Validation of an innovative contrast subtraction 
technique to detect equine bone marrow lesions 
using CT
Dr. Holly Stewart, 
Colorado State University 
Validating the use of a 
subtraction technique with 
�$�5���G�P�S���E�F�U�F�D�U�J�P�O���P�G���C�P�O�F��
marrow lesions within the 
equine distal limb will 
improve understanding of 
the impact of bone 
marrow lesions and their 
relationship to 
degenerative joint disease, 
and will provide clinicians with alternative imagin g 
methods for diagnosis and management of this condition.

Equine fetally-derived mesenchymal stem cells 
and their generated extracellular vesicles as a 
novel treatment for equine osteoarthritis
Dr. Riley Thompson, Colorado State University
Exploring whether use of extracellular vesicles produced 
by stem cells could be a potentially superior treatment for 
arthritis in equine athletes compared to the current 
treatment of injecting stem cells into the joint because 
there is less likelihood of an allergic reaction to the 
extracellular vesicles.

Equine research is one of three pillars of impact—along 
with education and benevolence—supported by The 
�'�P�V�O�E�B�U�J�P�O�����5�I�F�������������B�Q�Q�M�J�D�B�U�J�P�O���X�J�O�E�P�X���G�P�S���U�I�J�T��
research grant program will open next spring. To learn 
more, visit https://tinyurl.com/ffthgsrrg.

FOUNDATION
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Dr. Jerry Black named to 
Nominating Committee for 
proposed racing legislation
Dr. Jerry Black, visiting professor at Texas 
Tech School of Veterinary Medicine and an 
emeritus professor and Wagonhound Land 
and Livestock chair in Equine Sciences at 
�$�P�M�P�S�B�E�P���4�U�B�U�F���6�O�J�W�F�S�T�J�U�Z�
���I�B�T���C�F�F�O��
appointed by supporters of the 
�)�P�S�T�F�S�B�D�J�O�H���*�O�U�F�H�S�J�U�Z���B�O�E���4�B�G�F�U�Z���"�D�U���U�P���U�I�F��
�/�P�N�J�O�B�U�J�O�H���$�P�N�N�J�U�U�F�F���S�F�T�Q�P�O�T�J�C�M�F���G�P�S���T�F�M�F�D�U�J�O�H���N�F�N�C�F�S�T��
�P�G���U�I�F���C�P�B�S�E���P�G���E�J�S�F�D�U�P�S�T���P�G���U�I�F���)�*�4�"���"�V�U�I�P�S�J�U�Z���B�O�E���J�U�T���U�X�P��
�T�U�B�O�E�J�O�H���D�P�N�N�J�U�U�F�F�T�����"�O�U�J���E�P�Q�J�O�H���B�O�E���.�F�E�J�D�B�U�J�P�O���$�P�O�U�S�P�M�
��
�B�O�E���3�B�D�F�U�S�B�D�L���4�B�G�F�U�Z��

�"���W�F�U�F�S�J�O�B�S�Z���H�S�B�E�V�B�U�F���P�G���$�P�M�P�S�B�E�P���4�U�B�U�F���6�O�J�W�F�S�T�J�U�Z�
���%�S����
�#�M�B�D�L���T�F�S�W�F�E���B�T���"�"�&�1���Q�S�F�T�J�E�F�O�U���J�O�������������B�O�E���J�T���B���G�P�S�N�F�S��
�D�I�B�J�S���P�G���U�I�F���"�N�F�S�J�D�B�O���)�P�S�T�F���$�P�V�O�D�J�M���C�P�B�S�E���P�G���U�S�V�T�U�F�F�T����

Two members awarded Morris Animal Foundation 
research grants  
�%�S�T�����4�J�B�O���%�V�S�X�B�S�E���"�L�I�V�S�T�U���B�O�E���"�O�O�F�U�U�F���.�D�$�P�Z���B�S�F��
among the researchers awarded large animal health 
research grants in mid-September from Morris Animal 
Foundation. 

Dr. Durward-Akhurst, postdoctoral research associate at 
�U�I�F���6�O�J�W�F�S�T�J�U�Z���P�G���.�J�O�O�F�T�P�U�B���$�P�M�M�F�H�F���P�G���7�F�U�F�S�J�O�B�S�Z��
Medicine, received grant support for her project, 
�i�*�E�F�O�U�J�G�J�D�B�U�J�P�O���B�O�E���7�B�M�J�E�B�U�J�P�O���P�G���"�M�M�F�M�F�T���3�F�T�Q�P�O�T�J�C�M�F���G�P�S��
�$�B�S�E�J�B�D���"�S�S�I�Z�U�I�N�J�B�T���J�O�D�M�V�E�J�O�H���"�U�S�J�B�M���'�J�C�S�J�M�M�B�U�J�P�O���u���4�I�F��
�S�F�D�F�J�W�F�E���I�F�S���W�F�U�F�S�J�O�B�S�Z���E�F�H�S�F�F���G�S�P�N���U�I�F���6�O�J�W�F�S�T�J�U�Z���P�G��
Glasgow.

�%�S�����.�D�$�P�Z�
���B�T�T�J�T�U�B�O�U���Q�S�P�G�F�T�T�P�S���P�G���F�R�V�J�O�F���T�V�S�H�F�S�Z���B�U���U�I�F��
�6�O�J�W�F�S�T�J�U�Z���P�G���*�M�M�J�O�P�J�T���$�P�M�M�F�H�F���P�G���7�F�U�F�S�J�O�B�S�Z���.�F�E�J�D�J�O�F�
��
�S�F�D�F�J�W�F�E���H�S�B�O�U���G�V�O�E�J�O�H���G�P�S���I�F�S���Q�S�P�K�F�D�U�
���i�3�J�T�L���(�F�O�F�T���G�P�S��
�0�T�U�F�P�D�I�P�O�E�S�J�U�J�T�����"�O���*�O�U�F�H�S�B�U�F�E���"�Q�Q�S�P�B�D�I���u���%�S�����.�D�$�P�Z��

earned her veterinary degree from Michigan State 
�6�O�J�W�F�S�T�J�U�Z��

PATH Intl. honors AAEP members for service to 
equine therapy programs  
�5�I�F���1�S�P�G�F�T�T�J�P�O�B�M���"�T�T�P�D�J�B�U�J�P�O���P�G���5�I�F�S�B�Q�F�V�U�J�D���)�P�S�T�F�N�B�O�T�I�J�Q��
�*�O�U�F�S�O�B�U�J�P�O�B�M���S�F�D�F�O�U�M�Z���I�P�O�P�S�F�E���F�J�H�I�U���"�"�&�1���N�F�N�C�F�S���W�F�U�F�S�J-
narians for care provided to horses engaged in equine-
assisted activities and therapies (EAAT). Among the 
honorees was Dr. Ashley Wegman, who practices with 
�%�F�8�J�U�U���7�F�U�F�S�J�O�B�S�Z���$�M�J�O�J�D���J�O���%�F�8�J�U�U�
���*�P�X�B�
���B�O�E���X�B�T���O�B�N�F�E��
�����������1�"�5�)���*�O�U�M�����7�F�U�F�S�J�O�B�S�J�B�O���P�G���U�I�F���:�F�B�S���G�P�S���I�F�S���X�P�S�L��
�X�J�U�I���/�F�X���,�J�O�H�E�P�N���5�S�B�J�M�S�J�E�F�S�T���J�O���4�I�F�S�S�B�S�E�
���*�M�M��

�1�"�5�)���*�O�U�M�����D�F�S�U�J�G�J�F�T���Q�S�P�G�F�T�T�J�P�O�B�M�T���B�O�E���B�D�D�S�F�E�J�U�T���F�R�V�J�O�F��
centers that offer therapeutic riding and horsemanship 
�B�D�U�J�W�J�U�J�F�T�����*�O���B�E�E�J�U�J�P�O���U�P���%�S�����8�F�H�N�B�O�O�
���"�"�&�1���N�F�N�C�F�S�T��
�S�F�D�P�H�O�J�[�F�E���B�T���7�F�U�F�S�J�O�B�S�J�B�O���P�G���U�I�F���:�F�B�S���G�P�S���U�I�F�J�S���S�F�T�Q�F�D�U�J�W�F��
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Highlights of recent clinically relevant papers

Facial fracture repair using intrasinus bolstering

In this case report Alison Gardner and colleagues in the USA
described the repair of unstable facial fractures by using
Foley catheter balloons as intrasinus bolsters.

Two weanling foals had sustained kick injuries resulting in
unilateral fractures of the sinus and orbit. Preoperative
imaging including positive contrast dacrocystorhinography
and computed tomography con � rmed severe comminution
of facial fractures and nasolacrimal duct disruption in both
foals.

Small bone fragments were surgically removed, and large
fragments were retained even when denuded of periosteum.
Repair procedures included nasolacrimal
canaliculosinusotomy and suturing fracture fragments
together with polydioxanone sutures. After � xation, the
fracture fragments could be depressed into the sinus with
manual pressure, so two intrasinus Foley catheters were
placed to bolster the sinus wall, with the tubing exiting
through a frontal sinus trephine. The skin was completely
closed over the fractures. Catheters and nasolacrimal
stenting were maintained in place during fracture healing.

Eleven days after � xation, one foal dislodged the
catheters and nasolacrimal stent. The catheters and stenting
in the second foal were removed 4 weeks after surgery. The
wounds and fractures healed well, with good cosmesis in
both foals, and epiphora resolved. No surgical site infection,
sinusitis or sequestration occurred. Both foals became high-
level performance horses with acceptable cosmetic
outcome and good bilateral nasal air � ow.

Foley catheter balloons supported sinus fracture repair
and maintained stability of the surgical reconstruction. Suture
repair of comminuted sinus fractures can be supported by
using Foley catheters, which are readily available.

Pain behaviour in donkeys

This prospective study by Maria Gl �aucia Carlos de Oliveira
and colleagues in Brazil aimed to characterise the
behavioural responses of donkeys to acute surgical pain after
castration.

Forty healthy adult male donkeys aged 2 –14 years
underwent open castration under inhalant general
anaesthesia following premedication with xylazine, and
induction with guaiacol glyceryl ether and thiopental.
Analgesia (1.1 mg/kg bwt � unixin meglumine, 10 mg/kg bwt
dipyrone and 0.2 mg/kg bwt morphine i.v.) was given 4 h
after recovery from anaesthesia and was repeated every
24 h for 3 days.

The donkeys were � lmed for 30 minutes in their individual
stalls before castration (M0), 3.5 –4 h (M1), 5.5 –6 h (M2) and
23.5–24 h (M3) after recovery from anaesthesia. In an attempt
to exclude the in � uence of � ies on donkey behaviour, six
apparently pain free donkeys were assessed before and after
their stalls were mucked out. The video footage was assessed
by the same person, and differences in frequency of various
behaviours at the four time points analysed.

Twenty- � ve different behaviours were observed during the
80 h of video analysis. Lifting of the pelvic limbs was the main
behaviour exhibited by donkeys in pain; occurring more

frequently during M1 than the other time periods. Eating and
water intake increased after analgesia (M2) and time spent
in locomotion did not change during the four time periods.
Behaviours such as � ank-watching, kicking the abdomen,
pawing the ground, and moving the head, were not
observed.

Capsule endoscopy of the equine stomach

In this study Mei Steinmann and colleagues in Canada and
USA tested a novel wireless endoscopy capsule suitable for
imaging of the equine stomach and small intestine.

The aims of this study were: 1) to test the feasibility of
using an endoscopy capsule to visualise intestinal mucosa,
including an objective assessment of image quality, 2) to
assess how changes in preadministration preparation affect
the transit time and the amount of gastrointestinal mucosa
visualised, and 3) describe intestinal mucosa lesions in healthy
horses. Three protocols were used in a crossover study design
using � ve healthy adult horses. Protocols differed in terms of
exercise, time fasted, and water intake.

Detailed images of the gastrointestinal mucosa were
recorded with all three protocols, including images of the
pylorus, major duodenal papilla, individual villi, and ileocecal
junction. Visualisation of large intestinal mucosa was poor.
Interobserver agreement on image quality was excellent. The
greatest percentage of mucosa in the stomach and small
intestine were visualised when the capsule was administered
after withholding feed for 24 h. Total transit time to capsule
excretion was 3 –8.75 days. Three of the 15 capsules were not
recovered. Lesions visualised included mucosal erosion,
ulceration and haemorrhage, areas of thickened mucosa,
and evidence of parasitism.

This novel endoscopic capsule appears safe, practical,
and noninvasive in horses; however, variability in capsule
excretion time must be taken into account for clinical
application.

SAA concentration after vaccination

Serum amyloid A (SAA) is a sensitive acute-phase response
(APR) marker in equids. In this study Maria Duran, based in
Chile, and colleagues in Germany and Australia, investigated
whether vaccination with an inactivated EHV-1/-4 vaccine
would cause increases in SAA concentrations [SAA] and
antibody responses and whether higher [SAA] would be
positively correlated with the antibody titre.

Twelve Ha � inger horses and 12 mules were vaccinated with
a commercially available EHV-1/-4 vaccine. Blood was
sampled before and after vaccination to measure [SAA] and
virus-neutralising response (VN-T). In horses and mules,
signi� cantly higher [SAA] were measured on Days 1, 3, and 5
after EHV-1/-4 vaccination; [SAA] on Day 1 after vaccination
were only measured in animals that developed fever, where
mean [SAA] were signi � cantly higher in horses than in mules.
Four horses and two mules developed fever after vaccination,
lasting for � 24 h. Increased antibody responses (VN-T) on Days
7 and 14 after vaccination were observed in all animals,
whereas mules showed higher overall antibody responses.
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Nevertheless, [SAA] did not correlate with the intensity of the
antibody responses (VN-T) stimulated by the vaccine.

EHV-1/-4 vaccination caused a prominent APR, higher in
horses than in mules, but [SAA] did not correlate with
antibody responses. Measuring [SAA] after vaccination could
help identify severe APRs that may require longer resting
intervals before training or competition.

Dysbiosis in faecal water syndrome

In this study Angelika Schoster and colleagues in Switzerland
and Canada evaluated whether dysbiosis is present in horses
with faecal water syndrome (FWS) when compared to stable-
matched control horses in spring and autumn.

Faecal samples were collected from 16 horses with FWS (9
mares and 7 geldings) and 15 controls (8 mares and 7
geldings). The bacterial microbiome of samples collected in
spring and autumn of 2016 was analysed using high-
throughput sequencing. Differences in relative abundance of
bacterial taxa, alpha diversity, and beta diversity indices
were assessed between horses with FWS and controls based
on season.

Differences in microbial community composition based on
time point and health status were not observed on any
taxonomic level. Limited differences were seen on linear
discriminant analysis effect size analysis. No difference in
alpha diversity indices was observed including richness,
diversity based on health status, or time point. No effect of
health status on microbial community membership structure
was observed.

Limited differences were found in the bacterial microbiota
of horses with and without FWS, regardless of season. Further
research is needed to elucidate the role of microbiota in the
development of FWS.

Congenital stationary night blindness

This case report by Yael Hack and colleagues in the USA
detailed a whole genome sequencing approach to identify
a causal variant of congenital stationary night blindness
(CSNB) in a Tennessee Walking Horse. Prior to this, the only
known reported genetic cause of CSNB in horses was a
1378 bp insertion in the transient receptor potential cation
channel subfamily M member 1 (TRPM1) gene.

A male, 13-year-old Tennessee Walking Horse with clinical
signs and examination � ndings (including dark-adapted
electroretinography) consistent with CSNB underwent whole
genome sequencing. Results were compared to data from
29 horses of seven other breeds. A list of 100 candidate
genes was compiled based on a literature review of
mutations causal for CSNB in other species, and coding
variants homozygous in the case and absent in the other
horses were further evaluated. DNA from 90 randomly
selected Tennessee Walking Horses and 273 horses of three
other breeds was used to estimate the allele frequency of
the causal mutation.

The horse was not found to have any copies of the TRPM1
mutation but had a missense variant in the metabotropic
glutamate receptor 6 (GRM6) gene; a G-protein coupled
receptor vital for night vision. The allele frequency in
Tennessee Walking Horses was estimated to be 10%.
Congenital stationary night blindness can be associated with
a recessive missense variant in GRM6.

Measurement of the equine diaphragm

In this study Laura Fitzharris and colleagues in the UK
developed a repeatable method to measure the diaphragm
thickness using ultrasonography in Thoroughbred racehorses.

The diaphragm is an important respiratory muscle, playing
a key role during exercise. Measurement of diaphragm
thickness, in a non-invasive and repeatable manner, is a
possible approach to assess respiratory strength in the horse.

A standardised technique was developed whereby the
ultrasound transducer was positioned 1 cm below a line
between the cranioventral aspect of the tuber coxae and
olecranon. The diaphragm thickness was measured on three
occasions 1 week apart, by a single observer to determine
the intraobserver repeatability, and once by a second
observer to assess interobserver reproducibility. The
diaphragm was observed in all intercostal spaces (ICS) from 7
to 17 on the left side, and 6 –17 on the right side in a single
horse. The thickest measurement (1.42 cm), obtained from 11
horses, was at ICS 11 on the left-side during inspiration. The
narrowest measurement (0.56 cm) was obtained at ICS 16 on
the right-side during expiration.

This study provides a detailed description of
ultrasonographic imaging and measurement of the equine
diaphragm. The novel technique developed to position the
ultrasound transducer allowed examination and
measurement of the diaphragm with good repeatability.

S. WRIGHT
EVE Editorial Of� ce
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Case Report

Surgical treatment of a mandibular ameloblastic carcinoma with
metastases to the mandibular lymph nodes in a pony
A. M. Derham †*, A. Kushnir† , S. Hoey†, H. Jahns† , A. R. Hollis‡ and C. M. Kearney †

†University Veterinary Hospital, University College Dublin, UCD, Bel � eld, Dublin 4, Ireland; and ‡Centre for Equine
Studies, Animal Health Trust, Kentford, Newmarket, Suffolk, UK
*Corresponding author email: ann.derham@ucdconnect.ie
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Summary

A 4-year-old Connemara � lly was presented with an oral
mass on the right rostrolateral mandible that had rapidly
increased in size over the previous 7 days and a right
mandibular lymphadenopathy. Oral examination revealed a
large (approx. 4.5 cm L 9 3 cm H 9 2 cm W) � rm, raised,
ulcerated mass of the right rostral mandible involving the
bone and gingiva. The mass expanded caudally within the
gingival stroma; however, rostrally, there was no clear
demarcation between the mass and mandibular bone. Axial
compression of the deciduous third incisor was present, and
eruption of the second incisor was reduced compared to the
contralateral side ( Fig 1).

Radiographs of the rostral mandible revealed an expansile,
in� ltrative mass consistent with soft tissue and mineralised
material, and displacement of tooth 403. A deep-incisional
biopsy showed characteristic histopathological features of an
ameloblastic carcinoma ( Fig 2). The diagnosis of carcinoma
was based on the lack of peripheral basilar epithelial cells,
high-mitotic rate, moderate anisocaryosis and central necrosis
of some islands. The presence of odontogenic epithelium in the
tumour was con � rmed by immunohistochemical (IHC) staining
using pan-cytokeratin and vimentin antibodies. The neoplastic
cells were positive for both markers. Subsequent FNA of the
right abnormally � rm and enlarged mandibular lymph node
con � rmed metastatic spread.

Computed tomography of the head was performed for
surgical planning, including sentinel lymph node mapping to
rule out other lymph node involvement. An aggressive lesion,
consistent with soft tissue of the rostral right mandible was
identi � ed with intralesional contrast injection showing drainage
of contrast to the right mandibular lymph nodes (Sentinel node).
Based on the in � ltrative and destructive nature reported in
ameloblastic carcinoma in humans, a rostral mandibulectomy
was performed under general anaesthesia, along with
complete mandibular lymphadenectomy. The horse recovered
uneventfully from surgery. In the early post-operative period,
marked lymphoedema of the ventral mandibular region was
observed, which resolved 4 –5 days post-operatively. Optimal
cosmesis was maintained post-operatively, and no recurrence
has been observed to date – 12 months post-surgery.

Key points

• First report of a mandibular ameloblastic carcinoma
with metastasis to the mandibular lymph nodes in the
veterinary literature.

• Use of CT sentinel mapping was helpful in con � rming
the absence of other local lymph node involvement,
resulting in more complete surgical planning.

• Rostral mandibulectomy allowed for complete removal of
the lesion from the mandible, without disturbing the
mandibular symphysis, and resulted in excellent cosmesis.Fig 1: Pre-operative image of the mass involving the right

rostrolateral mandible with retraction of the lower lip.

Fig 2: Ameloblastic carcinoma, horse; large polygonal epithelial
cells are irregularly arranged in islands, some of which show
central necrosis and haemorrhage, in a dense � brous stroma.
H&E, 1003 magni � cation.
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Case Report

Malignant glucagonoma associated with hyperglycaemia,
hypertriglyceridaemia, Candidiasis and bacterial pneumo nia in a
12-year-old Arabian gelding
R. E. Ruby†* , A. Fales-Williams ‡, D. M. Wong † and B. A. Sponseller †

†Department of Veterinary Clinical Sciences, University of Kentucky, Lexington, Kentucky; and ‡Department of
Veterinary Pathology, College of Veterinary Medicine, Iowa State University, Ames, Iowa, USA

*Corresponding author email: rebecca.ruby@uky.edu

Keywords: horse; hyperglycaemia; endocrine neoplasia; glucagon; cachexia

Summary

A 12-year-old Arabian gelding presented with a 10-day
history of rapid, profound weight loss. Physical examinati on
revealed tachycardia and tachypnoea. Body condition was
1/9 and characterised by severe muscle wasting. Other
abnormal � ndings included multiple ulcerations on the
tongue. A complete blood count revealed mild anaemia,
neutrophilia and lymphopaenia. A blood chemistry panel
showed mild electrolyte abnormalities, low albumin
concentration, increased GGT activity and marked
hyperglycaemia (15.16, RR 4.4 –6.3 mmol/L). Triglycerides
were markedly elevated (51.94 mmol/L, RR <0.57 mmol/L).

Thoracic ultrasonography revealed scattered areas of
bilateral pleural thickening throughout the dorsal and
cranioventral lung � elds. Blood glucose was monitored every
4 h with a point-of-care glucometer and con � rmed persistent
hyperglycaemia ranging from 15.2 to 23.3 mmol/L. Plasma
insulin levels were within normal limits (11.5 l IU, RR 2–25 l IU).
Sixteen hours following presentation, the horse became
acutely recumbent, unable to rise and had a heart rate of
100 beats/min and blood glucose of 23.3 mmol/L. Due to the
rapid decline in clinical signs, guarded prognosis, and
� nancial constraints, humane euthanasia was elected. .

Post-mortem examination revealed multifocal ulceration of
the oral cavity, oesophagus and stomach ( Fig 1). Cytology of
these areas showed large numbers of fungal hyphae. Within
the lungs were small areas of multifocal abscesses with a
larger, � uid � lled space containing 300 mL of thick pink-tan

� uid. Cytology of this � uid demonstrated suppurative
in� ammation, fungal hyphae and a mixed bacterial
population of cocci and rods. Within all lobes of the liver,
extending into the parenchyma, were multifocal tan areas. No
abnormalities were found within the pancreas. Histopathologic
evaluation of the liver masses showed a neoplastic cell
population composed of cellular nests separated by bands of
loose � brous tissue (Fig 2). Immunohistochemical staining of the
neoplastic cells within the liver had negative immunoreactivity
for pancreatic polypeptide, insulin, and ACTH, but had positive
immunoreactivity for chromogranin A and glucagon. This
pattern of immunoreactivity con � rmed the diagnosis of
malignant glucagonoma within the liver. The areas of
ulceration throughout oral cavity, oesophagus and stomach
were con � rmed as severe ulcerative and purulent oesophagitis
and gastritis with mucosal hyperplasia and yeasts consistent
with Candida albicans .

Key points
• Malignant glucagonoma is a rare neoplasm of the

pancreas, or rarely the liver
• Clinical manifestations may include hyperglycaemia,

cachexia and secondary infections
• Diagnosis requires either ante-mortem levels of blood

glucagon or post-mortem examination to con � rm
neoplastic cells with immunoreactivity for glucagon

Fig 1: Post-mortem appearance of the oral cavity showing
multifocal areas of ulceration and surrounding epithelial
hyperplasia. Histopathology of these sections showed ulceration
and fungal overgrowth.

Fig 2: Photomicrograph of the neoplastic cells within the liver.
These cells form islands and nests, displacing normal hepatic
architecture. Magni � cation 20 3 .
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Case Report

Scapulohumeral arthrodesis in four Shetland ponies
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Summary

Four Shetland ponies were presented with severe osteoarthritis
of the scapulohumeral joint to the Faculty of Veterinary
Medicine of Ghent University over a period of 4 years. A
lameness (AAEP lameness scale) and radiographic
examination were performed before and after surgery. In
surgery, a craniolateral, curvilinear incision was made from
midscapula to midhumerus and continued along the caudal
border of the brachiocephalicus muscle and through the
omotransversarius muscle. The biceps tendon was transected
just distal to its origin on the supraglenoid tubercle. An
ostectomy of the greater tubercle was performed. The
intermediate tubercle was removed with an oscillating saw to
provide a � at surface for the placement of the plate. All ponies
were treated by internal � xation using 4.5 mm locking
compression plates (LCP) cranially across the scapulohumeral
joint ( Fig 1). Locking compression plates were applied using
locking head screws and cortical screws. Two of the cortical
screws were placed in lag fashion across the scapulohumeral
joint to provide compression and stabilisation. The greater
tubercle was reattached by inserting a single cortical screw in
lag fashion. For the long-term follow-up, horse-owners were
subjected to a telephone questionnaire. Medical records and
radiographs were reviewed for history, physical examination
� ndings, lameness evaluation, radiographic evaluation, surgical
techniques, post-operative complications and outcome.

The clinical outcome was considered good in all four
cases. Prior to surgery, the ponies were consistently lame
and dragged their toe during the cranial phase of the
stride, but all of them had improved ambulation
immediately after surgery. Lameness was decreased by one
to two grades (AAEP Lameness scale). Follow-up of the
cases revealed complications such as an infected seroma in
Case 3 and minor subcutaneous swelling combined with
� uid accumulation in Case 1 post-operatively. Radiographic
follow-up did not reveal any signs of implant failure or
infection. Only one of the cases was diagnosed with an
unsatisfactory arthrodesis 2 years post surgery, which
explained the intermediate level of discomfort observed
after exercise. In this study, LCPs were preferred over
dynamic compression plates, used in earlier reported studies.
The outcome of this case series showed that the use of LCPs
for shoulder arthrodesis in ponies <100 kg with severe
osteoarthritis and other debilitating conditions of the

scapulohumeral joint should be considered to restore both
the comfort and use of the affected limb in ambulation.

Key points

• All ponies were treated with 4.5 mm LCPs because of
their proven strength, stiffness and decreased
movement at the fracture plane when compared to
dynamic compression plates (DCPs).

• All ponies improved in ambulation immediately after
surgery, and lameness decreased by one to two
grades at a walk.

• Case selection based on body weight should be
considered when committing to scapulo-humeral
arthrodesis.

Fig 1: Post-operative radiograph 3 weeks after arthrodesis with a
4.5-mm narrow, 11-hole LCP � xed with � ve cortical and � ve
locking head screws. One 4.5 mm screw is placed in lag fashion
across the greater tubercle (arrow).
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Case Report

Intra-splenic administration of phenylephrine in a horse to induce
splenic contraction in a case of nephrosplenic entrapment of the large
colon non-responsive to intravenous phenylephrine administration
K. Loomes* and J. Anderson

Rainbow Equine Hospital, Malton, North Yorkshire, UK
*Corresponding author email: kate@rainbowequinehospital.co.uk
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Summary

This case report describes the successful use of intra-
operative intra-splenic phenylephrine (PE) administration to
reduce splenic dimensions after the apparent failure of
intraoperative intravenous (i.v.) administration to induce
splenic contraction in a horse undergoing surgical correction
of nephrosplenic entrapment under general anaesthesia.

A 550 kg 6-year-old Warmblood gelding presented with a 6-
h duration of colic signs unresponsive to analgesia. Abdominal
ultrasonography con � rmed the presence of gas � lled colon
along the body wall displacing the spleen axially. No left renal
silhouette was visible. Rectal palpation � ndings were consistent
with nephrosplenic entrapment of the left dorsal colon.
Intravenous PE (3 l g/kg/min) was administered over 15 min and
the horse was lunged for 15 min. Nephrosplenic entrapment of
the left dorsal colon persisted despite further lungeing and
repeat administration of i.v. PE (3 l g/kg/min) 4 hours later.
Considering the persistence of the colon displacement and the
increasing level of abdominal discomfort, surgical intervention
was performed under general anaesthesia.

Flunixin (1.1 mg/kg bwt i.v.), polymixin B (6000 IU/kg bwt),
procaine penicillin (20 mg/kg i.m.) and gentamicin (8.8 mg/kg
bwt i.v.) were administered. Pre-anaesthetic medication
consisted of romi � dine (50 l g/kg bwt i.v.) and morphine
(0.2 mg/kg bwt i.v.) before the induction of general
anaesthesia using ketamine (2.2 mg/kg bwt i.v.) and diazepam
(0.05 mg/kg bwt i.v.). Endotracheal (ET) intubation was
performed and the horse was positioned in dorsal recumbency
on the operating table and a circle anaesthetic breathing
system was connected to the ET tube. General anaesthesia was
maintained using iso � urane delivered in 100% oxygen via a
large animal circle breathing system. An i.v. lidocaine infusion
was administered (loading dose (1.3 mg/kg i.v.) followed by an
infusion rate of 50 l g/kg/min i.v.).

Following clipping and sterile preparation of the skin and
draping, a 30-cm midline incision was made from the
umbilicus cranially. Following entry through the linea alba into
the abdomen, the large colon was found to be draped over
the left nephrosplenic ligament. The spleen was enlarged
and engorged and it was not possible to dis-entrap the large
colon manually. Intravenous administration of 24 mg of PE
over 15 min (3 l g/kg/min) was carried out which resulted in
no observable alteration in splenic dimension despite an
elevation in systemic arterial blood pressure. Continued efforts
were made to free the large colon from the nephrosplenic
space which were unsuccessful. Within 60 s of i.v. PE
administration, mean arterial pressure (MAP) increased from

72 to 92 mmHg as a result of peripheral vasoconstriction but
there was no observable change in splenic dimension.
Arterial blood pressure values remained elevated for 15 min
during the infusion duration and once the PE infusion was
ceased, MAP returned to 75 mmHg after a further 10 min.
Resolution of the entrapped portion of the colon was not
possible without reduction in splenic size. The large colon was
exteriorized and a pelvic � exure enterotomy was then
performed prior to replacing the colon in the abdomen. Intra-
splenic administration of PE (10 mg) was performed. A 21
gauge 1.5 inch needle was used to penetrate the splenic
capsule on its visceral surface and 10mg PE was injected
over 60 s. This resulted in an immediate increase in MAP to
85 mmHg and then to 105 mmHg. Seven minutes after intra-
splenic PE administration, MAP returned to 72 mmHg. A
signi� cant reduction in splenic size allowed the colon to be
dis-entrapped from the nephrosplenic space. The colon was
then re-exteriorised and placed into normal position. The
abdomen was lavaged and closed in three layers.

The horse recovered uneventfully from general anaesthesia
and resolution of the colon displacement was con � rmed via
rectal palpation.

Although the lack of adverse effects in one patient
provides insuf � cient evidence for future use, our report may
demonstrate an effective alternative means to administer PE
intra-operatively and reduce the size of the spleen, thereby
correcting the otherwise uncorrectable displacement after
attempts to correct the entrapment have been unsuccessful
and intravenous PE has failed.

Key points

• Colic due to nephrosplenic entrapment of the large
colon has a reported incidence of 3 –9% in equine
referral centres.

• Conservative options include withholding feed, oral or
i.v. rehydration, spasmolytic agents, i.v. PE, lungeing/
trotting exercise and/or rolling under general
anaesthesia. Surgical exploratory laparotomy may be
required if conservative treatment is unsuccessful or
prompt intervention is warranted.

• Administration of i.v. PE is not without risk. Reported
adverse effects include spontaneous abdominal and/
or thoracic haemorrhage. In anaesthetised horses, PE
causes systemic vasoconstriction, reduced cardiac
output, tissue oxygen delivery and intestinal perfusion.
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Clinical Commentary

The use of phenylephrine in the treatment of nephrosplenic
entrapment of the large colon in horses
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Summary
Nephrosplenic entrapment is a commonly diagnosed cause
of acute colic that may be corrected using surgical or non-
surgical methods and has a good prognosis for survival.
Intravenous administration of phenylephrine at doses ranging
from 20 –60 l g/kg given over 5 –15 min often followed by
forced exercise, various rolling techniques under general
anaesthesia, or a combination of therapies has been
reported. Correction of the entrapment via exploratory
celiotomy may be challenging in certain cases and is
hampered by marked splenic enlargement. The case report
by Loomes and Anderson (2020) in this issue described a
novel method of reducing the size of the spleen by direct
intra-splenic injection of phenylephrine, in a case non-
responsive to intravenous phenylephrine administration,
which facilitated surgical correction of the nephrosplenic
entrapment.

Left dorsal displacement is a commonly diagnosed cause of
acute colic which occurs when the left dorsal colon migrates
between the spleen and the body wall. The colon may then
become entrapped over the nephrosplenic ligament in the
space between the spleen and left kidney; a condition referred
to as left dorsal displacement with entrapment, or nephrosplenic
entrapment. Horses with nephrosplenic entrapment typically
show more pronounced signs of abdominal pain than horses
with left dorsal displacement without entrapment, although the
level of pain is variable. Diagnosis is based on abdominal
palpation per rectum in combination with transabdominal
ultrasonographic examination. Upon rectal palpation the colon
is often gas distended and may be located lateral to the left
kidney and medial to spleen in the nephrosplenic space.
Sonographically, the left kidney and the dorsal border of the
spleen are obscured by gas in the large colon and not able to
be visualised (Le Jeune and Whitcomb 2014). Although
sonographic diagnosis of nephrosplenic entrapment is relatively
reliable, false positives have been reported (Scharner et al .
2002). Misinterpretation may arise from other conditions resulting
in colonic gas accumulation, such as other forms of
displacement and even large colon torsion (Le Jeune and
Whitcomb 2014).

Several treatment options exist for non-surgical
management of nephrosplenic entrapment in addition to
intravenous � uid therapy and withholding feed. These include
intravenous administration of phenylephrine at doses ranging
from 20 –60 l g/kg given over 5 –15 min often followed by

forced exercise, various rolling techniques under general
anaesthesia, or a combination of therapies. The traditional
rolling approach involves positioning the anaesthetised horse
in left lateral recumbency, hoisting the hindlimbs and rocking
the abdomen for several minutes, and then repositioning the
horse in right lateral recumbency (Southwood 2019). Up to
75% of horses were reported to have been corrected with
rolling in the retrospective study by Hardy et al . (2000). A
more recent study describes a speci � c method of rolling
which requires the horse to be anaesthetised and Positioned
in dorsal recumbency 0.75 m from the recovery stall wall
using a ceiling-mounted hoist (Fultz et al . 2013). Two adults
are seated with their backs stabilised against the recovery
stall wall and perform a series of piston-like leg extensions
followed by repositioning of the horse and repeating the leg
extensions in a number of cycles, described in more detail by
Fultz et al . (2013). In this study, a higher proportion of horses
with nephrosplenic entrapment were corrected with rolling
(84%) compared with exercise (63.2%) following
phenylephrine administration (Fultz et al . 2013). Surgical
correction via laparotomy or laparoscopy should be
considered in any horse that does not respond to non-
surgical management, with consideration to the fact that
horses may have more than one colic lesion. Exploratory
celiotomy is a more reliable means of correcting
nephrosplenic entrapment than non-surgical management,
although this is typically more costly and results in longer
hospitalisation. Laparoscopic surgical correction can be
performed if the horse is in mild pain, the colon is not overly
distended, and the surgeon has ruled out the possibility of a
concurrent small intestinal lesions or adhesions between the
spleen and body wall (i.e. from previous abdominal surgery)
(Busschers et al . 2007; Munoz and Bussy 2013). A standing left
� ank laparotomy approach for correction of nephrosplenic
entrapment has been described in three horses, which is a
potentially useful technique for horses when general
anaesthesia and exploratory celiotomy are not an option
(Krueger and Klohnen 2013).

Correcting a nephrosplenic entrapment via a ventral
midline celiotomy is accomplished by gently pushing the
spleen ventrally and medially over the colon to gradually free
the entrapped colon, starting at either the cranial or caudal
aspect of the spleen. Correction has been noted to be more
dif � cult when the sternal and diaphragmatic � exures are
displaced cranially and dorsally, between the stomach and
the liver (Hardy et al . 2000). Large colon rupture is an
infrequently encountered but devastating complication of
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surgical manipulation (Southwood 2019). To reduce the risk of
tearing the colon wall during attempts to correct a
nephrosplenic entrapment, intraoperative use of
phenylephrine has been recommended (Hardy et al . 2000).
Phenylephrine is a sympathomimetic amine that acts
predominantly on alpha-1 adrenergic receptors to induce
peripheral vasoconstriction and splenic contraction. Adverse
cardiovascular effects associated with intravenous
phenylephrine administration under general anaesthesia
have been reported; these include a signi � cant decrease in
cardiac output, heart rate, gastrointestinal blood � ow and
peripheral tissue oxygenation (Ohta et al . 2013; Dancker
et al . 2018). The half-life of phenylephrine is unknown in
horses, though in human subjects it is approximately 2 –3 h,
and the cardiovascular effects last for a longer period (Ohta
et al . 2013). Therefore, using sequential doses in close
succession should probably be avoided whenever possible.
Intravenous administration of phenylephrine has also been
associated with fatal bleeding disorders, particularly in horses
older than 15 years (Frederick et al . 2010; Compostella et al .
2012). It has been hypothesised that older horses have
reduced vessel compliance and altered vessel elasticity,
making them more susceptible to damage secondary to
phenylephrine-induced vasoconstriction and secondary
hypertension (Frederick et al . 2010). It is advisable to
administer phenylephrine slowly over a period of 15 min or
potentially longer to avoid excessive vasoconstriction due to
the rapid increase in plasma concentration, which may
predispose to haemorrhage. Doses associated with
haemorrhage in the series of cases reported by Frederick
et al . (2010) ranged from 10 to 30 mg given in saline over
15 min. Three out of the � ve reported cases of haemorrhage
occurred immediately after administration of phenylephrine
and without any period of forced exercise.

Administration of phenylephrine intravenously at a dose of
3 l g/kg bwt/min over 15 min to normal horses can decrease
normal splenic area by 28% (Hardy et al . 1994). This reduction
in splenic size persists for 15–20 min after infusion and can
facilitate repositioning of the colon during surgical correction
of nephrosplenic entrapment (Hardy et al . 1994). Con � icting
opinions exist regarding the ef � cacy of intravenous
phenylephrine use. Hardy et al . (1994) showed a signi � cant
increase in resolution of nephrosplenic entrapment after
intravenous administration of 3 l g/kg bwt/min phenylephrine
for 15 min in combination with rolling or exercise, compared
with horses that were not given phenylephrine. Baker et al .
(2011) did not � nd a signi � cant effect of administration of
phenylephrine at the same dose when used in combination
with rolling in 71 horses, compared with 16 horses not
administered phenylephrine. The case report by Loomes and
Anderson (2020) presents another example of intravenous
phenylephrine not being particularly helpful in combination
with exercise, nor in subsequent attempts to correct a
nephrosplenic entrapment during exploratory laparotomy.
The authors hypothesised that the entrapped large colon
may have obstructed the splenic vasculature, preventing
splenic contraction in response to intravenous phenylephrine
administration. Lack of response to intravenous phenylephrine
may be encountered in patients suffering severe sepsis or
septic shock. Low vascular reactivity to vasopressors is linked
to desensitisation or down-regulation of alpha-1 adrenergic
receptors in response to massive release of endogenous
catecholamines (Benedict and Rose 1992). However,

nephrosplenic entrapment is typically a non-strangulating
lesion and it would be uncommon for a horse with such a
displacement to present with severe sepsis. Another factor to
consider is that studies reporting the degree of splenic
contraction in response to phenylephrine administered
intravenously were performed in normal horses. In a clinical
case, partial obstruction of the blood supply within the hilus
of the spleen by a heavy displaced colon, and other
cardiovascular derangements related to hypovolemia and
stress may result in a lack of response. In the case report by
Loomes and Anderson (2020), a 10 mg dose of
phenylephrine was administered directly into the spleen,
following unsuccessful attempts to correct nephrosplenic
entrapment after administering intravenous phenylephrine
and emptying the colon as much as possible via pelvic
� exure enterotomy. In this case, direct administration of
phenylephrine into the spleen resulted in appreciable splenic
contraction allowing the displacement to be corrected,
presumably due to a high local concentration of
phenylephrine. It is unknown whether intra-splenic injection of
phenylephrine would have been effective without � rst
performing a large colon enterotomy. Intra-splenic injection
of 10 mg phenylephrine resulted in a 15% higher mean
arterial blood pressure peak than the previous intravenous
dose of 24 mg, probably due to rapid ejection of stored
splenic blood into the systemic vasculature with subsequent
generalised alpha-1 receptor agonism. It is possible that lower
doses of phenylephrine injected directly into the spleen may
be ef � cacious, resulting in fewer systemic cardiovascular side
effects. Further studies are indicated to determine the lowest
local dose that will induce splenic contraction, identify any
unexpected adverse effects of intrasplenic phenylephrine
injection, and to compare the effect of intravenous vs.
intrasplenic injection of phenylephrine on cardiac output and
splanchnic perfusion in equine cases.

Recurrence of left dorsal displacement of the large
colon or nephrosplenic entrapment is reported in up to 8% –
23% of horses (Hardy et al . 2000; Nelson et al . 2016).
Nephrosplenic space ablation may be performed via left
� ank laparotomy or a laparoscopic approach to reduce the
risk of re-entrapment. The nephrosplenic space is closed by
either suturing the nephrosplenic fascia/ligament to the
dorsomedial splenic capsule, or via mesh ablation (Farstvedt
and Hendrickson 2005; Epstein and Parente 2006). Inducing
splenic contraction via intravenous administration of
sympathomimetic drugs is reportedly helpful in the suturing
procedure. It is possible that a greater degree of splenic
contraction may be achieved by injecting phenylephrine
locally, as described by Loomes and Anderson (2020),
however, further experimental work is needed. It is important
to inform owners that nephrosplenic space closure does not
prevent other types of displacement of the large colon,
including left dorsal displacement without entrapment in the
nephrosplenic space. Colopexy is another option to prevent
left dorsal displacement but is not recommended for
athletic horses, and displacement of the large colon around
the colopexy may still occur (Hunt and Spirito 1995). Horses
are unlikely to re-entrap or displace the large colon
following large colon resection (depending on how much of
the colon is removed), however the procedure is more
invasive, and some horses may require dietary modi � cation
at least in the short term post-operatively (Bertone et al .
1989).
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Nephrosplenic entrapment may be corrected using
surgical or non-surgical methods and has an excellent
prognosis for survival. Correction of the entrapment via
exploratory celiotomy may be challenging in certain cases
and is hampered by marked splenic enlargement. Direct
intra-splenic injection of phenylephrine is a novel method of
reducing the size of the spleen, which facilitated correction
of nephrosplenic entrapment in a recently reported clinical
case (Loomes and Anderson 2020). The direct intra-splenic
phenylephrine injection technique warrants further
investigation to determine safety and the lowest ef � cacious
dose.
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F O R  T H E  C O U G H I N G  H O R S E 

Infectious Respiratory Disease:

SAA �‰�J���P�O

�6�W�D�E�O�H�O�D�E���F�D�Q���E�H��
�F�R�Q�4�G�H�Q�W�O�\���X�V�H�G���W�R��
�G�L�•�H�U�H�Q�W�L�D�W�H���L�Q�I�H�F�W�L�R�X�V��
�I�U�R�P���Q�R�Q���L�Q�I�H�F�W�L�R�X�V��
�U�H�V�S�L�U�D�W�R�U�\���G�L�V�H�D�V�H1

Stable �O�D�E���F�D�Q���G�L�•�H�U�H�Q�W�L�D�W�H���E�H�W�Z�H�H�Q���L�Q�I�H�F�W�L�R�X�V��
�D�Q�G���Q�R�Q�L�Q�I�H�F�W�L�R�X�V���U�H�V�S�L�U�D�W�R�U�\���G�L�V�H�D�V�H�����L�Q���W�K�H��
�S�D�O�P���R�I���\�R�X�U���K�D�Q�G�����Z�L�W�K�L�Q���P�L�Q�X�W�H�V��1

�–�Q���D���V�W�X�G�\���L�Q�Y�R�O�Y�L�Q�J����������
�K�R�U�V�H�V�����Z�K�H�Q���6�$�$���L�V��
�!�������‰�J���P�O�����W�K�H���S�R�V�L�W�L�Y�H��
�S�U�H�G�L�F�W�L�Y�H���Y�D�O�X�H���I�R�U��
�L�Q�I�H�F�W�L�R�X�V���U�H�V�S�L�U�D�W�R�U�\��
�G�L�V�H�D�V�H���L�V����������1

1  Viner, M et al. Comparison of Serum Amyloid A in horses with Infectious and noninfectious respiratory diseases. Journal of Equine 
Veterinary Science. 2017 (49) 11-13.
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Case Report

Surgical treatment of a second metacarpal bone exostosis with
associated desmitis of the body of the suspensory ligament i n a
horse
K. R. Owen* , G. J. Hinnigan, C. E. Smith and M. Smith

Oakhill Veterinary Centre, Preston, UK
*Corresponding author email: rosie.owen@oakhill-vets.com
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Summary

This report outlines the diagnosis, surgical treatment and
successful outcome following treatment of second metacarpal
bone (McII) exostosis with concurrent suspensory ligament
desmitis, and persistent lameness in a 5-year-old event horse.

Clinical examination revealed a swelling of the medial, mid-
metacarpal region of the left forelimb (LF), which was painful on
palpation with the limb held in � exion. A moderate degree of
lameness was observed in trot. Diagnostic analgesia was used
to con � rm the swelling as the cause of lameness.

Ultrasound examination of the limb was performed with
the limb in � exion. Evaluation of the extent of bone
pathology and concurrent injury within the body of the
suspensory ligament using conventional imaging modalities
had its limitations. Conservative management was employed
initially, and comprised non-steroidal anti-in � ammatory drugs
combined with rest. The horse responded favourably for a
short period of time, but the swelling and lameness promptly
returned following minimal exercise.

Low-� eld, magnetic resonance imaging (MRI) was then
used to determine the full extent of pathology within the
suspensory ligament (SL) and adjacent osseous structures and
the images were used for surgical planning ( Fig 1).

Partial ostectomy of McII was performed under general
anaesthesia. The abnormal portion of McII was transected
horizontally, proximal to the level of SL body adherence and
impingement, and the affected portion of bone removed.
MRI examination was repeated 6 months post-operatively.
Images revealed smooth margins to the ostectomised portion
of McII and a signi � cant reduction in the degree of
in� ammation and disruption to the body of the SL. The horse
made a gradual return to ridden work and reached its
previous level of athletic activity by 9 months following
surgery.

Key points

• Bone exostoses of the small metacarpal bones can be
associated with injury of the body of the suspensory
ligament, which may result in persistent lameness of
the horse.

• Low-� eld MRI examination can be useful to aid
complete evaluation of the bone exostoses and
associated body of the suspensory ligament,
accurately depicting the extent of pathology affecting
both tissues.

• Partial ostectomy of affected second metacarpal
bones can result in the resolution of lameness and
return to full athletic function.

1410

689

–32

1410

689

–32

1410

689

–32

1410

689

–32

a)

b)

c)

d)

Fig 1: A pre-operative transverse image from T1-weighted
gradient echo (GRE) pulse sequence of the proximal metacarpal
region of the left forelimb is shown. Lateral is to the right of the
image. There is signi � cant enlargement of the mid portion of the
second metacarpal bone (McII). There is abnormal increased
signal within the abaxial margin of McII and the third metacarpal
bone (McIII) either side of the syndesmosis between these bones
(oval). There is irregularity of the axial contour of McII with new
bone formation evident within the dorsal aspect of the axial
margin including an osseous projection which is impinging and
extending axially into the dorsomedial body of the suspensory
ligament (SLB), evidenced by an abnormal contour of the
dorsomedial SLB (arrow). There is abnormal increased signal
within both the collagenous and adipose components of the
medial aspect of the SLB (arrowhead).
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Clinical Commentary

Metacarpal bone exostosis and associated suspensory ligament
desmitis and adhesions: A review
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Introduction

Exostosis of the second or the fourth metacarpal bones (splint
bones) is a common condition affecting horses and is the
subject of a case report by Owen et al . (2020) in this issue of
Equine Veterinary Education. Causes of exostosis range from
asymmetric or excessive loading, external trauma and
fractures of the splint bones. Not all causes of exostosis
warrant surgical therapy or advanced imaging. Many acute
cases resolve with systemic anti-in � ammatories, rest and
topical therapy. It is important to determine whether the
lesion is in the acute or chronic phase of in � ammation to
guide the diagnostic evaluation, treatment and prognosis.
When cases do not respond to initial therapy or if the issue is
recurring, further evaluation is required to identify occult splint
bone fractures, exostosis with impingement on the suspensory
ligament (SL) and/or adhesions between the exostosis and SL.
While splint bone exostosis by itself can be fairly benign, these
secondary sequelae can cause chronic pain for the case, be
frustrating to de � nitively diagnose and may warrant surgical
therapy for resolution of the lameness.

Diagnostics

The � rst step in accurate diagnosis is a thorough physical
examination and lameness evaluation. Most commonly the
medial splint bone is affected due to axial loading from the
carpus and interference injuries with the contralateral limb.
Watching the horse track in a straight line can provide
insights into the cause of the exostosis as well as providing a
baseline for comparison after treatment. Horses with a base
narrow track are more likely to have interference injuries and
are at risk for chronic medial splint bone injuries. A thorough
distal limb examination is warranted to localise the lameness
to a region and assess sensitivity to digital palpation. Distal
limb � exion and consistent � rm pressure applied over the
suspensory ligament adjacent to the exostosis may increase
the degree of lameness. Response to this manipulation may
suggest adhesion between the splint bone and suspensory
ligament or desmitis secondary to impingement from the
exostosis.

Diagnostic regional anaesthesia is recommended to
localise the pain to the region of the exostosis. Systematic
evaluation starting at the distal limb and working proximally is
preferred. After ruling out causes of lameness distal to the
exostosis, the area can be blocked in two fashions: local
in� ltration and regional nerve blocks. Local in � ltration can be
achieved by injecting an anaesthetic solution into the space

between the exostosis and suspensory ligament and allowing
diffusion to occur. This technique can interfere with ultrasound
evaluation of the region and often it is recommended to wait
24–48 h post in � ltration to obtain diagnostic images. Additionally,
use of a large volume of anaesthetic solution will allow for
diffusion of the anaesthetic to local nerves, which may
complicate the diagnosis. The most de � nitive diagnostic
nerve block is anaesthesia of the medial or lateral palmar
metacarpal nerve on the affected side to block the
ipsilateral splint bone, proximal suspensory and inteross eous
ligament. This can be performed by guiding a 22 gauge 1
inch (2.5 cm) needle between the suspensory ligament and
the splint bone, just distal to the carpometacarpal joint in a
nonweight-bearing position. Sterile technique is recommended
due to the close proximity to the carpometacarpal joint and
the carpal sheath. Desensitisation can be con � rmed by lack of
skin sensation distal to the site of injection and reduction of
pain on deep palpation of the suspensory ligament and
exostosis. Complete resolution of the lameness may not always
occur.

Imaging

Numerous studies have been published on techniques for
imaging the suspensory ligament in the horse including
weight-bearing and nonweight-bearing techniques. The
anatomy of the metacarpal region of the horse makes
adequate visualisation of the abaxial margins of the
suspensory dif � cult, if not impossible, with ultrasonography
and has been well described (Werpy and Denoix 2012;
Werpy et al . 2013). The thickness of palmar structures such as
the super � cial digital � exor tendon (thicker medially) and the
deep digital � exor tendon (DDFT), inferior check ligament
and accessory head of the DDFT (thicker laterally) affects the
palmar contact surface for ultrasound imaging, meaning the
axial margins of the SL are not easily imaged due to the
contact surface being irregular. Secondly, the medial lobe is
wider than the lateral lobe of the SL and in conjunction with
the thickness of the palmar soft tissues, is more readily
imaged. The use of a standoff can be used to improve the
palmar contact surface but does not completely ameliorate
the discrepancy.

It is also important to recognise the effect of edge
artefact and through transmission on visualisation of the
suspensory ligament beneath the palmar metacarpal arteries
and veins. The anatomy of these vessels makes adequate
visualisation of the abaxial margins of the SL challenging
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without changing the echogenicity of the � bres. Using a
nonweight-bearing technique for visualising the SL is known to
improve visualisation of the relationship between the SL and
the splint bones due to decreased palmar soft tissue depth
and ease of manipulation of the vessels. However, this
technique can falsely show contact between the SL and the
splint bones due to laxity of the soft tissue structures and
extrusion abaxially of the SL with the pressure of the
ultrasound probe.

Increased osseous reaction of the affected splint bone
and mineralisation of the soft tissue structures or SL in
response to chronic in � ammation further hinder the ability to
adequately assess the abaxial margins of the SL with
ultrasound. This makes ultrasonography of the metacarpal
region less sensitive and less speci � c for diagnosing adhesions
or impingement between the exostosis and SL.

Radiographs of the affected region are bene � cial in
visualising the abaxial margin of the affected splint bone and
diagnosing additional pathologies of the splint bone such as
fractures. Due to summation of the axial border of the splint
bone with the cannon bone, it is often not possible to
determine the extent of exostosis axially, and thus potential
impingement of the suspensory body, with radiography
alone. Reports in the literature of nuclear scintigraphy show
evidence of increased bone activity even after the bone is
clinically quiescent for long periods of time. This makes it
dif � cult to differentiate between active and inactive areas of
exostosis and therefore does not provide a de � nitive
diagnosis. Additionally, the lack of detail on scintigraphy
makes it impossible to associate the increased signal with
speci � c pathologies such as impingement or adhesions.
Recent advances in computed tomography with contrast
enhancement may provide bene � cial information in
diagnosing cases of suspensory desmitis associated with
exostosis and potential associated adhesions, although no
speci � c case studies have been reported using this imaging
modality for this speci � c disease process.

Magnetic resonance imaging (MRI) is the current gold
standard for the de � nitive diagnosis of musculoskeletal injury
of the distal limb in horses. MRI allows detailed visualisation of
the osseous and soft tissue structures. This modality has
become increasingly available to the equine practice over
the last 20 years and is commonly utilised in diagnosis of
lameness. Two types of systems are available: low- � eld MRI
and high- � eld MRI. The difference clinically between the two
systems has been reported (Werpy 2007). Low- � eld MRI
systems are de � ned as having a � eld strength of less than
0.3 tesla (T). There are a number of commercially available
low- � eld MRI systems marketed for horses. Advantages to this
system include decreased purchase cost and the ability to
image some horses without general anaesthesia.
Disadvantages include increased slice thickness, increased
artefact, decreased detail, less fat suppression, increased
scan length and increased movement artefact.

A high- � eld magnet has � eld strength of greater than 1.0 T.
The majority of high- � eld MRI units used in equine practice
are human units that have been modi � ed to facilitate imaging
of the horse. Typically, this limits imaging to the distal limbs,
head and neck of adult equine cases. The cost of a high- � eld
MRI system is signi� cantly higher than a low- � eld system
although the client cost of imaging a region of the case is
similar. The image quality is superior with a high- � eld system
and this directly correlates with diagnostic accuracy.

Speci � cally, high- � eld systems can more effectively decrease
the amount of partial volume averaging by allowing for
thinner slices and accurate imaging of smaller anatomical
structures and pathologies. High- � eld MRI is 97% successful in
identifying the cause of lameness in horses with proximal
metacarpal injuries (Brokken et al . 2007). In the current study,
the adhesion between the area of exostosis and the SL was
not adequately visualised with low- � eld MRI, and thus was
unable to be diagnosed prior to surgery. In our experience,
subtle changes in the SL architecture secondary to
impingement and the adhesions between the SL and the splint
bone can be de � nitively diagnosed using a high- � eld MRI.

Differentiating between acute and chronic injuries of the SL
is important to direct treatment and rehabilitation and can be
achieved with the high- � eld MRI system. Acute lesions have
local enlargement of the ligament and increased signal
intensity in the damaged areas, likely as a result of in � ammation,
increased cellularity and vascularity to the injury (Murray et al .
2006). Chronic lesions have focal or diffuse enlargement of
the SL, with intermediate signal intensity mixed with the normal
lattice of high signal intensity within the low signal of the SL,
due to the muscle and fascial tissues, indicating the presence
of scar tissue in the area (Crass et al . 1992). Due to the
normal variation of muscular � bres in the SL, it is essential to
image the same region in the contralateral limb for
comparison.

High-� eld MRI is able to de � nitively visualise the axial
surface of the splint bones and their relationship with the SL
(Zubrod et al . 2004). There is normally a distinct high signal
intensity separation between the suspensory ligament and
the axial surface of the splint bone. Additionally, they
described adhesions in the space between the splint bones
and SL as a focal low signal intensity that traverses the high
signal area between the SL and splint bone. The SL often had
increased signal intensity on the same side and just distal to
the area of adhesion extending to the periphery, indicating
associated desmitis. De � nitive diagnosis of the pathologies
allows for better preparation for surgical therapy and post-
operative treatment and outweighs the risk of general
anaesthesia.

Treatment

Conservative medical therapy is the mainstay of treatment of
acute cases of exostosis. The majority of horses respond well
to rest, systemic and local anti-in � ammatories and
compression bandaging. In cases where the exostosis
impinges axially on the suspensory or where adhesions have
formed, surgical therapy is required to resolve the lameness.
Two surgical techniques are commonly reported for
correction of splint bone exostosis with associated SL desmitis
or adhesion. The � rst technique involves ostectomy of the
affected splint bone proximal to the level of the exostosis and
removing the entire splint distal to the exostosis (Milne and
Turner 1979). This technique was performed in the current
study. However, based on the included radiograph, the
entire region of exostosis was not removed and no attempt
was made to bevel and smooth the distal portion of the
remaining splint bone. Leaving a portion of the exostosis
could provide a nidus for adhesion reformation and
proliferation of exostosis in the area. Albeit reports show
leaving less than one-third of the splint can cause carpal
instability, the metacarpal bone in question has adequate
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substance to provide support, even after the removal of the
remaining exostosis. While bevelling the distal margin may
increase the amount of exposed medullary cavity, it
eliminates the sharp osseous margin that could irritate the
SLB. We recommend bevelling the splint bone to minimise the
irritation and in � ammation in the region.

The second technique involves a segmental ostectomy of
the affected splint bone. The affected portion of the bone is
removed, leaving the proximal and distal portions of the splint
bone intact (Jenson et al . 2004). Reported limitations of this
surgical approach include regrowth of the transected bone
and, in our experience, increase the risk of reformation of
exostosis and associated adhesions and impingement of the
suspensory ligament. While this technique may be
appropriate for management of speci � c types of splint bone
fractures, it is limited in its use for exostosis resolution.

Additional techniques should be employed regardless of
surgical procedure to reduce the incidence of adhesion
reformation. Periligamentous injection of hyaluronic acid
matrix formulations at the surgical site has been reported to
decrease incidence of adhesion formation (Gaughan et al .
1991). Using sharp dissection and minimising exposed tissue
edges reduces in � ammation and potential foci for adhesions
and exostosis reformation.

Post-surgical therapies include adequate bandaging to
reduce the occurrence of seroma formation, stall
con � nement, anti-in � ammatory and broad-spectrum antibiotic
therapy and regular follow-up examinations with imaging.

Conclusion

Splint bone exostosis with associated SL impingement,
desmitis and adhesions can cause signi � cant lameness in the
equine case. De � nitive diagnosis through physical
examination, diagnostic anaesthesia and appropriate
imaging of these lesions is paramount in guiding appropriate
medical and surgical therapies to return the horse to athletic
performance.
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Case Report
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treated with standing endoscopic laser surgery and oral
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Summary

A 15-year-old Arabian mare, used for endurance riding, was
referred due to a 4-month history of bilateral mucopurulent
nasal discharge and stertorous breathing. The symptoms were
unresponsive to multiple courses of antimicrobials and
intravenous sodium iodide. Digital radiographs revealed
multiple variably sized nodular opacities within the
nasopharynx ( Fig 1). Upper airway endoscopy showed multiple
(20–25), ulcerated granulomatous masses originating from the
walls of the nasopharynx, causing marked obstruction of the
caudal nasal passages, the guttural pouch openings and the
nasomaxillary apertures ( Fig 2). Repeat culture of the exudate
and from endoscopic biopsies using a � exible endoscopic

biopsy forceps grew only a mixed bacterial population.
Standing endoscopic guided laser (Nd:YAG) excision of two
granulomas was performed ( Figs 1 and 2) and histopathology
and culture from the centre of a surgically excised granuloma
identi � ed C ryptococcus which was later identi � ed as
Cryptococcus terrestris using genome sequencing. Treatment
with � uconazole (14 mg/kg bwt per os once then 5 mg/kg bwt
per os q. 12 h) was administered for a total of 11 weeks.
Within a week of � uconazole treatment, the mucopurulent
discharge and stertorous breathing had stopped. Follow-up
endoscopic examination showed progressive reduction in size
of the granulomas and was used to guide therapy duration.
The horse has since returned to competition and remained
free of infection for >1.5 years. Establishing a diagnosis of
cryptococcal infection was dif � cult in this horse despite
multiple fungal culture attempts since the yeast appeared to
be encapsulated in the granulomatous tissue. A diagnosis was
not achieved until two masses were surgically excised. This is
the � rst report of Cryptococcus terrestris infection in a horse
and treatment with oral � uconazole after surgical de-bulking
was successful.

Key points
• Cryptococcosis is an uncommon cause of upper

respiratory infection in horses.
• Diagnosis often requires deep tissue biopsy and

multiple attempts at fungal culture.
• Fluconazole is an effective treatment when given for a

prolonged duration.

*

*

a) b) c)

Fig 2: Endoscopic appearance of the pharynx at initial
presentation. During a subsequent standing endoscopic laser
surgery two masses ( * ) were removed.

*
*

a)

b)

Fig 1: Lateromedial radiograph of skull procured during initial
presentation shows multiple nodular masses within the
nasopharynx and overlying the epiglottic and arytenoid
cartilages. During a subsequent standing endoscopic laser
surgery two masses ( * ) were removed.
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In this issue of Equine Veterinary Education Daniel et al .
present a case of ulcerated nasopharyngeal fungal
granulomas in a mare that was ultimately diagnosed as
Cryptococcus terrestris (Daniel et al . 2020). Although fungal
rhinitis is a relatively rare cause of mucopurulent or
serosanguinous nasal discharge, it is not uncommon for these
cases to have a protracted history with a failure to respond
to inappropriate empirical antimicrobial therapy. Obtaining
the correct diagnosis is integral to successful therapy. This
horse had a 4-month history of mucopurulent nasal discharge
that was unresponsive to multiple courses of antimicrobials
and sodium iodide. By the time of referral, there was weight
loss, almost complete occlusion of the nasal passage and
respiratory stertor (Daniel et al . 2020). Costly treatment failure
associated with the inappropriate use of antimicrobials
justi� es the early referral of such cases to internal medicine
specialists, who have the speci � c knowledge to perform
appropriate targeted diagnostics to obtain a de � nitive
diagnosis. There was likely a suspicion of fungal or other
granulomatous disease by the referring veterinarian because
7 days of sodium iodide had been administered (Daniel et al .
2020). However, iodides are considered a substandard
method to treat fungal disease.

Although upper airway endoscopy ( Fig 1) and standing
sinus radiographs are ideal to image the extent of the lesions,
a tissue sample is required for de � nitive diagnosis. For
nasopharyngeal lesions, specimens for culture, cytology and
histopathology can theoretically be obtained by use of an
endoscopic biopsy instrument; however, these samples tend
to be super � cial and are frequently nondiagnostic. Small
endoscopic biopsies are often limited to the surface discharge
and mucosa, with commensal species frequently cultured.
Only mixed bacterial cultures were obtained using a 2.3 mm
biopsy instrument from the ulcerated lesions in this case,
therefore failing to achieve an accurate diagnosis (Daniel
et al . 2020). Fungal granulomas are frequently submucosal,
and a deeper sample is often required to obtain a diagnosis
by histopathology or culture. A large biopsy sample can be
obtained from the nasopharynx by use of a mare uterine
biopsy instrument passed nasally with visual guidance from a
� exible endoscope (Stewart et al . 2009; Stewart and Cuming
2015). As the nasopharynx is highly vascularised, profuse
haemorrhage is common. As haemorrhage will rapidly
obscure the endoscopic � eld of view, a biopsy should be
collected boldly on the � rst attempt. In anticipation of
haemorrhage, a 1:10,000 solution of diluted epinephrine can
be prepared and endoscopically delivered directly over the
biopsy site by an assistant immediately after biopsy collection
to cause vasoconstriction and reduce haemorrhage.

In this case, Daniel et al . (2020) ultimately obtained an
excisional biopsy by endoscopic laser resection. This allowed

collection of a large tissue sample for diagnostic purposes
with minimal haemorrhage. Surgical debulking can reduce
the volume of infected tissue to be treated medically (Cruz
et al . 2009; Stewart et al . 2009) but as only two of 25
granulomas were surgically removed, treatment in this case
was primarily medical (Daniel et al . 2020). The surgeon should
however be commended on resubmission of the tissue to a
second laboratory for histopathological identi � cation of
fungal organisms.

Cryptococci are round to oval, yeast-like fungi (5 –
10 l m in diameter), with a large heteropolysaccharide
capsule (5 –10 l m in diameter), that do not take up
common cytologic stains ( Figs 2 and 3). The capsule forms
a clear halo when stained with India ink and is easily
identi � ed with Mayer ’ s mucicarmine stain (Caswell and
Williams 2007). The yeast bodies stain with methenamine
silver and periodic-acid Schiff stains. Due to characteris tic
morphology, cytological or histopathological identi � cation
is reliable for diagnosis (Caswell and Williams 2007).
Identi � cation of thickly encapsulated budding yeast
bodies allows differentiation of Cryptococcus spp from
other fungi that cause granulomatous upper respiratory
tract lesions in horses such as Conidiobolus coronatus ,
Coccidioides immitis , Pseudallescheria boydii and
Rhinosporidium seeberi (Stewart et al . 2008; Stewart and
Cuming 2015). Cryptococcal species are generally easy to
identify, as they are the only pathogenic fungi that have a
capsule. For de � nitive differentiation between
cryptococcus species and varieties, microbiological

Fig 1: Endoscopic image of a cryptococcal granuloma in the
nasal passage of a horse.
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culture, immunohistochemical staining using monoclonal
antibodies or PCR is required (Stewart 2019b).

If fungal organisms are suspected, then it is advisable to
request speci � c fungal culture on Sabouraud and inhibitory
mould agars. In this case, although yeast colonies were
grown after 8 days, RNA sequencing was required to identify
the organism as Cryptococcus terrestris (Daniel et al . 2020).
Serological testing with latex agglutination to identify
cryptococcal capsular antigen is also useful for diagnosis,
with resolution of lesions correlating with declining serum titres
(Begg et al . 2004; Stewart et al . 2009; Secombe et al . 2017).
These titres are readily available and usually inexpensive. Due
to disease recrudescence or incomplete resolution, 6-month
monitoring after cessation of therapy is recommended
(Stewart et al . 2009).

Cryptococci are ubiquitous, saprophytic, basidiomycetous
yeast-like fungi with the most common varieties being
Cryptococcus neoformans (var. gattii and var. neoformans ).
There is an epidemiologic relationship between
C. neoformans var. gattii and the Australian river redgum tree
(Eucalyptus camaldulensis), while C. neoformans var.
neoformans has historically been associated with bird
(particularly pigeon) excreta (Riley et al . 1992). Cryptococcus
terrestris is an unusual organism and it is interesting that the
mare in this case report had a history of standing in pond
water (Daniel et al . 2020).

Cryptococcosis in horses is reported to cause rhinitis,
pneumonia, meningitis and abortion. Sinonasal
cryptococcosis was successfully treated in two horses after
extensive surgical d �ebridement and long-term treatment with
oral � uconazole (Cruz et al . 2009; Stewart et al . 2009).

Fig 2: Cytological image of Cryptococcus spp. from a
transtracheal wash with its characteristic wide, nonstaining
capsules and narrow-based budding (Modi � ed Wright's stain
3 40). Image courtesy of Elizabeth Welles, Auburn University,
Alabama, USA.

a)

b)

Fig 3: a) and b) Photomicrographs of an impression smear from
a biopsy of a mass in the nasal passage of a horse. The smear is
extremely cellular with abundant neutrophils and macrophages.
Round yeast cells with large nonstaining capsules and occasional
narrow-based budding consistent with cryptococcal organisms
are shown (Modi � ed Wright's stain 3 40 and 100). Images courtesy
of Elizabeth Welles, Auburn University, Alabama, USA.
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Pulmonary cryptococcosis has also been successfully treated
with oral � uconazole for 7 –18 months, with declines in
cryptococcal antigen titres corresponding to disease
resolution (Secombe et al . 2017). The pharmacokinetically
determined dose of � uconazole, that is a loading dose of
14 mg/kg bwt followed by 5 mg/kg bwt every 24 h (Latimer
et al . 2001), has resulted in successful treatment of equine
cryptococcus over the last decade. The duration of therapy
for each case is likely dependent on the extensiveness of the
lesions and can be monitored endoscopically and by
reduction in cryptococcal antigen titres. The horse in the
case described by Daniel et al . (2020) was treated for
11 weeks, with the mare returning to endurance racing.
Recurrence is possible and follow-up annual endoscopic re-
evaluation, and antigen titre measurement is recommended.
One of the � rst reported successful treatments of
nasopharyngeal Cryptococcus was a mare with a 9-month
history of bilateral mucopurulent nasal discharge and
intermittent epistaxis. She was initially treated with oral
� uconazole for 6 weeks, sodium iodine for 3 weeks and
adjunctive intralesional therapy. After a 2.5-year period of
remission, the mare redeveloped stertorous breathing and
nasal discharge. In the second episode, the lesions were more
extensive and treatment was more aggressive. Extensive
surgical debulking was performed with administration of
amphotericin B (93 l g/kg q. 8 h i.v. for 7 days then 156 l g/kg
q. 8 h i.v. for 7 days) and oral � uconazole (at recommended
dosages) for 8 months. Susceptibility testing indicated
intermediate sensitivity to � uconazole and susceptibility to
clotrimazole, miconazole, ketoconazole, amphotericin B and
itraconazole. Fluconazole had already been administered for
5 months and was continued because the alternative
medications were not feasible. A cryptococcal antigen titre
had reduced from 1:40 to 1:4 after 7 months of � uconazole.
Fifteen months after discontinuation of therapy, the horse was
re-evaluated and the cryptococcal antigen titre was 1:2
(Stewart et al . 2009). Despite the intermediate sensitivity of the
cryptococcal organism to � uconazole, it was still considered
the treatment of choice. Results of fungal susceptibility testing
often do not correlate well with clinical response to treatment
in humans (Rex et al . 2001). Fluconazole is known for its in vivo
effectiveness despite low in vitro activity, which may be
attributable to its excellent tissue solubility (Latimer et al . 2001;
Rex et al . 2001).

Other options for long-term treatment of equine
cryptococcal infections are limited. Ketoconazole must be
administered by nasogastric intubation with acidi � cation
using 0.2N hydrochloric acid for dissolution and
gastrointestinal absorption (Prades et al . 1989). Amphotericin
B is administered intravenously, ideally with premedication
with oral table salt to promote water intake to reduce
nephrotoxicity (Anderson 1995; Stewart et al . 2009). As
amphotericin B is nephrotoxic, frequent monitoring for
changes in urine speci � c gravity, presence of casts and
elevations in serum creatinine is recommended. The
commercially available itraconazole solution (Sporonox) 1 is
prohibitively expensive, and the drug is unstable as a
compounded formulation (Davis et al . 2004). The cost of
� uconazole is reasonable since the availability of generic
products. In contrast to itraconazole, compounded
� uconazole formulations are stable. Orally administered
� uconazole is well absorbed in horses with a bioavailability of
100% (Latimer et al . 2001). It has a wide margin of safety, is

minimally protein bound, water soluble and distributes well in
body tissues and � uids including urine, synovial � uid, CSF and
aqueous humour (Latimer et al . 2001).

A case report describes a one-hour soak of the nasal
passages and sinuses using a mixture of � uconazole and
dimethylsulfoxide on just two occasions under general
anaesthesia for treatment of Cryptococcus uniguttulatus and
Rhodotorula minuta rhinitis. Although the lesions were
extensive, super � cial plaques were described which may have
allowed adequate penetration of the topical medication, with
high local concentrations of � uconazole resulting in rapid killing
of organisms (Lean and Ahern 2018). Cryptococcosis spp. can
also be treated with voriconazole, but this drug is usually cost
prohibitive (Passler et al . 2010). In humans, 2 weeks of
intravenous amphotericin B either alone or in combination with
oral 5- � ucytosine, followed by approximately 10 weeks of
either oral � uconazole or oral itraconazole, is a long-standing
recommended treatment protocol for cryptococcosis (Saag
et al . 2000; Lewis and Kontoyiannis 2001; Gubbins 2005).
Alternative treatments include amphotericin B and 5-
� ucytosine administered for 6 –10 weeks (Gubbins 2005).

Although iodides have historically been used to treat
equine fungal disease, and a handful of successful cases are
reported when used as primary or adjunctive therapy (Steiger
and Williams 2000), the overall ef � cacy of iodides is
considered limited (Stewart 2019a). Although the exact mode
of action of iodides is unknown, they inhibit the
granulomatous in � ammatory process. However, iodides have
very little, if any in vitro antifungal activity (Plumb 2002).
Iodide treatment is inexpensive but toxicity can occur and is
characterised by increased respiratory secretions,
nonproductive cough, excessive lacrimation and dermatitis
(Steiger and Williams 2000; Plumb 2002). Administration of
iodine to pregnant mares may cause congenital
hypothyroidism in foals and is contraindicated.

Of the equine cases of cryptococcosis reported in the
literature, no underlying immunode � ciency has been
identi � ed, but immune function testing is still recommended,
especially if concurrent disease is identi � ed. Cell-mediated
immunity is important in preventing cryptococcosis. In
humans, HIV infection is a predisposing factor in 80-90% of
cryptococcal infections (Levitz 1991). Additionally, lymphoma,
chronic leukaemia, other cancers, sarcoidosis, collagen
vascular disease, diabetes mellitus and immunosuppressive
drug treatments are often identi � ed as underlying conditions
associated with cryptococcosis in human patients (Pappas
et al . 2001; Vilchez et al . 2001).
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Summary
The extensive nature of this topic warrants this review paper to
be divided into two parts: ‘Basic trimming in foals ’ and
‘Therapeutic farriery in foals ’. Management of the feet and limbs
during this juvenile period will often dictate the success of the
foal as a sales yearling or mature sound athlete. Overall hoof
care in the foal is often a joint venture between the veterinarian
and the farrier. The orthopaedic disorders discussed in this
paper that require input from the two professions are � exural
limb deformities (FLD) and angular limb deformities (ALD). The
concept of protecting the foot from the deleterious effects of
mal-loading created by many FLDs and ALDs is just as important
as using the symptomatology as an instrument to correct the
deformity. This paper presents a review of the current
information regarding the farriery for these two limb deformities
while dispelling some of the anecdotal methodology, such as
the use of toe extensions to treat � exural deformities, that
presently exists. Considering the de � ciency of information in the
literature, segments of this text will be based on the author ’s
extensive clinical practice, comprehensive clinical records
and comparisons of case outcomes.

Evaluation of the feet and limbs

The reader is referred to the section ‘Evaluating the foal ’ in
Farriery for the foal: A review part 1: Basic trimming (O ’Grady
2020). The importance of evaluating limb conformation, early
recognition of changes in � ight pattern, limb placement and
foot loading patterns cannot be over emphasised. It is also
important to recognise changes in overall body condition or
accompanying developmental disorders as these may occur
prior to the onset of an angular limb deformity.

Flexural deformities

Flexural deformities have been traditionally referred to as
‘contracted tendons ’ . The primary defect is a shortening of the
musculotendinous unit rather than a shortening of just the tendon
portion, making ‘ � exural deformity ’ the preferred term (Adkins
2008; Hunt 2011; O ’Grady 2012, 2014, 2017; Caldwell 2014, 2017).
This shortening produces a functional length that is less than
necessary for normal axial alignment of the digit; this results in
� xed � exion of the various joints of the distal limb especially the
distal interphalangeal joint (DIPJ) (O ’Grady 2012, 2017).

Flexural deformities may be congenital or acquired. The
outcome and prognosis will vary with the severity and
subsequent treatment of the � exural deformity.

Congenital � exural deformities
Congenital � exural deformities are present at birth, may
involve one or a combination of joints (e.g. carpal,

metacarpophalangeal and distal interphalangeal joints) and
are characterised by abnormal � exion of a given joint or all
involved joints and the inability to extend the joint. Proposed
aetiologies of congenital � exural deformities include mal-
positioning of the fetus in utero, nutritional mismanagement
of the mare during gestation, teratogens in various forages
ingested by the mare and maternal exposure to in � uenza
virus; it is also possible that the deformities could be genetic
in origin (Hunt 2012; Caldwell 2014, 2017). Treatment of foals
with a congenital � exural deformity varies with the severity
and location of the deformity. It is not uncommon to see a
foal born with a � exural deformity (generally bilateral) that
involves a combination of joints in the forelimb such that the
foal will stand and walk on the toe of the hoof capsule, is
unable to place the heel on the ground and will assume a
‘ballerina ’ stance with weight borne on the toes. A mild to
moderate � exural deformity in which the foal can readily
stand, nurse and ambulate is generally self-limiting and
resolves with conservative treatment. Brief intervals of exercise
for 1 h once or twice daily in a small paddock on � rm footing
for the � rst few days of life may be all that is necessary for the
deformity to resolve. If the condition is unresponsive by the
third day post-partum, i.v. administration of oxytetracycline
(2–3 g), repeated every other day if necessary, is frequently
bene � cial (Madison et al. 1994; O’Grady 2012; Caldwell
2017). Although this treatment is in widespread use, caution
must always be advised when administering this medication
to a neonate. A variety of bandaging techniques and splints
have been proposed, along with physical therapy to
potentially stretch the involved soft tissue structures, thus
possibly hastening recovery (Hunt 2011, 2012; Caldwell 2017).
In the author ’s opinion, the traditional use of a toe extension
is not indicated, as applying a toe extension will generally
result in the neonate becoming ‘clumsy ’ , stumbling and
being unable to ambulate. The ‘ lever arm ’ principal of the
toe extension to stretch the tendon is unrealistic and does not
come without a price which is the likelihood of damage to
the hoof capsule (O ’Grady 2017).

Foals with severe congenital � exural deformities of one
isolated joint or multiple joints present at birth that prevent
the foal from standing and ambulating, require therapeutic
intervention early in the clinical course of the case.
Treatments include aggressive physical manipulation and
stretching of the legs in conjunction with a variety of forms of
external coaptation aimed at fatiguing the muscular section
of the musculotendinous unit. Bandaging, transient static
splinting with PVC bracing or dynamic splinting with an
articulating brace, application of a � exible tension band
along the dorsal aspect of the limb and casting are
accepted techniques when properly applied and managed.
Application of a cast in a mildly extended position shortly
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after birth will often improve a severe � exural deformity
enough to allow splinting or bandaging until the condition
fully resolves (Hunt 2011, 2012; Caldwell 2017).

The less common variation of a � exural deformity that
occurs in neonates is an isolated unilateral deformity of
the DIPJ and does not correct with manual extension
applied to the joint. The deformity occurs in all degrees
but is often severe and dif � cult to manage. Again, toe
extensions are not bene � cial and typically cause the foal
to stumble. Although it is dif � cult to apply, useful external
coaptation to this area, articulating extension braces
attached to a foot cuff, application of a cast or
application of a � exible tension band with surgical tubing
will provide appropriate mechanics to this region (Hunt
2012; Caldwell 2017).

Acquired � exural deformities
Acquired � exural deformities (AFD) involving the DIPJ are
generally noted when the foal is between 2 and 4 months
old and generally involves the DIPJ initially. It is commonly a
unilateral condition but occasionally affects both forelimbs.
The aetiology of this deformity is unknown, but speculative
causes include genetic predisposition, improper nutrition (i.e.
overfeeding, excessive carbohydrate [energy] intake,
unbalanced minerals in the diet) and excessive exercise
(Adkins 2008; Hunt 2011; O ’Grady 2012, 2017; Caldwell 2017).
A study looking at grazing patterns in a small number of foals
showed that foals with long legs and a short neck tended to
graze with the same limb protracted (van Heel et al. 2006).
Fifty percent of the foals in this study developed mis-matched
feet with a higher heel on the protracted limb leading the
researchers to feel there may be a possible correlation
between conformational traits and an acquired � exural
deformity. It is the author ’s opinion that a large contributing
factor to this syndrome is contraction of the muscular portion
of the musculotendinous unit caused by a response to pain
(Kidd and Barr 2002; Caldwell 2017). The source of such pain
could be discomfort anywhere along the distal limb,
including physeal dysplasia or trauma causing foot pain in
foals exercising on hard ground. Rapid weight gain in the foal
may result in physeal overload and pain. Discomfort may
follow aggressive hoof trimming where excessive sole is
removed, thus rendering the immature structures within the
hoof capsule void of protection and prone to bruising
(O’Grady 2012, 2017). The foal then becomes unwilling to
bear full weight on the affected feet. Any discomfort or pain
in the foot or lower portion of the limb coupled with reduced
weight-bearing on the affected limb appears to initiate a
� exor withdrawal re � ex; this causes the � exor muscles
proximal to the tendon to contract, leading to a shortened
musculotendinous unit and an altered position of the DIPJ.
This shortening of the musculotendinous unit shifts weight-
bearing to the dorsal section of the foot causing
in� ammation of the lamellae in dorsal hoof wall, increased
load on the dorsal sole, bruising of the sole, hoof wall
separations, reduced hoof wall growth of the dorsal aspect
of the hoof wall and excessive hoof wall growth at the heel
to compensate for the shortening. As the � exural deformity
may be secondary to pain in these cases, it is essential that
possible sources of pain should be carefully identi � ed and
localised by physical examination and, if necessary, by
regional analgesia and diagnostic imaging. The possibility of
a genetic component should also be considered for

acquired � exural deformities, as some mares consistently
produce foals that develop a � exural deformity in the same
limb as the dam or grand dam in which a similar deformity is
present (Hunt 2012; Caldwell 2014; O ’Grady 2017). It also
appears that many individual foals have a propensity to
acquire a � exural deformity as a group of foals can be fed
the same ration, maintained in the same environment, have
the same farriery and exercise routine yet only the odd foal
will develop a � exural deformity (O ’Grady unpublished data,
2012).

Mild acquired � exural deformities of the DIPJ
The initial clinical sign of a mild � exural deformity of the DIPJ
may only be abnormal wear of the hoof at the dorsal toe,
which is often discovered by the farrier during routine hoof
care. Closer or subsequent investigation may reveal that the
dorsal hoof wall angle is increased, a prominent coronary
band may be present but the heels of the hoof capsule are
still on the ground. However, after the heels of the hoof
capsule have been trimmed to an appropriate length, the
heels may no longer contact the ground. Most foals affected
to this degree may already have a mildly broken forward
hoof-pastern axis. Increased palpable digital pulse, heat in
the affected foot and signs of pain may be noted when
small hoof testers or even thumb pressure is applied to the
solar aspect of the toe dorsal to the frog are not uncommon
clinical � ndings. Hoof tester pain is generally due to lack of
sole thickness, trauma and excessive weight-bearing on the
dorsal toe. A recent method of classifying � exural deformities
of the DIPJ using a grading system (Grade 1 –4) has been
proposed (Redden 2003). It is always bene � cial to classify the
severity of the � exural deformity to devise an appropriate
treatment plan and monitor the response to a given therapy.
It also becomes a useful part of the foal ’s record.

Conservative treatment such as restricting exercise to
reduce further trauma to the foot is paramount. Correcting
the nutritional status of the foal (i.e. weaning the foal to
avoid possible excessive nutrition from the lactating mare
and/or decreasing carbohydrate intake), administering an
anti-in � ammatory agent (NSAID) to relieve pain, administering
oxytetracycline to foals with acquired � exural deformities to
facilitate muscle relaxation and carefully trimming the palmar
section of the hoof are, in the author ’ s opinion, is a
reasonable starting point. The NSAIDs should be administered
short-term and judiciously in foals due to the potential side
effects, such as gastroduodenal irritation and nephrotoxicity.
For analgesia, the author will administer � rocoxib (0.1 mg/kg
bwt q. 24 h) or � unixin meglumine (1.1 mg/kg bwt q. 24 h)
combined with a gastric protectant. Hoof trimming is
directed towards improving the hoof angle by lightly trimming
the heels from the middle of the foot palmarly until the hoof
wall at the heels and the frog are on the same plane. Over
trimming of the heels should be discouraged as this will
invariably cause the heels to lift off the ground which can be
noted on � rm footing. The bars can be thinned in this
instance as an attempt to spread and possibly improve heel
expansion. Additionally, the heels of the hoof capsule
adjacent to the frog sulci may also be rasped to a 45 ° angle
in an attempt to promote spreading. If the sole thickness is
suf� cient in the dorsal foot (does not deform with hoof testers
or thumb pressure), breakover is moved palmarly by creating
a mild bevel with a rasp, which begins just dorsal to the apex
of the frog and extends to the perimeter of the dorsal aspect
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of the hoof wall ( Fig 1). If improvement is noted, this trimming
regimen is continued and optimally performed at 2-week
intervals. If the toe is constantly being bruised or undergoing
abscessation, an acrylic or urethane composite (Equilox � or
Vettec � ) can be applied to the dorsal aspect of the sole and
the distal dorsal aspect of the hoof wall to form a protective
toe ‘cap ’ . The acrylic composite-impregnated � breglass
combination or urethane composite used to form the toe
cap will cover the solar surface with a thin layer of composite
from the margin of the dorsal hoof wall to the apex of the
frog, protecting that area from further damage and creating
or exacerbating lameness. Caution is advised when a
composite cap is applied as the sole-wall junction may be
stretched or have separations/ � ssures present which make it

susceptible to infection. Any separations should be explored
and then packed with clay or other suitable material prior to
the composite being applied. A bevel toward the toe can
be created in the composite with a rasp or motorised burr
(Dremel � tool) to facilitate breakover. If there is adequate
integrity of the dorsal section of the hoof wall, the author
believes the application of a toe extension to be
unwarranted and contraindicated (O ’Grady 2017).

The above treatment for a mild � exural deformity is often
temporary as many foals will progress to a more severe
deformity and thus the farriery appears to work best when
initiated at the � rst sign of abnormal foot conformation
before a marked � exural deformity is apparent. Whenever
possible, the elimination of any possible or suspected inciting
causes should be pursued. The farriery for a mild � exural
deformity should always be combined with restricted
exercise . If the affected foot continues to improve or does
not regress, conservative treatment is continued. If a mild
� exural deformity progresses in severity to the stage where a
marked � exural deformity is present, the foal becomes a
surgical candidate.

Severe acquired � exural deformities of the DIPJ
A mild acquired � exural deformity may progress in severity
despite conservative treatment or a severe acquired � exural
deformity may be acute in onset. A severe acquired � exural
deformity is characterised by a foot with a hoof angle
greater than 80 °, a prominent fullness at the coronary band,
a broken forward hoof-pastern axis, disparity in hoof wall
growth distal to the coronet at the heel relative to growth at
the toe and heels that fail to contact the ground ( Fig 2). If
the � exural deformity is allowed to persist, the foot eventually
assumes a boxy, tubular shape due to the overgrowth of the
heels to accommodate the lack of ground contact; heel

a)

b)

Fig 1: a) Grade 1 � exural deformity. b) After the foot is trimmed.
Note the bevel created under the toe. [Colour � gure can be
viewed at wileyonlinelibrary.com]

Fig 2: Grade 3 � exural deformity. [Colour � gure can be viewed
at wileyonlinelibrary.com]
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length will approach the length of the toe ( Fig 3). Increased
stress on the hoof wall at the toe will eventually cause a
concavity along the dorsal surface of the hoof wall. Stress
exerted on the sole-wall junction in the toe area will cause it
to widen, allowing separations to occur.

Farriers have traditionally applied toe extensions to create
a lever arm using a shoe or a composite to force the heel to

the ground, but this will only exacerbate damage to the
dorsal section of the foot, promote hoof wall separation and
delay breakover (Hunt 2012; O ’Grady 2017). As it is important
to consider the use of a toe extension in biomechanical
terms and to understand the effect of this leverage, it is
necessary to brie � y consider the moments about the distal
interphalangeal joint. The moments about the DIPJ are the
� exor moment and the extensor moment (a moment is equal
to force x distance). At rest, the extensor moment is the
product of the weight born by the limb (a force) and the
horizontal distance from the point at which the ground
reaction force GRF acts on the foot (centre of pressure CoP)
and the centre of rotation of the distal interphalangeal joint
(a distance). The � exor moment opposes the extensor
moment and is the product of the force (tension) in the
tendon and the shortest distance of the deep digital � exor
tendon (DDFT) from the centre of rotation. Normally these
two moments are balanced at rest, the GRF is dorsal to the
centre of rotation of the joint and the heels are on the
ground. In foals with a � exural deformity of the DIPJ, the
tension in the tendon increases (as a result of the shortened
musculotendinous unit), which increases not only the � exor
moment but the opposing extensor movement which moves
the CoP dorsally in the toe. At the point where the tension in
the tendon increases such that the CoP is at the dorsal limit
of the toe, any further increase in tendon tension cannot be
balanced by movement of the CoP because it is already at
the perimeter of the toe and can't move further dorsally,
therefore, the heels lift off the ground (Eliashar 2012). Adding
an extension to the toe of the foot allows the centre of
pressure to move further dorsally in the toe in an attempt to
counteract the tension in the tendon and force the heels to
the ground. The ability of the toe extension to do this is
dependent on the integrity of the tissues (hoof wall,
lamellae), however, the tissues are not generally strong
enough to withstand the additional stress and separation
occurs within the dorsal hoof wall. Therefore, placing an
extension or leverage on the dorsal hoof wall to counteract
the forces in the shortened deep digital � exor muscle tendon
unit is unrealistic and, in the author ’ s opinion, contraindicated
(Fig 4). Furthermore, extensions may contribute to lameness
due to excessive stresses on the DDFT when the foal puts full
weight on its foot and at the initiation of breakover.

Radiographs should be used to assess changes in the joint
and the integrity of the distal phalanx. The author will
administer mild sedation (xylazine [0.33 mg/kg bwt, i.v.]
combined with butorphanol [0.022 –0.066 mg/kg bwt i.v.]) and
place each of the foal ’ s feet on separate wooden blocks of
equal height, which allows normal or equal loading of both
forefeet. The forelimbs are positioned such that the third
metacarpal bone is perpendicular to the ground. Lateral-to-
medial weight-bearing images of both forefeet should be
acquired. The degree of � exion of the DIPJ, the angle of the
dorsal hoof wall and abnormalities at the margin of the distal
phalanx should be assessed ( Fig 5). When a marked � exural
deformity is noted during radiographic examination of the
feet, conservative treatment and hoof trimming alone are
generally unsuccessful in resolving the foot conformation.
Elevating the heels has been advocated to reduce tension in
the DDFT and to promote weight-bearing on the palmar
section of the hoof. However, although elevating the heels
will load the palmar section of the foot, improve the hoof-
pastern axis and make the foal more comfortable initially, the

a)

b)

Fig 3: Chronic grade 3 � exural deformity in a 3-month-old foal
that has acquired a tubular shape of the hoof capsule with the
coronet becoming horizontal. [Colour � gure can be viewed at
wileyonlinelibrary.com]
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author has not been able to subsequently lower the heel or
remove the wedge and establish an acceptable hoof angle
with the heel on the ground. Once a marked � exural
deformity of the DIPJ with the heels of the hoof capsule lifted
off the ground or a distorted hoof capsule characterised by a
foot with a steep hoof angle, a prominent fullness at the
coronet, a broken forward hoof-pastern axis, a disparity in the
length of the heel relative to the toe of the hoof and some
degree of concavity in the toe is apparent; the author
recommends transection of the accessory ligament of the
DDFT combined with the appropriate farriery.

The farriery is generally performed prior to the surgery
either before or while the foal is anaesthetised to prevent
manipulating the limb and handling the surgical site following
the procedure. A toe extension is not used; rather an acrylic

composite is applied to the solar region of the toe to create
a reverse wedge (Stone and Merritt 2009; Hunt 2012; O ’Grady
2012, 2017). The wedge affords protection for the toe region
and appears to redistribute the load to the palmar aspect of
the foot, thus mildly increasing the stresses on the DDFT, and
appears to restore the concavity to the sole. The heels are
lowered with a rasp from the point of the frog palmarly, until
the sole adjoining the hoof wall (sole plane) at the heels
becomes solid. This will generally place the hoof wall and the
frog on the same horizontal plane. Any concavity or bending
in the dorsal aspect of the hoof wall is removed with a rasp in
order to redirect the forces directly under the coronet at
breakover. The ground surface of the foot dorsal to the frog
and the perimeter of the dorsal hoof wall are sanded and
prepared for the composite wedge using a rasp or motorised
burr (Dremel � tool). Deep separations in the sole-wall junction
at the toe are explored and � lled with clay, if necessary, to
prevent tracts for infection beneath the composite. Foals
undergoing this procedure are usually between 3 and
5 months old; therefore, due to their size and weight,
reinforcing the composite with � breglass is necessary to
prevent excessive wear. A small section of � breglass is
separated into strands and mixed with the composite. The
acrylic composite is applied to the solar surface of the foot
beginning at the apex of the frog and extending to the
perimeter of the hoof wall where a thin lip is formed around
the perimeter of the dorsal hoof wall at the toe. The
composite is moulded into a wedge starting at 0 ° at the
apex of the frog and extending to 2 ° to 3° at the toe (Stone
and Merritt 2009; O ’Grady 2012, 2017) ( Fig 6). If desired, a
piece of 1/8-inch aluminium plate can be cut out in the
shape of the dorsal aspect of the sole. Multiple holes are
drilled in the plate, and it is gently placed into the composite.
The aluminium is pushed down so that the composite
material extrudes through the holes, and the aluminium plate
is then covered with additional composite. This additional
reinforcement allows the older foals to be walked daily or
turned out in a small paddock without the foal wearing
through the composite. The foal is placed under general
anaesthesia, and the surgery is performed in a routine
manner that is well described in the veterinary literature.

Fig 5: Radiograph shows a marked � exural deformity involving
the distal interphalangeal joint (red circle). [Colour � gure can be
viewed at wileyonlinelibrary.com]

a)

b)

Fig 4: Photograph of toe extension shows the leverage on the
hoof capsule and the point on the dorsal wall where the force is
exerted (red arrow). Note the heel off the ground. Illustration of
foot shows ground reaction force (GRF) is moving dorsally in the
toe as the muscle tendon unit shortens and tension increases in
the DDFT (Image courtesy of Andrew Parks). [Colour � gure can be
viewed at wileyonlinelibrary.com]
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The surgical aftercare is at the discretion of the attending
clinician. Oxytetracycline may be used with the surgery
during the perioperative period to facilitate relaxation of
other soft tissue structures secondarily involved (joint capsule,
collateral ligaments) (Hunt 2012). Controlled exercise in the
form of daily walking or turn out in a small paddock with � rm
footing such as a round pen is essential. There is the potential
for pain with the initiation of exercise due to the shortening of
soft tissue structures such as the joint capsule and suspensory
ligaments to the navicular bone, requiring close monitoring of
the foal, and exercise should be increased sequentially. The
foal is trimmed at roughly 2-week intervals, based on the
amount of hoof growth at the heels with the objective of
establishing normal hoof capsule conformation. The
composite wedge is removed one-month post-surgery. At
subsequent trimmings, the heels are trimmed as necessary
from the middle of the foot palmarly such that the frog and
hoof wall are on the same plane and hoof wall at the toe is
trimmed from the dorsal aspect of the hoof wall until the
desired conformation is attained. No sole dorsal to the frog is
removed. This type of trim promotes sole growth and creates
approximate proportions on either side of the COR. When the
desired foot conformation is reached, the foot is trimmed in a
routine manner monthly. It is important to emphasise that
when the hoof capsule returns to an acceptable
conformation, only that portion of the sole that is shedding
should be removed. This avoids causing discomfort in the
dorsal solar section of the foot that can result in the foal
redeveloping, to some degree, the original � exural deformity.
The higher-grade clubfoot appears to have a tendency to
revert back to the original deformity if not managed properly.

Angular limb deformities

Angular limb deformities (ALD) are common in foals and
require early recognition and treatment (Greet 2000; Hunt

2000; Greet and Curtis 2003; Auer 2006; Witte and Hunt 2009;
Garcia-Lopez 2017; O ’Grady 2017). This subject receives
tremendous attention in any discussion of foal conformation
and it refers to a lateral or medial deviation in axial alignment
of the limbs when the animal is viewed from the frontal
plane. It is understood that a certain amount of deviation
can be normal in young foals and does not require any
special farriery or surgical intervention (Hunt 1998, 2000; Auer
2012; O’Grady 2017). Objective data is lacking regarding the
dynamics involved in the development of acquired angular
limb deformities, however, it is recognised that many foals
change axial alignment during various stages of their
development. Serial evaluation and treatment of limb
deviations is an integral component of management on most
breeding operations.

Angular limb deformities may occur anytime during the
animal ’ s life but are most commonly treated from birth
through the yearling growth period. The primary lesion
appears to be an imbalance of physeal growth; for assorted
reasons, growth proceeds faster on one side of the physis vs.
the other. Although this is described as a discrepancy of limb
length of the medial vs. lateral side from an imbalance of
physeal growth; another discrepancy in loading the limb with
lack of soft tissue support may also create an ‘apparent ’
ALD. Angular limb deformities can be further classi � ed into
two categories; valgus deformities occur when the deviation
occurs lateral to the axis of the limb distal to the affected
joint (away from the midline) and varus deformities occur
when the deviation is medial to the axis of the limb distal to
the affected joint (toward the midline) ( Fig 7). The most
common location of valgus angular limb deformities is the
carpus and tarsus while varus deformities are most often seen
at the fetlock and to a lesser extent at the carpus.

Fig 6: Reverse wedge created from a composite. An aluminium
plate can be imbedded in the composite to prevent wear.

Fig 7: Carpal valgus. Note the limb below the carpus deviates
away from the midline (red line).
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Limb alignment of young foals should be observed
standing and walking without restriction on the head and
neck (not leaning) toward and away from the examiner.
Overall body development and maturity should be noted. It
is important to take note of foot placement especially when
working with distal limb deviations. This will determine the
necessity for corrective measures on the feet such as
trimming or placement of a composite extension on the hoof
capsule to alter the forces on the physis and change the
rotation of the limb on contact with the ground. This practice
is especially bene � cial with a fetlock varus deviation with
inward rotational deformities in foals 2 –4 weeks of age in
which there is a limited time frame for correction.

Carpal/tarsal valgus
It is apparent that a mild carpal valgus of 2 –5 degrees offers
the newborn foal a comfortable stance while nursing and
eating off the ground and is considered acceptable. If the
deviation exceeds 5 –8 degrees then it becomes a concern
and should be monitored (Hunt 1998, 2000; Auer 2012). A few
days of stall con � nement on � rm bedding or limited exercise
in a small paddock (2 –3 times a day) is a rewarding, cost-
effective treatment for early carpal or tarsal valgus (Garcia-
Lopez and Parente 2011).

It may be helpful to digress and brie � y mention routine
hoof care before discussing treatment of angular limb
deformities. The technique for using farrier tools when
trimming foals was discussed under the trim in Part 1 of this
review. The veterinary and farriery literature abounds with
various trimming methods that are thought to affect the
various limb conformations; however, none of these methods
have been substantiated or documented to be ef � cacious.
The author trims the heels such that the heels of the hoof wall
and the frog are on the same plane, visualises a line across
the middle of the foot (located just dorsal to the COR) and
then reduces the toe to make the foot proportional on either
side of the line across the widest part of the foot. When the
trim is complete, the solar surface of the foot will be level
rather than having the lateral to medial orientation of the
foot changed by rasping one side of the foot more than the
other ( Fig 8). Farriery texts describe trimming a foal lower on
the outside of the foot when the foot turns out and trimming
the foal on the inside of the foot when the foot turns in;
however, remembering that a toe-out or toe-in stance
originates from the limb, this practice will do nothing more
than place excessive stress on one side of the hoof capsule.

If the angular limb deformity is greater than 5 –8 degrees or
shows no improvement in the � rst few days of life, radiographs
should be part of the physical examination of a foal with ALD
(Garcia-Lopez and Parente 2011; Garcia-Lopez 2017).

Occasionally, osseous abnormalities such as hypoplastic
carpal/tarsal bones will preclude correction of the problem
without splints or a cast. Radiographs will also reveal the site
and degree of deviation which will allow comparison later.
Carpal valgus deformities of less than 10 degrees are
generally handled successively with conservative treatment
(Garcia-Lopez and Parente 2011; Garcia-Lopez 2017).

Conservative therapy for the management of many mild
to moderate congenital angular limb deformities may be
successful in the newborn foal. Restricted exercise would be
either strict stall con � nement or brief periods of turnout (1 h
two times daily) in a small area with � rm footing. This allows
the physis to be stimulated but prevents stress, fatigue and

compression on the overloaded side of the growth plate
from excessive exercise. If the carpus can be corrected by
applying pressure with one hand on the inside of the carpus
and counter pressure with the other hand applied to the
outside of the fetlock, some form of coaptation such as
support tape, splints, dynamic splints or tube casts may be
helpful. The author uses a splint made from polyvinylchloride
(PVC) pipe, cut in half and � tted from the elbow to below
the fetlock applied for a few hours 1 –2 times daily. It is
labour intensive, but the splints must be removed and
replaced periodically to prevent laxity. A full-length thick
cotton bandage is applied to the entire limb, and then the
PVC pipe is placed on the outside of the limb and secured
to the bandage with elastic tape. This will distract the
carpus laterally and load the limb more proportionally. The
splint is often the most cost-effective treatment available
but must be applied with caution, paying strict attention to
the details of application. Meticulous attention to applying
the splint is essential to prevent focal pressure and the
propensity of the foal to develop decubital ulcers. As the
foal improves, brief periods of turnout in a small area with
� rm footing can be considered.

Acquired carpal/tarsal valgus deformities can be graded
from one to four according to severity ( Fig 9). Mild to
moderate carpal valgus will generally respond to restricted
exercise and the use of a composite extension applied to the
medial side of the foot while the more severe cases require
surgical intervention combined with farriery (Hunt 1998, 2000;
Greet 2000; Auer 2006; Witte and Hunt 2009; Garcia-Lopez

Fig 8: Two-month-old foal trimmed to show the proportionality of
the foot on either side of a line drawn across the widest part of the
foot. Note the hoof wall at the heels and the frog trimmed to the
same plane.
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2017; O’Grady 2017). Various clinicians have described
trimming the lateral side of the foot aggressively when there is
a valgus deformity in an attempt to increase the ground
surface on this side of the foot (Greet and Curtis 2003).
However, it is this authors ’ opinion that the foal does not grow
suf� cient horn at this age to make an appreciable difference
and changing the medial to lateral orientation of the foot
may have detrimental effects on the immature hoof capsule
as well as the physis. Using some form of extension to
increase the ground surface of the foot and change the
forces on the physis seems to be more bene � cial (Cheramie
and O ’Grady 2003; Greet and Curtis 2003; O ’Grady 2017).

Periosteal elevation is a controversial surgery that is
routinely performed on foals with mild to moderate angular
limb deformities (Garcia-Lopez 2017). However, the author
has not referred a foal for this surgery in 20 years as the
author saw no difference when compared with foals that
had controlled exercise (brief turnout in a small paddock with
� rm footing) and the application of a hoof extension
(O’Grady unpublished data, 2014). If stall con � nement is used
initially, the mare and foal should be bedded on � rm footing
(such as a thin layer of sawdust) for the foot extensions to be
effective. Initially, the author prefers using some form of
extension to increase the ground surface area of the foot on
a given side and change the forces on the affected joint.
Some type of composite applied to the hoof wall is preferred
rather than a cuffed shoe that is attached with glue as this
type of shoe appears to restrict movement of the hoof
capsule and contracts the foot especially the heels. As noted
previously in Footcare in foals: A review part 1, the author will
not apply a composite to a foal ’ s foot before 3 weeks of age

because of the potential detrimental effects of the excessive
heat.

For carpal valgus, the composite extension is placed on
the medial side of the hoof and toward the heels which
appears to redirect the forces on the physis on the
overloaded side of the limb by moving the axis of weight
bearing towards the centre of the limb ( Fig 10). The extension
also appears to promote centreline breakover. The extension
is made from an acrylic composite mixed with � breglass
strands or a urethane composite applied directly to the foot
and shaped to the desired width. Properly applied for
maximum results, the extension should begin at the contact
point of the heel and feather up most of the length of the
wall. It should not extend dorsally beyond the junction of the
quarter and toe to be of any bene � t. Also, it should not be
built up on the sole but only tapered along the sole toward
the frog. The extension should be no wider than a vertical line
drawn from the coronet to the ground. If the extension is too
wide, it applies leverage on the attached side that will
invariably distort the hoof capsule. The extension should be
removed every 2 –3 weeks for 1 –2 days to allow the hoof wall
to dry out and not break up. Also, with chronic use, there
may be a restriction of hoof wall growth which may
contribute to long-term distortion of the wall. Strict controlled
exercise as described above is essential for this conservative
approach to be successful. In severe cases of carpal valgus
or cases that have not responded to conservative therapy,
surgery such as a transphyseal screw or staple or a wire
transphyseal bridge placed across the distal radial physis may
be necessary (Garcia-Lopez 2017; McCarrel 2017). The author
likes to combine a medial extension with the surgery,
however, it may affect the clinician ’s ability to assess the limb
to accurately determine the time for implant removal (A.
Parks, personal communication, 2012). In many cases, a
surgical procedure may be performed too early before
conservative therapy has allowed suf � cient time to correct

Fig 9: Grade 3 carpal valgus in a 2-month-old foal. [Colour
� gure can be viewed at wileyonlinelibrary.com]

Fig 10: Urethane extension placed on medial side of hoof on foal in
Figure 9. [Colour � gure can be viewed at wileyonlinelibrary.com]
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the problem. It appears that valgus angular limb deformities
involving the carpus will respond to transphyseal bridge
surgery up to 14 months of age, resulting in full correction
(Garcia-Lopez 2017; McCarrel 2017). Obviously, if the valgus
deformity renders the carpus unstable, then surgery will be
required sooner.

Fetlock varus
Varus deformities involving the fetlock are common in either
the front or hindlimb of newborn foals ( Fig 11). This deformity
can be congenital or acquired within the � rst week of life.
Fetlock varus is often confused with a foal that has a toe-in
conformation. The digit will deviate axially (toward the midline)
relative to the fetlock with fetlock varus; a foal with a toe-in
conformation will have a rotational deformity at or above the
fetlock but the digit will follow the axial alignment of the limb.
However, both conditions may occur concurrently. A fetlock
varus deformity requires early detection and treatment since
functional closure of the distal physis of the third metacarpal/
metatarsal bone is approximately 8 weeks of age. Foals with
fetlock varus should have their exercise restricted and will
generally respond to an extension applied to the lateral side of
the foot to change the forces on the lateral side of the physis.
The window of opportunity for treatment is small and the
extension should be applied at 1 –3 weeks of age. As stated
previously, the author is reluctant to apply a composite to a
foal ’s foot before 3 weeks of age. Alternatively, the author
uses a � rm impression material (Equilox Pink � ), moulds it to the
solar surface of the foal ’s foot forming an extension on the
lateral side ( Fig 12). The impression material is moulded into the
concavity of the sole and the sulci of the frog which holds it in
place; it is then secured by covering the foot with kling gauze
and then taping the extension in place with 2-inch elastic
tape. Between 3 –6 weeks of age, a composite extension can
be applied to the lateral wall as described above; however,

the results are better if correction is started shortly afte r birth. In
severe cases, surgical intervention will be necessary comb ined
with a lateral extension. If the foal is presented for treatment
after 6 weeks of age, treatment becomes dif � cult and surgery
will be necessary for correction with the overall treatment being
less effective and not as cosmetic. Many fetlock varus
deformities are not evident until 8 –10 weeks or even later and
obviously not addressed until that time. With the exception o f a
severe fetlock varus deformity; it may be ill-advised to place a
transphyseal screw at less than 6 weeks of age because of rapi d
correction at this early age which necessitates early remova l of
the implant (R. Hunt, personal communication, 2018).

Carpal varus deviations are also recognised in young foals
and weanlings. Foals that develop carpal varus from birth to
1–2 months of age often have an ‘over at the knee ’
appearance and buckle forward when standing. These foals
typically worsen with exercise and improve with rest. Dietary
control is important as is the judicious use of analgesics and
controlled exercise. Lateral extensions placed on the foot may
be useful but surgical intervention may be necessary if the
varus deformity is severe. Weanlings that develop carpal varus
are typically offset at the carpus, sometimes pigeon toed and
often have accompanying physeal dysplasia. If the physeal
dysplasia is kept under control; the deviation will often resolve.
If the condition fails to respond, surgery such as transphyseal
bridging or placement of a transphyseal screw in the physis of
the distal lateral radius may be necessary. In general, valgus
deviations are far easier to manage and are more prone to
spontaneously correct and appear much more forgiving from
a soundness standpoint than varus deviations.

Conclusions

The concept of protecting the foot from the deleterious
effects of mal-loading created by many FLDs and ALDs is just
as important as using the symptomatology as an instrument
to correct the deformity. Flexural and angular limb deformities
are often controversial and have a multitude of purported
treatments; it is therefore essential that appropriate
communication occur among the responsible parties to
avoid any misunderstanding and unnecessary or job
threatening miscommunications. Management of limb
deformities in foals, irrespective of the type, severity or origin,
are best managed through a coordinated effort between
the owner, farm manager, farrier and veterinarian. When
treating valgus and varus limb deformities especially fetlock
varus, prompt early recognition and treatment is best for

Fig 11: Left forelimb fetlock varus in a 2-week-old foal. Note the
varus deformity combined with the toe-in conformation of the
digit. [Colour � gure can be viewed at wileyonlinelibrary.com]

Fig 12: Impression material is formed to match the concavity of
the sole and hold it in place. Impression material can be trimmed
to the desired width of the lateral extension (red arrow). [Colour
� gure can be viewed at wileyonlinelibrary.com]
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atypical femur fractures have been reported in patients 
on long term bisphosphonate therapy; however, a causal 
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consistent correction. Most veterinarians are not able to
perform the farriery required to address foot and limb issues in
foals, so their reliance on a farrier becomes obvious. A
veterinarian not well versed in farriery should familiarise
themselves with good basic farriery and have a working
knowledge of this discipline. An avenue of communication
between the professions is not only necessary but mandatory.
Hoof care in the � rst few months of life is serious business and
should never be taken lightly. Appropriate farriery combined
with medical/surgical input from the veterinarian is essential
when confronted with orthopaedic disorders related to the
limbs. Farriery plays a vital role in both the development of
the hoof and the conformation of the limb. A planned foot
care programme is time consuming whereas assembly-line
trimming is quick and easy, but the former thoughtful
approach is much more rewarding with a better outcome.
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Summary
Interpretation of eosinophilia in body � uids or tissues is often
not straightforward. Eosinophil counts vary among clinically
healthy individuals, and considerable overlap can occur
between normal and affected animals in conditions such as
allergic airway disease. Parasite exposure is a confounding
factor when counts are increased, and in cases where very
high counts and dramatic clinical signs make another
disease process obvious, the underlying pathology may be
uncertain and treatment dif � cult. Eosinophils are a
component of the immune response in many diseases of the
horse, but their speci � c role is often unknown and likely
multifactorial. In helminth infections, eosinophils are assumed
to be part of the normal host response to a pathogen,
whereas in multisystemic eosinophilic epitheliotropic disease
(MEED), the predominance of eosinophils likely represents a
wildly dysregulated response, or an abnormal response
altogether. This distinction is still not clear for other diseases.
Understanding the pathways involved in recruitment,
activation or suppression of eosinophils is required for more
accurate diagnostics, effective therapeutics, and successful
strategies for prevention of eosinophil associated diseases.
Eosinophils of the horse: Part II reviews published observations
on the eosinophil in clinical diseases of the horse. The
behaviour of eosinophils in three common and relatively well-
studied conditions is presented � rst, including gastrointestinal
helminth infections, non-infectious respiratory disease, and
insect bite hypersensitivity. The less common eosinophil-
associated diseases such as eosinophilic disease con � ned to
the intestine (EDCI) and MEED are considered, followed by a
brief summary of the eosinophil in phycomycosis and
neoplasia. In conclusion, a panoramic view of the equine
eosinophil as presented in Parts I and II is placed in the larger
context of current eosinophil research, and areas of study are
identi � ed that may improve our understanding of eosinophil
biology in equine health and clinical disease.

Introduction

Eosinophils traditionally were viewed as end-effector cells in
helminth infections, a paradigm that still confounds the
clinical interpretation of eosinophilia. Their role in
noninfectious respiratory disease and other hypersensitivities
was appreciated early on, and eosinophilic responses to
various pathogens have now been identi � ed (Rothenberg
and Hogan 2006; Blanchard and Rothenberg 2009; Ravin and
Loy 2016; McBrien and Menzies-Gow 2017). The less common
‘eosinophil-associated diseases ’ , in which the eosinophil plays
a critical but indeterminate role, remain poorly understood
(Bochner et al. 2012). Horses suffer from illnesses in all of these
categories, and veterinarians have documented associated

changes in peripheral blood, body � uid and tissue eosinophils
in natural and experimental disease. Eosinophils are involved
in homeostatic pathways in other species (Marichal et al.
2017), but these have not been investigated in the horse. The
objectives of Eosinophils of the horse: Part II are to review
existing observations on eosinophils in clinical diseases, to
interpret in the context of Part I (Brosnahan 2020) and
research in other species, and to identify the salient research
questions that will further our understanding of the eosinophil
in equine health and disease.

Helminth infections

A role for eosinophils in the defence against helminths was
proposed in the early twentieth century (Klion and Nutman
2004). Parasites initiate a Th2 response at sites of invasion,
characterised by interleukin-4, interleukin-5, interleukin-9,
interleukin-10 and interleukin-13, along with IgE. Mast cells
and eosinophils are recruited, and granulomas are formed at
sites of parasite migration. Granulomas may be extensive,
located throughout the omentum and viscera including the
liver, pancreas, colon, caecum and lungs (McCraw and
Slocombe 1974, 1978; Petty et al. 1992; MacDonald et al.
2002; Ravin and Loy 2016). Responses vary contingent upon
host and parasite species, with eosinophils sometimes
facilitating rather than inhibiting parasite survival, as occurs
with some stages of Trichinella spiralis in laboratory models
(Huang and Appleton 2016). Eosinophils occur in association
with numerous internal and external parasites of the horse
(Nansen et al. 1975; MacKay and Urquhart 1979; George
et al. 1981; Potter and Leid 1986; Cogley 1989; Mohamed
et al. 1989; Soule et al. 1989; Hill et al. 2007; Wilford et al.
2013; Raftery et al. 2017; Zoll et al. 2018) such as Habronema
spp., which primarily inhabit the equine stomach but also
may cause eosinophil-replete lesions in wounds and at
mucocutaneous junctions (Mohamed et al. 1989) (Fig 1).
Clinically relevant gastrointestinal helminth infections are the
most intensively researched.

Gastrointestinal parasites of the horse
Gastrointestinal helminths are a widespread and well-studied
problem in the horse. Clinical disease is associated historically
with migratory large strongyles ( Strongylus vulgaris, S.
edentatus, S. equinus ), small strongyles (cyathostomes),
tapeworms ( Anoplocephala perfoliata ) and, in foals, ascarids
(Parascarus equorum ). Early studies sought to de � ne parasite
life cycles, but post-infection necropsies also described the
eosinophilic response (Duncan and Pirie 1975). Host immunity
and anthelmintics were the focus of later works (Bailey et al.
1989; Steuer et al. 2018). Variables exist across studies,
including dosing variations, natural versus experimental
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infection, life cycles, prior exposure and sampling times, but
general observations are summarised as follows.

Peripheral blood eosinophilia is an attribute of helminth
infection but is variable in character . Increases in peripheral
blood eosinophils (PBEs) may be sustained, transient or
biphasic, dose-dependent and with considerable individual
variation. Eosinophils peak rapidly at about 2 weeks post-
infection following P. equorum administration (Clayton and
Duncan 1977), and at about 4 to 5 weeks following S.
edentatus (McCraw and Slocombe 1974; Slocombe and
McCraw 1975) and S. vulgaris (Duncan and Pirie 1975)
infections, respectively. Eosinophil peaks occur at up to 8
weeks when both large and small strongyles are present
(Thamsborg et al. 1998). Peripheral blood eosinophilia is
variable in cases of lungworm infection in horses (MacKay
and Urquhart 1979; Urch and Allen 1980), but a more
predictable pattern is observed in donkeys (Urch and Allen
1980). A signi� cant increase in PBEs is seen in horses naturally
infected with small strongyles (Steinbach et al. 2006), but this
is not a feature of horses suffering from larval cyathostomiasis
(Giles et al. 1985). Peaks may recur at about 3 weeks in P.
equorum infections (Clayton and Duncan 1977) and up to 18
weeks in S. vulgaris (Duncan and Pirie 1975) infections
(McCraw and Slocombe 1974, 1978; Duncan and Pirie 1975;
Slocombe and McCraw, 1975; Clayton and Duncan 1977;
Thamsborg et al. 1998). Increases in PBEs may persist up to 12
weeks in mixed infections (Thamsborg et al. 1998).

Peripheral blood eosinophilia may show an anamnestic
pattern . This is a function of the host ’s integrated response to
parasites, of which one component is immunologic memory.
Peripheral blood eosinophilia peaks in secondary helminth
infections occur earlier than in primary infections in S. vulgaris
and small strongyle-infected horses, re � ecting Th2-mediated
anamnesis (Smith 1976; Bailey et al. 1989). A temporal
relationship exists between lymphocyte transformation,
complement- � xing antibodies and eosinophilia in S. vulgaris
infections. Antibody and PBE peaks are biphasic, with
antibodies preceding eosinophilia (Bailey et al. 1989). B cells,
total lymphocytes and blood viscosity secondary to
immunoglobulin production correlate with PBEs (Dixon et al.

1979). Oral inoculation is required for anamnestic eosinophilia
in S. vulgaris infections (Monahan et al. 1994).

Peripheral blood eosinophilia does not predict the severity of
helminth infection . Peripheral blood eosinophilias may be
higher in infected than na €õve horses, as occurs with S.
vulgaris , but among affected animals, no correlation is found
between PBEs and lesion severity, number of larvae or adult
worms (Bailey et al. 1984). Neither do PBEs correlate with the
adult worm burden in horses with mixed strongyle infections
(Round 1968). Isolated eosinophil counts therefore are
unreliable indicators of clinically signi � cant parasitism (Round
1973).

Tissue eosinophilia occurs in response to larval migration, with
many factors in � uencing the composition of the in � ltrate .
Eosinophils � rst appear at day 2 to 4 post-infection for many
parasites including S. edentatus, S. vulgaris and P. equorum
(McCraw and Slocombe 1974; Duncan and Pirie 1975;
Clayton and Duncan 1979b). In � ltrates variably include
neutrophils, mononuclear cells, plasma cells and
macrophages. Mast cells range from absent in studies of A.
perfoliata to prominent in studies of A. perfoliata and small
strongyles, and correlation with eosinophils is inconsistent
(Williamson et al. 1997; Collobert-Laugier et al. 2002; Pittaway
et al. 2014). Higher densities of eosinophils may be associated
with S4 larvae in S. vulgaris infections, and with L4 and
degenerative larvae in small strongyle infections (Duncan
and Pirie 1975; Steuer et al. 2018). Patterns also can be
diffuse and irregular as in P. equorum infections, likely from
persistent antigen (Clayton and Duncan 1979b). Eosinophilic
granulomas are found within organs of the thoracic and
abdominal cavities up to 72 weeks post-infection in large
strongyle infections (McCraw and Slocombe 1974, 1978; Petty
et al. 1992). In� ltrate composition is a function of parasite
species and stage, and the age of the host (Clayton and
Duncan 1979a; Petty et al. 1992; Collobert-Laugier et al.
2002). Horses over the age of 2 years show greater tissue
eosinophilia than those under 2 years in naturally acquired
small strongyle infections (Collobert-Laugier et al. 2002).
Eosinophilic granulomas appear less severe in older animals
with large strongyle infections, whereas with P. equorum
infection, eosinophilic granulomas associated with larval
remnants predominate in the older animals (Clayton and
Duncan 1979b; Petty et al. 1992). Studies of A. perfoliata
showed a correlation between tissue eosinophilia and worm
count (Pearson et al. 1993; Fogarty et al. 1994), while other
studies of S. vulgaris did not, suggesting that eosinophil
distribution in the gastrointestinal tract may be independent
of parasite exposure in some cases (Rotting et al. 2008).
Evidence exists for both resident cell activation and cell
recruitment in the defence against S. vulgaris (Dennis et al.
1988, 1993), but their relative importance is unclear. Oral,
whole-organism inoculation is required for eosinophil in � ux
into S. vulgaris-induced lesions (Monahan et al. 1994).

Eosinophils are a major effector in parasite killing but may
have additional roles . Eosinophils are the primary cell type to
adhere to, and the only type to inactivate, equine helminth
larvae. This ability is acquired in vivo, as eosinophils from
na€õve ponies cannot inactivate S. vulgaris larvae in the
presence of immune serum (Klei et al. 1992). In laboratory
species, the absence of eosinophils does not compromise

100 µm

Fig 1: Eosinophilic granulomas surround the degenerate
remnants of Habronema larvae in a lesion on the sheath of an
affected horse. Image courtesy of Dr Jason Struthers.
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parasite clearing (MacDonald et al. 2002). A role for
eosinophils in the tissue injury response is hypothesised, and
evidence from the horse supports this. Upon oral inoculation
with S. vulgaris larvae, eosinophils predominate in the ileo-
caeco-colic artery following challenge, and arterial structure
remains intact. Parenteral inoculation with larval
homogenates is followed by lymphocytic –plasmacytic
in� ltration with severe disruption of the arterial architecture
(Monahan et al. 1994). Redistribution or activation of
eosinophils also is observed after nonparasitic gastrointestinal
tract injury (Kooreman et al. 1998; Rotting et al. 2003;
McConnico et al. 2005; Chiavaccini et al. 2011; Hopster-
Iversen et al. 2011; Grosche et al. 2011a,b).

Non-infectious respiratory disease

Eosinophils are increased in peripheral blood, respiratory
secretions and lung tissue in many species with noninfectious
respiratory conditions such as asthma and COPD (Shibly et al.
2014; McBrien and Menzies-Gow 2017; McDonald 2017).
Although their pathophysiological role is unclear, in some
respiratory patients with eosinophilia disease exacerbation
occurs more commonly than in those without (McDonald
2017). While known functions of eosinophils may account for
clinical signs such as hyperresponsive airways, tissue damage
and airway remodelling (McBrien and Menzies-Gow 2017),
delineation of speci � c mechanisms has been hindered by
insuf� cient laboratory models (Rothenberg and Hogan 2006;
Blanchard and Rothenberg 2009).

Non-infectious respiratory diseases of the horse
Noninfectious respiratory disease is diagnosed frequently in
horses as recurrent airway obstruction (ROA) or in � ammatory
airway disease (IAD), conditions recently renamed as severe
and mild-to-moderate equine asthma, respectively (Couetil
et al. 2016). Historically, noninfectious airway disease was
diagnosed as ‘heaves ’ , with acknowledgement that this
clinical syndrome could be a manifestation of multiple
disease processes (Lowell 1964). Early studies sought to de � ne
the immune cell populations in respiratory secretions of
normal horses and to correlate changes with clinical
observations. Currently, the two forms of asthma are
considered to be separate entities rather than a continuum,
with increased eosinophils and mast cells in bronchoalveolar
lavage � uid (BALF) usually (Couetil et al. 2007; Couetil et al.
2016; Pirie et al. 2016), but not always (Couetil et al. 2001)
associated with IAD. A smaller body of work evaluates the
pulmonary function of horses with airway eosinophilia.
Challenges exist when drawing conclusions from these
studies, including variations in study populations, clinical
presentations, terminology, cases and control de � nitions, and
criteria for diagnosing IAD, and techniques. Eosinophil counts
may be affected by sample collection and processing
methods. Inter-rater reliability was poor for eosinophil counts
in BALF using two different counting methods (Fernandez
et al. 2013), and signi � cant differences in BALF eosinophil
counts were noted using two different slide preparation
methods (Pickles et al. 2002a). Spurious changes in eosinophil
counts were noted with increasing BALF storage temperature
(Pickles et al. 2002b). Variable correlation has been found
between eosinophils in BALF and transtracheal aspirates
across studies (Derksen et al. 1989; Hughes et al. 2003).
Considering this, observations on eosinophils in horses with

healthy and affected respiratory tracts are summarised
below.

Peripheral blood eosinophils may be increased in horses with
non-infectious respiratory disease and may decrease upon
exacerbation . In Standardbreds with poor performance,
clinical signs of airway disease and >5% eosinophils in BALF
(Hare and Viel 1998), and in horses with severe equine asthma
studied in remission (Fairbairn et al. 1996), investigators found
that PBEs were greater than in control horses. Two studies found
a decrease in PBEs during acute exacerbation of allergic
airway disease, with a rebound eosinophilia occurring in one.
This decrease was attributed to late recruitment of eosinophils
to the lungs, or to the immunosuppressive effects of
corticosteroid hormones produced in response to the
physiological stress of exacerbated respiratory disease (Lowell
1964; Fairbairn et al. 1993).

Eosinophils are variably present in the respiratory secretions of
clinically normal horses of all ages . Eosinophil counts in
respiratory secretions are generally higher in foals than adults.
Tracheobronchial aspirates (TBA) showed that about one-
third of clinically normal foals aged 1 to 6 months had >5%
eosinophils on initial examination, with nearly half having
eosinophilia on subsequent examinations, in some cases
exceeding 25% (Crane et al. 1989). In another study, clinically
normal foals aged 6 months had signi � cantly higher
eosinophil counts (2.2%) than foals aged 1 week or 1 month
(0%), and yearlings (1.5%) had a higher percentage of
eosinophils than adults (0.3%) (Hostetter et al. 2017).
Eosinophils counts are low in respiratory secretions of adults
regardless of demographics, sampling techniques including
TTA or BAL, or quanti� cation method, with differential counts
consistently under 3% (Mair et al. 1987; Derksen et al. 1989;
Sweeney et al. 1992; Dixon et al. 1995; Moore et al. 1995;
Hare and Viel 1998; Christley et al. 1999; Couetil et al. 2001;
Depecker et al. 2014; Wysocka and Klucinski 2015), or
subjectively few (Whitwell and Greet 1984; Pacheco et al.
2014). Up to 44% of horses have no eosinophils (Beech 1975;
Whitwell and Greet 1984; Sweeney et al. 1992). Rarely, a
clinically normal horse has eosinophils exceeding 10%. Counts
this high often are attributed to parasite exposure (Bracher
et al. 1991; Sweeney et al. 1992). Eosinophils are rare in nasal
passages and guttural pouches (Mair et al. 1987; Chiesa
et al. 1999).

Eosinophils are variably present in the respiratory secretions of
horses with clinical signs of non-infectious respiratory disease .
Across studies, 5 to 27% of horses with coughing, poor
performance or IAD have eosinophils in their respiratory
secretions; therefore, upwards of three-quarters of affected
animals may not have eosinophils ( Fig 2) (Beech 1975;
Whitwell and Greet 1984; Hughes et al. 2003; Hughes et al.
2011). When present, eosinophil counts are often still below
3% (Couetil et al. 2001; Richard et al. 2009; Hughes et al.
2011; Wysocka and Klucinski 2015) or subjectively scored as
few (Winder et al. 1989), but mean eosinophil counts of 3.8 to
11.8% and individual counts up to 54% are reported in horses
with poor performance or exercise intolerance (Moore et al.
1995; Hare and Viel 1998; Hughes et al. 2003). When horses
are categorised as IAD based upon BALF neutrophils or mast
cells, eosinophils are found more frequently and at higher
percentages in controls (Hughes et al. 2011).
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Tissue eosinophilia is not a prominent feature of airway wall
histology in horses with active disease . Signi� cantly greater
numbers of eosinophils are identi � ed intraluminally and in
epithelial and smooth muscle layers in control horses
compared with those with heaves, de � ned in this study as
airway in � ammation and laboured breathing at rest upon
exposure to mouldy hay (Dubuc and Lavoie 2014). This is
notable as other studies have shown that normal horse lung
contains few eosinophils and lacks eotaxin (Benarafa et al.
2000).

Respiratory secretions and histopathologic diagnoses are
poorly correlated . Horses with diffuse or focal eosinophilia
histopathologically can have similar eosinophil counts in their
respiratory secretions (Larson and Busch 1985). Notable are
horses with exercise-induced pulmonary haemorrhage (EIPH),
in which eosinophils typically are not identi � ed in tracheal or
BAL � uid samples (Dixon et al. 1995), but in post-mortem
studies, about one-third of horses ’ lungs show eosinophils
associated with areas of haemorrhage. A role in
neovascularisation is hypothesised (O ’Callaghan et al. 1987;
Gunson et al. 1988).

Speci � c clinical signs are inconsistently associated with
eosinophils . Eosinophils are not consistently associated with
coughing (Bedenice et al. 2008). Clinical signs did not differ
in IAD cases with and without eosinophilic BALF in one
study (Moore et al. 1995), although a period of exercise
intolerance coincided with transient increases in BALF
eosinophils and PBEs in horses sampled during training
(Riihimaki et al. 2008).

Eosinophils are associated with changes in lung function . In
horses with poor performance, eosinophils in BALF were
signi� cantly correlated with the impulse oscillometry system
test results irrespective of their IAD classi � cation, with IAD
diagnosed as BALF cytology having >10% neutrophils, >2%
mast cells or >1% eosinophils (Richard et al. 2009). Horses with
exercise intolerance and BALF eosinophils >5% had
signi� cantly different respiratory scores, and tidal volume and
respiratory rate at 20 h post-exercise, than controls, and

eosinophil count was correlated with respiratory score and
histamine response in all horses. The respiratory score
measures clinical characteristics such as respiratory rate and
effort, nasal and airway secretion, auscultation and cough,
and results suggest BALF eosinophilia may modify some of
these parameters and the histamine response. The reason for
a change in lung mechanics was uncertain, but this change
potentially mitigated the observed histamine responsiveness
(Hare and Viel 1998).

Long-term exposure to allergens may result in airway
eosinophilia . A radiolabelling study of horses with a diagnosis
of obstructive airway disease in remission showed increased
lung eosinophils in only two of seven horses following a 7-h
hay challenge (Fairbairn et al. 1993) but a 28-day challenge
resulted in signi � cant increases in BALF eosinophils in a group
of clinically normal horses, and eosinophils correlated with
respirable particles (Ivester et al. 2014). Platelet-activating
factor (PAF) may play a role in airway eosinophilia, as horses
receiving PAF following injection of radiolabelled eosinophils
showed transient increases in pulmonary eosinophils
irrespective of airway disease status (Fairbairn et al. 1996).
Platelet-activating factor is known to attract eosinophils and
other cell types that contribute to the clinical signs of allergic
airway disease such as bronchoconstriction (Asmis and Jorg
1990).

Allergic skin disease

Eosinophils are absent from normal skin, but abundant in
dermatologic conditions in horses and human subjects such
as atopic dermatitis, urticaria, autoimmune disease, drug
reactions, larval migrans and ectoparasites (Mathison 1995;
Hinden et al. 2012; Wilson 2014; de Graauw et al. 2015). Type
I hypersensitivity is the underlying mechanism for many of
these conditions, involving aberrant production of IgE,
secretion of Th2 cytokines, sensitisation and activation of mast
cells, and eosinophil recruitment and degranulation (Mak
2006). Eosinophils may play a role in � brosis or
immunoregulation, (de Graauw et al. 2015) and are present
during wound healing in human subjects (Lopez et al. 2014).
Many hypersensitivity reactions have been reported in the
horse (Nixon et al. 1984; Madison and Ziemer 1993; Turnquist
et al. 2001; Spoormakers et al. 2003; Palm et al. 2008;
Cocchia et al. 2012) with the best described being insect
bite sensitivity.

Insect bite hypersensitivity in the horse
Insect bite hypersensitivity (IBH) is an allergic condition that
has been described in the literature since the nineteenth
century. It is a type I hypersensitivity reaction to proteins in the
saliva of Culicoides spp. (McKelvie et al. 2001; van der
Haegen et al. 2001; Schaffartzik et al. 2012; Wilson 2014;
Woodward et al. 2014). The disease occurs globally, variably
referred to as sweet itch, Queensland itch and kasen.
Occurrence is seasonal, from late spring or early summer
through early fall. Clinical signs include pruritus, alopecia,
scaling, papules and excoriation, and older horses may be
more severely affected. Histological � ndings include oedema,
tortuous vessels and perivascular cuf � ng. Eosinophils are
consistently the predominant cell type, with extensive
in� ltration through all layers of the skin, and often associated

Magnification: 100 x 5 µm

Fig 2: Eosinophils, characterised by their large granules, are
identi � ed in the bronchoalveolar lavage � uid of a horse with
in� ammatory airway disease. Image courtesy of Dr Theresa Rizzi.
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with blood vessels ( Fig 3) (Riek 1953a,b; Baker and Quinn
1978; Kleider and Lees 1984; Kurotaki et al. 1994).

Peripheral blood eosinophils are variably increased in horses
with IBH and may be phenotypically distinct . An increase in
PBEs was a consistent � nding in one population of horses with
chronic IBH (Kleider and Lees 1984), while another had
increased circulating CD4 + and CD5 + T-cells, and
monocytes, but no difference in eosinophils (McKelvie et al.
1999). In susceptible horses, PBEs are higher in the summer,
peaking later in the day (Riek 1953a). Protein kinase C
isotypes in PBEs from ponies with IBH differ from normal
animals, but the functional signi � cance of this has not been
determined (Greenaway et al. 2003).

Tissue eosinophilia is a prominent feature of IBH, particularly in
the acute phase . Biopsies from active lesions show extensive
eosinophil in � ltration in all layers of the dermis (Baker and
Quinn 1978), and a majority of horses with chronic IBH have
signi� cant dermal in � ltration of eosinophils (Kleider and Lees
1984). Experimental in � ltration of Culicoides extract produces
eosinophils in all layers of the skin, notable at 20 min and
most prominent at 60 to 90 min (Baker and Quinn 1978).
Increased numbers of CD3 +CD4+ lymphocytes may also be
found in the super � cial and deep dermis of affected horses
(McKelvie et al. 1999), though in one study lymphocytes were
not seen in the youngest affected animals (Baker and Quinn
1978). Degranulated mast cells may be seen, and MHC class
II-positive dendritic cells are increased in developing lesions
(Kurotaki et al. 1994). Platelet-activating factor and histamine
may play a role in eosinophil recruitment, and eotaxin is
upregulated in lesions harbouring eosinophils (Foster et al.
1995a,b; Foster et al. 1998; Benarafa et al. 2002).

Eosinophil-associated diseases
Eosinophil-associated diseases (EAD) are those in which the
eosinophil plays a major, though often enigmatic, role. Rare
but debilitating, these conditions are a research priority in
human medicine (Bochner et al. 2012; Khoury et al. 2018;
O’Sullivan and Bochner 2018). Horses suffer from EADs,
including those that affect isolated body systems (Dixon et al.

1992; Lankveld 2001; Uhlhorn et al. 2006; Climent et al. 2007;
Loibl et al. 2013; Archer et al. 2014; Lassaline-Utter et al. 2014;
Luethy et al. 2017; Trimble et al. 2017), as well as multisystemic
eosinophilic epitheliotropic disease (MEED), which affects
multiple body systems simultaneously (Bosseler et al. 2013).
Lesions can occur in the gastrointestinal tract, skin, liver,
pancreas, lymph nodes, kidney, bile ducts and respiratory tract
(Bosseler et al. 2013; Pucheu-Haston and Del Piero 2013).
Published literature on these conditions is limited to case reports
and reviews of individual conditions without consideration
given to equine EADs as a whole. The underlying aetiologies of
these conditions, and how they may relate to each other or to
the diseases reviewed above, are unknown, but a diagnosis
typically is made only when there is no direct or temporal
evidence of parasites (Ramsey et al. 1994; Yamagata et al.
1996; Edwards et al. 2000; Schumacher et al. 2000; Brooks 2004;
Archer et al. 2006; Perez Olmos et al. 2006; Wolfe et al. 2010;
Lassaline-Utter et al. 2014; de Bont et al. 2018).

Focal eosinophil-associated diseases in the horse have
emerged newly or increased in occurrence since the early
1990s, with MEED appearing in the literature a decade earlier .
Eosinophilic disease con � ned to the intestine (EDCI)
(Schumacher et al. 2000) has increased in several countries
since the late 1990s (Edwards et al. 2000; Archer et al. 2006;
Proudman and Kipar 2006; Archer et al. 2014). This includes
cases previously reported as idiopathic focal eosinophilic
enteritis (IFEE), diffuse eosinophilic enteritis (DEE) and
segmental eosinophilic colitis (SEC). Eosinophilic
keratoconjunctivitis (KE) has been reported in the literature
since the early 1990s (Knickelbein et al. 2019), and is
considered an emerging disease (Gonzalez-Medina 2019).
Periodic reports of MEED have appeared in the literature
since the � rst published case in 1982 (Pucheu-Haston and Del
Piero 2013).

Occurrence of equine EADs is often seasonal . Idiopathic
focal eosinophilic enteritis has been reported most commonly
between late spring and early fall (Southwood et al. 2000;
Archer et al. 2006; Archer et al. 2014). In only one study did
this pattern not hold (Perez Olmos et al. 2006). A similar
distribution is reported for eosinophilic keratitis, with the
greatest clustering in summer months (Lassaline-Utter et al.
2014; Gonzalez-Medina 2019; Knickelbein et al. 2019). In a
MEED series, cases occurred in April and October (Nimmo
Wilkie et al. 1985).

Equine EADs may occur more often in younger animals .
Idiopathic focal eosinophilic enteritis is reported most
commonly in horses aged 5 years and younger, and risk
decreases with age (Archer et al. 2014). Large colon lesions
do not follow this pattern (Edwards et al. 2000; de Bont et al.,
2018). In one series of EK cases, all affected horses were
aged 5 years and under (Yamagata et al. 1996) but two
others showed no age predisposition (Lassaline-Utter et al.
2014; Knickelbein et al. 2019). Nearly two-thirds of individual
MEED cases reported in the literature are in horses aged 5
years and under (Bosseler et al. 2013).

Evidence for a breed predilection is inconsistent . No breed
predilection is noted in EDCI of the small intestine (Archer
et al. 2006) or small colon (de Bont et al., 2018). Warmbloods
were overrepresented in one EK series (Knickelbein et al.

20 µm

Fig 3: Degranulating eosinophils are identi � ed in a skin biopsy
from a donkey with insect bite hypersensitivity. Image courtesy of
Dr Jason Struthers.
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2019), but others show no breed predisposition (Lassaline-Utter
et al. 2014). Standardbreds and Quarter Horses are
overrepresented among MEED cases (Lindberg et al. 1985;
Sweeney et al. 1986; Schumacher et al. 2000; Bosseler et al.
2013).

Peripheral blood and body � uid eosinophilia are variable
within and among EADs. In IFEE, eosinophils may be present in
peritoneal � uid, but PBEs are typically normal (Scott et al.
1999; Southwood et al. 2000). Increased PBEs have not been
reported in EK (Lassaline-Utter et al. 2014). Horses with MEED
may (Latimer et al. 1996; Henson et al. 2002; Carmalt 2004) or
may not (Nimmo Wilkie et al. 1985) have peripheral blood
eosinophilia, and eosinophilia of peritoneal � uid or BALF may
occur (Henson et al. 2002; Singh et al. 2006). Increased
eosinophil precursors may be seen in the bone marrow in
horses with MEED (Pucheu-Haston and Del Piero 2013).

The immune cell in � ltrates are distinct in each EAD . Within
EDCI, histopathology suggests that IFEE represents an acute,
focal exacerbation of DEE. Lesions are found in the
submucosa and muscularis where eosinophils and
macrophages predominate. The mucosa in these areas
harbours predominantly T lymphocytes. Distant from the
lesions, macrophages predominate throughout, with
increased numbers of eosinophils in the submucosa relative
to the mucosa. In horses with DEE, lymphocytes
predominate in the mucosa and eosinophils in the
submucosa, with macrophages the second most abundant
cell type in these regions. Mast cells are notably absent in
both conditions, and it is hypothesised that increased
eosinophils and macrophages result from a dysfunctional
pathway involving T lymphocytes or macrophages (Makinen
et al. 2008). Lesions of segmental eosinophilic colitis of the
left dorsal colon may include normal to ulcerated mucosa
with neutrophilic and eosinophilic in � ltrates, and eosinophilic
in� ltration of the submucosa and sometimes the serosa
(Edwards et al. 2000). Lesions in the small colon are most
striking in the submucosa and muscularis, with in � ltrates that
are predominantly eosinophils and macrophages (de Bont
et al. 2018).

Characteristic EK in � ltrates consist primarily of eosinophils
with neutrophils, lymphocytes, mast cells and plasma cells.
Conjunctiva may be affected in addition to or independent
of the cornea, but surrounding skin has been normal when
examined. One or both eyes may be affected (Ramsey et al.
1994; Yamagata et al. 1996; Wolfe et al. 2010; Lassaline-Utter
et al. 2014; Gonzalez-Medina 2019).

Lesions of MEED vary widely among cases and between
tissues, but can include diffuse or focal in � ltration of
eosinophils (Pass and Bolton 1982; Breider et al. 1985; Nimmo
Wilkie et al. 1985; Platt 1986; Sanford 1989; Singh et al. 2006),
eosinophilic granulomas (Pass and Bolton 1982; Nimmo Wilkie
et al. 1985; Platt 1986; Gibson and Alders 1987; Sanford 1989;
Henson et al. 2002; Singh et al. 2006), and eosinophilic
perivasculitis (Nimmo Wilkie et al. 1985; Gibson and Alders
1987; Bosseler et al. 2013). Other cell types present include
mononuclear cells (Breider et al. 1985; Nimmo Wilkie et al.
1985; Platt 1986; Gibson and Alders 1987), macrophages (Pass
and Bolton 1982; Platt 1986; Singh et al. 2006; Bosseler et al.
2013), mast cells (Breider et al. 1985; Gibson and Alders 1987),
and basophils (Gibson and Alders 1987). One proposed

aetiology of MEED is overproliferation of Th2 cells with
increased production of eosinophil chemotactic agents (La
Perle et al. 1998; Singh et al. 2006).

Response to treatment varies with syndrome . Horses with EDCI
have a favourable prognosis. Survival with IFEE ranges from 83
to 100% with or without resection of the lesions (Southwood
et al. 2000; Archer et al. 2006; Perez Olmos et al. 2006). Similar
outcomes are obtained with resection when lesions are
located in the left dorsal or descending colon (Edwards et al.
2000; de Bont et al., 2018). The response to treatment is
favourable with EK, but involves long-term topical corticosteroid
therapy (Ramsey et al. 1994; Yamagata et al. 1996; Wolfe et al.
2010). Faster resolution occurs with systemic corticosteroids or
plaque removal, and cetirizine can reduce recurrence
(Lassaline-Utter et al. 2014). Resolution of localised, idiopathic
eosinophilic granulomas and polyps in the trachea has been
achieved surgically with or without the use of laser (Lankveld
2001; Collins et al. 2005). By contrast, horses with MEED have a
poor prognosis, with most cases subjected to euthanasia
(Nimmo Wilkie et al. 1985; Latimer et al. 1996; Henson et al.
2002; Bosseler et al. 2013; Horan et al. 2013). Clinical signs
referable to speci � c body systems are more severe in MEED; for
example, weight loss and hypoproteinaemia are features of
MEED, but not of EDCI (Schumacher et al. 2000), and fever may
be present (Pass and Bolton 1982; Platt 1986; Woods et al. 1993;
Bosseler et al. 2013). In cases treated with long-term
dexamethasone, horses were alive at follow-up 8 –17 months
later (McCue et al. 2003; Carmalt 2004).

Eosinophils in other equine diseases

Eosinophils are a prominent feature of phycomycosis
Eosinophils are mentioned rarely in equine viral and bacterial
diseases (Sells et al. 1976; Allen and Frank 1982; Madigan and
Gribble 1987; Kalsow et al. 1993; Wada et al. 2003), but may
predominate in phycomycosis (Owens et al. 1985; Souto et al.
2016). The severity of the eosinophil reaction to Pythium
insidiosum is unique, with characteristic ‘kunkers’ containing
dense eosinophil in � ltrates (Martins et al. 2012; Souto et al.
2016). The eosinophilic response does not clear hyphae, and
the pathogenesis of pythiosis arises from degranulation of
eosinophils and mast cells (Mendoza and Newton 2005).
Upon successful vaccination, macrophages and lymphocytes
replace eosinophils, suggesting that a Th1 response is curative
(Mendoza et al. 2003).

Primary eosinophilic myeloproliferative disease occurs
rarely in horses
A single case is described in a 10-month-old Standardbred
(Morris et al. 1984). Benign and malignant mast cell tumours
in foals and adults contain eosinophils (Reppas and Can � eld
1996; Brown et al. 2007; Seeliger et al. 2007; Millward et al.
2010; Junginger et al. 2016). Eosinophils are associated with
collagen degeneration in benign cutaneous mastocytoma,
but their role is unknown (McEntee 1991). Paraneoplastic
eosinophilia and MEED are reported in horses with lymphoma
(Duckett and Matthews 1997; La Perle et al. 1998).

Conclusions

An immense but fragmented body of literature describes the
equine eosinophil. Progress requires integrative studies that
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investigate the eosinophil in equine health and disease at a
molecular level. Considering the material presented in this
series and the larger body of eosinophil research, efforts to
address the following questions will be of signi � cant value.

• Do equine eosinophils express different phenotypes based
upon tissue of residence, activation status and the horse ’s
health status? Eosinophil phenotypes are recognised in
laboratory animals (Mesnil et al. 2016; Percopo et al. 2017)
and human subjects (Ying et al. 1999; Roth et al. 2011;
Khoury et al. 2018). Few attempts have been made to
identify eosinophil phenotypes in horses (Greenaway et al.
2003; Riihimaki et al. 2008). The use of advanced techniques
(Roth et al. 2011; Wilkerson et al. 2016) to identify surface
and secreted proteins in health and disease states in the
horse would � rstly improve the clinical utility of eosinophil
counts, and secondly facilitate research as described
below.

• What is the effect of age on equine eosinophil biology?
Age-related variation in eosinophil function is recognised in
human subjects (Mathur et al. 2008; Lingblom et al. 2017).
Age-associated variation in eosinophils is evident in normal
horses, response to pathogens and EADs, but molecular
mechanisms are unknown. Exogenous ACTH decreases
PBEs (Alexander and Ash 1955; James et al. 1970; Eiler
et al. 1979; Stewart et al. 2011), an effect also observed in
human subjects (Hain 1951), but effects of endogenous
ACTH on eosinophils in horses with pituitary pars intermedia
dysfunction remain uninvestigated.

• Do eosinophils perform novel functions in the horse?
Eosinophils contribute to diverse homeostatic functions in
other species such as metabolic control of adipose tissue,
transplant rejection, regulation of haematopoiesis, tissue
regeneration and angiogenesis (Lee et al. 2010; Kita 2011;
Takeda et al. 2015; Strandmark et al. 2016; De Palma et al.
2017; Weller and Spencer 2017; Knights et al. 2018; Bentley
et al. 2019). A role in tissue repair is suggested in the horse
(O’Callaghan et al. 1987; Monahan et al. 1994), but this
and other roles remain uninvestigated.

• Do parasites, anthelmintics or other drugs affect eosinophil
function and EAD occurrence? In some species, helminths
ameliorate eosinophilia in experimental diseases (Stiemsma
et al. 2015), whereas in the horse eosinophilia often is
attributed categorically to parasites despite parasite
studies showing poor correlation between PBEs and
parasite loads. Parasite life cycles are intimately related to
the eosinophilic response in horses (Monahan et al. 1994),
and tissue in � ltrates are affected by anthelmintics
(Slocombe and McCraw 1975; Herd and Donham 1981;
Nielsen et al. 2015; Steuer et al. 2018). The whole-organism
effects of parasite elimination or life cycle disruption in
horses are unknown, but it is interesting that EADs appear
around the time that accessible, effective anthelmintics
changed the dynamics of equine gastrointestinal
parasitism (Kaplan 2002). In human subjects, drug reaction
with eosinophilia and systemic symptoms (DRESS) syndrome
is a delayed response to drugs including NSAIDs and
sulfonamides (Choudhary et al. 2013). Drugs have not
been investigated as a contributing factor to EADs.

• Are there better interim pharmacologics for pathologic
eosinophilia? Corticosteroids decrease PBEs in the horse
(Targowski 1975; Simon et al. 1990), and are the mainstay
of treatment for EADs. Immunopharmacologics such as

antibodies against IL-5 and a variety of eosinophil surface
molecules, including the IL-5 receptor, are used in human
subjects. These have shown variable success depending
on the speci � c condition being treated, and clinical trials
are ongoing (Legrand and Klion 2015). These medications
have not been tested in horses.

• What triggers degranulation in vivo? Extensive mechanistic
data exist on equine eosinophil degranulation in vitro
(Lindau et al. 1994; Scepek et al. 1994; Hartmann et al.
1995; Hafez et al. 2003; Valero et al. 2008), but in vivo
knowledge is lacking.

• What is the role of mast cells and platelets? Mast cell
associations are highly variable as described above (Crane
et al. 1989; Sweeney et al. 1992; Williamson et al. 1997;
Collobert-Laugier et al. 2002; Pittaway et al. 2014; Hostetter
et al. 2017). Investigation of this other rare cell (Mair et al.
1988; Jorgensen et al. 2018) would be bene � cial. Platelets
are coming under increased scrutiny in human subjects and
laboratory models for a broader role in immunomodulation
of allergic reactions, particularly for their effect on eosinophil
recruitment and function (Shah et al. 2017).

Author ’s declaration of interests

No con � icts of interest have been declared.

Ethical animal research

Not applicable to this review of literature.

Source of funding

None.

References
Alexander, F. and Ash, R.W. (1955) The effect of emotion and

hormones on the concentration of glucose and eosinophils in
horse blood. J. Physiol. 130, 703-710.

Allen, B.V. and Frank, C.J. (1982) Haematological changes in 2 ponies
before and during an infection with equine in � uenza. Equine Vet.
J. 14, 171-172.

Archer, D.C., Edwards, G.B., Kelly, D.F., French, N.P. and Proudman,
C.J. (2006) Obstruction of equine small intestine associated with
focal idiopathic eosinophilic enteritis: an emerging disease? Vet. J.
171, 504-512.

Archer, D.C., Costain, D.A. and Sherlock, C. (2014) Idiopathic focal
eosinophilic enteritis (IFEE), an emerging cause of abdominal pain
in horses: the effect of age, time and geographical location on
risk. PLoS ONE9, e112072.

Asmis, R. and Jorg, A. (1990) Calcium-ionophore-induced formation of
platelet-activating factor and leukotrienes by horse eosinophils: a
comparative study. Eur. J. Biochem. 187, 475-480.

Bailey, M., Kent, J., Martin, S.C., Lloyd, S. and Soulsby, E.J. (1984)
Haematological and biochemical values in horses naturally
infected with Strongylus vulgaris. Vet. Rec. 115, 144-147.

Bailey, M., Martin, S.C. and Lloyd, S. (1989) Immunologic and
hematologic responses in ponies with experimentally induced
Strongylus vulgaris infection. Am. J. Vet. Res. 50, 1386-1391.

Baker, K.P. and Quinn, P.J. (1978) A report on clinical aspects and
histopathology of sweet itch. Equine Vet. J. 10, 243-248.

Bedenice, D., Mazan, M.R. and Hoffman, A.M. (2008) Association
between cough and cytology of bronchoalveolar lavage � uid
and pulmonary function in horses diagnosed with in � ammatory
airway disease. J. Vet. Intern. Med. 22, 1022-1028.

© 2020 EVJ Ltd

596 EQUINE VETERINARY EDUCATION / AE / NOVEMBER 2020





�9�2�0�3�'�/�7���/�)�=���2�9�8�6�-�)�2�8�7���*�3�6��
�3�4�8�-�1�%�0���4�)�6�*�3�6�1�%�2�'�)

�6�)�0�)�%�7�)�7���7�,�3�6�8���'�,�%�-�2���*�%�8�8�=���%�'�-�(�7

�'�3�0�3�2�-�>�)�7���-�2���8�,�)���+�9�8���
���7�8�6�3�2�+���)�2�3�9�+�,��
�8�3���6�)�%�'�,���8�,�)���,�-�2�(���+�9�8

�'�%�0�0���9�7���������������1�=���+�0�=�'�3���������������������


�+�P�]�G�S�+�Y�E�V�H���M�W���]�S�Y�V���W�S�P�Y�X�M�S�R���J�S�V���G�S�Q�T�P�I�X�I���K�Y�X���L�I�E�P�X�L����
�%�R���S�V�E�P���E�G�X�M�Z�E�X�M�I�H���1�M�G�V�S�F�M�E�P���+�I�P���X�L�E�X���Y�R�P�S�G�O�W���O�I�]��
�R�Y�X�V�M�I�R�X�W���J�S�V���Q�E�\�M�Q�Y�Q���E�F�W�S�V�T�X�M�S�R

�+�0�=�'�3�+�9�%�6�(

�4�7�0�5���9�+�6�*���6�*�'���$�'�5�6



Beech, J. (1975) Cytology of tracheobronchial aspirates in horses. Vet.
Pathol. 12, 157-164.

Benarafa, C., Cunningham, F.M., Hamblin, A.S., Horohov, D.W. and
Collins, M.E. (2000) Cloning of equine chemokines eotaxin,
monocyte chemoattractant protein (MCP)-1, MCP-2 and MCP-4,
mRNA expression in tissues and induction by IL-4 in dermal
� broblasts. Vet. Immunol. Immunopathol. 76, 283-298.

Benarafa, C., Collins, M.E., Hamblin, A.S., Sabroe, I. and Cunningham,
F.M. (2002) Characterisation of the biological activity of
recombinant equine eotaxin in vitro. Cytokine 19, 27-30.

Bentley, E.G., Pugh, G., Gledhill, L.R. and Flynn, R.J. (2019) An analysis
of the immune compartment within bovine adipose tissue. Dev.
Comp. Immunol. 100, 103411.

Blanchard, C. and Rothenberg, M.E. (2009) Biology of the eosinophil.
Adv. Immunol. 101, 81-121.

Bochner, B.S., Book, W., Busse, W.W., Butter� eld, J., Furuta, G.T., Gleich,
G.J., Klion, A.D., Lee, J.J., Leiferman, K.M., Minnicozzi, M., Moqbel,
R., Rothenberg, M.E., Schwartz, L.B., Simon, H.U., Wechsler, M.E.
and Weller, P.F. (2012) Workshop report from the National Institutes
of Health Taskforce on the Research Needs of Eosinophil-
Associated Diseases (TREAD). J. Allergy Clin. Immunol. 130, 587-596.

de Bont, M.P., Malbon, A.J., Blundell, R. and Archer, D.C. (2018)
Idiopathic eosinophilic colitis lesions of the equine small
(descending) colon. Equine Vet. Educ. 30, 466-471.

de Graauw, E., Beltraminelli, H., Simon, H.U. and Simon, D. (2015)
Eosinophilia in Dermatologic Disorders. Immunol. Allergy Clin. North
Am. 35, 545-560.

Bosseler, L., Verryken, K., Bauwens, C., de Vries, C., Deprez, P.,
Ducatelle, R. and Vandenabeele, S. (2013) Equine multisystemic
eosinophilic epitheliotropic disease: a case report and review of
literature. New Zeal. Vet. J. 61, 177-182.

Bracher, V., von Fellenberg, R., Winder, C.N., Gruenig, G., Hermann,
M. and Kraehenmann, A. (1991) An investigation of the incidence
of chronic obstructive pulmonary disease (COPD) in random
populations of Swiss horses. Equine Vet. J. 23, 136-141.

Breider, M.A., Kiely, R.G. and Edwards, J.F. (1985) Chronic eosinophilic
pancreatitis and ulcerative colitis in a horse. J. Am. Vet. Med.
Assoc. 186, 809-811.

Brooks, D.E. (2004) In� ammatory stromal keratopathies: medical
management of stromal keratomalacia, stromal abscesses,
eosinophilic keratitis, and band keratopathy in the horse. Vet Clin
North Am Equine Pract. 20, 345-360.

Brosnahan, M.M. (2020) Eosinophils of the horse: Part I: Development,
distribution, structure and biochemical mediators. Equine Vet.
Educ . 32, 545-552.

Brown, H.M., Cuttino, E. and LeRoy, B.E. (2007) A subcutaneous mass
on the neck of a horse. Vet. Clin. Pathol. 36, 109-113.

Carmalt, J. (2004) Multisystemic eosinophilic disease in a Quarter
Horse. Equine Vet. Educ. 16, 231-234.

Chiavaccini, L., Hassel, D.M., Shoemaker, M.L., Charles, J.B., Belknap, J.K.
and Ehrhart, E.J. (2011) Detection of calprotectin and apoptotic
activity within the equine colon from horses with black walnut
extract-induced laminitis. Vet. Immunol. Immunopathol. 144, 366-373.

Chiesa, O.A., Vidal, D., Domingo, M. and Cuenca, R. (1999)
Cytological and bacteriological � ndings in guttural pouch lavages
of clinically normal horses. Vet. Rec. 144, 346-349.

Choudhary, S., McLeod, M., Torchia, D. and Romanelli, P. (2013) Drug
Reaction with Eosinophilia and Systemic Symptoms (DRESS)
Syndrome. J. Clin. Aesthet. Dermatol. 6, 31-37.

Christley, R.M., Hodgson, D.R., Rose, R.J., Reid, S.W. and Hodgson, J.L.
(1999) Comparison of bacteriology and cytology of tracheal � uid
samples collected by percutaneous transtracheal aspiration or via
an endoscope using a plugged, guarded catheter. Equine Vet. J.
31, 197-202.

Clayton, H.M. and Duncan, J.L. (1977) Experimental Parascaris
equorum infection of foals. Res. Vet. Sci. 23, 109-114.

Clayton, H.M. and Duncan, J.L. (1979a) The development of immunity
to Parascaris equorum infection in the foal. Res. Vet. Sci. 26, 383-
384.

Clayton, H.M. and Duncan, J.L. (1979b) The migration and
development of Parascaris equorum in the horse. Int. J. Parasitol. 9,
285-292.

Climent, F., Carmona, J.U., Cuenca, R. and Prades, M. (2007)
Eosinophilic synovitis of the tarsocrural joint in a horse. Vet. Comp.
Orthop. Traumatol. 20, 142-145.

Cocchia, N., Paciello, O., Auletta, L., Uccello, V., Silvestro, L., Mallardo,
K., Paraggio, G. and Pasolini, M.P. (2012) Comparison of the
cytobrush, cottonswab, and low-volume uterine � ush techniques
to evaluate endometrial cytology for diagnosing endometritis in
chronically infertile mares. Theriogenol. 77, 89-98.

Cogley, T.P. (1989) Effects of migrating Gasterophilus intestinalis larvae
(Diptera: Gasterophilidae) on the mouth of the horse. Vet.
Parasitol. 31, 317-331.

Collins, N.M., Barakzai, S.Z. and Dixon, P.M. (2005) Tracheal obstruction
by an eosinophilic polyp in a horse. Equine Vet. Educ. 17, 128-131.

Collobert-Laugier, C., Hoste, H., Sevin, C., Chartier, C. and Dorchies, P.
(2002) Mast cell and eosinophil mucosal responses in the large
intestine of horses naturally infected with cyathostomes. Vet.
Parasitol. 107, 251-264.

Couetil, L.L., Rosenthal, F.S., DeNicola, D.B. and Chilcoat, C.D. (2001)
Clinical signs, evaluation of bronchoalveolar lavage � uid, and
assessment of pulmonary function in horses with in � ammatory
respiratory disease. Am. J. Vet. Res. 62, 538-546.

Couetil, L.L., Hoffman, A.M., Hodgson, J., Buechner-Maxwell, V., Viel,
L., Wood, J.L. and Lavoie, J.P. (2007) In � ammatory airway disease
of horses. J. Vet. Intern. Med. 21, 356-361.

Couetil, L.L., Cardwell, J.M., Gerber, V., Lavoie, J.P., Leguillette, R. and
Richard, E.A. (2016) In � ammatory Airway Disease of Horses-Revised
Consensus Statement. J. Vet. Intern. Med. 30, 503-515.

Crane, S.A., Ziemer, E.L. and Sweeney, C.R. (1989) Cytologic and
bacteriologic evaluation of tracheobronchial aspirates from
clinically normal foals. Am. J. Vet. Res. 50, 2042-2048.

De Palma, M., Biziato, D. and Petrova, T.V. (2017) Microenvironmental
regulation of tumour angiogenesis. Nat. Rev. Cancer 17, 457-474.

Dennis, V.A., Klei, T.R., Chapman, M.R. and Jeffers, G.W. (1988) In vivo
activation of equine eosinophils and neutrophils by experimental
Strongylus vulgaris infections. Vet. Immunol. Immunopathol. 20, 61-
74.

Dennis, V.A., Klei, T.R. and Chapman, M.R. (1993) Generation and
partial characterization of an eosinophil chemotactic cytokine
produced by sensitized equine mononuclear cells stimulated with
Strongylus vulgaris antigen. Vet. Immunol. Immunopathol. 37, 135-
149.

Depecker, M., Richard, E.A., Pitel, P.H., Fortier, G., Leleu, C. and
Courouce-Malblanc, A. (2014) Bronchoalveolar lavage � uid in
Standardbred racehorses: in � uence of unilateral/bilateral pro � les and
cut-off values on lower airway disease diagnosis. Vet. J. 199, 150-156.

Derksen, F.J., Brown, C.M., Sonea, I., Darien, B.J. and Robinson, N.E.
(1989) Comparison of transtracheal aspirate and bronchoalveolar
lavage cytology in 50 horses with chronic lung disease. Equine Vet.
J. 21, 23-26.

Dixon, J.B., Allan, D. and West, C.R. (1979) Haematological correlates
of phytohaemagglutinin-induced lymphocyte transformation in
horses. Res. Vet. Sci. 26, 59-65.

Dixon, P.M., McGorum, B.C., Long, K.J. and Else, R.W. (1992) Acute
eosinophilic interstitial pulmonary disease in a pony. Vet. Rec. 130,
367-372.

Dixon, P.M., Railton, D.I. and McGorum, B.C. (1995) Equine pulmonary
disease: a case control study of 300 referred cases. Part 3:
Ancillary diagnostic � ndings. Equine Vet. J. 27, 428-435.

Dubuc, J. and Lavoie, J.P. (2014) Airway wall eosinophilia is not a
feature of equine heaves. Vet. J. 202, 387-389.

Duckett, W.M. and Matthews, H.K. (1997) Hypereosinophilia in a horse
with intestinal lymphosarcoma. Can. Vet. J. 38, 719-720.

Duncan, J.L. and Pirie, H.M. (1975) The pathogenesis of single
experimental infections with Strongylus vulgaris in foals. Res. Vet.
Sci. 18, 82-93.

© 2020 EVJ Ltd

597EQUINE VETERINARY EDUCATION / AE / NOVEMBER 2020



Edwards, G.B., Kelly, D.F. and Proudman, C.J. (2000) Segmental
eosinophilic colitis: a review of 22 cases. Equine Vet. J. 32, Suppl.
32, 86-93.

Eiler, H., Goble, D. and Oliver, J. (1979) Adrenal gland function in the
horse: effects of cosyntropin (synthetic) and corticotropin (natural)
stimulation. Am. J. Vet. Res. 40, 724-726.

Fairbairn, S.M., Page, C.P., Lees, P. and Cunningham, F.M. (1993) Early
neutrophil but not eosinophil or platelet recruitment to the lungs of
allergic horses following antigen exposure. Clin. Exp. Allergy 23,
821-828.

Fairbairn, S.M., Marr, K.A., Lees, P., Cunningham, F.M. and Page, C.P.
(1996) Effects of platelet activating factor on the distribution of
radiolabelled leucocytes and platelets in normal horses and
asymptomatic horses with chronic obstructive pulmonary disease.
Res. Vet. Sci. 61, 107-113.

Fernandez, N.J., Hecker, K.G., Gilroy, C.V., Warren, A.L. and Leguillette,
R. (2013) Reliability of 400-cell and 5- � eld leukocyte differential
counts for equine bronchoalveolar lavage � uid. Vet. Clin. Pathol.
42, 92-98.

Fogarty, U., del Piero, F., Purnell, R.E. and Mosurski, K.R. (1994)
Incidence of Anoplocephala perfoliata in horses examined at an
Irish abattoir. Vet. Rec. 134, 515-518.

Foster, A.P., Lees, P. and Cunningham, F.M. (1995a) Actions of PAF
receptor antagonists in horses with the allergic skin disease sweet
itch. In� amm. Res. 44, 412-417.

Foster, A.P., Lees, P. and Cunningham, F.M. (1995b) Platelet activating
factor mimics antigen-induced cutaneous in � ammatory responses
in sweet itch horses. Vet. Immunol. Immunopathol. 44, 115-128.

Foster, A.P., McKelvie, J. and Cunningham, F.M. (1998) Inhibition of
antigen-induced cutaneous responses of ponies with insect
hypersensitivity by the histamine-1 receptor antagonist
chlorpheniramine. Vet. Rec. 143, 189-193.

George, L.W., Tanner, M.L., Roberson, E.L. and Burke, T.M. (1981)
Chronic respiratory disease in a horse infected with Dictyocaulus
arn � eldi. J. Am. Vet. Med. Assoc. 179, 820-822.

Gibson, K.T. and Alders, R.G. (1987) Eosinophilic enterocolitis and
dermatitis in two horses. Equine Vet. J. 19, 247-252.

Giles, C.J., Urquhart, K.A. and Longstaffe, J.A. (1985) Larval
cyathostomiasis (immature trichonema-induced enteropathy): a
report of 15 clinical cases. Equine Vet. J. 17, 196-201.

Gonzalez-Medina, S. (2019) Equine eosinophilic keratitis: An emergent
ocular condition? Equine Vet. Educ . 31, 609-616.

Greenaway, E.C., Sepulveda, M.F., Cunningham, F.M. and Goode,
N.T. (2003) Protein kinase C (PKC) isotype pro � le in eosinophils from
ponies with sweet itch and role in histamine-induced eosinophil
activation. Vet. Immunol. Immunopathol. 96, 53-63.

Grosche, A., Morton, A.J., Graham, A.S., Sanchez, L.C., Blikslager, A.T.,
Polyak, M.M. and Freeman, D.E. (2011a) Ultrastructural changes in
the equine colonic mucosa after ischaemia and reperfusion.
Equine Vet. J. 43, Suppl. 39, 8-15.

Grosche, A., Morton, A.J., Graham, A.S., Valentine, J.F., Abbott, J.R.,
Polyak, M.M. and Freeman, D.E. (2011b) Mucosal injury and
in� ammatory cells in response to brief ischaemia and reperfusion
in the equine large colon. Equine Vet. J. 43, Suppl. 39, 16-25.

Gunson, D.E., Sweeney, C.R. and Soma, L.R. (1988) Sudden death
attributable to exercise-induced pulmonary hemorrhage in
racehorses: nine cases (1981 –1983). J. Am. Vet. Med. Assoc. 193,
102-106.

van der Haegen, A., Griot-Wenk, M., Welle, M., Busato, A., von
Tscharner, C., Zurbriggen, A. and Marti, E. (2001) Immunoglobulin-E-
bearing cells in skin biopsies of horses with insect bite
hypersensitivity. Equine Vet. J. 33, 699-706.

Hafez, I., Stolpe, A. and Lindau, M. (2003) Compound exocytosis and
cumulative fusion in eosinophils. J. Biol. Chem. 278, 44921-44928.

Hain, K. (1951) Circulating eosinophils in children in health and
disease. Pediatrics 7, 408-414.

Hare, J.E. and Viel, L. (1998) Pulmonary eosinophilia associated with
increased airway responsiveness in young racing horses. J. Vet.
Intern. Med. 12, 163-170.

Hartmann, J., Scepek, S. and Lindau, M. (1995) Regulation of Granule
Size - in Human and Horse Eosinophils by Number of Fusion Events
among Unit Granules. J. Physiol.-London 483, 201-209.

Henson, F.M.D., Milner, P.I. and Sheldon, O. (2002) Multisystemic
eosinophilic epitheliotrophic disease in a Welsh pony. Equine Vet.
Educ. 14, 146-178.

Herd, R.P. and Donham, J.C. (1981) Ef � cacy of ivermectin against
cutaneous Draschia and Habronema infection (summer sores) in
horses. Am. J. Vet. Res. 42, 1953-1955.

Hill, D.E., Forbes, L., Kramer, M., Gajadhar, A. and Gamble, H.R. (2007)
Larval viability and serological response in horses with long-term
Trichinella spiralis infection. Vet. Parasitol. 146, 107-116.

Hinden, S., Klukowska-Rotzler, J., Janda, J., Marti, E.I., Gerber, V. and
Roosje, P.J. (2012) Characterization of the in � ammatory in � ltrate
and cytokine expression in the skin of horses with recurrent
urticaria. Vet. Dermatol. 23, 503-e599.

Hopster-Iversen, C., Hopster, K., Staszyk, C., Rohn, K., Freeman, D. and
Rotting, A.K. (2011) In � uence of mechanical manipulations on the
local in � ammatory reaction in the equine colon. Equine Vet. J. 32,
Suppl. 32, 1-7.

Horan, E.M., Metcalfe, L.V.A., de Swarte, M., Cahalan, S.D. and Katz,
L.M. (2013) Pulmonary and hepatic eosinophilic granulomas and
epistaxis in a horse suggestive of multi-systemic eosinophilic
epitheliotropic disease. Equine Vet. Educ. 25, 607-613.

Hostetter, S.J., Clark, S.K., Gilbertie, J.M., Wiechert, S.A., Jones, D.E. and
Sponseller, B.A. (2017) Age-related variation in the cellular
composition of equine bronchoalveolar lavage � uid. Vet. Clin.
Pathol. 46, 344-353.

Huang, L. and Appleton, J.A. (2016) Eosinophils in Helminth Infection:
Defenders and Dupes. Trends Parasitol. 32, 798-807.

Hughes, K.J., Malikides, N., Hodgson, D.R. and Hodgson, J.L. (2003)
Comparison of tracheal aspirates and bronchoalveolar lavage in
racehorses. 1. Evaluation of cytological stains and the percentage
of mast cells and eosinophils. Aust. Vet. J. 81, 681-684.

Hughes, K.J., Nicolson, L., Da Costa, N., Franklin, S.H., Allen, K.J. and
Dunham, S.P. (2011) Evaluation of cytokine mRNA expression in
bronchoalveolar lavage cells from horses with in � ammatory airway
disease. Vet. Immunol. Immunopathol. 140, 82-89.

Ivester, K.M., Couetil, L.L., Moore, G.E., Zimmerman, N.J. and Raskin,
R.E. (2014) Environmental exposures and airway in � ammation in
young thoroughbred horses. J. Vet. Intern. Med. 28, 918-924.

James, V.H., Horner, M.W., Moss, M.S. and Rippon, A.E. (1970)
Adrenocortical function in the horse. J. Endocrinol. 48, 319-335.

Jorgensen, E., Lazzarini, G., Pirone, A., Jacobsen, S. and Miragliotta, V.
(2018) Normal microscopic anatomy of equine body and limb skin:
A morphological and immunohistochemical study. Gesellschaft
218, 205-212.

Junginger, J., Geburek, F., Khan, M.A., Muller, G., Gruber, A.D. and
Hewicker-Trautwein, M. (2016) Cutaneous form of maculopapular
mastocytosis in a foal. Vet. Dermatol. 27, 202-e251.

Kalsow, C.M., Dwyer, A.E., Smith, A.W. and Nifong, T.P. (1993) Pinealitis
accompanying equine recurrent uveitis. Br. J. Ophthalmol. 77, 46-48.

Kaplan, R.M. (2002) Anthelmintic resistance in nematodes of horses.
Vet. Res. 33, 491-507.

Khoury, P., Akuthota, P., Ackerman, S.J., Arron, J.R., Bochner, B.S.,
Collins, M.H., Kahn, J.E., Fulkerson, P.C., Gleich, G.J., Gopal-
Srivastava, R., Jacobsen, E.A., Leiferman, K.M., Francesca, L.S.,
Mathur, S.K., Minnicozzi, M., Prussin, C., Rothenberg, M.E., Roufosse,
F., Sable, K., Simon, D., Simon, H.U., Spencer, L.A., Steinfeld, J.,
Wardlaw, A.J., Wechsler, M.E., Weller, P.F. and Klion, A.D. (2018)
Revisiting the NIH Taskforce on the Research needs of Eosinophil-
Associated Diseases (RE-TREAD). J. Leukoc. Biol. 104, 69-83.

Kita, H. (2011) Eosinophils: multifaceted biological properties and roles
in health and disease. Immunol. Rev. 242, 161-177.

Klei, T.R., Chapman, M.R. and Dennis, V.A. (1992) Role of the
eosinophil in serum-mediated adherence of equine leukocytes to
infective larvae of Strongylus vulgaris. J. Parasitol. 78, 477-484.

Kleider, N. and Lees, M.J. (1984) Culicoides hypersensitivity in the horse:
15 cases in southwestern british columbia. Can. Vet. J. 25, 26-32.

© 2020 EVJ Ltd

598 EQUINE VETERINARY EDUCATION / AE / NOVEMBER 2020



Klion, A.D. and Nutman, T.B. (2004) The role of eosinophils in host
defense against helminth parasites. J. Allergy Clin. Immunol. 113,
30-37.

Knickelbein, K.E., Luethy, D., Thomasy, S.M., Reilly, C., Strom, A.R. and
Lassaline, M.E. (2019) Equine eosinophilic keratoconjunctivitis in
California: retrospective study of 47 eyes from 29 cases (1993 –
2017). Vet. Ophthalmol. 22, 510-519.

Knights, A.J., Vohralik, E.J., Hoehn, K.L., Crossley, M. and Quinlan,
K.G.R. (2018) De� ning eosinophil function in adiposity and weight
loss. BioEssays40, e1800098.

Kooreman, K., Babbs, C. and Fessler, J. (1998) Effect of ischemia and
reperfusion on oxidative processes in the large colon and jejunum
of horses. Am. J. Vet. Res. 59, 340-346.

Kurotaki, T., Narayama, K., Oyamada, T., Yoshikawa, H. and
Yoshikawa, T. (1994) Immunopathological study on equine insect
hypersensitivity ("kasen") in Japan. J. Comp. Pathol. 110,
145-152.

La Perle, K.M., Piercy, R.J., Long, J.F. and Blomme, E.A. (1998)
Multisystemic, eosinophilic, epitheliotropic disease with intestinal
lymphosarcoma in a horse. Vet. Pathol. 35, 144-146.

Lankveld, D.P.K. (2001) Tracheal obstruction by an eosinophilic
granuloma in a horse: surgical and Nd:YAG laser treatment.
Equine Vet. Educ. 13, 309-312.

Larson, V.L. and Busch, R.H. (1985) Equine tracheobronchial lavage:
comparison of lavage cytologic and pulmonary histopathologic
� ndings. Am. J. Vet. Res. 46, 144-146.

Lassaline-Utter, M., Miller, C. and Wotman, K.L. (2014) Eosinophilic
keratitis in 46 eyes of 27 horses in the Mid-Atlantic United States
(2008–2012). Vet. Ophthalmol. 17, 311-320.

Latimer, K.S., Bounous, D.I., Colatos, C., Carmichael, K.P. and Howerth,
E.W. (1996) Extreme eosinophilia with disseminated eosinophilic
granulomatous disease in a horse. Vet. Clin. Pathol. 25, 23-26.

Lee, J.J., Jacobsen, E.A., McGarry, M.P., Schleimer, R.P. and Lee, N.A.
(2010) Eosinophils in health and disease: the LIAR hypothesis. Clin.
Exp. Allergy 40, 563-575.

Legrand, F. and Klion, A.D. (2015) Biologic therapies targeting
eosinophils: current status and future prospects. J. Allergy Clin.
Immunol. 3, 167-174.

Lindau, M., Hartmann, J. and Scepek, S. (1994) Three distinct fusion
processes during eosinophil degranulation. Ann. N. Y. Acad. Sci.
710, 232-247.

Lindberg, R., Persson, S.G., Jones, B., Thoren-Tolling, K. and Ederoth, M.
(1985) Clinical and pathophysiological features of granulomatous
enteritis and eosinophilic granulomatosis in the horse. Zentralbl.
Veterinarmed. [A] 32, 526-539.

Lingblom, C., Kappi, T., Bergquist, H., Bove, M., Arkel, R., Saalman, R.
and Wenneras, C. (2017) Differences in eosinophil molecular
pro � les between children and adults with eosinophilic esophagitis.
Allergy 72, 1406-1414.

Loibl, J., Thaller, D., Van den Hoven, R. and Schwarz, B. (2013)
Idiopathic eosinophilic meningoencephalitis in a Dutch
Warmblood gelding. Equine Vet. Educ. 25, 166-170.

Lopez, N., Cervero, S., Jimenez, M.J. and Sanchez, J.F. (2014) Cellular
characterization of wound exudate as a predictor of wound
healing phases. Wounds 26, 101-107.

Lowell, F.C. (1964) Observations on heaves. An asthma-like syndrome
in the horse. J. Allergy 35, 322-330.

Luethy, D., Slack, J., Kraus, M.S., Gelzer, A.R., Habecker, P. and
Johnson, A.L. (2017) Third-Degree atrioventricular block and
collapse associated with eosinophilic myocarditis in a horse. J. Vet.
Intern. Med. 31, 884-889.

MacDonald, A.S., Araujo, M.I. and Pearce, E.J. (2002) Immunology of
parasitic helminth infections. Infect. Immun. 70, 427-433.

MacKay, R.J. and Urquhart, K.A. (1979) An outbreak of eosinophilic
bronchitis in horses possibly associated with Dictyocaulus arn � eldi
infection. Equine Vet. J. 11, 110-112.

Madigan, J.E. and Gribble, D. (1987) Equine ehrlichiosis in northern
California: 49 cases (1968 –1981). J. Am. Vet. Med. Assoc. 190, 445-
448.

Madison, J.B. and Ziemer, E.L. (1993) Eosinophilic synovitis following the
intra-articular injection of bacterial antigen in horses. Res. Vet. Sci.
54, 256-258.

Mair, T.S., Stokes, C.R. and Bourne, F.J. (1987) Cellular content of
secretions obtained by lavage from different levels of the equine
respiratory tract. Equine Vet. J. 19, 458-462.

Mair, T.S., Stokes, C.R. and Bourne, F.J. (1988) Distribution and
ultrastructure of mast cells in the equine respiratory tract. Equine
Vet. J. 20, 54-58.

Mak, T.W. (2006) Allergy and Hypersensitivity. In: The Immune
Response: Basic and Clinical Principles . Eds: T.W. Mak and M.E.
Saunders. Elsevier, San Diego. pp 923-962.

Makinen, P.E., Archer, D.C., Baptiste, K.E., Malbon, A., Proudman, C.J.
and Kipar, A. (2008) Characterisation of the in � ammatory reaction
in equine idiopathic focal eosinophilic enteritis and diffuse
eosinophilic enteritis. Equine Vet. J. 40, 386-392.

Marichal, T., Mesnil, C. and Bureau, F. (2017) Homeostatic eosinophils:
Characteristics and functions. Front. Med. 4, 101.

Martins, T.B., Kommers, G.D., Trost, M.E., Inkelmann, M.A., Fighera, R.A.
and Schild, A.L. (2012) A comparative study of the histopathology
and immunohistochemistry of pythiosis in horses, dogs and cattle.
J. Comp. Pathol. 146, 122-131.

Mathison, P.T. (1995) Eosinophilic nodular dermatoses. Vet. Clin. N. Am.
Equine Pract. 11, 75-89.

Mathur, S.K., Schwantes, E.A., Jarjour, N.N. and Busse, W.W. (2008)
Age-related changes in eosinophil function in human subjects.
Chest 133, 412-419.

McBrien, C.N. and Menzies-Gow, A. (2017) The biology of eosinophils
and their role in asthma. Front. Med. 4, 93.

McConnico, R.S., Stokes, A.M., Eades, S.C. and Moore, R.M. (2005)
Investigation of the effect of black walnut extract on in vitro ion
transport and structure of equine colonic mucosa. Am. J. Vet. Res.
66, 443-449.

McCraw, B.M. and Slocombe, J.O. (1974) Early development of and
pathology associated with Strongylus edentatus. Can. J. Comp.
Med. 38, 124-138.

McCraw, B.M. and Slocombe, J.O. (1978) Strongylus edentatus:
development and lesions from ten weeks postinfection to
patency. Can. J. Comp. Med. 42, 340-356.

McCue, M.E., Davis, E.G., Rush, B.R., Cox, J.H. and Wilkerson, M.J. (2003)
Dexamethasone for treatment of multisystemic eosinophilic
epitheliotropic disease in a horse. J. Am. Vet. Med. Assoc. 223, 1281.

McDonald, C.F. (2017) Eosinophil biology in COPD. New Engl. J. Med.
377, 1680-1682.

McEntee, M.F. (1991) Equine cutaneous mastocytoma: morphology,
biological behaviour and evolution of the lesion. J. Comp. Pathol.
104, 171-178.

McKelvie, J., Foster, A.P., Cunningham, F.M. and Hamblin, A.S. (1999)
Characterisation of lymphocyte subpopulations in the skin and
circulation of horses with sweet itch (Culicoides hypersensitivity).
Equine Vet. J. 31, 466-472.

McKelvie, J., Foster, A.P., Hamblin, A.S. and Cunningham, F.M. (2001)
Culicoides antigen extract stimulates equine blood mononuclear
(BMN) cell proliferation and the release of eosinophil adherence-
inducing factor(s). Res. Vet. Sci. 70, 115-122.

Mendoza, L. and Newton, J.C. (2005) Immunology and
immunotherapy of the infections caused by Pythium insidiosum.
Med. Mycol. 43, 477-486.

Mendoza, L., Mandy, W. and Glass, R. (2003) An improved Pythium
insidiosum-vaccine formulation with enhanced immunotherapeutic
properties in horses and dogs with pythiosis. Vaccine 21, 2797-2804.

Mesnil, C., Raulier, S., Paulissen, G., Xiao, X., Birrell, M.A., Pirottin, D.,
Janss, T., Starkl, P., Ramery, E., Henket, M., Schleich, F.N.,
Radermecker, M., Thielemans, K., Gillet, L., Thiry, M., Belvisi, M.G.,
Louis, R., Desmet, C., Marichal, T. and Bureau, F. (2016) Lung-
resident eosinophils represent a distinct regulatory eosinophil
subset. J. Clin. Invest. 126, 3279-3295.

Millward, L.M., Hamberg, A., Mathews, J., Machado-Parrula, C.,
Premanandan, C., Hurcombe, S.D., Radin, M.J. and Wellman, M.L.

© 2020 EVJ Ltd

599EQUINE VETERINARY EDUCATION / AE / NOVEMBER 2020



(2010) Multicentric mast cell tumors in a horse. Vet. Clin. Pathol. 39,
365-370.

Mohamed, F.H.A., Abu Samra, M.T., Ibrahim, K.E.E. and Idris, S.O.
(1989) Cutaneous habronemiasis in horses and domestic donkeys
(equus asinus asinus). Helminthologie 42, 535-540.

Monahan, C.M., Taylor, H.W., Chapman, M.R. and Klei, T.R. (1994)
Experimental immunization of ponies with Strongylus vulgaris
radiation-attenuated larvae or crude soluble somatic extracts from
larval or adult stages. J. Parasitol. 80, 911-923.

Moore, B.R., Krakowka, S., Robertson, J.T. and Cummins, J.M. (1995)
Cytologic evaluation of bronchoalveolar lavage � uid obtained
from standardbred racehorses with in � ammatory airway disease.
Am. J. Vet. Res. 56, 562-567.

Morris, D.D., Bloom, J.C., Roby, K.A., Woods, K. and Tablin, F. (1984)
Eosinophilic myeloproliferative disorder in a horse. J. Am. Vet. Med.
Assoc. 185, 993-996.

Nansen, P., Andersen, S. and Hesselholt, M. (1975) Experimental infection
of the horse with Fasciola hepatica. Exp. Parasitol. 37, 15-19.

Nielsen, M.K., Loynachan, A.T., Jacobsen, S., Stewart, J.C.,
Reinemeyer, C.R. and Horohov, D.W. (2015) Local and systemic
in� ammatory and immunologic reactions to cyathostomin
larvicidal therapy in horses. Vet. Immunol. Immunopathol. 168, 203-
210.

Nimmo Wilkie, J.S., Yager, J.A., Nation, P.N., Clark, E.G., Townsend,
H.G. and Baird, J.D. (1985) Chronic eosinophilic dermatitis: a
manifestation of a multisystemic, eosinophilic, epitheliotropic
disease in � ve horses. Vet. Pathol. 22, 297-305.

Nixon, A.J., Stashak, T.S., Smith, F.W. and Norrdin, R.W. (1984)
Comparison of carbon � bre and nylon suture for repair of
transected � exor tendons in the horse. Equine Vet. J. 16, 93-102.

O’Callaghan, M.W., Pascoe, J.R., Tyler, W.S. and Mason, D.K. (1987)
Exercise-induced pulmonary haemorrhage in the horse: results of a
detailed clinical, post mortem and imaging study. V. Microscopic
observations. Equine Vet. J. 19, 411-418.

O’Sullivan, J.A. and Bochner, B.S. (2018) Eosinophils and eosinophil-
associated diseases: An update. J. Allergy Clin. Immunol. 141, 505-
517.

Owens, W.R., Miller, R.I., Haynes, P.F. and Snider, T.G. 3rd (1985)
Phycomycosis caused by Basidiobolus haptosporus in two horses.
J. Am. Vet. Med. Assoc. 186, 703-705.

Pacheco, A.P., Paradis, M.R., Hoffman, A.M., Hermida, P., Sanchez, A.,
Nadeau, J.A., Tufts, M. and Mazan, M.R. (2014) Age effects on
blood gas, spirometry, airway reactivity, and bronchoalveolar
lavage � uid cytology in clinically healthy horses. J. Vet. Intern.
Med. 28, 603-608.

Palm, F., Walter, I., Budik, S., Kolodziejek, J., Nowotny, N. and Aurich,
C. (2008) In � uence of different semen extenders and seminal
plasma on PMN migration and on expression of IL-1beta, IL-6, TNF-
alpha and COX-2 mRNA in the equine endometrium. Theriogenol.
70, 843-851.

Pass, D.A. and Bolton, J.R. (1982) Chronic eosinophilic gastroenteritis in
the horse. Vet. Pathol. 19, 486-496.

Pearson, G.R., Davies, L.W., White, A.L. and O ’Brien, J.K. (1993)
Pathological lesions associated with Anoplocephala perfoliata at
the ileo-caecal junction of horses. Vet. Rec. 132, 179-182.

Percopo, C.M., Brenner, T.A., Ma, M., Kraemer, L.S., Hakeem, R.M.,
Lee, J.J. and Rosenberg, H.F. (2017) SiglecF +Gr1hi eosinophils are a
distinct subpopulation within the lungs of allergen-challenged
mice. J. Leukoc. Biol. 101, 321-328.

Perez Olmos, J.F., Scho� eld, W.L., Dillon, H., Sadlier, M. and Fogarty, U.
(2006) Circumferential mural bands in the small intestine causing
simple obstructive colic: a case series. Equine Vet. J. 38, 354-359.

Petty, D.P., Lange, A.L., Verster, A. and Hattingh, J. (1992) Necropsies
of eight horses infected with Strongylus equinus and Strongylus
edentatus. J. S. Afr. Vet. Assoc. 63, 66-69.

Pickles, K., Pirie, R.S., Rhind, S., Dixon, P.M. and McGorum, B.C. (2002a)
Cytological analysis of equine bronchoalveolar lavage � uid. Part 2:
Comparison of smear and cytocentrifuged preparations. Equine
Vet. J. 34, 292-296.

Pickles, K., Pirie, R.S., Rhind, S., Dixon, P.M. and McGorum, B.C. (2002b)
Cytological analysis of equine bronchoalveolar lavage � uid. Part 3:
The effect of time, temperature and � xatives. Equine Vet. J. 34,
297-301.

Pirie, R.S., Couetil, L.L., Robinson, N.E. and Lavoie, J.P. (2016) Equine
asthma: An appropriate, translational and comprehendible
terminology? Equine Vet. J. 48, 403-405.

Pittaway, C.E., Lawson, A.L., Coles, G.C. and Wilson, A.D. (2014)
Systemic and mucosal IgE antibody responses of horses to
infection with Anoplocephala perfoliata. Vet. Parasitol. 199,
32-41.

Platt, H. (1986) Chronic in � ammatory and lymphoproliferative lesions
of the equine small intestine. J. Comp. Pathol. 96, 671-684.

Potter, K.A. and Leid, R.W. (1986) Isolation and partial characterization
of an eosinophil chemotactic factor from metacestodes of Taenia
taeniaeformis (ECF-Tt). J. Immunol. 136, 1712-1717.

Proudman, C.J. and Kipar, A. (2006) IFEE: new acronym, new
challenge. Equine Vet. J. 38, 290-291.

Pucheu-Haston, C.M. and Del Piero, F. (2013) Equine multi-systemic
eosinophilic epitheliotropic disease. Equine Vet. Educ. 25, 614-617.

Raftery, A.G., Berman, K.G. and Sutton, D.G.M. (2017) Severe
eosinophilic cholangiohepatitis due to � uke infestation in a pony in
Scotland. Equine Vet. Educ. 29, 196-201.

Ramsey, D.T., Whiteley, H.E., Gerding, P.A. Jr and Valdez, R.A. (1994)
Eosinophilic keratoconjunctivitis in a horse. J. Am. Vet. Med. Assoc.
205, 1308-1311.

Ravin, K.A. and Loy, M. (2016) The eosinophil in infection. Clin. Rev.
Allerg. Immunol. 50, 214-227.

Reppas, G.P. and Can � eld, P.J. (1996) Malignant mast cell neoplasia
with local metastasis in a horse. New Zeal. Vet. J. 44, 22-25.

Richard, E.A., Fortier, G.D., Denoix, J.M., Art, T., Lekeux, P.M. and Van
Erck, E. (2009) In� uence of subclinical in � ammatory airway disease
on equine respiratory function evaluated by impulse oscillometry.
Equine Vet. J. 41, 384-389.

Riek, R.F. (1953a) Studies on allergic dermatitis ("Queensland Itch") of
the horse I. Description, distribution, symptoms and pathology.
Aust. Vet. J. 29, 177-184.

Riek, R.F. (1953b) Studies on allergic dermatitis of the horse II.
Treatment and control. Aust. Vet. J. 29, 185-187.

Riihimaki, M., Lilliehook, I., Raine, A., Berg, M. and Pringle, J. (2008)
Clinical alterations and mRNA levels of IL-4 and IL-5 in
bronchoalveolar cells of horses with transient pulmonary
eosinophilia. Res. Vet. Sci. 85, 52-55.

Roth, N., Stadler, S., Lemann, M., Hosli, S., Simon, H.U. and Simon, D.
(2011) Distinct eosinophil cytokine expression patterns in skin
diseases - the possible existence of functionally different eosinophil
subpopulations. Allergy 66, 1477-1486.

Rothenberg, M.E. and Hogan, S.P. (2006) The eosinophil. Annu. Rev.
Immunol. 24, 147-174.

Rotting, A.K., Freeman, D.E., Eurell, J.A., Constable, P.D. and Wallig, M.
(2003) Effects of acetylcysteine and migration of resident
eosinophils in an in vitro model of mucosal injury and restitution in
equine right dorsal colon. Am. J. Vet. Res. 64, 1205-1212.

Rotting, A.K., Freeman, D.E., Constable, P.D., Moore, R.M., Eurell,
J.C., Wallig, M.A. and Hubert, J.D. (2008) The effects of
Strongylus vulgaris parasitism on eosinophil distribution and
accumulation in equine large intestinal mucosa. Equine Vet. J.
40, 379-384.

Round, M.C. (1968) The course of naturally acquired helminth
infections of horses given regular anthelmintic treatment. Res. Vet.
Sci. 9, 583-590.

Round, M.C. (1973) Letter: Parasitism in equines. Vet. Rec. 93, 547.

Sanford, S.E. (1989) Multisystemic eosinophilic epitheliotropic disease in
a horse. Can. Vet. J. 30, 253-254.

Scepek, S., Moqbel, R. and Lindau, M. (1994) Compound exocytosis
and cumulative degranulation by eosinophils and their role in
parasite killing. Parasitol. Today 10, 276-278.

© 2020 EVJ Ltd

600 EQUINE VETERINARY EDUCATION / AE / NOVEMBER 2020



Schaffartzik, A., Hamza, E., Janda, J., Crameri, R., Marti, E. and Rhyner,
C. (2012) Equine insect bite hypersensitivity: what do we know?
Vet. Immunol. Immunopathol. 147, 113-126.

Schumacher, J., Edwards, J.F. and Cohen, N.D. (2000) Chronic
idiopathic in � ammatory bowel diseases of the horse. J. Vet. Intern.
Med. 14, 258-265.

Scott, E.A., Heidel, J.R., Snyder, S.P., Ramirez, S. and Whitler, W.A.
(1999) In� ammatory bowel disease in horses: 11 cases (1988 –1998).
J. Am. Vet. Med. Assoc. 214, 1527-1530.

Seeliger, F., Hess, O., Propsting, M.J., Naim, H.Y., Kleinschmidt, S.,
Woehrmann, T., Germann, P.G. and Baumgartner, W. (2007)
Confocal laser scanning analysis of an equine oral mast cell tumor
with atypical expression of tyrosine kinase receptor C-KIT. Vet.
Pathol. 44, 225-228.

Sells, D.M., Hildebrandt, P.K., Lewis, G.E. Jr, Nyindo, M.B. and Ristic, M.
(1976) Ultrastructural observations on Ehrlichia equi organisms in
equine granulocytes. Infect. Immun. 13, 273-280.

Shah, S.A., Page, C.P. and Pitchford, S.C. (2017) Platelet-eosinophil
interactions as a potential therapeutic target in allergic
in� ammation and asthma. Front Med. 4, 129.

Shibly, S., Klang, A., Galler, A., Schwendenwein, I., Christian, M., Guija,
A., Tichy, A. and Hirt, R.A. (2014) Architecture and in � ammatory
cell composition of the feline lung with special consideration of
eosinophil counts. J. Comp. Pathol. 150, 408-415.

Simon, F., Laczay, P., Mora, Z. and Lehel, J. (1990) Target animal safety
test of a dexamethasone-prednisolone combination in horses.
Dtsch. Tierarztl. Wochenschr. 97, 342.

Singh, K., Holbrook, T.C., Gilliam, L.L., Cruz, R.J., Duffy, J. and Confer,
A.W. (2006) Severe pulmonary disease due to multisystemic
eosinophilic epitheliotropic disease in a horse. Vet. Pathol. 43, 189-
193.

Slocombe, J.O. and McCraw, B.M. (1975) Suppression of the
pathogenic effects of Strongylus edentatus larvae with
thiabendazole. Can. J. Comp. Med. 39, 256-260.

Smith, H.J. (1976) Strongyle infections in ponies. II. Reinfection of
treated animals. Can. J. Comp. Med. 40, 334-340.

Soule, C., Dupouy-Camet, J., Georges, P., Ancelle, T., Gillet, J.P.,
Vaissaire, J., Delvigne, A. and Plateau, E. (1989) Experimental
trichinellosis in horses: biological and parasitological evaluation.
Vet. Parasitol. 31, 19-36.

Southwood, L.L., Kawcak, C.E., Trotter, G.W., Stashak, T.S. and Frisbie,
D.D. (2000) Idiopathic focal eosinophilic enteritis associated with
small intestinal obstruction in 6 horses. Vet. Surg. 29,
415-419.

Souto, E.P.F., Maia, L.A., Olinda, R.G., Galiza, G.J.N., Kommers, G.D.,
Miranda-Neto, E.G., Dantas, A.F.M. and Riet-Correa, F. (2016)
Pythiosis in the nasal cavity of horses. J. Comp. Pathol. 155, 126-129.

Spoormakers, T.J., Klein, W.R., Jacobs, J.J., Van Den Ingh, T.S., Koten,
J.W. and Den Otter, W. (2003) Comparison of the ef � cacy of local
treatment of equine sarcoids with IL-2 or cisplatin/IL-2. Cancer
Immunol. Immunother. 52, 179-184.

Steinbach, T., Bauer, C., Sasse, H., Baumgartner, W., Rey-Moreno, C.,
Hermosilla, C., Damriyasa, I.M. and Zahner, H. (2006) Small
strongyle infection: consequences of larvicidal treatment of horses
with fenbendazole and moxidectin. Vet. Parasitol. 139, 115-131.

Steuer, A.E., Loynachan, A.T. and Nielsen, M.K. (2018) Evaluation of
the mucosal in � ammatory responses to equine cyathostomins in
response to anthelmintic treatment. Vet. Immunol. Immunopathol.
199, 1-7.

Stewart, A.J., Behrend, E.N., Wright, J.C., Martin, L.G., Kemppainen,
R.J., Busch, K.A. and Hanson, R.R. (2011) Validation of a low-dose
ACTH stimulation test in healthy adult horses. J. Am. Vet. Med.
Assoc. 239, 834-841.

Stiemsma, L.T., Reynolds, L.A., Turvey, S.E. and Finlay, B.B. (2015) The
hygiene hypothesis: current perspectives and future therapies.
ImmunoTargets Ther. 4, 143-157.

Strandmark, J., Rausch, S. and Hartmann, S. (2016) Eosinophils in
Homeostasis and Their Contrasting Roles during In � ammation and
Helminth Infections. Crit. Rev. Immunol. 36, 193-238.

Sweeney, R.W., Sweeney, C.R., Saik, J. and Lichtensteiger, C.A. (1986)
Chronic granulomatous bowel disease in three sibling horses. J.
Am. Vet. Med. Assoc. 188, 1192-1194.

Sweeney, C.R., Humber, K.A. and Roby, K.A. (1992) Cytologic � ndings
of tracheobronchial aspirates from 66 thoroughbred racehorses.
Am. J. Vet. Res. 53, 1172-1175.

Takeda, K., Shiraishi, Y., Ashino, S., Han, J., Jia, Y., Wang, M., Lee, N.A.,
Lee, J.J. and Gelfand, E.W. (2015) Eosinophils contribute to the
resolution of lung-allergic responses following repeated allergen
challenge. J. Allergy Clin. Immunol. 135, 451-460.

Targowski, S.P. (1975) Effect of prednisolone on the leukocyte counts
of ponies and on the reactivity of lymphocytes in vitro and in vivo.
Infect. Immun. 11, 252-256.

Thamsborg, S.M., Leifsson, P.S., Grondahl, C., Larsen, M. and Nansen,
P. (1998) Impact of mixed strongyle infections in foals after one
month on pasture. Equine Vet. J. 30, 240-245.

Trimble, A.C., Beard, L.A. and Davis, E.G. (2017) A case of idiopathic
eosinophilic pneumonia in a Quarter Horse gelding. Equine Vet.
Educ. 31, 62-66.

Turnquist, S.E., Ostlund, E.N., Kreeger, J.M. and Turk, J.R. (2001) Foxtail-
induced ulcerative stomatitis outbreak in a Missouri stable. J. Vet.
Diagn. Invest. 13, 238-240.

Uhlhorn, M., Hurst, M. and Demmers, S. (2006) Disseminated
eosinophilic pulmonary granulomas in a pony. Equine Vet. Educ.
18, 178-181.

Urch, D.L. and Allen, W.R. (1980) Studies on fenbendazole for treating
lung and intestinal parasites in horses and donkeys. Equine Vet. J.
12, 74-77.

Valero, V., Nevian, T., Ho, D. and Lindau, M. (2008) Tethering forces of
secretory granules measured with optical tweezers. Biophys. J. 95,
4972-4978.

Wada, S., Yoshinari, M., Katayama, Y., Anzai, T., Wada, R. and
Akuzawa, M. (2003) Nonulcerative keratouveitis as a manifestation
of Leptospiral infection in a horse. Vet. Ophthalmol. 6, 191-195.

Weller, P.F. and Spencer, L.A. (2017) Functions of tissue-resident
eosinophils. Nat. Rev. Immunol. 17, 746-760.

Whitwell, K.E. and Greet, T.R. (1984) Collection and evaluation of
tracheobronchial washes in the horse. Equine Vet. J. 16, 499-508.

Wilford, S., Weller, R. and Dunkel, B. (2013) Successful treatment of a
horse with presumed parasitic encephalitis. Equine Vet. Educ. 25,
601-604.

Wilkerson, E.M., Johansson, M.W., Hebert, A.S., Westphall, M.S., Mathur,
S.K., Jarjour, N.N., Schwantes, E.A., Mosher, D.F. and Coon, J.J.
(2016) The peripheral blood eosinophil proteome. J. Proteome Res.
15, 1524-1533.

Williamson, R.M., Gasser, R.B., Middleton, D. and Beveridge, I. (1997)
The distribution of Anoplocephala perfoliata in the intestine of the
horse and associated pathological changes. Vet. Parasitol. 73,
225-241.

Wilson, A.D. (2014) Immune responses to ectoparasites of horses, with
a focus on insect bite hypersensitivity. Parasite Immunol. 36, 560-
572.

Winder, N.C., Gruenig, G., Hermann, M., Howald, B. and von Fellenberg,
R. (1989) Comparison of respiratory secretion cytology and
pulmonary histology in horses. Zentralbl. Veterinarmed. [A] 36, 32-38.

Wolfe, J.E., Utter, M.E., Boyle, A.G. and Habecker, P.L. (2010) Limbal
conjunctival plaques and idiopathic eosinophilic conjunctivitis.
Equine Vet. Educ. 22, 375-381.

Woods, P.R., Helman, R.G. and Schmitz, D.G. (1993) Granulomatous
enteritis and cutaneous arteritis in a horse. J. Am. Vet. Med. Assoc.
203, 1573-1575.

Woodward, M.C., Andrews, F.M., Kearney, M.T., Del Piero, F.,
Hammerberg, B. and Pucheu-Haston, C.M. (2014) Characterization
of IgE-mediated cutaneous immediate and late-phase reactions in
nonallergic horses. Am. J. Vet. Res. 75, 633-641.

Wysocka, B. and Klucinski, W. (2015) Cytological evaluation of
tracheal aspirate and broncho-alveolar lavage � uid in comparison
to endoscopic assessment of lower airways in horses with recurrent

© 2020 EVJ Ltd

601EQUINE VETERINARY EDUCATION / AE / NOVEMBER 2020



airways obstruction or in � ammatory airway disease. Pol. J. Vet. Sci.
18, 587-597.

Yamagata, M., Wilkie, D.A. and Gilger, B.C. (1996) Eosinophilic
keratoconjunctivitis in seven horses. J. Am. Vet. Med. Assoc. 209,
1283-1286.

Ying, S., Meng, Q., Zeibecoglou, K., Robinson, D.S., Macfarlane, A.,
Humbert, M. and Kay, A.B. (1999) Eosinophil chemotactic

chemokines (eotaxin, eotaxin-2, RANTES, monocyte
chemoattractant protein-3 (MCP-3), and MCP-4), and C-C
chemokine receptor 3 expression in bronchial biopsies from atopic
and nonatopic (intrinsic) asthmatics. J. Immunol. 163, 6321-6329.

Zoll, W.M., Prakoso, D., Dark, M., Liu, J., Stockdale-Walden, H. and
Long, M.T. (2018) Histologic characterization of eosinophilic
encephalitis in horses in Florida. J. Vet. Diagn. Invest. 30, 442-446.

602 EQUINE VETERINARY EDUCATION / AE / NOVEMBER 2020

References
Anderson, C.M. (1995) Sodium-chloride treatment of amphotericin B

nephrotoxicity- standard of care. West. J. Med. 162, 313-317.

Begg, L.M., Hughes, K.J., Kessell, A., Krockenberger, M.B., Wigney, D.I.
and Malick, R. (2004) Successful treatment of cryptococcal
pneumonia in a pony mare. Aust. Vet. J. 82, 686-692.

Caswell, J.F. and Williams, K.J. (2007) Infectious diseases of the
respiratory system. In: Jubb, Kennedy, and Palmer •s Pathology of
Domestic Animals , Ed: M.G. Maxie, Saunders Elsevier, Edinburgh.
pp 642-644.

Cruz, V.C., Sommardahl, C.S., Chapman, E.A., Fry, M.M. and
Schumacher, J. (2009) Successful treatment of a sinonasal
cryptococcal granuloma in a horse. J. Am. Vet. Med. Assoc. 234,
509-513.

Daniel, A., Thachil, A. and Savory-Davis, M. (2020) Severe
cryptococcal granulomas of the nasopharynx in a horse treated
with standing endoscopic laser surgery and oral � uconazole.
Equine Vet. Educ. 32, 575.

Davis, J.L., Gilger, B.C. and Papich, M.G. (2004) The pharmacokinetics
of itraconazole in the horse. J. Vet. Intern. Med. 18, 458.

Gubbins, P.O. (2005) Fungal infections. In: Textbook of Critical Care ,
Eds: M.P. Fink, E. Abraham, J. Vincent, P. Kochanek, Elsevier
Saunders, Philadelphia. pp 1345-1357.

Latimer, F.G., Colitz, C.M., Campbell, N.B. and Papich, M.G. (2001)
Pharmacokinetics of � uconazole following intravenous and oral
administration and body � uid concentrations of � uconazole
following repeated oral dosing in horses. Am. J. Vet. Res. 62, 1606-
1611.

Lean, N.E. and Ahern, B.J. (2018) Antifungal non-invasive soak under
general anaesthetic to treat fungal rhinitis in an Australian Quarter
Horse gelding at pasture. Aust. Vet. J. 96, 297…301.

Levitz, S.M. (1991) The ecology of Cryptococcus neoformans and the
epidemiology of cryptococcosis. Rev. Infect. Dis. 13, 1163-1169.

Lewis, R.E. and Kontoyiannis, D.P. (2001) Rationale for combination
antifungal therapy. Pharmacotherapy 21, 149S-164S.

Pappas, P.G., Perfect, J.R., Cloud, G.A., Larsen, R.A., Pankey, G.A.,
Lancaster, D.J., Henderson, H., Kauffman, C.A., Haas, D.W.,
Saccente, M., Hamill, R.J., Holloway, M.S., Warren, R.M. and
Dismukes, W.E. (2001) Cryptococcosis in human immunode � ciency
virus-negative patients in the era of effective azole therapy. Clin.
Infect. Dis. 33, 690-699.

Passler, N.H., Chan, H.M., Stewart, A.J., Duran, S.H., Welles, E.G., Lin,
H.C. and Ravis, W.R. (2010) Distribution of voriconazole in seven

body � uids of adult horses after repeated oral dosing. J. Vet.
Pharmacol. Ther. 33, 35-41.

Plumb, D. (2002) Veterinary Drug Handbook , 4th edn., Iowa State
University Press, Ames, Iowa.

Prades, M., Brown, M.P., Gronwell, R. and Houston, A.E. (1989) Body
� uid and endometrial concentrations of ketoconazole in mares
after intravenous injection or repeated gavage. Equine Vet. J. 21,
211-214.

Rex, J.H., Pfaller, M.A., Walsh, T.J., Chaturvedi, V., Espinel-Ingroff, A.,
Ghannoum, M.A., Gosey, L.L., Odds, F.C., Rinaldi, M.G., Sheehan,
D.J. and Warnock, D.W. (2001) Antifungal susceptibility testing:
practical aspects and current challenges. Clin. Microbiol. Rev. 14,
643-658.

Riley, C.B., Bolton, J.R., Mills, J.N. and Thomas, J.B. (1992)
Cryptococcus in seven horses. Aust. Vet. J. 69, 135-139.

Saag, M.S., Graybill, R.J., Larsen, R.A., Pappas, P.G., Perfect, J.R.,
Powderly, W.G., Sobel, J.D. and Dismukes, W.E. (2000) Practice
guidelines for the management of cryptococcal disease. Clin.
Infec. Dis. 30, 710-718.

Secombe, C.J., Lester, G.D. and Krockenberger, M.B. (2017) Equine
pulmonary cryptococcosis: a comparative literature review and
evaluation of � uconazole monotherapy. Mycopathologia 182, 413-
423.

Steiger, R.R. and Williams, M.A. (2000) Granulomatous tracheitis
caused by Conidiobolus coronatus in a horse. J. Vet. Intern. Med.
14, 311-314.

Stewart, A.J. (2019a) Conidiobolus coronatus fungal upper respiratory
infections in horses. Equine Vet. Educ. 31, 301-302.

Stewart, A.J. (2019b) Fungal infections of the equine respiratory tract.
In: Large Animal Internal Medicine , 6th edn., Eds: B.P. Smith, D.C.
Van Metre, N. Pusterla, Elsevier, Philadelphia. pp 550-559.

Stewart, A.J. and Cuming, R.S. (2015) Update on fungal respiratory
disease in horses. Vet. Clin. North Am. Equine Pract. 31, 43-63.

Stewart, A.J., Welles, E.G. and Salazar, P. (2008) Fungal infections of
the upper respiratory tract. Compend Equine 3, 208-220.

Stewart, A.J., Salazar, T., Waldridge, B.M., Schumacher, J., Welles, E.G.,
Hanson, R.R., Sartin, E.A., Lenz, S.D., Holland, M. and Beard, D.M.
(2009) Multimodal treatment of recurrent sinonasal cryptococcal
granulomas in a horse. J. Am. Vet. Med. Assoc. 235, 723-730.

Vilchez, R.A., Irish, W., Lacomis, J., Costello, P., Fung, J. and Kusne, S.
(2001) The clinical epidemiology of pulmonary cryptococcosis in
non-AIDS patients at a tertiary care medical center. Medicine 80,
308-312.

Continued from page 578 



veteldiagnostics.com
800-458-8890

You can shop the AAEP trade show specials  online
from the comfort of home.

Since we’re staying in this year...



Don’t let  
severe equine 
asthma drag 
them down.
Lift them up 
with ASERVO 
EQUIHALER. 

With every breath, horses inhale particles that can  

cause severe equine asthma. This can lead to poor  

�T�I�V�J�S�V�Q�E�R�G�I�����J�V�I�U�Y�I�R�X���G�S�Y�K�L�M�R�K���E�R�H���H�M�¾�G�Y�P�X�]���F�V�I�E�X�L�M�R�K�� 

at rest. But now, there’s a new treatment option. 

The Aservo® Equihaler® (ciclesonide inhalation spray)  

delivers a potent glucocorticoid deep into the airway  

�J�S�V���X�E�V�K�I�X�I�H���G�S�R�X�V�S�P���S�J���M�R�½�E�Q�Q�E�X�M�S�R�����%�R�H���M�X�W���I�V�K�S�R�S�Q�M�G�� 

design makes it easy to administer and easy for the  

horse to inhale. You could say it’s a treatment for  

severe asthma as simple as breathing itself.

IMPORTANT SAFETY INFORMATION: ASERVO EQUIHALER has not been evaluated in pregnant or  
�P�E�G�X�E�X�M�R�K�� �Q�E�V�I�W���� �-�R�� �E�� �P�E�V�K�I�� �G�P�M�R�M�G�E�P�� �¼�I�P�H�� �W�X�Y�H�]���� �X�L�I�� �Q�S�W�X�� �G�S�Q�Q�S�R�� �E�H�Z�I�V�W�I�� �V�I�E�G�X�M�S�R�W�� �V�I�T�S�V�X�I�H�� �[�I�V�I�� 
coughing, nasal discharge, sneezing, and nasal irritation/bleeding. Glucocorticoids should be used with 
caution in horses at a higher risk for laminitis. Not for use in humans. Keep this and all medications out 
of the reach of children. In case of accidental inhalation, seek medical advice immediately.

ASERVO® and EQUIHALER® are registered trademarks of Boehringer Ingelheim Vetmedica GmbH. 
©2020 Boehringer Ingelheim Animal Health USA Inc., Duluth, GA. All rights reserved.
US-EQU-0137-2020-A

Breathe easy.



Review Article

Non-strangulating intestinal infarction in horses in the UK: A review
of 15 cases
J. A. Spanton* , T. S. Mair, C. E. Sherlock and D. Fews

Bell Equine Veterinary Clinic, Maidstone, UK

*Corresponding author email: spanton_4@hotmail.co.uk
J. A. Spanton's present address: House and Jackson Veterinary Clinic, Blackmore, Essex, CM4 0LE, UK.
D. Fews's present address: Finn Pathologists, One Eyed Lane, Weybread, Diss, Norfolk, IP21 5TT, UK

Keywords: horse; non-strangulating intestinal infarction; colic; diarrhoea; peritonitis

Summary
The clinicopathological features of 15 horses diagnosed with
non-strangulating intestinal infarction (NSII) based on
identi � cation of focal areas of intestinal necrosis without
mesenteric strangulation were reviewed. The mean age at
presentation was 16.3 years, median 13 years, and there was
no age, sex, or breed predilection. The major presenting
clinical signs included: acute colic � 24 h duration in nine
horses; diarrhoea, depression, and inappetence in four
horses; and low-grade chronic or recurrent colic, depression,
and inappetence in two horses. One horse presented with
both acute colic and diarrhoea. Predisposing diseases
included colitis or typhlocolitis in � ve horses and an initial
strangulating small intestinal obstruction in three horses, but in
seven horses no underlying or predisposing disease was
identi � ed. Four cases were managed medically and 11/15
were managed surgically. The most useful diagnostic test was
exploratory celiotomy and the only successful treatment was
complete resection of the necrotic intestine. Prognosis for
survival was poor with a survival rate of only 1/15 (7%).
Among the 15 horses, both single and multiple NSII lesions
were seen, and they occurred in both the small intestine and
large intestines. There was no evidence of Strongylus vulgaris
infestation in any of the affected horses.

Introduction

Non-strangulating intestinal infarction (NSII; intestinal infarction
not associated with a strangulating lesion) in the horse has
been reported in association with thromboembolism seconda ry
to Strongylus vulgaris larval migration, severe colitis, and
coagulopathies (White 1981; Mair and Pearson 1995; Martin-
Cuervo et al. 2013; Pihl et al. 2018). The larval stages of the
helminth parasite S. vulgaris migrate in the cranial mesenteric
artery and their presence can result in the generation of
thrombi that can subsequently occlude arterioles supplying the
intestine resulting in focal areas of intestinal infarction (Enigk
1951; Duncan and Pirie 1975). The caecum and ascending
colon are the most commonly affected areas of the intestine in
parasite-associated thromboembolic colic (Duncan and Piri e
1975), with the small intestine and descending colon affect ed
less frequently (Pihl et al. 2018). Modern parasite control
methods, including interval treatments with anthelmintic drugs,
have reduced the prevalence of S. vulgaris (Herd 1990; Love
1992) and this is also believed to have been responsible for a
decreased prevalence of NSII (White 1981; Hardy 2008;

Proudman 2017). However, the use of selective anthelmintic
therapy programmes implemented in some European
countries, such as Denmark, since 1999 as a consequence of a
prescription-only anthelmintic policy have more recently been
associated with an increased prevalence of S. vulgaris and an
increased incidence of NSII cases (Nielsen et al. 2012; Nielsen
et al. 2016; Pihl et al. 2018).

In the United Kingdom (UK), anthelmintic drugs are
classi� ed as POM-VPS (prescription only medicine –
veterinarian, pharmacist, SQP) which means that veterinary
surgeons, pharmacists, and suitably quali � ed persons should
have suf � cient information about the animal and the condition
to be treated to enable them to prescribe and supply the
appropriate drug. Although regular interval treatments with
anthelmintics are still carried out by some horse owners in the
UK, targeted anthelmintic treatments based on the results of
regular faecal worm egg counts and the administration of a
cyathostomin larvicidal treatment (usually moxidectin) in late
autumn/early winter are currently recommended (Matthews
2008). Recent studies in the UK have revealed no evidence of
any increase in S. vulgaris prevalence (Tzelos et al. 2017),
presumably as a result of the continued widespread use of
anthelmintics at least once a year in most horses.

The clinical presentation of horses affected by NSII is
variable. Older reports describe acute colic pain of variable
severity followed by depression, endotoxaemia, shock, and
death (Gerber et al. 1971; White 1981). More recently, Pihl
et al. (2018) reviewed 30 horses with NSII associated with
S. vulgaris larval migration in Denmark; although all of these
horses had a prior history of colic, clinical signs at admission to
the hospital were characterised by depression and anorexia,
with either no or only mild colic, and no signs of shock.

The objectives of this study were to retrospectively review
the clinical features, management, underlying aetiologies,
and outcomes of cases of NSII diagnosed at one equine
hospital in the UK in the recent past. In particular, the
importance (or lack thereof) of S. vulgaris-associated disease
was assessed.

Materials and methods

Computerised records at the Bell Equine Veterinary Clinic were
searched for cases of NSII that had been diagnosed at either
exploratory celiotomy or post-mortem examination between
2005 and 2017. Non-strangulating intestinal infarction was
diagnosed on the basis of one or more well-de � ned focal areas
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of full-thickness intestinal necrosis (thickened, dark red, or black
intestinal wall) not associated with strangulation of the
mesenteric vasculature. Cases of suspected or con � rmed focal
eosinophilic colitis (Edwards et al. 2000) were excluded. Medical
records of all horses diagnosed with NSII were reviewed and
details of signalment, history, clinical � ndings, treatment, and
outcomes were recorded. Where available, results of gross post-
mortem examination and histopathological examination were
documented. If taken during surgery, biopsies were placed
immediately into 10% neutral buffered formalin (NBF); post-
mortem samples were collected within 30 min of death and
� xed immediately in NBF. The site of sampling was selected by
the clinician, based on the gross surgical or post-mortem
� ndings. Tissues were processed routinely for histology.

Results

Fifteen horses with NSII were identi � ed during the study period
(Table 1). These included � ve cobs, four Thoroughbred or
Thoroughbred crosses, two Irish sport horses, one New Forest
pony, one Trotter, one Warmblood, and one Arabian cross.
The age at presentation ranged from 2 to 29 years (mean
16.3 years, median 13 years). There were seven mares, one
colt and seven geldings. The horses presented in every
season of the year: February (one), March (one), April (two),
May (two), June (one), July (two), August (one), September
(one), October (two), and December (two). The worming
history was recorded for two horses; one had received
fenbendazole 6 weeks prior to presentation (Case 8) and the
second had a routine anthelmintic treatment the day before
presentation (Case 7).

Presenting signs and clinical � ndings
The major presenting clinical signs included: acute colic � 24 h
duration (nine horses: Cases 2, 3, 5, 6, 7, 8, 9, 12, and 13);
diarrhoea, depression, and inappetence (four horses: Cases 1,
4, 11, and 14); and low grade chronic or recurrent colic,
depression, and inappetence (two horses: Cases 10 and 15;
Table 1). One horse (Case 9) presented with both acute colic
and mild diarrhoea (in the absence of depression and
inappetence). Tachycardia (heart rate varying from 48 to
120 beats/min) was recorded at presentation in all 14 horses
where this was recorded (clinical parameters were not
recorded thoroughly in Case 12 because the horse was
uncontrollably painful on admission), and tachypnoea
(respiratory rate 16 –68 breaths/min) in 11/14 (Cases 1, 2, 3, 4, 8,
9, 10, 11, 13, 14, and 15). Pyrexia (rectal temperature varying
from 38.7 to 39.8 °C) was recorded in 8/14 (Cases 1, 4, 5, 10,
11, 13, 14, and 15; rectal temperature not recorded in Case
12), including all four horses presenting with diarrhoea and
both horses presenting with chronic/recurrent colic.
Borborygmi were reduced or absent at presentation in 12/14
(Cases 1, 2, 3, 4, 5, 6, 7, 8, 10, 11, 13, and 15), including 7/9
horses with acute colic, 3/2 horses with chronic/recurrent colic
and 2/4 horses with diarrhoea. The mucous membranes were
congested/toxic in appearance in 5/14 horses (Cases 1, 4, 10,
11, and 13), pale in 3/14 (Cases 3, 7, and 8), and cyanotic in
1/14 (Case 5); the capillary re � ll time was prolonged ( >2 s) in
8/14 horses (Cases 1, 2, 3, 5, 7, 10, 11, and 13).

Thirteen of the 15 horses had a rectal examination
performed, and abnormal � ndings were found in 10: six had
gas distended large intestine, (Cases 2, 3, 5, and 12 which
presented with acute colic, Case 13 which presented with

chronic/recurrent colic, and Case 4 which presented with
diarrhoea); one also had a large intestinal impaction (Case
5), and four had distended small intestine (Cases 6, 7, 8
which presented with acute colic and Case 10 which
presented with chronic/recurrent colic). No palpable
abnormalities of the mesenteric root were detected in any
horse. Abdominocentesis was performed at admission in 7/15
cases; peritoneal � uid was serosanguinous in 3/7 (Cases 2, 8,
and 5 which presented with acute colic) and turbid in 4/7
(Cases 10 and 15 which presented with chronic/recurrent
colic, and Cases 1 and 14 which presented with diarrhoea)
with total nucleated cell counts ranging from 1.2 9 109/l to
>400 9 109/l (rr < 5 9 109/L). Cytological examination of
peritoneal � uid showed a neutrophilic exudate in the four
horses with turbid peritoneal � uid (Cases 1, 10, 14, and 15).
Trans-abdominal ultrasonography was performed in 9/15
horses (GE Logiq E9 or GE Logiq P5 ultrasound scanners) and
clinically signi � cant abnormalities were found in 7/9, including
� uid- � lled large intestine in 2/7 (Cases 4 and 11 which
presented with diarrhoea) with increased large intestine
mural thickness in 1/7 (Case 11), immotile distended small
intestine in 5/7 (Cases 5 and 8 which presented with acute
colic, Cases 10 and 13 which presented with chronic/
recurrent colic, and Case 1 which presented with diarrhoea,)
and increased volume of free peritoneal � uid in 2/7 (Cases 5
and 10).

Routine haematology and serum biochemistry were
performed at admission in 14/15 horses. Seven horses were
haemoconcentrated (PCV 49.7 –68%; rr 32–46%) (Case 5
which presented with acute colic, Cases 10 and 13 which
presented with chronic/recurrent colic, and Cases 1, 4, 11,
and 14 which presented with diarrhoea). Three horses were
leucopaenic (WBC count 1.6 9 109/L to 4.0 9 109/L; rr 5–
10 9 109/L) (Case 5 which presented with acute colic, Case
10 which presented with chronic/recurrent colic, and Case 4
which presented with diarrhoea) and three had a
leucocytosis with neutrophilia (Case 2 which presented with
acute colic, Case 15 which presented with chronic/recurrent
colic, and Case 1 which presented with diarrhoea). Two
horses were hypoproteinaemic (48 and 44 g/L) (Case 4 which
presented with diarrhoea and Case 7 which presented with
acute colic) and two were hyperproteinaemic (79 and 80 g/
L) (Case 5 which presented with acute colic and Case 14
which presented with diarrhoea), (rr 58 –75g/L). One horse
was hypoalbuminaemic (21 g/L) (rr 28 –35 g/L) (Case 7 which
presented with acute colic). Other abnormalities recorded
included elevated serum activities of gamma glutamyl
transferase (2/14), alkaline phosphatase (1/14), lactate
dehydrogenase (3/14), glutamate dehydrogenase (2/14),
aspartate transferase (3/14), creatinine kinase (6/14), and
urea (4/14). Serum amyloid A was measured in � ve horses
and was elevated in all (11.03 –5240 mg/L; rr < 10 mg/L)
(Cases 2 and 6 which presented with acute colic, Cases 10
and 15 which presented with chronic/recurrent colic, and
Case 4 which presented with diarrhoea). Fibrinogen was
measured in six horses and 4/6 had hyper � brinogenaemia
(4.4–8.1 g/L; rr < 4 g/L) (Case 2 which presented with acute
colic, Cases 10 and 15 which presented with chronic/
recurrent colic and Case 14 which presented with diarrhoea).
Faecal salmonella cultures and clostridium PCR were
performed in 3/5 horses with diarrhoea and were negative in
all cases. A faecal worm egg count was performed in 3/15
horses and was negative in two and had a count of 175
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TABLE 1: Presenting signs, clinical � ndings, treatment, and outcomes

Case no. Age years Breed Sex
Clinical features at
presentation

Case progression (medical vs.
surgical treatment) Outcome

1 13 Cob F Diarrhoea, lethargy,
inappetence of 36 h
duration.

Medical therapy – unresponsive.
Developed colic after 18 h.

Euthanised.

2 22 Cob G Acute colic of 24 h
duration. Depression.

Pain recurred after analgesics.
Serosanguinous peritoneal
� uid.Exploratory celiotomy –
necrosis of pelvic � exure.

Euthanised at
surgery.

3 7 ISH G Severe acute colic of
several hours
duration.

Exploratory celiotomy –
strangulation of mid jejunum by
pedunculated lipoma. No
intestinal resection. Developed
post-operative re � ux. Repeat
celiotomy after 48 h – multifocal
areas of jejunal necrosis. 1.5 m of
jejunum resected.

Deteriorated after
second surgery –
euthanised.

4 23 Cob F Acute onset of severe
diarrhoea.
Depression and
inappetence.

Medical therapy. Died after 48 hours.

5 12 Cob G Severe acute colic of
12 h duration.

Turbid peritoneal � uid – peritonitis
diagnosed.Exploratory celiotomy –
focal area of necrosis of left
ventral colon.

Euthanised at
surgery.

6 10 Tb G Acute colic
unresponsive to
analgesics.

Exploratory celiotomy – entrapment
of jejunum in epiploic foramen.
Jejunal resection and end-to-end
jejunojejunostomy. Developed
post-operative re � ux. Repeat
celiotomy after 5 days –
multifocal areas of jejunal
necrosis.

Euthanised at
second surgery.

7 31 Arab F Acute colic
unresponsive to
analgesics.

Exploratory celiotomy –
strangulation of distal jejunum and
ileum by pedunculated lipoma.
Intestinal resection and side-to-
side jejunocaecostomy.
Developed post-operative re � ux
and colic. Repeat celiotomy after
4 days – necrosis of ileal stump
and distant 25 cm segment of
mid jejunum.

Euthanised at
surgery.

8 5 ISH F Acute colic
unresponsive to
analgesics.
Haemoabdomen.

Exploratory celiotomy – jejunal
ischaemia with thrombosis of
mesenteric vessels. Resection of
ischaemic jejunum and end-to-
end jejunojejunostomy.

Developed post-
operative colic.
Euthanised.

9 29 Cob F Acute colic and mild
diarrhoea.

Medical therapy. Developed
peritonitis. Developed
neurological signs and
hyperammonaemia after 3 days.

Euthanised.

10 27 Tb F Mild colic, depression,
and inappetence of
2 days duration
followed by severe
colic.

Peritonitis.Exploratory celiotomy –
rupture of 10 cm segment of
necrotic distal jejunum.

Euthanised at
surgery.

11 2 Trotter M Acute diarrhoea,
depression,
inappetence.

Medical therapy for colitis. Clinical
deterioration –
euthanised after
24 h.

12 8 Tb F Acute colic
unresponsive to
analgesics.

Exploratory celiotomy – acute
caecal dysfunction and focal
necrosis of caecal apex. Caecal
apex resected.

Unremarkable
recovery.
Discharged
home.
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eggs per gram in one. A larval culture was performed in one
case that was negative.

Treatments and outcomes
Eleven of the 15 horses underwent exploratory celiotomy due
to severe or worsening colic signs and/or peritonitis non-
responsive to medical therapy (Cases 2, 3, 5, 6, 7, 8, 10, 12,
13, 14, and 15; Table 1). This included 8/9 horses that
presented with acute colic (excluding Case 9 which
presented with acute colic and diarrhoea), 2/2 horses that
presented with chronic/recurrent colic, and 1/4 horses that
presented with diarrhoea. Five of the horses that underwent
exploratory celiotomy (Cases 2, 5, 10, 13, and 15) were
euthanised at the time of surgery due to the presence of NSII
with or without associated peritonitis and intra-abdominal
adhesions; the prognosis for these horses was considered to
be poor or hopeless, and euthanasia was carried out
following discussion with the owners. A further two horses
(Case 8 which presented with acute colic and Case 14
which presented with diarrhoea) underwent resection of the
affected regions of intestine but the horses were euthanised
post-operatively (due to persistent pain in Case 8 and
incisional dehiscence of all layers in Case 14). One horse
(Case 12) underwent exploratory celiotomy where necrosis of
the caecal apex was identi � ed; the affected region was
resected and the horse made an uneventful recovery. Three
horses that presented with acute colic (Cases 3, 6, and 7)
underwent exploratory celiotomy at which time strangulating
small intestinal obstructions were diagnosed and treated. All
three of these horses developed post-operative re � ux and
pain, and underwent a repeat exploratory celiotomy where
NSII was diagnosed at sites distant to the original
strangulating obstruction; two were euthanised at the second
surgery and one horse (Case 6) had the affected segment of
jejunum resected but deteriorated post operatively and was
euthanised.

Four horses (Cases 1, 4, and 11 that presented with
diarrhoea, and Case 9 that presented with acute colic and
diarrhoea) were managed medically, but either died or were
euthanised due to progressive clinical deterioration and
development of severe pain, or (in Case 9) development of
neurological signs associated with hyperammonaemia; NSII
was con � rmed in all four horses by post-mortem examination.

Pathological � ndings
Gross lesions compatible with NSII (clearly demarcated areas
of red/black discolouration and thickening of bowel wall not
associated with any evidence of strangulation) were identi � ed
either at exploratory laparotomy or at post-
mortem examination in all horses ( Table 2). Necropsy
examination was performed in all 14 horses that died. Lesions
compatible with NSII were found in both the small intestine
and large intestine. In 9/15 cases there was a single lesion,
whereas 6/15 had multiple lesions. Ten horses had lesions in the
jejunum, two in the ileum, three in the caecum, and seven in
the ascending colon ( Figs 1 and 2). Only the small intestine
had NSII lesions in seven horses, only the large intestine in six,
and both the small and large intestines were affected in two.
Colitis or typhlocolitis was present in six horses, including the
� ve horses that initially presented with diarrhoea (Cases 1, 4, 9,
11, and 14) and one horse (Case 6) which presented with
acute colic due to entrapment of jejunum in the epiploic
foramen and which had evidence of enteritis at post-
mortem examination. No lesions of verminous arteritis were
identi � ed in the cranial mesenteric artery or its branches in any
case. No renal or non-intestinal infarcts were identi � ed.

Results of the histopathological examination of the
affected areas of intestine were recorded in 12 horses. These
showed evidence of full-thickness intestinal wall necrosis and
thrombosis of intestinal and mesenteric blood vessels ( Table 2,
Figs 3 and 4).

Discussion

Intestinal ischaemia and necrosis resulting from NSII lead to
signs of ileus, peritonitis, and endotoxaemia (White 1981;
Hackett 2002). The intestinal necrosis compromises the
function of the mucosa, allowing leakage of protein rich � uid,
bacteria, and endotoxins across the intestinal wall into the
peritoneal cavity and intravascular space. Intestinal spasm
causes distension of the proximal intestine with gas and � uid
(White 1981; Hardy 2008). These events present clinically as
colic and signs of compromised cardiovascular status
associated with endotoxaemia and peritonitis. In addition to,
or preceding these signs, clinical signs associated with the
underlying/predisposing disease process may be evident.
Overall, the major presenting clinical signs in the 15 horses

TABLE 1: Continued

Case no. Age years Breed Sex
Clinical features at
presentation

Case progression (medical vs.
surgical treatment) Outcome

13 24 New Forest G Acute colic
unresponsive to
analgesics.

Exploratory celiotomy – multifocal
areas of necrosis of distal jejunum,
ileum, caecum, and mesentery.

Euthanised at
surgery.

14 19 WB G Acute diarrhoea (grain
overload).
Depression and
inappetence.

Deteriorated despite medical
therapy – increasing
pain.Exploratory celiotomy – focal
area of necrotic left dorsal colon.
Resection of necrotic area of
colon wall.

Euthanised 6 days
post-operatively
(incisional
dehiscence)

15 13 TbX G 4-day history of
depression,
inappetence, and
intermittent colic.

Medical treatment. Developed
severe unresponsive colic after
24 h. Exploratory celiotomy –
extensive necrosis of left ventral
colon and extensive adhesions to
body wall and spleen.

Euthanised at
surgery.
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were acute colic (60% of cases), chronic/recurrent colic with
depression (13%) and diarrhoea with depression (27%),
consistent with the underlying pathological processes. The
horses presenting with diarrhoea all had associated colitis or
typhlocolitis, which was the likely underlying predisposing
factor to developing NSII in those animals. Common clinical
and laboratory � ndings also re � ected the underlying intestinal
damage and subsequent shock, including tachycardia,
pyrexia, tachypnoea, prolonged capillary re � ll time,
haemoconcentration, leucopenia or leucocytosis, and turbid
peritoneal � uid due to peritonitis. Interestingly the clinical
presentations of the horses with S. vulgaris associated NSII
described by Pihl et al. (2018) were somewhat different to the

majority of our cases, being characterised most commonly
by depression and anorexia, with either no or only mild colic,
and no signs of shock (although all of the horses had a history
of colic prior to admission to the hospital); only two horses in
this study presented with low grade chronic/recurrent colic,
depression, and inappetence that could be considered
similar to the typical presentation described by Pihl et al.
(2018). The reason for this apparent difference in presentation
is unclear, but likely relates to the different aetiopathogenesis
of the NSII in the two groups of horses.

Similar to the horses with NSII described by Pihl et al.
(2018), all horses in this study had at least one intestinal
infarction and some had several. Infarctions were located in

TABLE 2: Pathological � ndings

Case no.
Gross lesions (surgical and/or
post-mortem) Histopathological � ndings Aetiopathogenesis

1 Peritonitis. Multifocal regions of full
thickness necrosis of jejunum 10 –
15 cm long. Typhlocolitis.

Full-thickness coagulative necrosis of
jejunum.

Typhlocolitis

2 Focal 75 cm long area of necrosis at
pelvic � exure with multiple
mesenteric adhesions.

Extensive haemorrhage and necrosis of
colon wall at pelvic � exure.
Thrombosis of submucosal vessels.

Unknown

3 Multifocal areas of jejunal necrosis
distant to anastomosis site.

Focal full-thickness jejunal necrosis,
haemorrhage, and vascular
thrombosis. Fibrinocellular peritonitis.

Initial strangulating small
intestinal obstruction

4 Excess peritoneal � uid. Typhlocolitis.
Multifocal areas of necrosis in
jejunum.

Extensive jejunal mucosal necrosis with
coagulative necrosis of the
submucosa, and patchy necrosis of
the outer muscular layers and serosa.
Necrotising typhlocolitis.

Colitis

5 Focal area of necrosis left ventral
colon adjacent to mesenteric
attachment 45 cm long. Peritonitis.

Unknown

6 Severe � brinous peritonitis. Enteritis and
typhlocolitis. Multifocal areas of
jejunal necrosis.

Full-thickness coagulative necrosis of
jejunum. Fibrinous peritonitis. Enteritis.

Initial strangulating small
intestinal obstruction

7 Peritonitis. Focal necrosis of mid
jejunum. Necrosis of ileal stump.

Focal full-thickness jejunal necrosis and
vascular thrombosis.

Initial strangulating small
intestinal obstruction

8 Multifocal areas of necrosis of jejunum. Unknown
9 Focal necrosis of pelvic � exure and left

dorsal colon. Diffuse colitis.
Intestinal vascular thrombosis and

infarction.
Colitis

10 Necrosis 10 distal jejunum with focal
rupture and peritonitis.

Full thickness jejunal coagulative
necrosis with � brin thrombi within the
remnants of submucosal vessels.
Severe acute and chronic
in� ammation of the mesentery with
multifocal necrosis and
haemorrhage.

Unknown

11 Diffuse colitis. Multifocal areas of
necrosis of jejunum, ileum, caecum,
and large colon.

Colitis

12 Caecal apex necrosis. Intestinal vascular thrombosis and
infarction

Unknown

13 Multifocal areas of necrosis of distal
jejunum, ileum, caecum, and
mesentery. Diffuse peritonitis.

Transmural coagulative necrosis of
small intestinal and caecal walls with
numerous thrombosed vessels.

Unknown

14 Celiotomy wound breakdown. Focal
area of necrosis of left dorsal colon.
Typhlocolitis.

Thrombosis and ischemic necrosis of
left dorsal colon wall, with vasculitis
and � brinous necrosis of jejunum.

Colitis

15 Extensive necrosis of left ventral colon
with extensive adhesions of necrotic
colon to body wall and spleen.

Transmural coagulative necrosis of
colon wall with numerous small
thrombosed vessels. Necrosis and
haemorrhage of mesentery with
thrombosed vessels.

Unknown
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intestinal segments supplied by the cranial mesenteric artery,
including the small intestine (jejunum and ileum) and large
intestines (caecum and ascending colon). No lesions were
seen in the duodenum (which receives its arterial supply from
the coeliac artery) or the descending colon (caudal
mesenteric artery). In addition, no renal infarcts were
identi � ed in our cases, unlike the horses described by Pihl
et al. (2018). In the absence of any evidence of S. vulgaris
associated arteritis in our cases, the reason for the limited
distribution of lesions to areas of intestine supplied by the
cranial mesenteric artery are unclear. Exclusion of S. vulgaris
larval migration as the cause of NSII in our horses was based
on the absence of any gross or histopathological evidence of
verminous arteritis at post-mortem examination. However,
since the S. vulgaris antibody ELISA (Nielsen et al. 2016) was
not available at the time that these horses were examined,
we cannot completely exclude verminous arteritis that may
have been missed during the post-mortem examinations.

Future studies should use this ELISA test in horses affected by
NSII in the UK.

The underlying aetiopathogenesis of the NSII in these
horses appeared to fall into one of three groups. Five horses
(33%) had pre-existing colitis or typhlocolitis; all of these horses
presented with diarrhoea (one also showed acute colic
signs). In three horses (20%) there was an initial strangulating
small intestinal obstruction that required surgical treatment;
these horses subsequently developed NSII post-operatively. In
seven horses (47%), no underlying or predisposing disease was
identi � ed; all of these horses presented with a history of acute
or chronic/recurrent colic, and the diagnosis of NSII was
made at exploratory celiotomy. In the cases of the horses
with colitis/typhlocolitis and those with strangulating small
intestinal lesions, it seems likely that the NSII occurred as a
result of endotoxaemia, systemic in � ammatory response
syndrome, and disseminated intravascular coagulation/
hypercoagulability. Intestinal infarction following colic surgery

Fig 3: Case 2. Large colon. Photomicrograph showing thrombosis
of sub mucosal and mucosal vessels. Haemorrhage, oedema,
necrosis of mucosa. H&E x4. [Colour � gure can be viewed at wile
yonlinelibrary.com]

Fig 4: Case 1. Jejunum. Photomicrograph showing coagulative
necrosis of the intestinal wall. [Colour � gure can be viewed at
wileyonlinelibrary.com]

Fig 1: Case 3. Post-mortem photograph of infarction of the
jejunum. There is also � brin on serosal surfaces of multiple areas
of jejunum and the mesentery. [Colour � gure can be viewed at
wileyonlinelibrary.com]

Fig 2: Case 9. Post-mortem photograph of a focal infarction of
the left dorsal colon and adjacent pelvic � exure. [Colour � gure
can be viewed at wileyonlinelibrary.com]
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has been rarely reported but was recognised most commonly
in the post-operative colonic volvulus patient by one author
(Hassel 2017). None of the horses in the current study were
affected by colonic volvulus, but this likely re � ects the
different population of horses seen at our hospital.

Intestinal infarction can occur due to cardiogenic shock,
low � ow states, or remote partial organic occlusion (Alschibaja
and Morson 1977). Certainly, these mechanisms could explain
the aetiologies in cases with enterocolitis and strangulating
intestinal obstruction. Equine endotoxaemia occurs frequently
in horses admitted with colic (King and Gerring 1988; Fessler
et al. 1989; Steverink et al. 1994) and colitis (Larsen 1997).
Experimental and clinical studies by Oikawa and Shiga (2002)
and Oikawa et al. (2004) suggest that endotoxin-induced
damage to the equine mesenteric arteries can result in a
disturbance of intestinal blood � ow and motility. The
mesenteric circulation system has one of the body ’s largest
vascular beds and is likely to be predisposed to endotoxin-
induced damage, disseminated intravascular coagulation and
subsequent thrombosis. Thrombosis of vessels in the affected
areas of intestine were frequently identi � ed on
histopathological examination in this study. However, the
underlying causative mechanisms for NSII in this series
remained undetermined in 47% of affected horses. In people,
NSII is also seen secondary to atherosclerosis, pathology of
mural vasculature, (vasculitis, collagen diseases, and
intravascular coagulation), cardiac failure and arrhythmias,
splanchnic vasoconstriction, and drug reactions (Alschibaja
and Morson 1977). There was no history of recent medication
in the horses with undetermined aetiologies, but it may be
possible that some of these other mechanisms played a role.
Atherosclerosis has been described in older horses with a
predilection for the abdominal aorta and its branches
(Gresham 1983). Intestinal infarction has also been described
in people secondary to arrhythmias and in particular atrial
� brillation. Atrial � brillation is reported to be the most common
type of exercising arrhythmia in horses (Schwarzwald 2003) but
was not detected in any of our horses.

In conclusion, NSII is a rare condition in horses in the UK.
Three different clinical presentations occur: acute colic;
chronic/recurrent colic, depression, and inappetence; and
diarrhoea, depression, and inappetence. Clinical
deterioration associated with increasing pain, peritonitis, and
cardiovascular compromise follow. The underlying cause of
NSII is often undiagnosed, although some cases present
secondary to colitis/typhlocolitis or strangulating intestinal
lesions. The prognosis is poor. This series does not indicate re-
emergence of NSII secondary to S. vulgaris in the UK as has
been found in Denmark; however, further evaluation of cases
using the S. vulgaris antibody ELISA test is warranted.
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Sparing the gut: COX-2 inhibitors herald a new era for treatment of
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Summary
Nonsteroidal anti-in � ammatory drugs (NSAIDs) are commonly
used to manage a wide variety of conditions in horses,
including management of colic. Flunixin meglumine is by far
the most commonly used drug in the control of colic pain
and in � ammation and has become a go-to for not only
veterinarians but also horse-owners and nonmedical equine
professionals. NSAID use, however, has always been
controversial in critical cases due to a high risk of adverse
effects associated with their potent cyclo-oxygenase (COX)
inhibition. There are two important COX isoenzymes: COX-1 is
generally bene � cial for normal renal and gastrointestinal
functions and COX-2 is associated with the pain and
in� ammation of disease. Newer selective NSAIDs can target
COX-2-driven pathology while sparing important COX-1-
driven physiology, which is of critical importance in horses
with severe gastrointestinal disease. Emerging research
suggests that � rocoxib, a COX-2-selective NSAID labelled for
use in horses, may be preferable for use in colic cases in
spite of the decades-long dogma that � unixin saves lives.

NSAID use in horses

Nonsteroidal anti-in � ammatory drugs (NSAIDs) are commonly
used in horses to alleviate pain and in � ammation associated
with a wide range of disease. Most commonly, NSAIDs are
used to treat soft tissue injury, degenerative joint disease and
colic (Clark and Clark 1999; Goodrich and Nixon 2006; Knych
2017). There are currently six NSAIDs labelled for use in horses
approved by the United States Food and Drug Administration
(FDA), and numerous others are often used off-label in the
USA and other countries (Knych 2017). For example, though
not approved by the FDA for use in horses in the USA,
meloxicam is routinely used for the treatment of orthopaedic
pain in other countries (Knych 2017). NSAIDs reduce
in� ammation by inhibiting cyclo-oxygenase (COX) enzymes
to prevent the production of pro-in � ammatory eicosanoids
(such as thromboxane, prostacyclin and prostaglandin E 2)
from arachidonic acid during injurious events including colic
(Fig 1). However, due to their potent ef � cacy in blocking
these COX enzymes, there are also important and potentially
serious side effects associated with their use ( Fig 1). This is
because metabolites of the arachidonic acid pathway are
critical for maintaining homeostasis. Furthermore, eicosanoid
production is a normal response to tissue injury, playing

important roles in initiating signalling for tissue repair. Overall,
the bene � ts of NSAID therapy must be carefully weighed
against potential risks, particularly with long-term use, or in
cases with comorbidities affecting coagulation, renal or
gastrointestinal function.

Endotoxaemia in colic

Injury to the intestinal mucosa during a severe ischaemic
colic event can lead to leakage of luminal bacteria and their
highly in � ammatory and injurious products, including
lipopolysaccharide (LPS), into the systemic circulation due to
breakdown of the epithelial barrier. Veterinarians have
appreciated this presence of LPS, termed endotoxin, in horses
with severe colic since the 1960s (Moore et al . 1981a). The
development of techniques to isolate and study speci � c
in� ammatory mediators in the 1970s and 1980s made it
possible to carefully examine the induction and implication of
discrete molecules in in � ammatory events like colic. In early
work to understand endotoxaemia, thromboxane was thought
to be the cause of deleterious effects while prostacyclin ’s
vasodilatory effects were thought to be protective (Hardee
et al . 1986). The former was refuted by a 1987 study in which
no clinical improvement was seen in endotoxin-challenged
ponies when treated with a thromboxane synthetase inhibitor
(Semrad and Moore 1987a,b). Researchers realised that, while
COX-derived products are implicated in causing the
pathological effects of endotoxaemia, endotoxin has the
unique ability to induce nearly every host immune response,
and the complex litany of clinical signs is likely attributable to
a wide variety of effector molecules (Moore 1988). This is
captured well by the following quote:

Our [physiological] arsenals for � ghting off bacteria are so
powerful and involve so many different defense mechanisms,
that we are in more danger from them than from the
invaders . . . The [endotoxin] macromolecules are read by our
tissues as the very worst of bad news. When we sense
lipopolysaccharide, we are likely to turn on every defense at
our disposal.
Lewis Thomas 1974

The challenge of better understanding the complex in � am-
matory signalling cascades in endotoxaemic horses is further
complicated by the dynamic and � eeting existence of
individual mediators. While initial attempts were made to
measure LPS in the blood as a biomarker of endotoxaemia to
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improve the clinical assessment of horses suffering from colic,
very transient bursts of free LPS termed ‘LPS showers’ proved
prohibitively dif � cult to detect during intestinal injury (Fessler
et al . 1989). This likely relates to rapid clearing of LPS by LPS-
binding protein, albumin and soluble CD14 (sCD14) secreted
by stimulated macrophages. Very recently, Fogle et al . (2016)
found that, while there were no differences in the detection
of LPS, sCD14 was signi� cantly higher in the blood of clinically
endotoxaemic horses compared to clinically nonendotox-
aemic horses. After initial LPS showers during intestinal injury,
macrophages become activated at the onset of the sys-
temic in � ammatory response and remain activated, capable
of continued secretion of sCD14 and reduction of detectable
free LPS as the in� ammatory insult persists. Therefore,
researchers concluded that sCD14 may provide a more
accurate and stable means of quantifying endotoxaemia
than assays of LPS.

A history of NSAIDs in managing colic

In 1981, with the goal of understanding laminitis of
gastrointestinal origin, researchers injected ponies
intravenously with a large bolus of LPS with or without
pretreatment with the potent COX-inhibitor � unixin meglumine
to determine whether this drug could attenuate the peripheral
vascular effects of endotoxin. In this model, pretreatment with
� unixin was reported to prevent the clinical signs seen in ponies
injected with LPS alone (Moore et al . 1981b). A similar follow-up
study assessed survival outcomes in ponies injected with lethal
doses of LPS with pretreated with � unixin versus saline,
dexamethasone or prednisolone. Flunixin pretreated animals
survived slightly longer and had reduced blood derangements
than control or steroid-pretreated animals, but these animals
still succumbed to endotoxic shock complications (Ewert et al .

1985). While these � ndings suggest that pretreatment with an
NSAID may buy a bit of time in LPS-injected ponies, the authors
were careful to note that these masking effects may obscure
judgement of disease severity in horses with surgical colic while
failing to alleviate the underlying cause of endotoxaemia. They
stressed that these cases still require early diagnosis, surgical
intervention and supportive care to survive severe colic (Moore
et al . 1981a). In a series of complementary studies in the mid-
1980s by Semrad et al ., researchers proposed a lower dose of
� unixin (0.25 mg/kg), termed an ‘anti-endotoxic ’ dose, which
they advised would inhibit eicosanoid production without
masking clinical signs of endotoxaemia, thereby allowing more
accurate assessment of colic cases for improved clinical
decision-making (Semrad et al . 1985, 1987; Semrad and Moore
1987a,b). This is the origin of the reference to � unixin
meglumine as an ‘anti-endotoxic ’ drug. One could argue this is
a dubious misnomer because � unixin does nothing to remove
the source of endotoxin, nor has it been proven to reduce
complication or mortality rates in severe colic, regardless of
dosages. Importantly, Semrad et al . never made this assertion.
It is also essential to bear in mind that intravenous
administration of an LPS bolus is unlikely to fully model the
complex pathology of intestinal strangulation injury, which
limits direct translation of these � ndings to clinical colic cases.
Nevertheless, � unixin has become the drug-of-choice for horse-
owners and farm managers at the � rst hint of colic, at least in
the United States, apparently with the expectation that it might
save a colicking horse ’s life. Because of this, � unixin can be
found kept on-hand for such an emergency in just about any
tack box or feed room in the USA.

In 2019, Duz et al . summarised NSAID use in managing
colic in a review and survey of equine veterinarians (Duz
2019; Duz et al . 2019). NSAID therapy has become a
mainstay for almost all veterinarians managing horses with
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Fig 1: Proposed role of COX-1 and COX-2-produced prostanoids in clinical signs noted in horses with surgical colic, including
abnormal gum colour and pain. In addition, the effects of COX-inhibiting nonsteroidal anti-in � ammatory drugs on organ function,
particularly the gastrointestinal tract and the kidneys, are depicted.
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colic, both for management of pain and in � ammation, and
to aid in clinical decision-making. It is a very common � eld
practice to refer colic cases which do not respond
favourably to pain control at the farm to a secondary care
facility for further assessment and treatment. Colic pain which
does not relent following administration of NSAIDs and/or
sedatives is commonly considered an indication that a
patient may require surgical intervention (Duz 2019).
However, the use of NSAIDs in critical cases of any species
has always been controversial (Cook and Blikslager 2015). In
fact, their use is considered contraindicated in small animals
and humans with critical clinical derangements including any
kind of gastrointestinal disease (Mathews 2000). This is due to
the signi � cant risk of serious renal and gastrointestinal side
effects from NSAID treatment (Marshall and Blikslager 2011).
Both then and now, clinicians know that treatment of
endotoxaemia is dependent on � rst reducing or eliminating
the underlying cause and cannot rely solely on anti-
in� ammatory drugs and supportive care. Of course, a
veterinary team ’s ability to eliminate the original pathology is
limited by the patient ’s current clinical condition and the
tools and facilities available (Moore 1988).

Nonselective and selective NSAIDs

NSAIDs work by inhibiting COX enzymes. However, there are
two clinically relevant isoforms of COX in horses, COX-1 and
COX-2, each having important and relatively distinct
physiology and expression (Vane 1971; Vane and Botting
1995). Due to these differences in COX-isoenzyme physiology,
newer COX-selective drugs which allow targeted inhibition of
select isoforms have been developed and are available for
use in horses (Ziegler et al . 2017). It is important to understand
the differences in the physiology and pathophysiology of the
two main COX isoenzymes when considering use of selective
NSAIDs in horses. Both COX isoforms synthesise prostaglandin
H2 from arachidonic acid, which is further metabolised by
tissue synthetases to active thromboxanes and prostaglandins
(collectively termed prostanoids). Important for many
homeostatic functions, COX-1 is constitutively expressed in
most tissues and is required at low levels for normal
gastrointestinal function, coagulation and renal physiology.
Speci � cally, low-level, continuous COX-1 activity in the
gastrointestinal tract and the kidneys steadily produce low
concentrations of prostaglandin H 2, which is rapidly
converted to low levels of prostanoids required to support
intestinal barrier and renal perfusion functions. Conversely,
with the exception of the kidney where there is some
constitutive COX-2 expression for physiological renal function,
COX-2 expression is normally very low in most tissues and is
induced during pro-in � ammatory states. Upregulation of COX-
2 in disease massively increases production of prostaglandin
H2 producing pathological amounts of downstream
prostanoids, leading to systemic in � ammation and pain.
Traditional NSAIDs such as � unixin meglumine,
phenylbutazone and aspirin inhibit both COX isoforms and
are thus termed nonselective NSAIDs. These nonselective
drugs inhibit the normal physiological functions of COX-1,
which results in signi � cant risk of adverse gastrointestinal and
renal effects (Vane and Botting 1995; Cook and Blikslager
2015). Thus, COX-2-selective NSAIDs have been introduced to
the market with the intention of reducing adverse effects of
COX-1 inhibition (Blikslager 1999). Meloxicam, a moderately

COX-2-selective NSAID, is labelled for use in horses for the
control of orthopaedic and gastrointestinal pain and
in� ammation in the UK. Recently, more highly COX-2-selective
NSAIDs termed coxibs have entered the veterinary market,
including deracoxib, mavacoxib, robenacoxib, cimicoxib and
� rocoxib (Bienhoff et al . 2012; Reymond et al . 2012; Kim et al .
2014, 2015; Payne-Johnson et al . 2015). In the USA and UK,
only � rocoxib is commercially available, and in the USA it is
labelled speci � cally for the management of osteoarthritis in
horses at a recommended dosage of 0.3 mg/kg i.v. for a
loading dose followed by 0.1 mg/kg i.v. every 24 h thereafter
(Cox et al . 2013).

Potential bene � ts of selective NSAIDs in
strangulating colic cases

Due to the COX-1 sparing activity of newer selective NSAIDs,
there has been increased interest in the potential bene � ts of
using these rather than nonselective NSAIDs like � unixin or
phenylbutazone in horses with gastrointestinal clinical signs.
Recent preclinical trials to test effects of nonselective NSAIDs
on intestinal barrier function and repair in horses have shown
that inhibition of both COX isoenzymes with � unixin
meglumine causes increased intestinal permeability to LPS in
horses with experimentally induced small intestinal
strangulating obstruction (SISO) (Cook et al . 2009).
Researchers hypothesised that COX-2 selective NSAIDs would
spare COX-1 activity and thus improve barrier repair after
ischaemic injury. Subsequent preclinical trials found that
experimentally SISO-injured horses treated with the modestly
COX-2-selective meloxicam or the highly COX-2-selective
� rocoxib had signi � cantly lower intestinal permeability versus
horses treated with � unixin meglumine (Little et al . 2007; Cook
et al . 2009; Naylor et al . 2013). Based on these � ndings,
researchers conducted a randomised controlled clinical trial
to test the hypothesis that treatment of actual colic cases
after surgical correction of SISO with COX-2-selective � rocoxib
would have reduced signs of endotoxaemia as compared to
nonselective � unixin while providing effective control of pain.
This study of 56 cases found a decreased risk of elevated
plasma sCD14 (as a marker of endotoxaemia) in horses
treated with � rocoxib as compared to � unixin, while providing
similar effective pain control (Ziegler et al . 2019). This is
presumably due to reduction of the underlying source of
endotoxin by promoting gut barrier repair through preserved
COX-1 activity while effectively controlling pro-in � ammatory
COX-2 activity. No differences were found in clinical signs of
endotoxaemia or survival outcomes, but interpretation of this
study is limited by relatively low numbers of horses and a lack
of NSAID randomisation in the � eld prior to referral (which
resulted in all horses receiving � unixin prior to surgery, thereby
potentially lessening the apparent bene � t of � rocoxib)
(Ziegler et al . 2019).

Important considerations for COX-2 inhibitor use
in horses with colic

COX-2 inhibitors � rst entered the human market for the
treatment of pain and in � ammation associated with
osteoarthritis in people with the same intended advantage of
reduced adverse gastrointestinal effects as compared to
nonselective NSAIDs (Simon et al . 1999; Bombardier et al .
2000). Although effective in the treatment of degenerative
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joint disease, two COX-2 inhibitors produced unexpected
adverse thromboembolic effects and were voluntarily
withdrawn from the human market. These effects in people
are thought to be the result of inhibition of COX-2 (reducing
vasodilatory prostaglandin E 2) and a lack of inhibition of
COX-1 (permitting thrombogenic thromboxane A 2) (Sibbald
2004; Atukorala and Hunter 2013). In light of this history, some
veterinarians have expressed concern about increased risk of
thromboembolic effects in critical, possibly already pro-
thrombotic horses when treated with COX-2-selective drugs
(Freeman 2019). However, while horses are similarly
susceptible to the gastrointestinal side effects seen in
humans, they are not known to be susceptible to these
prothrombotic side effects from COX-2-selective NSAIDs.
Importantly, clinical trials testing COX-2-selective NSAIDs in
critical equine cases reported no differences in thrombotic
events such as thrombosed jugular veins (Naylor et al . 2013;
Freeman 2019; Ziegler et al . 2019).

COX-selective NSAIDs will have the equivalent potential
to mask signs of surgical colic pain as nonselective � unixin
meglumine, and this masking effect may be prolonged by
the increased half-life of 24-h-dosed � rocoxib. Attending
veterinarians should bear this in mind when selecting 24-h-
dosed analgesics to treat a potential surgical case. In
addition, COX-2-selective NSAIDs still carry some risk for renal
complications due to the presence of some physiologic COX-
2 activity in the kidneys, although nonselective NSAIDs will
have the same effect because of their ability to inhibit COX-2
as well as COX-1. Therefore, similar care must be taken when
prescribing any NSAID to clinically ill and potentially
dehydrated cases regardless of COX-selectivity. Finally,
speci � cally with the current available formulation of
intravenous � rocoxib, there are minor considerations due to
observed interactions of the nonaqueous vehicle with
intravenous catheter tubing materials. Contrary to
widespread belief, the drug does not precipitate in an
aqueous solution, but rather turns the clear plastic material of
an extension set white. Direct venipuncture is one possible
method of administering � rocoxib to avoid this, but given the
risk of frequent venipuncture and jugular vein thrombosis or
inadvertent perivascular injection, an extension set with a
port immediately adjacent to the catheter hub can be used,
or blood can be withdrawn into the extension set, giving
� rocoxib with the whole blood. Both of these manoeuvres
avoid any issues with the extension set.

Need for evidence-based veterinary medicine
and surpassing potential clinical biases

The unfortunate reality is colic-related deaths still account for
more than 30% of mortality in horses 1 –20 years of age (USDA
2016). In the USA, approximately 10% of horses colic each
year and about 10% of these cases will need surgical
intervention to survive (Tinker et al . 1997a,b). Survival rates
following surgical correction of severe colic have improved
over the past 30 –40 years, but complications related to
endotoxaemia still claim too many lives (Proudman et al .
2002a,b). To potentially improve the prognosis for surgical
cases of colic, every aspect of the Standard of Care must be
scrutinised and updated as hypothesis-driven empirical
evidence for superior treatment approaches emerge. This
includes assessment of relevant outcomes from well designed
and appropriately powered studies. In light of what is

currently known about NSAID use in horses, the scienti � c
veterinary community must build upon a foundation of
evidence-based clinical practice and further explore the
potential bene � ts of COX-2-selective NSAID therapy in our
critical colic cases. Larger, ideally randomised studies
evaluating COX-2 directed therapy in colic cases, particularly
if COX-1 activity can be spared at the � rst NSAID dose on the
farm, may reveal superior clinical outcomes and survival rates
after colic attributable to SISO. Also, studies to assess the
ef � cacy of COX-2-selective NSAIDs in treating the visceral
pain of uncomplicated gas and spasmodic colics may
further support use of these drugs as a � rst-line analgesic for
simple colic cases in the � eld. While visceral pain
independent of surgical pain has not yet been studied, it
would be informative to compare these analgesics in a
model of spasmodic or gas colic, such as the model utilising
balloon dilation of the duodenum developed by Sanchez,
Merritt and colleagues (Robertson et al . 2005; Elfenbein et al .
2009). Currently, there exists no evidence that � unixin
meglumine signi � cantly alters rates of complications or
mortality in severe colic or that it provides superior pain
control in simple colic, and the idea that this drug is
indispensable for every colicking horse should be questioned.
The veterinary community has a responsibility to ensure that
the equine public are properly educated about the
implications of indiscriminate use of � unixin in colic cases and
to seriously consider the use of alternative NSAIDs such as
COX-2-selective NSAIDs, which can be prescribed by their
veterinarians.

Conclusions

It has been shown both pre-clinically and clinically, that the
nonselective NSAID � unixin increases evidence of
endotoxaemia in horses with severe ischaemic colic by
inhibiting recovery of injured mucosa (Tomlinson et al . 2004;
Tomlinson and Blikslager 2005; Little et al . 2007; Cook et al .
2008, 2009; Ziegler et al . 2019). As it stands, veterinarians must
assess the current scienti � c evidence and their own individual
cases for themselves to decide if COX-2-selective NSAIDs may
be preferable for management of colic in the � eld and
hospital. The use of selective COX-2-selective anti-
in� ammatory drugs in place of conventional nonselective anti-
in� ammatory drugs as the preferred � rst-line treatment for colic
cases would be further supported by examining complication
and survival outcomes in larger numbers of horses with drug
randomisation beginning at the onset of � eld management.
There is a COX-2-selective anti-in � ammatory drug, � rocoxib,
labelled for use in horses which has been shown to reduce the
potential complications of � unixin while providing appropriate
pain control (Ziegler et al . 2019). Ultimately, these authors
suggest that current Standard of Care for colic cases should be
continually evaluated by hypothesis-driven research that seeks
to provide evidence to support ef � cacy and avoid following
inherently biased, anecdotal clinical opinion.
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THE POWER OF NUTRITION 
STARTS WITHIN.

Supporting Equine Biological Health With Advanced Nutrition

All three veterinary-developed total body wellness formulas provide omega-3 fatty acids, antioxidants, vitamins,  
trace minerals, amino acids and more to support every horse from head to hoof, coat to gut and everything in between.

WELLNESS + DIGESTION

Platinum Performance® GI (Gastrointestinal)

RECOMMENDED FOR  
Horses in training, while traveling, during 
antibiotic or NSAID therapy, and for horses 
with digestive health concerns or difficulty 
maintaining weight.

TOTAL BODY WELLNESS

Platinum Performance® Equine

RECOMMENDED FOR  
All types of horses, the ingredients work 
synergistically to support every aspect of 
health and performance.

WELLNESS + JOINT

Platinum Performance® CJ (Complete Joint)

RECOMMENDED FOR  
Horses with advanced joint care needs, 
performance horses or performance horse 
prospects and senior horses.

PLATINUMPERFORMANCE.COM  |  866-553-2400  |  PLATIN UM ADVISORS CAN HELP!

WELLNESS PERFORMANCE CONDITIONS

SAFE DURING  
COMPETITION

SATISFACTION 
GUARANTEED
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