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Information about this conference and other continuing education programs offered by the 
College of Veterinary Medicine at Cornell University are available by contacting:

Office of Continuing Education
College of Veterinary Medicine
T1 002 Veterinary Research Tower, Box 52
Cornell University
Ithaca, NY 14853-6401

Phone 607-253-3200
Fax 607-253-3198
Email cvmerm@cornell.edu
Website www.vet.cornell.edu/education/ConEd.htm

Information about the Cornell Feline Health Center at the College of Veterinary 
Medicine at Cornell University contact:

Cornell Feline Health Center 
College of Veterinary Medicine 
Box 13, S3 111 Schurman Hall 
Cornell University 
Ithaca, NY 14853-6401

Phone 607-253-3414
Fax 607-253-3419
Website www.vet.cornell.edu/public/fhc

mailto:cvmerm@cornell.edu
http://www.vet.cornell.edu/education/ConEd.htm
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General Information and Logistics
19th Annual Fred Scott Feline Symposium

July 27-29,  2007

Course Overview
This year’s 19th Annual Fred Scott Feline Symposium will educate and update veterinarians in feline 
cardiology, renal disease, inflammatory bowl disease, heartworm associated respiratory disease, hepatic 
amyloidosis, mycobacterial disease, and other timely topics.

Accreditation and Continuing Education Credit
The College of Veterinary Medicine at Cornell University accredits this symposium for a maximum of 17 
hours of continuing education credit. Each attendee should claim only those hours of credit that he/she 
actually spends in the educational lectures. You are asked to sign-in at the registration desk on the first 
day so that there is evidence of your attendance.

For questions about accreditation and continuing education credit please contact:

Office of Continuing Education Phone 607-253-3200
College of Veterinary Medicine Fax 607-253-3198
Box 52, T1 002 VRT Email CVMERM@cornell.edu
Cornell University Website www.vet.cornell.edu/education/ConEd.htm
Ithaca, NY 14853-6401

Evaluation
It is important for the Cornell Office of Continuing Education, faculty, corporate sponsors, and exhibitors to 
receive your feedback. We ask that you complete the evaluation form and return it to the registration desk 
before you leave the symposium. The information you provide us is essential in the development of future 
educational programs. We welcome and encourage your comments on all aspects of this symposium.

Certificate of Participation
You will receive a certificate of participation, which will be available at the registration desk during lunch 
on Saturday, July 28. The certificate verifies your attendance at the 19th Annual Fred Scott Feline 
Symposium.

Meals
Meal tickets are in the back of your nametag for:

. Lunch on Friday and Saturday. These lunch meal tickets are to be turned into the cafeteria
cashier after you select your lunch on Friday and at the cafeteria entrance on Saturday.

. Lunch with Dr. DiBartola on Friday: If you signed up to have lunch with Dr. DiBartola on Friday
please turn in your ticket to the staff member at the meeting room entrance.

mailto:CVMERM@cornell.edu
http://www.vet.cornell.edu/education/ConEd.htm


Tours
If you registered to participate in a tour of the college during lunch on Friday or Saturday you will find an 
admittance ticket in the back of your nametag. Please meet in the Atrium at the beginning of your lunch 
break.

Course Materials
The course materials that are distributed during this symposium are under the auspices of the Office of 
Continuing Education at the College of Veterinary Medicine at Cornell University. Duplication of these 
materials is prohibited.

Disclaimer
The lectures offered during this symposium will include some discussion of off-label use and commercial 
products and/or services. The opinion and recommendations expressed by the faculty are their own.
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Agenda
19th Annual Fred Scott Feline Symposium

July 27-29,  2007

• All lectures will be held in Lecture Hall I in the Veterinary Education Center.

• Continental Breakfasts and breaks will be located in the Hagan Room.

Friday, July 27, 2007

7:30-8:00 am

8:00-8:15

8:15-9:15

9:15-9:30

9:30-10:30

10:30-10:45 

10:45-12:15 pm

12:15-1:30

1:30-2:30

2:30-2:45

2:45-4:15

4:15-4:30

4:30-5:30

Registration 
Continental Breakfast 
Sponsored by MERIAL

Welcome - Fred Scott

Good Clinical Decision Making - Concerning a 
controversial case!
Richard M alik

Break

Medical Management of Chronic Renal Failure 
in Cats
Stephen D iBartola 

Break

An Exercise in Diagnostic Reasoning: Nasal 
bridge ulcers in a young cat 
R ichard M alik

Lunch

Renal Diseases of Cats Part I 
(including case presentations)
Stephen D iBartola

Break

Renal Diseases of Cats Part I 
(including case presentations) 
Stephen D iBartola

Break

Hepatic Amyloidosis - Not that easy to diagnose! 
Richard M alik

Hagan Room

Lecture Hall I 

Lecture Hall I

Hagan Room 
Atrium

Lecture Hall I

Hagan Room 
Atrium

Lecture Hall I

Cafeteria 

Lecture Hall I

Hagan Room 
Atrium

Lecture Hall I

Hagan Room 
Atrium

Lecture Hall I

6:30-9:00 Annual Picnic at the Six Mile Creek Vineyard 
Maps at the registration desk.



S atu rd ay , J u ly  28, 2 00 7

7:30 - 8:00 am 

8:00-9:30 

9:30 - 9:45

Continental Breakfast
Sponsored by IDEXX Laboratories, Inc.

Non-tuberculous Mycobacterial Diseases 
Richard M alik

Break

9:45-10:45

10:45-11:00 

11:00 - noon

Noon - 1:00 pm 

1:00-2:30 

2:30-2:45 

2:45 - 3:45

3:45-4:00

Do Bacteria Have a Role in Feline Inflammatory 
Bowel Disease?
Kenneth Simpson

Break

A Stepwise Approach to Treating Feline Inflammatory 
Bowel Disease 
Kenneth Simpson

Lunch
Sponsored by Schering-Plough A nim al Health

ENT Disease of Cats 
R ichard M alik

Break

Feline Cardiology Smorgasbord: What’s new, what’s 
real, what’s on the horizon 
M ark R ishniw

Break

4:00-5:00 Nocardia Infections 
Richard M alik

5:00-7:30 Tribute to Dr. Jim  Richards

Hagan Room 
Atrium

Lecture Hall I

Hagan Room 
Atrium

Lecture Hall I

Hagan Room 
Atrium

Lecture Hall I

Cafeteria

Lecture Hall I

Hagan Room 
Atrium

Lecture Hall I

Hagan Room 
Atrium

Lecture Hall I



S unday, J u ly  29, 2 007

8:00-8:30 am 

8:30-10:00

10:00-10:15

10:15-11:45

Continental Breakfast

HARDs in Cats: Heartworm disease is not what 
you thought it was! Part I 
Ray D illon
Sponsored by P fizer A nim al Health

Break

HARDs in Cats: Heartworm disease is not what 
you thought it was! Part II 
Ray D illon
Sponsored by P fizer A nim al Health

Hagan Room 
Atrium

Lecture Hall I

Hagan Room 
Atrium

Lecture Hall I
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Corporate Sponsors and Exhibitors
19th Annual Fred Scott Feline Symposium

July 27-29,  2007

Corporate Sponsors

Scherina - Plough Animal Health
www.spah.com

A leading manufacturer and marketer of biologicals, pharmaceuticals and specialty products for animals, 
Schering-Plough Animal Health Corporation is a unit of Schering-Plough Corporation, a trusted name in 
pharmaceutical and health care products worldwide.

IDEXX Laboratories. Inc.
www.idexx.com

IDEXX is a worldwide leader in innovative products and services for veterinary, food and water 
applications. Our companion animal and equine businesses combine biotechnology with medical devices 
and information technology to support veterinarians' efforts in providing excellent care while building 
successful practices. Our food and water businesses employ efficient technologies for livestock/poultry 
monitoring and ensuring the safety of public water and milk.

MERIAL
www.merial.com

Merial is a world-leading animal health company. We are a forward-looking company with a proven track 
record, producing pharmaceutical products and vaccines for livestock, pets and wildlife. We are on the 
cutting edge of product development and innovation, providing millions of doses worldwide annually to 
keep livestock and pets healthy.

Nutro Products. Inc.
www.nutroproducts.com

At Nutro Products we have more than 80 years of experience creating great-tasting, nutritious pet foods. 
We understand that your pets aren't just companions-they're important members of your family. That’s 
why we’ve created premium pet foods made from quality ingredients for every life stage.

Pfizer Animal Health
www.pfizer.com

Pfizer Inc, founded in 1849, is dedicated to better health and greater access to healthcare for people and 
their valued animals. Our purpose is helping people live longer, healthier, happier lives. Our route to that 
purpose is through discovering and developing breakthrough medicines; providing information on 
prevention, wellness, and treatment; consistent high-quality manufacturing of medicines, consumer 
products; and global leadership in corporate responsibility.

http://www.spah.com
http://www.idexx.com
http://www.merial.com
http://www.nutroproducts.com
http://www.pfizer.com


Annual Picnic

The annual picnic will be held at the Six Mile Creek Vinyard and includes a wine tour for those who sign­
up at the registration desk. Wines served at the picnic are from Six Mile Creek Vinyard and the vineyard is 
offering our guests a 20% discount on purchases.

Exhibitors

Blackwell Publishing 

Cornell Feline Health Center 

Elsevier Publishers 

Hill’s Pet Nutrition 

MERIAL

MILA International, Inc.

Nutro Products Inc.

Pfizer, Inc.

Schering - Plough Animal Health 

US Army Health Care Recruiting

Corporate Sponsors & Exhibitors 2





Faculty

Stephen DiBartola. DVM. Diplomate ACVIM

Dr. Stephen DiBartola received his DVM from the University of California, Davis. He completed a 
Small Animal Medicine and Surgery Internship at Cornell University and a Residency in Small Animal 
Medicine at the Ohio State University. He is currently a Professor of Medicine and Head of the Small 
Animal Medicine Section of the Veterinary Clinical Sciences Department of The Ohio State 
University. Dr. DiBartola is the author of the textbook F lu id E lectrolyte and A cid  Base D isorders in  
Sm all Anim al Practice that was published in 2006 by Elsevier.

Department of Veterinary Clinical Sciences 
The Ohio State University 
1027 Veterinary Hospital 
601 Vernon Tharp Street 
Columbus, OH 43210

19th Annual Fred Scott Feline Symposium
_______________________________________________ July 27-29,  2007

Rav Dillon. DVM. MS. MBA. Diplomate ACVIM

Dr. Ray Dillon, a Professor in Department of Clinical Sciences at Auburn University, received his 
DVM from Texas A&M University in 1973 Magma Cum Laude. He was an intern and clinical 
resident at Auburn University earning his MS in Internal Medicine in 1977. He received a MBA in 
2001 with Highest Honors from Auburn University. He was board certified in the American College 
of Veterinary Internal Medicine in 1978. Dr. Dillon was the first recipient and continues to hold the 
Jack O Rash Chair in Medicine at Auburn University. He was Head of the Section of Medicine for 
over 20 years and was Interim Director of the Scott-Ritchey Research Center. In his role, Dr. Dillon 
was given the charge by Dr. Hoerlein, Head of the Small Animal Clinic in 1978, to build a medicine 
section at Auburn University. With Dr. Dillon’s leadership, since that time, every faculty and 
resident trained in small animal medicine has been successful and are Diplomates of the American 
College of Veterinary Medicine. The small animal medicine section has grown from an original 
senior faculty of 2, to a faculty of 15 specialists, including internal medicine, dermatology, oncology, 
and emergency critical care. Dr. Dillon has over 100 scientific publications and 500 scientific 
presentations, many at international forums including lectures in 12 different countries.

He has been active in cardiopulmonary research, with an emphasis on inflammatory lung disease and 
congestive heart failure of dogs and cats. In addition to his clinical duties, he has been directly 
associated with over 22 million dollars of research over the past 12 years including collaborative 
research with Harvard University Respiratory Biology Program and University of Alabama at 
Birmingham Heart Failure Center.

Dr. Dillon's accomplishments as a clinical scientist has been recognized though awards such as the 
Phi Kappa Phi Scholar for Auburn University, Exceptional Achievement in Auburn University 
Outreach, and the Beecham Award for Research Excellence. He is considered one of the leading 
authorities on lung injury and heartworm disease of dogs and cats. In 1997, he was honored as the 
Comparative Medicine Scholar for Tuft's University College of Veterinary Medicine; and received 
the AVMA Foundation Award for Feline Research in 1999. Dr. Dillon was honored with the 
Outstanding Alumnus Award for 2003 by the College of Veterinary Medicine at Texas A&M 
University. Dr. Dillon was the founding President of the American College of Veterinary Internal 
Medicine Foundation.

Phone: 614-292-3551 
Fax: 614-292-0895



Currently, in addition to his research into mechanism of inflammatory lung disease of cats, he is 
active in research involving the molecular mechanism of myocardial remodeling associated with 
volume overload. In 2005, Dr. Dillon was the Principle Investigator of the Auburn University CVM 
project in a multi-center NIH grant with UAB Medical School for an 18 million dollar award 
investigating the Mechanism of Heart Failure. Dr. Dillon is active in teaching internal medicine to 
the veterinary professional students and graduate students/residents, and receives referral cases at the 
Auburn University Teaching Hospital.

Department of Clinical Sciences
College of Veterinary Medicine Phone: 334-844-4690
Small Animal Hospital Email: dilloar@auburn.edu
Auburn University, AL 36849

Richard Malik. DVSc. DipVetAn. MVetClinStud. PhD. FACVSc. FASM

Richard Malik graduated from the University of Sydney in January 1981. He initially trained in 
Veterinary Anaesthesia and Intensive Care, then moved to ANU where he completed a PhD in 
neuropharmacology at the John Curtin School of Medical Research. He subsequently completed a 
Postdoctoral fellowship at the Neurobiology Research Centre at the University of Sydney, before 
returning to his alma mater as a Medicine Resident in the Veterinary Teaching Hospital. He remained 
there for 16 years in a variety of positions, most notable as the Valentine Charlton Senior Lecturer in 
Feline Medicine (1995-2002). Since 2002 Richard has worked as a Senior Consultant in the Post 
Graduate Foundation in Veterinary Science, and he finds time also to see cases in a number of 
practices in the Eastern suburbs of Sydney. Richard is a Member of the College in Canine Medicine 
and a Fellow in Feline Medicine, and a registered specialist in Small Animal Medicine in NSW. 
Richard has strong and varied research interest, most notable infectious diseases (such as 
cryptococcosis and mycobacterial infections), genetic diseases, diseases of cats in general, and 
most recently diseases of koalas. Richard has a strong commitment to veterinary continuing 
education, and to collegiate interactions with small animal colleagues in Asia.

Phone: 61 293 513 7972 
Email: r.malik@vetc.usyd.edu.au

Mark Rishniw. BVSc. MS. Diplomate ACVIM

Dr. Mark Rishniw received his BVSc in Veterinary Medicine from the University of Melbourne in 
1987and a MS from Washington State University in 1994. He is boarded in internal medicine and
cardiology. Currently, he is finishing his PhD, has a part-time postdoctoral position at Cornells
College of Veterinary Medicine and is Director of Clinical Research with the Veterinary Information 
Network. He has authored or co-authored over 45 articles in veterinary medicine. Dr. Rishniw's 
research interests include molecular methods of disease investigation, clinical research of cardiac 
disease and evidence-based cardiac medicine.

T4 002 Veterinary Research Tower Phone: 607-253-3108
Cornell University Fax: 607-253-3317
Ithaca, NY 14853-6401 Email: mr89@cornell.edu

Post Graduate Foundation in Veterinary 
Science
The University of Sydney 
Camperdown, New South Wales 
Australia

Faculty 2
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Kenneth W. Simpson. BVM&S. PhD. MRCVS. Dipl. ACVIM. Dipl. EVCIM-CA

Dr. Simpson graduated from the University of Edinburgh (BVM&S) in 1984 and is a Diplomate of the 
American and European Colleges of Veterinary Internal Medicine. He is a Professor of Medicine 
at Cornell University's College of Veterinary Medicine with clinical and research interests in internal 
medicine and gastroenterology.

Department of Clinical Sciences
Cornell University Phone: 607-253-3251
College of Veterinary Medicine Email: kws5@cornell.edu
2001 Vet Medical Center 
Ithaca, NY 14853-6401

Faculty 3
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Participants
19th Annual Fred Scott Feline Symposium

__________________ July 27-29, 2007

Mary Abarno, DVM 
Veterinary Specialists of CNY 
2959 County Hwy 8 
Oneonta NY 13820

Jennifer Arcand, DVM 
Hilldale Veterinary Hospital 
1522 Donald Ave.
Royal Oak Ml 48073

Sam H.B. Basilious; DVM 
120 East Olive Avenue 
Burbank CA 91502

Eileen Adamo, DVM 
The Cat Doctors 
1805 Penfield Rd 
Penfield NY 14526

Betsy Arnold, DVM 
Caring for Cats 
343 Island Cottage Road 
Rochester NY 14612

Robert Bebko, VMD 
Cat Clinic 
5170 Liberty Ave 
Pittsburgh PA 15224

Terry Allen, DVM 
Clark Animal Care Center 
1672 Fairport 9 Mi Pt Rd 
Penfield NY 14526

Donna Badner, DVM 
13 Stratton Road 
Grafton MA 01519

Gerry Beekman, DVM 
Coastal Cats Feline Health Care 
470 US Route 1 
York ME 03909

Jan Belmonte, DVM 
The Cat Doctor 
193 Long Hill Road 
Bolton MA 01740

David Bolotin, DVM 
Just Cats
1110 East Main Street 
Stamford CT 06902

Pam Boyd, DVM 
4001 Plum Yew Circle 
Liverpool NY 13090

Jarles Bradley, DVM 
, . j 6  Fiske Street 
Carlisle MA 01741

Kevin Britt, DVM 
Veterinarians To Cats 
2750 Electric Road 
Roanoke VA 24018

Jack Broadhurst, DVM 
2212 Midland Road 
Pinehurst NC 28374

Chris Brooks, DVM 
Westridge Animal Hospital 
9911 W Highway 80 
Fort Worth TX 76116

Robert Carlson, DVM 
The Cat Doctor of Nashua 
24 Merrit Parkway 
Nashua NH 03062

Michael Casale, DVM 
Canandaigua Veterinary Hospital 
4776 Rushmore Rd 
Palmyra NY 14522

Elizabeth Colleran, DVM 
Chico Hospital for Cats 
548 W. East Ave 
Chico CA 95426

Jane Brunt, DVM 
Cat Hospital at Towson 
6701 York Road 
Baltimore MD 21212

Ann Cary, DVM
Town & Country Veterinary
Hospital
8 Caton Road
Corning NY 14830

Amy Denise Charpentier, DVM 
Clark Animal Care Center 
1 Madaket Drive 
Penfield NY 14526

Colleen Currigan, DVM 
The Cat Hosp of Chicago, PC 
2851 W Irving Park Road 
Chicago IL 60618

Colin Bullmore, DVM 
15 Stanet Road 
Moscow PA 18444 USA

Michael Cary, DVM 
Town & Country Veterinary 
Hospital 
8 Canton Road 
Corning NY 14830

Kathryn Christensen, DVM 
The Cat Doctor, S.C.
236 N. Water St.
Miwaukee Wl 53202

Jeffrey Di Mayo, DVM 
10255 Main Street 
Clarence NY 14031



James Dorney, DVM 
Summit Dog & Cat Hospital 
16 Morris Turnpike 
Summit NJ 07901

Janette Ellison, DVM 
The Cat Hospital of Fairfax Inc 
3915 Old Lee Hwy Suite 21 B 
Fairfax VA 22030

Andy Fleming, DVM 
Cats Exclusively 
1311 Marsh Road 
Pittsford NY 14534

Dana Gleason, DVM 
San Jose Animal Care Center 
123 Haight Street 
Menlo Park CA 94025

David Hagan, DVM 
4339 Mont Alto Road 
Waynesboro PA 17268

Delta Leeper, DVM 
Animal Medical Center 
2645 Beacon Hill Court, Apt 202 
Auburn Hills Ml 48326

Leann Lydon 
428 Shadyside Rd 
Ramsey NJ 07446

Deborah Edwards 
All Cats Hosp 
2069 Indian Rocks Road 
Largo FL 33774

Andrew Faigen, DVM 
1013 Country Club Drive 
North Palm Beach FL 33408

Vicki Fowler, DVM 
P O  Box 176 
Wynantskill NY 12198

Sarah Gottschalk, DVM 
Towanda Creek Animal Hospital 
RR 4 Box 53B 
Towanda PA 18848

Christine Hoyt, DVM 
256 US Route 1 
Scarborough ME 04074

Susan Little, DVM
Bytown Cat Hospital
422 McArthur Avenue
Ottawa Ontario K1K 1G6 CANADA

Kristin Maclauchlan, DVM 
2250 N. Triphammer Road, 2C 
Ithaca NY 14850

Diane Eigner, VMD 
The Cat Doctor 
535 N 22nd Street 
Philadelphia PA 19130

Lewis Faulkner, DVM 
2061 Brodhead Road Apt 2B 
Aliquippa PA 15001

Laura George, DVM
Catnip & Carrots Animal Hospital
2221 Hillside Avenue
New Hyde Park NY 11040

Kate Greenberg 
POB 661
Harriman NY 10926

Maria Kaprielian, DVM 
37 Westbranch Road 
Mahopac NY 10541

I
Mary Lummis, DVM 
Caring for Cats 
343 Island Cottage Road 
Rochester NY 14612

Ross Mahowald, DVM 
2212 North Halsted 
Chicago IL 60614

Troy Majure, DVM 
Animal Medical Center 
99 Cotton Acres Drive 
Clinton MS 39056

Donna Manley, DVM 
Manley Veterinary Services 
108 Presque Isle Lane 
Chapel Hill NC 27574

Richard McCarthy, DVM 
Linwood Animal Hospital 
1500 Gorham Street 
Lowell MA 01852

Letrisa Miller, DVM 
The Cat Clinic of Norman 
1000 E. Alameda Street, Ste 122 
Norman OK 73071

Alice Mills, DVM 
Lexington Hospital for Cats 
271 Southland Drive 
Lexington KY 40503

James T. Noonan, DVM 
Arlington Veterinary Clinic 
87 South Arlington Street 
Akron OH 44306
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John Perdrizet, DVM 
253 Linden Street 
Holyoke MA 01040

Steven Price, DVM 
Watertown Animal Hospital PC 
673 Litchfield Road 
Watertown CT 06795

Ilona Rodan, DVM 
Cat Care Clinic 
322 Junction Road 
Madison Wl 53717

Jennifer Saver, DVM
Catnip & Carrots Animal Hospital
2221 Hillside Avenue
New Hyde Park NY 11040

Maika Sharpe, DVM 
Adana Veterinary Clinic 
J ^ 5  Dryden Road #4 
^TacaNY 14850

Kelly St Denis, DVM 
Charing Cross Cat Clinic 
138 Charing Cross Street 
Brantford ON N3R 2J1 Canada

Gayle Sternefld, DVM 
Cat Hospital at Towson 
6701 York Road 
Baltimore MD 21212

Eliza Sundahl, DVM 
KC Cat Clinic 
7107 Main Street 
Kansas City MO 64114

Susan Thomas, DVM
The Cat Hospital
119 Finch Ave East
Toronto ON M2N 4R6 Canada

Brock Phillips, DVM 
Back Mountain Animal Hospital 
732 Center Hill Rd 
Dallas PA 18612

Anne Richards, DVM 
The Cat Doctor 
200 Great Road, Suite 9 
Bedford MA 01730

Carol Roshkind, DVM 
P O Box 661 
Harriman NY 10926

Erika Matthies Praul, DVM 
Windsar Veterinary Clinic 
PO Box 157 
Windsor ME 04363

Donald Richey, DVM 
636 Norht State Road 9 
Columbia City IN 46725

Denise Ross, DVM 
PO box 134
Watkins Glen NY 14891

Linda Schoenberg, VMD Dawn Seabold
Just Cats Hospital 2061 Brodhead Road, APT 2B
4125 Mayfield Road Aliquippa PA 15001
South Euclid OH 44121

Susan Shumaker, DVM Jatain Sondhi, DVM
4776 Belknap Hill Road 1310 Northwood Drive
BranchportNY 14418 Williamsville NY 14221

Marguerite Staderman, DVM 
All Cats Care Center 
729 Ridge Road 
Webster NY 14580

Neale Stock
1521 Gravania Avenue
Abington PA 19001

Cynthia Swingle, VMD 
St Lawrence Valley Vet Clinic 
46 Willow Street 
Massena NY 13662

Marcia Toumayan, DVM 
Cat Clinic of Chattanooga 
6609 Declaration Drive 
Hixson TN 37343

Michelle Stanek, DVM 
Seneca Animal Hospital P C 
7441 Seneca Street 
East Aurora NY 14052

Kathryn Stoltzfus, BVSc 
Windcrest Animal Hospital 
770 Shavertown Rd 
Boothwyn PA 19061

Susan Szczotka 
The Cat Doctor 
101 Main Street 
Johnson City NY 13790

Jean Townsend, VMD 
Jean B. Townsend, VMD 
1111 Longbrook Road 
Lutherville MD 21093-6307
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Robert Treat Jr, DVM 
Green Mountain Vet Hospital 
48 Treat Hill Road 
Manchester Center VT 05255

Helen Tuzio, DVM 
Forest Hills Cat Hospital 
85-19 65th Drive 
Rego Park NY 11374

Carla Walsh, DVM 
Lansingburgh Vet Hospital 
1411 Huntridge Drive 
Clifton Park NY 12065

Debbie Wismer, DVM 
65 Landis Ave 
Millersville PA 17551

Suzanne Trosclair, DVM 
Feline Medical Center 
4792 Caughlin Pkwy. Ste 209 
Reno NV 89519

Bob Upholt, DVM 
Cats Only Vet Hospital 
521 E. Genesee Street 
Fayetteville NY 13066

Teri White, DVM 
Community Animal Hospital 
7865 Woodland Circle 
Easton MD 21601

Ed Tudor, DVM
Paradise Island Animal Hospital 
PO Box 505090 
Saipan MP 96950 Northern 
Mariana Islands

Kathleen Wakefield, DVM 
Clark Animal Care Center 
1858 Harris Road 
Penfield NY 14526

Tane Wiseman, DVM 
Haskell Valley Vet Clinic 
PO Box 288 
Portville NY 14770
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Clinical Decision Making
Professor Richard Malik DVSc PhD FACVSc FASM

Post G r a d u a t e  Foundation in Veterinary Science, C onference Centre, 
Building B22, University of Sydney, N S W  2006 Australia

Introduction a n d  c o n c e p tu a l fra m ew ork

Reasoning is a term  used to refer to m e nta l activity through w h ich  w e  transform a vaila b le  
inform ation in o rder to re a c h  conclusions (in our case the diagnosis of disease). It requires 
decision m a k in g  (choosing  b e tw e e n  alternatives) a n d  p ro ble m  solving (finding paths to 
desired goals -  in our ca se  determining plans to prove or disprove diagnostic possibilities or 
therapeutic approaches ).

As veterinarians in small a n im al p ra c tic e , not a  d a y  goes by th at w e  d o  not m a k e critical 
decisions a b o u t the investigation a n d  tre atm ent of cases unde r our c a re . Interestingly, most 
of us h a v e  re ce ive d  ve ry little specific training in clinical decision m aking as part of our 
u n d e rg ra d u a te  curriculum , a n d  most continu ing  e d u c a tio n  forums em phasize the acquisition 
of n e w  k n o w le d g e , rather th an  philosophical a p p ro a c h e d  to diagnostic a n d  th era peu tic  
decision m aking.

In small an im al m e d icin e , w e  are  frequently c o n fro n te d  with disease conditions w e  h a ve  
n e ver e n co u n te re d  before . This m akes life ch a lle n gin g  a n d  interesting, but it c a n  also m ak e  
life ve ry stressful! W e  try our best to use c o m m o n  sense, d e d u c tiv e  reasoning a n d  to work 
things out from first principles using a  patho p hysio lo g ic  a p p ro a c h . Unfortunately, som e things 
are counter-intuitive, for e xam p le , the disease necrotizing sialoadenitis, in w h ich  patients 
present with signs th at a p p e a r  referable  to m a n d ib u la r salivary g la n d  disease, but generally 
respond c o m p le te ly  to anticonvulsant drugs such as p h e n o b a rb ito n e . It is therefore vifal fhat 
w e  learn through our w orking life h o w  fo d ra w  on the e xp e rie n ce  of junior co lle agu es (fresh 
ouf of veterinary school), senior co lle a g u e s (with vast experience , a n d  special ‘lo c a l’ 
k n o w le d g e ), textbooks, local a n d  international experts a n d  m e d ica l a n d  veterinary 
e lectronic d a ta  bases, a n d  resources such as the Veterinary Inform ation N etw ork (VIN).

In relation to diagnosis, there are  at least three im po rtant c o n c e p tu a l a p p ro a c h e s :

(i) Pattern recognition, the re cognition  of characteristic co m b in a tio n  of clues or signs (e .g . 
cu ta n e o u s  reactio n  patterns, radio lo g ic  patterns, histological patterns, h e m ato lo gica l 
patterns)

(ii) P ro b le m -b a s ed  m e d ic in e , a n d

(iii) Diagnosis b a se d  on clinical probability (i.e. th at certain  diseases o c c u r m u c h  m ore 
c o m m o n ly  th an others).

T h e  best diagnosticians can use all these approaches interchangeably, combining g re a t 

analytic skill, a system atic approach, but utilizing also good clinical intuition, which can 

make th e  diagnostic process fa s te r and less expensive.
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In this n e w  century, veterinarians m ore  th an e ve r should try to conside r a  scientific a p p ro a c h  
fo clinical decision m a k ing . The  ‘scientific a p p ro a c h  or m e th o d ' is fo u n d e d  on several key 
values or standards, w h ic h  are linked:

1. Objectivity -  e va lu a tin g  the evidence free from  bias as h u m a n ly  possible; bias . 
de ve lo p s  from our past experiences

2. Open-mindedness - a c o m m itm e n t to c h a n g in g  o n e ’s view s in the  fa c e  of 
evidence  th at these views are  in a c c u ra te

3. Skepticism - n o n -a c c e p t a n c e  of findings until ve rifie d - in our ca se  d o n ’t 
a c c e p t  evidence unless it has b e e n  well p ro ve n  th rough testing

4. Accuracy - g ath e rin g  a n d  e valu a tin g  inform ation for a c c u r a c y  -  in our ca se  
evidence-based m edicine)

Rather th a n  co n tin u e  to  write abstractly a b o u t these d isp a rate  c o n c e p ts , I will a tte m p t to 
illustrate th e m  b y  w orking  th rough w h a t w o u ld  se em  to b e  a  "ve ry  straightforw ard” cases.

I will then c h a lle n g e  different m e m be rs of the a u d ie n c e , in relation to H O W  a n d  W HY
th ev m a k e  clinical decisions.

Case presentation

Signalment
M a g ic  is a  tw o -y e a r-o ld  de sexe d  fem ale  Australian Mist c a t. This is a n  Australian b re d , b a se d  
o n  initial crosses b e tw e e n  Burmese (50% ), Abyssinian (25%) a n d  Australia do m e stic  crossbred 
cats.

Presenting com pla in t
The c a t  m a y  h a v e  ingested a  sew ing n e ed le .

History
The o w n e r o b se rve d  the  c a t  p laying  with a  sewing n e e d le . The  n e e d le  a lle g e d ly  h a d  not 
th re a d  a tta c h e d . The  o w n e r tried to intervene a n d  stop the c a t  p laying  with the n e e d le ; 
h o w e v e r w h e n  the o w n e r c a u g h t  the c a t, there w as no n e e d le  to b e  fo u n d . To  c o m p lic a te  
m atters further, the c a t  th en a te  100 rams of c o m m e rc ia l finned c a t  food, w h ic h  the  o w n e r 
h a d  b e e n  p rep a ring .

Physical findings
N o abnorm alities w e re  d e te c te d  on physical exam ina tion . C o u g h in g  w a s not n o te d , nor w a s 
vom iting  or regurgitation  during the  duration of the physical exam in a tio n . N o  foreign bodies 
or lesions w e re  d e te c te d  within the  oral ca vity . A  th re a d  w a s not e vid e n t in the vicinity of the 
lingual frenulum  w h e n  the to n g u e  w as e le v a te d  b y  a p p lic a tio n  of pressure to the 
interm andibular s p a c e . Th e  a b d o m e n  w as p a lp a te d  gently, h o w e v e r no  pain , d iscom fort or 
a b n o rm a l structures w e re  e vid e n t.

Questions 

(1) W hat is your clinical assessment? 

(2) W hat would you do next?



Clinical Assessment (this is EASY)

1. the c a t  m ay or m ay not h a v e  sw a llow e d a sew ing ne ed le
2. the n e e d le  m a y  or m a y  not h a v e  h a d  a tta c h e d  thread
3. if so, there m a y  b e  as a  c o n s e q u e n c e  a  variety of clinical problem s

What are the potential problems?

1. Penetration of pharynx
2. Penetration of oe so p h a gu s
3. M igration of n e ed le  from sto m a ch  to other sites

a ) w h ic h  sites?
b ) w h y  THESE sites?

4. C o m plica tio ns re lated to th re a d  i.e. intestinal plication 
a ) w h e n  does plication o c c u r?

What would you do next? (this is a BIT harder)

1. R adiology
2. C T
3. MRI
4. E n d o sco p y
5. H a e m a to lo g y , biochem istry a n d  urinalysis plus FIV a n d  FeLV

Radiology

1. Chest?
2. A b d o m e n ?
3. W hole  c a t, in o n e  g o ?
4. H o w  m a n y  views?

Questions 
Where is the needle?
Do we need a 2nd radiograph?



CRITICAL Q U ESTIO N S  

>  How should we manage this case? 

>  On what basis should we make decisions regarding clinical management?

#  H O W  D O  WE M A N A G E  THIS PATIENT? ( th is  m a y  b e  C O N T R O V E R S IA L )

1. C onserva tive  - d o  no th ing
2. C onserva tive  - use drugs, o the r techn iques
3. Endoscop ic  rem ova l
4. Surgical rem ova l

#On w hat basis should w e  m a ke  decisions regarding clinical m an ag em en t?

1. Look up te x t books
2. Ask co lleagu es
3. Ask lo ca l experts/specia lists
4. Consult ve te rina ry  a n d  m e d ica l da taba ses  -  CAB, M edline , PubM ed
5. Post a  question  on V.I.N.

#But before w e do that, w hat are  the UNIQUE considerations of the present cas e?

1. The c a t has b e e n  presen ted  EARLY
2. We c a n n o t be  sure if there  is th re a d  a tta c h e d , or NOT
3. The c a t has just e a te n  a LARGE m ea l
4. It is a  young  hea lthy  p a tie n t th a t should c o p e  OK w ith  anaesthesia  a n d  surgery, if 

d o n e  in an  a p p ro p ria te  m anner
5. M oney is no t an  issue w ith  these owners
6. There is tim e  to  THINK a n d  RESEARCH th e  best course o f a c tio n



Is endoscopic rem oval a v iab le  possibility?

1. In genera l, yes - a lth o u g h  needles are ha rd  to  c a tc h  a n d  hard to  safely retrieve
2. You need  g o o d  e q u ip m e n t a n d  GREAT expertise
3. IN THIS CASE, th e  ingestion o f fo o d  im m e d ia te ly  prior to  presenta tion  w ou ld  have  

m a d e  e n d o sco p ic  rem ova l very p ro b le m a tic , fu rtherm ore anaesthesia w ou ld  be 
re la tive ly  c o n tra in d ic a te d  in this setting

W hat about surgery?

Advantages

1. likely will resolve the  p rob lem
2. high success ra te
3. m inim um  m orb id ity
4. makes m ore m oney  for the  c lin ic  - $$$$$$
5. takes a w a y  all the  possible com p lica tio n s  assoc ia ted  w ith  pene tra tin g  o b je c t and  

th read

Disadvantages

1. invasive
2. costs the  o w ne r m ore m oney
3. som e pa in  a n d  m orb id ity  for the  p a tie n t

Ask learned colleagues

1. Dr D ick C hurcher (op in iona ted  Australian internist) STRONGLY re co m m e n d e d  surgery 
based on his expe rience  w ith  m ig ra ting  needles in the  UK; had  seem them  m ig ra ted  
liver, th o ra c ic  c a v ity  e tc

2. V.I.N. ~ UK surgeon RECOMMENDED surgery TO BE SURE it w ou ld  be  OK; bu t said it 
m igh t pass, b u t c o u ld n 't  be  sure this w ou ld  h a p p e n

Veterinary Textbooks

C onsulted a w id e  va rie ty  -  NOT very he lpfu l in this spec ific  ins tance

EVIDENCE BASED MEDICINE using electronic databases

1. Look a t ve te rina ry  d a ta  bases (most re liable)
2. Also, look a t m e d ica l d a ta  bases (less re liab le , bu t MORE in fo rm ation  a va ila b le  for 

ce rta in  top ics, such as this one)
3. Case series MUCH MORE HELPFUL than  ind iv idua l case reports w hen  looking for 

overall recom m enda tio ns
4. (i)Year o f the  report a n d  (ii) the  coun try  o f origin a n d  (iii)institution a re  very ge rm ane  

to  the  qua lity  a n d  a p p lica b ility  o f the  d a ta
5. Textbooks useful, bu t genera lly  ra te d  low  d o w n  in the  list c o m p a re d  to  orig inal peer- 

rev iew ed  papers



Veterinary D atab ase  (CAB)

In this ins tance , w as te c h n ic a lly  d ifficu lt. N e e d e d  som e p a tie n c e  to  find  the  c o rre c t key 
w ords (s tom ach, c a t, n e e d le ). O nly lim ited  in fo rm ation  a va ilab le , b o th  tw o  case series.

1. Gunsser (1978) in G e rm an  la n g u a g e  Journal 'Sew ing needles a n d  fish hooks as 
fo re ign  bod ies in dogs a n d  c a ts ’ 57 dogs a n d  15 cats
- o f 9 ca ts  w ith  gastric  needles, 6/9 passed spontaneously in 3-4 davs

2. Felts e t a l (1984) JAVMA  Thread a n d  sew ing needles as Gl fo re ign  bod ies in the  c a t: a 
rev iew  o f 64 cases (from  th e  An im al M e d ica l ce n tre  in N ew  York City)

- m ost h a d  th re a d  a n d  requ ired  surgery

Enough in fo rm a tion  is a v a ila b le  to  g ive  you an  impression th a t b o th  g o o d  a n d  b a d  
ou tco m e s  w e re  possible, b u t the re  is insuffic ient qua lity  d a ta  to  be  de fin itive  in 
re co m m e n d in g  tre a tm e n t strategies. Interestingly, young  ca ts  w e re  ove rrep resen ted  a n d  
th e  p resence  o f th re a d  must b e  suspected , as it is the  in ce n tive  for curiosify a n d  p lay.

Intestinal plication from a string foreign body in a cat

W hat about individual case  reports? (like THIS one)

1. te n d  to  be  w ritten  to  h igh ligh t UNUSUAL or d ra m a tic  seque lae
2. te n d  n o t to  re p o rt simple, h a p p y , un ch a lle n g in g  ou tcom es
3. e .g . Hunt e t a l (1991) S uspected  c ran ia l m ig ra tion  o f tw o  sew ing need les from  the  

s to m a ch  o f a  d o g . Vet Rec - m ig ra te d  in to  the  heart! Twice!!

W hat about hum an m ed ica l databases (M edline  or PubM ed)

1. Enormous num be r o f cases - case  reports, case  series, LARGE case  series
2. M ost ta lk  a b o u t FBs g e n e rica lly  ra the r th a n  JUST sew ing needles
3. som e case  series ha ve  18,200 cases !!!
4. G un e t al (2003) Paediatric Surgery International w h ich  co n ce n tra te s  on sa fe ty  pin 

ingestion  (49 cases) - 41% passed spontaneously; the  others requ ired  e n d o sco p y  or 
surgery

5. Review ing MANY o f fhe  case  series a va ila b le , m a jo rity  o f FBs th a t re a ch  the  s tom ach  
co n tin u e  to  pass th rough  w ith o u t seque lae , p rok ine tic  drugs NOT helpful,sites o f 
troub le  a re  pylorus, d u o d e n a l flexure, i le o c a e c o c o lic  va lve , pins are rarely a  p rob lem  
b e ca u se  o f Jackson 's ax iom  i.e. th e  b lun t w e ig h te d  end  passes first



How did w e m a n ag e  our patient?

1. Hospitalised the  p a tie n t
2. M on ito red  re c ta l tem pe ra tu re , d e m e a n o u r and  a p p e tite  (every 8 to  12 hours) - w e  

w ere  w a tc h in g  and  a n tic ip a tin g  signs o f early peritonitis, pancreatitis , ileus, pa rtia l 
intestinal obstruction, e tc

3. The c a t was fed  jud ic iously using co m m e rc ia l tinned c a t fo o d  ~ small m eals th ree  
times daily, finely m ashed up using a fork

4. Took an o th e r ra d iog rap h  the  fo llow ing  m orn ing -  the  n e ed le  was no w ith in  the  
intestinal trac t.

5. The c a t had  a g o o d  a p p e tite  fo r TASTY fo o d  w hile  in hospita l
6. Tem perature was m arg ina lly  e le v a te d  for the  first 36 hours
7. No faeces  was passed for 3-days
8. The c a t was g iven  am oxicillin  (100 m g orally tw ice  daily) during  hospitalisation
9. She was also g iven  som e Coloxyl (50 m g orally) every 12 hours from  d a y  3

A milestone occurred on d a y  4 when the need le  was passed

1. It was a tta c h e d  to  a segm ent o f stool
2. The need le  m easured 3.8 cm
3. It had  a c o tto n  th read  a tta c h e d , fo ld e d  in tw o ; the  th read  m easured 74 cm
4. Presumably the  stool pu lled  the  need le  a n d  th read  th rough the  rec tum

_

u
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Medical Management of Chronic
Renal Failure in Cats

Stephen P. DiBartola, DVM 
Department of Veterinary Clinical Sciences 

College of Veterinary Medicine 
Ohio State University 
Columbus, Ohio, USA

M edica l M anagem ent o f C R F in C ats

• C aveats...
-D o n 't pass judgment on a lethargic 

dehydrated cat with markedly 
abnormal laboratory results 

- 2  to 3 days of conscientious 
intravenous fluid therapy can produce 
remarkable results

M edica l M anagem ent o f CRF in Cats

• Nutritional considerations
• Phosphorus binders
• H2 receptor blockers
• Alkali replacement
• Potassium supplementation
• SQ  fluids at home by the owner
• Anabolic steroids
• ACE inhibitors
• Management of hypertension
• Hormone replacement (erythropoietin, calcitriol)

M edica l M anagem ent o f CRF in C ats 
------------ , Nutritional Considerations_______

• Commercial modified- 
protein cat foods 
provide 22-29% of 
calories from protein

• These foods also are 
phosphorus and 
sodium restricted

Treatment Options for Cats in 
 Chronic Renal Failure

• Renal 
transplantation

• Hemodialysis
• Conservative 

Medical 
Management

M edica l M anagem ent o f C R F in Cats 
Nutritional Considerations

• Unlimited access to 
fresh water at all times

• Minimum of 20% of 
calories from high quality 
protein (3.5 g/kg/day 
when consuming 70 
kcal/kg/day)

• Additional calories from 
carbohydrates and fats



M edica l M anagem e n t o f C R F in C ats 
Nutritional Considerations

Try to strike a balance between dietary 
modification and the cat’s willingness to 
eat
Monitor adequacy of nutritional therapy 
by serial evaluation of:
-  Body condition score 
-W e ig h t
-  Hair coat
-  Serum albumin concentration

M edica l M anagem e n t o f C R F in C ats
Nutritional Considerations

• R a tiona le  beh ind 
p ro te in  res tric tion  
-R e lie f of uremic 

symptoms 
-C a n  hyperfiltration 

jj. be reduced?

— —  -T-Wrv s v t  i ; ,
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M edica l M anagem e n t o f C R F in C ats 
  Nutritional Considerations

• S ta rt m od ified  d ie t w hen  m odera te  
azo tem ia  pers is ts  in the  hydra ted  v

• C hange  d ie t g radua lly

• T ry to acc lim a te  ca t to  new  d ie t 
w h ile  appetite  is still good

M edica l M anagem e n t o f C R F in C a ts  
“Diet Effects”

H H  -* reiL’U tt m m  a «

• Median survival in CRF cats fed “renal” 
diets ranged from 12-23 months compared 
to 7 months in cats fed “normal” diets

• Diet with longest median survival was 
restricted in protein, phosphorus, and 
sodium but high in potassium and 
eicosapentanoic acid (EPA)

Plant inga et al. Vet Rec 147:185, 2005

M edica l M anagem e n t o f C R F in C ats 
“Diet Effects”

• 50 CRF cats: 29 fed restricted protein-phosphorus 
(RPD) diet; 21 rejected the diet and were fed a 
“normal" (NPD) diet

• A t m id-point serum Pi and PTH were significantly 
higher in NPD and lower in PRD cats than at the 
start o f the study

• Phosphorus binders were required at some point 
in 34% o f RPD cats to control serum PTH

• Median survival was 633 days in RPD vs 264 days 
in NPD cats

Elliott et al. J Sm Anim Pract 41:235, 2000

M edica l M anagem en t o f C R F in C ats  
“Diet Effects”

...........................  i

Serum Pi (mmol/L) Serum PTH (pg/mL)

Elliott el al. J  Sm Anim Pract 41:235, 2000



M edica l M anagem ent o f C R F in C ats 
“Diet Effects”

■  Renal 

□  M aintenance

Day* S urvive 
Mean

Elliott et al. J  Sm Anim Pract 41:235, 2000

____________________________ y h j t - r c n  (L rx .

M edica l M anagem ent o f C R F in C ats 
“Diet Effects”

I j J ^ j Wisa'iVi 1 1 i i  i i i i i

• 45 CRF cats: 23 fed adult maintenance diet 
and 22 fed a “renal” diet low in protein, 
phosphorus, and sodium with supplemental 
PUFA over 2 years

• SCr did not differ between groups but cats 
fed the maintenance diet had more uremic 
crises and deaths attributable to CRF than 
did those fed the “renal" diet

Ross et al. JA VMA 229:949, 2006

M edica l M anagem ent o f C RF in C ats 
Phosphorus Restriction

• Rationale behind phosphorus restriction 
-Reversal of renal secondary 

hyperparathyroid ism 
-Improvement in tubulointerstitial 

lesions 
-  Prevention of soft tissue 

mineralization (including kidneys)

M edica l M anagem ent o f C R F in Cats 
_________  Phosphorus Restriction
H'*■
• 84% o f cats w ith CRF have renal secondary 

hyperparathyroidism based on measurement o f 
serum PTH

• Reduction in serum phosphorus and PTH 
concentrations can be achieved by dietary 
restriction of phosphorus alone in approximately 
67% o f CRF cats whereas phosphorus binders must 
be added in the remaining 33%

Barber et al. J  Sm Anim Pract 39:108,1998 
Barber et al. J  Sm Anim Pract 40:62, 1999

M edica l M anagem ent o f C R F in Cats 
— --------] Phosphorus Restriction________

Ideally, monitor renal secondary 
hyperparathyroidism by serial 
measurement of serum PTH 
-  Normal, 3-25 pg/ml (depending on lab) 

Evaluate serum phosphorus 
concentration after 12 hour fast 
Aim for serum phosphorus 
concentration of 2.5 to 5.0 mg/dL

m

M edica l M anagem ent o f CRF in Cats 
________ Phosphorus Restriction

Modified-protein diets for cats also are 
phosphorus-restricted (0.25-0.50% on a 
dry matter basis)
Initially try dietary phosphorus restriction 
alone (expected to be successful in 67%) 
If inadequate, add phosphorus binders 
(expected to be necessary in 33%)



M edica l M anagem e n t o f C R F in C ats 
Phosp h o r^  Binders

Aluminum hydroxide
• Calcium acetate
• Calcium carbonate

Start at 90-120 mg/kg/day 
divided and given with 
within 2 hours o f feeding

Slightly lower dosage of calcium acetate may be possible due 
to more efficient phosphate binding ,

M edica l M anagem e n t o f C R F in C ats 
Phosphorus Binders

Calcium carbonate
-E ffective phosphorus 

binder
-A ls o  provides calcium
-U s e  with caution in 

patients receiving 
calcitriol due to risk of 
hypercalcemia

M edica l M anagem en t o f C R F in C ats
Phosphorus Binders

Aluminum hydroxide
-  Effective phosphorus 

binder
-R isk  of aluminum 

intoxication?
-E a se  of administration: 

Tablets vs liquid 
-Becom ing difficult to find

a r r f k . -  ( W

1

M edica l M anagem ent o fp R F  in C ats  
Epakitin: Chitosan/Calcium Carbonate

Hwrmv,** Met* a*

• Studied in 10 normal and 6 CRF 
cats for 21-35 days

• Dosage used (1 g per 5 kg body 
weight q12h) supplied 20 mg/kg 
C a C 03 q12h

• Digestibility o f dietary Pi and 
serum Pi decreased

• May have beneficial effects as an 
-'T^ral adsorbent for urea and

ammonia
W a g n e r  e t a !  B e r t  M U n c h  T ie r d r z l l  W s c h r  I 1 7 :3 1 0 , 2 0 0 4

M edica l M anagem e n t o f C R F in C ats 
  Uremic Gastroenteritis

Plasma gastrin concentrations are hiqh in cats with 
CRF
Degree o f hypergastrinem ia correlates with severity 
of CRF ’
Potential clinical manifestations
-  Anorexia
-  Vomiting
-  Gastrointestinal bleeding

Goldstein et al. JAVMA 213:826. 19%

M edica l M anagem ent o f C R F in C ats
—  H2 Receptor Blockersmmm -  _

• Decrease gastric 
acid secretion
-  Cimetidine

(5 mg/kg q12h)
-  Ranitidine

(2 mg/kg q12h)
-  Famotidine

(1 mg/kg q24h)



M edica l M anagem ent o f CRF in Cats 
_______  H2 Receptor Blockers

• Famotidine
-  Once per day 

dosing 
- 2 . 5  to 5.0 mg per 

cat
* Data from prospective 

clinical trial in CRF 
cats not available

M edica l M anagem ent o f C R F in Cats 
I -------- , Metabolic Acidosis

• Respiratory compensation 
for metabolic acidosis is 
limited in cats compared to 
dogs

• Cats may not increase renal 
ammoniagenesis efficiently 
in metabolic acidosis

• Many commercial cat foods 
are acidifying -  should be 
avoided

f r J j g T ?

i nf 
[ jJ S to jr  s •

M edica l M anagem ent o f C RF in Cats 
Metabolic Acidosis

• 59 cats with CRF: 20 mild (SCr 2.0-2.8 
mg/dl); 20 moderate (SCr 2.9-4.5 mg/dl); 19 
severe (SCr > 4.5 mg/dl)

• Acidemia found in 53% of severe group and 
15% of moderate group

• pC 02 averaged 33-35 mmHg in all groups 
(minimal respiratory compensation)

Elliott et a l J  Sm Anim Pract 44:65, 2003

M edica l M anagem ent o f C R F in C ats 
Metabolic Acidosis

(****» mimiKi*

55 cats with CRF: 34 showed no progression 
over an average of 388 days; 14 showed 
“step-wise” progression between 2 visits; 7 
showed “gradual decline over > 3 visits 
Only 1 stable cat had acidosis 
Acidosis was most common in 5 cats 
experiencing “step-wise” progression 
Acidosis was a late feature of CRF in cats

E llio tt et al. J  Sm Anim  Pract 44:261, 2003

M edica l M anagem ent o f CRF in Cats 
  Alkali Replacement

• Consider if serum bicarbonate concentration 
< 14 mEq/L (normal, 14-21 mEq/L)

• Sources: sodium bicarbonate, potassium 
gluconate, potassium citrate

• Use of potassium gluconate or citrate also 
provides potassium supplementation

• Future studies are needed to determ ine if 
early intervention with alkali salts is beneficial 
in cats with mild to moderate CRF

M edica l M anagem ent o f C RF in Cats 
_______ Alkali Replacement

♦ Sodium bicarbonate 
- 8 4  g NaHC03 in 1 L water (1 mEq/ml) 
- 1  m L p e r5  kg body weight q12h toq8h 
-K eep  capped and refrigerated 
-  Desired serum bicarbonate 

concentration 14-21 mEq/L

5



M edica l M an a g e m e n t o f C R F in Cats 
Potassium Supplementation

• 20-30% of CRF cats 
are hypokalemic

• Factors contributing 
to hypokalemia 
-A n o re x ia

-  Loss o f m uscle mass

-  Polyuria
-  Vomiting

Can feeding a potassium deficient diet 
  cause CRF in normal cats?

• 9 normal cats fed 44% protein and 0.32% 
potassium diet for 100 weeks

• Interm ittent hypokalemia occurred in 7/9 cats

• 3/9 developed moderate to severe renal disease

• Increased FEK occurred concurrently with 
development of azotemia

• Histology: lymphoplasmacytic interstitial nephritis
DiBartola et al. JA VMA 202:744, 1993

P otass ium  supp lem en ta tion  o f 
__________no rm oka lem ic  ca ts  w ith  CRF

• Cats fed 0.78% potassium  diet 1 month before and 
during 6 month study

• Standard m edical m anagem ent of CRF w ith K 
gluconate or Na gluconate

• Normokalem ic CRF cats had lower muscle K+than 
normal control cats

• Serum K+ and FEK w ere unchanged during 
treatm ent in both groups

• Changes in GFR and RBF did not differ between 
treatm ent groups

Theisen el al. J  Vet !nt Med 11:212, 1997

M edica l M anagem en t o f C R F in C ats  
Potassium SuDolementation

• Should normokalemic CRF cats receive 
potassium supplementation?
-P ro : Oral potassium gluconate 

supplementation at 2 to 4 mEq/day is 
unlikely to be harmful

-C on : Evidence for improvement in 
GFR and RBF is lacking

M ed ica l M anagem e n t o f C R F in C ats 
— --------1 Potassium Supplementation
TOWN*** m m  me.

• Potassium gluconate 
2 to 4 mEq per day

• Potassium citrate
2.5 to 5.0 mEq per day

• Metabolism of organic 
anion provides 
alkalinization

M edica l M anagem ent o f C R F in C ats
Supplemental Fluids

• Owners can administer 
fluids subcutaneously at 
home to avoid the 
stress of veterinary 
visits
-F ixed  daily volume 
-Variab le  depending 

upon cat’s condition



M edica l M anagem ent o f C R F in Cats 
 ______  Anabolic steroids

• Theoretical benefits
-  Promote 

erythropoiesis
-  Promote protein 

anabolism
-  Increase red cell 

2,3-DPGA
-  Promote calcium 

deposition in bone

M edica l M anagem ent o f C R F in Cats 
_________  Anabolic steroids

■ v'ctmvutt M»J*

• Stanozolol (25 mg IM followed by 2 mg PO q12h for 28 
days) was hepatotoxic in cats
-  Anorexia, decreased grooming, decreased activity within 7- 

10 days
-  Markedly increased ALT and mildly increased ALP
-  Hyperbilirubinemia
-  Vitamin K-responsive coagulopathy
-  Hepatic lipidosis and cholestasis with minimal hepatocellular 

necrosis
-  Liver enzyme activity returned to normal within 4 weeks after 

discontinuing drug
Harkinetal.JAVMA2l7:68l, 2000

M edica l M anagem ent o f C R F in C ats 
ACE inhibitors

83 wmist

Potential detrimental effects o f angiotensin II in CRF
-  Efferent vasoconstriction > afferent vasoconstriction 

increases intraglomerular pressure (t Pgc) and 
contributes to proteinuria

-  Mesangial cell contraction decreases surface area 
available for glomerular filtration ( | K,)

-  Increased protein traffic in mesangium stimulates cytokine^" 
release and promotes fibrosis (glomerular sclerosis)

-  Increased reabsorption of proteins in proximal tubules up-A 
regulates genes for inflammatory mediators

M edica l M anagem ent o f CRF in Cats
Effects of benazepril on glomerular hemodynamics

• Benazepril (0, 0.4, 0 .7 ,1 .6  mg/kg/day) given to cats 
with 11/12 Nx over 6 mos

• Minimal effects on system ic BP (average decrease 
of 8 mmHg) and GFR

• Ratio o f efferent/afferent vasoconstriction 
decreased and (^ increased significantly in all 
treated groups (no net effect on SNGFR)

• No enhanced anti-hypertensive effect above 1 
mg/kg/day

B r o w n  e l  a l .  A m  J  l  e t  R es 6 2 :3 7 5 . 2 0 0 1

M edica l M anagem ent o f C R F in C ats 
R o le  o f  p ro te in u r ia

Efl

• 136 clien 
hyperten 
azotemic

• Hyperten
• Age, SCr 

hyperten
• S C rinde 

increasec 
UPC

• 90% o f c.

t-owned cats: 28 normal, 14 non-azotemic 
sive, 66 azotemic non-hypertensive, 28 
hypertensive

sion if present treated with amlodipine 
, UPC were correlated with survival; 
sion was not
pendently correlated with proteinuria;
1 age was not associated with increased

ats had UPC < 1 .0
Syme et al. J  Vet lot Med 20:528, 2006
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M edica l M anagem en t o f C R F in C ats 
ACE inhibitors

“ It remains uncertain whether in 
animals with naturally-occurring 
renal disease rapid disease 
progression is because of the 
proteinuria causing renal injury 
or if the proteinuria is simply a 
marker for a disease process 
that is intrinsically more rapidly 
progressive.”

Syme etal. J  Vet Int Med 20:528, 2006

f f t

c C
»** 40 ft*

M edica l M anagem e n t o f C R F  in C ats  
_______ ACE inhibitors: BENRIC Study

mmm*  ........................  ..............

• 192 CRF cats treated with benazepril (0.5-1.0 
mg/kg/day) vs placebo fo r up to 3 yrs

• Renal endpoint (78 cats)?heed for fluid Rx or 
euthanasia or death due to CRF

• Median renal survival: 637 days (benazepril) vs 
520 days (placebo): Not significantly different

• Benazepril worked rapidly (< 7 days), significantly 
decreased proteinuria, did not affect SCr, and was 
well tolerated

King el al. J  Vet Int Med 20:1054, 2006

M edica l M anagem en t o f C R F in C ats 
ACE inhibitors: Benazepril

Madtan Survival of CRF Cats

M edica l M anagem e n t o f C R F  in C a ts  
ACE inhibitors: BENRIC Study

—mmmmmmmm—mmmmmmmwmmmmm— — —

• Benazepril decreased p ro te inu ria  but d id  not affect
surv iva l time

-  In humans, ACE inhibitors slow  progression o f 
CRD independent o f effects on BP and effect is 
greatest when treatm ent is started early

-  If proteinuria plays a role in progression o f CRD in 
cats, early treatm ent with benazepril seems 
justified

-  If proteinuria is sim ply a m arker o f renal disease 
in cats, the best course o f action is unclear

King et al. J  Vet Int Med 20:1054, 2006

M edica l M anagem en t o f C R F in C ats 
ACE inhibitors: Benazepril

Q J j  >, it ,. '..,.  Hi;-. ,v,

• 61 cats with CRF treated with benazepril (0.5-1.0 
mg/kg/day) vs placebo for 6 mos

• UPC was significantly lower in benazepril-treated 
cats at 4 and 6 mos

• 93% o f benazepril-treated cats remained in IRIS 
stage 2 or 3 (SCr 1.6-5.0 mg/dL) compared to 
73% o f placebo-treated cats

• Survival and SCr did not d iffer between groups
Mizutani et al. J  Vet Int Med 20:1074, 2006

M edica l M anagem e n t o f C R F  in Cate 
Hormonal Replacement

• Erythropoietin
• Calcitriol



M edica l M anagem ent o f C R F in C ats 
 Hormonal Replacement: Calcitriol
ĵ| VtljAlitX) MMSOMI "

• Reduces PTH 
secretion by occupying 
calcitriol receptors on 
parathyroid glands

• Enhances 
gastrointestinal 
absorption of calcium 
and may correct 
ionized hypocalcemia

M edica l M anagem ent o f C RF in Cats 
Hormonal Replacement: Calcitriol

2.5 to 3.5 ng/kg = Usual Dosage

0 5 1£ 15 20

PTH
Suppressed

1*GI Absorption 
o f Calcium

Hypercalcemia 
4* Appetite/W eight

t
Goal

M edica l M anagem ent o f C R F in Cats 
Hormonal Replacement: Calcitriol

• Used only after 
hyperphosphatemia 
controlled (i.e., Ca x Pi 
< 60-70)

• Watch for 
hypercalcemia 
(especially with Ca 
containing Pi binders)

• Rapidly lowers serum 
PTH concentration

M edica l M anagem ent o f C R F in Cats 
Hormonal Replacement: Calcitriol

Extremely low 
dosage
required: 2 to 4
ng/kg/day
Requires
reformulation by
compounding
pharmacy

Medics
Hor

il M anagem ent o f C R F in Cats 
monal Replacement: Calcitriol

• M onit 

-C lin
unre

-F o il

• Long-

oring pa tien ts  on ca lc itrio l 

ical appea rance  m ay be 
^liable

ow serum  PTH concentra tion  

term  benefit to  anim al unknow n

M edica l M anagem ent o f CRF in Cats 
H o rm o n a l R e p la c e m e n t: rhE P O

m . 1 i.vnn MM* f*.■

• E ffe c ts  in tre a te d  
c a ts

-  Resolution of anemia
-  W eight gain

-  Improved appetite

-  Improved haircoat
-  Increased alertness
-  Increased activity Not approvedfor use ,n



M edica l M anagem en t o f C R F in C ats 
Hormonal Replacement: rhEPO 

    ............

Consider in symptomatic 
cats with PCV < 20% 

Starting dosage 100 
U/kg SQ 3X per week 
Supplement with F eS 04 
5 to 50 mg/day (oral iron 
may be poorly tolerated) 

• When PCV > 30% 
decrease to 2X per week

M edica l M anagem en t o f C R F in C ats  
 hlormonal Replacement: rhEPO
m  '■t riiA**,..............■■....... ——   I— —

• Monitor serum iron status
• Monitor PCV weekly using same 

technique (table top centrifuge or 
Coulter counter) every time

• Target PCV range: 30 to 40%
• Depending on severity of anemia may 

take 3 to 4 weeks for PCV to enter 
target range

M edica l M anagem e n t o f C R F in Cats 
  rhEPO : Adverse Effects

• Antibody formation: MAJOR problem
• Vomiting
• Seizures
• Hypertension (improved 0 2 delivery to tissues 

increases peripheral resistance)
• Uveitis
• Hypersensitivity-like reactions at injection site

M edica l M anagem en t o f C R F in C ats
_________ rhEPO : Adverse Effects

i .............

• High risk of antibody formation (20-40%)
• Occurs 30 to 160 days after starting treatment
• Progressive decrease in PCV and marked 

increase in bone marrow M:E ratio while j-
receiving EPO [-^C # (yw

• Discontinue EPO if antibody formation O ft 
suspected

• Prolonged transfusion dependence may result

i T

M edica l M anagem e n t o f C R F in C ats 
R ecom b inan t Fe line  Erythropoietin

• rfEPO used to treat 19 anemic CRF (100 U/kg SC 
3X/wk) cats and 7 CRF cats with red cell aplasia due 
to prior rhEPO treatm ent (400 U/kg SC 3X/wk)

• Reached target PCV (30-40%) in 3 wks

• Appetite and activity increased

• MCV and serum iron decreased in first 8 wks o f Rx
• Elemental iron supplementation 2 mg/kg/day (some 

cats experienced Gl upset)
Randolph el at. Am J  Vet Res 65:1355, 2004

M edica l M anagem en t o f C R F  in C ats  
R ecom b inan t Feline Erythropoietin

• Uncommon adverse effects
-  Median systolic BP did not change, but 2 cats 

had recorded systolic BP > 180 mmHg

-  Seizures (unassociated with polycythemia or 
hypertension) in 1 cat

-  Excoriations and licking at in jection site in 2 
cats

-A n a p h y la x is  and death in 1 cat
Randolph el at. A m J Vet Res 65:1355. 2004



M edica l M anagem ent o f C R F in C ats 
R ecom b inan t Fe line  Erythropoietin

♦ Unexpected serious adverse effect 
- — 5/19 (26%) CRF cats not previously treated 

rhEPO and 3/7 (43%) CRF cats 
. previousl y treated w/rhEPO developed 

 ̂ RCA after a median of 14.5 weeks o f Rx
-  M:E increased (30:1 to > 100:1) and some 

developed m arrow lymphocytosis
-  Sim ilar to 20-40% frequency o f RCA in cats 

treated with rhEPO
Randolph et at. Am J  Vet Res 65:1355, 2004

M edica l M anagem ent o f C R F in C ats 
R ecom binan t Feline Erythropoietin

• Possible reasons for red cell aplasia
(RCA) in rfEPO treated cats
-  Allelic variation (no evidence found)
-  Differences in glycosylation (unlikely)
-  O ther conformational changes (most humans 

with RCA after rhEPO Rx have been treated 
w ith 1 product -  Eprex®)

-  Route o f administration (more common in 
humans after SC vs IV administration)

Randolph et al. Am J  Vet Res 65:1355, 2004

tXYCVy ' '^ W .

M edica l M anagem ent o f C R F in Cats 
Hypertension

jjHK ■ . ' mm

• 20/103 (19.4%) cats with CRF 
had systolic BP > 175 mmHg 
(95% Cl: 13-28%)

• Cardiac abnormalities (gallops, 
murmurs, arrhythmias) and ocular 
lesions (hemorrhage, retinal 
detachment) were common

• Severity of azotemia was not 
associated with hypertension

Syme etal. JAVMA 220:1799, 2002

M edica l M anagem ent o f C R F in Cats 
Hypertension

£H| wtt* JW

• 69 cats with hypertensive retinopathy and systolic BP > 170 
mmHg

• Associated disorders
-  26 cats: no identifiable cause; m ild ly  azotem ic
-  22 cats: CRF
-  12 cats: no identifiable cause; non-azotemic
-  5 cats: hyperthyroidism
-  2 cats: diabetes mellitus
-  1 cat: hyperaldosteronism

• Conclusion: "primary hypertension in cats may be more 
common than currently recognized” (?)

• Good response to amlodipine
M a g g lo  e t a l .  J A V M A  2 1 7 :6 9 5 . 2 0 0 0

M edica l M anagem en t o f C R F in Cats 
Hypertension: “White Coat Artifact”

• M akes it d ifficu lt to  decide if a ca t is tru ly  
hypertens ive

• M ean 24 -h r sys to lic  b lood p ressu re  by 
rad io te lem etry:
-  Normal cats: 126 mm Hg 
-C R F  cats: 148 mm Hg

• D uring c lin ica l exam ination :
-  Normal cats: 143 mm Hg
-  CRF cats: 170 mm Hg

Be lew et al. J  Vet Int Med 13:134, 1999

M edica l M anagem ent o f C RF in Cats 
Blood Pressure Assessment

• Patient, trained technician
• Quiet, undisturbed 

environment
• Sufficient time for 

acclimation
• Correct cuff size
• Several sequential 

measurements
• Average sequential readings



M edica l M anagem e n t o f C R F in C ats 
Hypertension: To treat or not?

BP consistently 
> 175 mm Hg 
Any high BP and fundic 
lesions:
-  Retinal hemorrhage
-  Vascular tortuosity
-  Retinal edema
-  Intra-retinal 

transudate
-  Retinal detachment

M edica l M anagem ent o f C R F in Cats 
________ M anagem ent of Hypertension
gjH WHt&m mmt'-i ' 1 1

• Dietary salt restriction
-  Commercial cat foods designed for CRF usually also are 

sodium-restricted
-  Variations in sodium intake (2.2, 4.4, 8.7 mEq/kg/day) did 

not affect BP in normal and remnant kidney cats
Low sodium intake may be associated with RAAS 
activation resulting in increased urinary FEk and 
hypokalemia

-  Sodium restriction did not have beneficial effect on BP 
and had potentially adverse effects on potassium 
balance that could contribute to renal injury (hypokalemic 
nephropathy)

Buranukarl et a l Am J  Vet Res 65:620, 2004

N a J /  l<T 3  |

M edica l M anagem e n t o f C R F in Cats 
Management of hypertension

• Furosemide
-  Risk of dehydration and pre-renal azotemia

• Limited success with beta-blockers (e.g., 
propranolol) and ACE inhibitors (e.g., 
enalapril)

M edica l M anagem ent o f C R F in C ats 
Management of hypertension

m
• 30 hypertensive (> 175 mmHg) cats: 16 CRF, 7 

idiopathic, 5 azotemic hyperthyroid, 2 non- 
azotemic hyperthyroid

• Cardiac or ocular abnormalities in 87%
• 20 controlled with amlodipine 0.625 to 1.25 mg 

q24h alone
• 10 required addition of an ACE inhibitor, beta 

blocker, or thiazide at some point
• No to few adverse effects (hypotension in 1 cat)

E l l i o t t  e t  a l .  J  S m  A n im  P r a c t  4 2 :1 2 2 . 2 0 0 1

M edica l M anagem en t o f C R F in C ats
 Management o f hypertension

• Conclusions
-  CRF was most common underlying problem in 

hypertensive cats
-  Hyperthyroidism only causes m ildly increased 

blood pressure unless accompanied by CRF
• Questions

-  Does control o f BP slow progression o f CRF in 
cats?

-  W hat target should be set for BP control (< 165 
mmHg?)

Elliott etal. J  Sm Anim Pract 42:122, 2001

M edica l M anagem ent o f C R F in C ats 
_________Management of Hypertension

• Amlodipine
-  Start with 0.625 mg PO 

q24h

-  Recheck BP in 7-14 days
-  If BP > 175 mmHg, increase 

to 1.25 mg PO q24h
-  Goal: BP < 165 mmHg

-  Expect good control in 60%



M edica l M anagem ent o f C R F in C ats 
Management of Hypertension

K /(P gc"Pt"^gc) = GFRCalcium channel blockers 
preferentially dilate afferent 
arteriole: lower systemic BP; 
preserve GFR 
ACE inhibitors preferentially 
dilate efferent arteriole: 
minimal effect on systemic 
BP in cats; decrease Pgc 
Ideal treatment may be a 
combination

M edica l M anagem ent o f C R F in C ats 
Urinary Tract Infection

• UTI occurs in 30% of CRF cats
• Females > males
• Usually E. coli
• Low USG in CRF cats may predispose to 

UTI
• Treat with appropriate antibiotic therapy

Barber el al. J  Vet Int Med 13:251, 1999

International R enal In terest S o c ie ty  (IRIS)
,_____________  C la ss if ica tio n : F elin e  CRD
HH ' - ■ ... -  1......... —................................ "“"I—■

C re atin in e
S t a g e  I S ta a e  II S ta a e  III S ta a e  IV
N o n -a zo te m ic
C K O

M ild renal 
azotem ia

M oderate 
renal azotem ia

S e v e re  renal 
azo tem ia

m g / d L < 1 . 6 1 6 - 2 . 8 2 . 9 - 5 . 0 > 5 . 0

P r e v a l e n c e * 3 3 . 6  % 3 7 .2  % 1 5 . 4  % 1 4 . 1  %

«  silent ------------------ »

!

♦ —  clin ica lly  a p p a re n t ■ ■ »

'Distribution of 786 Cases of C R D  In Cats (Elliott et al. ACVIM  Proceedings. 2003)

M edica l M anagem ent o f C R F in C ats 
Hyperthyroidism and the Kidney

-><>«<*»n  vmntxtiR tmm xtt ^ i

• Non-thyroidal illness 
(CRF) lowers T4 and 
makes diagnosis of 
hyperthyroidism difficult

• Hyperthyroidism 
increases GFR and RBF 
and masks underlying 
renal disease

M edica l M anagem ent o f C RF in Cats 
,_________ Hyperthyroidism and the Kidney

• 30 days after bilateral surgical thyroidectom y in 
hyperthyroid cats:
-  GFR decreased from 2.5 to 1.5 ml/min/kg 

(40% decrease)
-  SCr increased from 1.3 to 2.0 m g /d l
-  BUN increased from 27 to 35 mg/dL

Graves et al. Am J  Vet Res 55:1745, 1994

M edica l M anagem ent o f C R F in C ats 
 Hyperthyroidism and the Kidney

• Regardless o f treatment (methamizole, bilateral 
thyroidectomy, radioiodine)
-  SCr increased from  1.6 to 2.2 mg/dL at 30 

days and 2.4 mg/dL at 90 days
-  BUN increased from 30 to 36 mg/dL at 30 

days and 37 mg/dL at 90 days

DiBartola et al. JA VMA 208:875, 1996



M edica l M anagem en t o f C R F in Cats 
................  Hyperthyroidism and the Kidney

M edica l M anagem e n t o f C R F in C ats 
Hyperthyroidism and the Kidney

♦ Iatrogenic hyperthyroidism (50 pg/kg T4 SQ 
daily for 30 days) in previously normal cats
-  Increased GFR from 2.9 to 3.4 ml/min/kg
-  Increased RPF from 10.1 to 12.2 ml/min/kg
-  Decreased BUN from 22 to 17 mg/dL
-  Decreased SCr from 1 .1 to 0.7 mg/dL

Adams el al. C anJ Vet Res 61:53, 1997

• 15/22 hyperthyroid cats had GFR < 2.25 
m l/m in/kg before radioiodine (9 were azotem ic 
and 5 w ere not)

• 30 days after radioiodine, 13/15 were azotem ic
• The 2 non-azotem ic cats had persistently high T4 

after radioiodine

Adams etal. Vet Radiol & Ultrasound38:231, 1997

M edica l M anagem en t o f C R F in C ats 
__Hyperthyroidism and the Kidney

M edica l M anagem e n t o f C R F in C ats 
hs— :--------Hyperthyroidism and the Kidney

• GFR of 2.25 m l/m in/kg was useful fo r predicting 
outcome after radioiodine
-  13/15 cats with GFR < 2.25 ml/min/kg 

developed azotemia 30 days after treatm ent
-  0/7 cats w ith GFR > 2.25 ml/min/kg developed 

azotemia 30 days after treatment

Adams et at. Yet Radiol & Ultrasound 38:231, 1997

• Subclinical renal disease is common in 
hyperthyroid cats. Why?
-  Coincidental finding in a geriatric population?
-  Hyperthyroidism contributes to developm ent o f 

chronic renal disease in cats?
• 60% o f renal perfusion pressure is 

transm itted to the glom eru lar capillary bed in 
cats Brown el al. Am J  Vet Res 54:970, 1993

• Intraglomerular hypertension may contribute 
to progression o f renal disease and 
glom erular sclerosis

M edica l M anagem ent o f C R F in C ats 
H y p e rth y ro id is m  a n d  th e  K id n e y

M edica l M anagem en t o f C R F  in  C ats 
tBg : ---------- H y p e rth y ro id is m  a n d  th e  K id n e y

• Should hyperthyroidism be treated in cats 
with CRF?
-C O N : The effects of hyperthyroidism 

reduce azotemia and improve appetite 
-P R O : Hyperthyroidism could contribute 

to progression of renal disease and has 
many other deleterious systemic effects

• Iden tifica tion  o f ca ts  a t risk  fo r ad ve rse  renal 
ou tcom e a fte r trea tm e n t o f h yp e rthyro id ism
-  GFR determination is ideal but impractical (cats with 

GFR < 2.25 ml/min/kg are at risk)
-  BUN, SCr and USG have limitations

• BUN, SCr artificially decreased by increased GFR; 
SCr also decreased by loss of muscle mass

• Some cats (10-15%) retain substantial 
concentrating ability in presence of CRD

-  Use information from palpation of kidneys and 
ultrasound exam



M edica l M anagem ent o f C R F in Cats 
r__  Hyperthyroidism and the Kidney

• Diagnosis of hyperthyroidism in geriatric 
cats with CRD is difficult 
-C R D  is a non-thyroidal illness that can 

lower T4 to within the normal range 
-Palpation of a thyroid nodule is a practical 

and useful diagnostic tool 
-Pertechnetate scan is the “gold” standard

pB9

M edical M anagem ent o f C R F in Cats 
Hyperthyroidism and the Kidney

• What is the “best” 
way to manage 
hyperthyroid cats 
with chronic renal 
disease?

M edica l M anagem ent o f CRF in Cats 
H y p e rth y ro id is m  a n d  th e  K id n e y

■  nr> m i  1■  TAPAZOLE ■  
K  mg f l

• Tapazole “challenge”
- 2 . 5  mg PO q24h
-  Gradually increase to maximal 

tolerated dose (up to 5 mg PO 
q12h)

-  Re-evaluate renal function every 
10 days before increasing dosage

• Definitive therapy (surgery, 
radioiodine) if rendering cat 
euthyroid does not adversely affect 
renal status

M edica l M anagem ent o f CRF in C ats 
„__________Hyperthyroidism and the Kidney
HU'*™**'*"*

• Definitive treatment of hyperthyroidism 
(surgery, radioiodine) may render some 
cats hypothyroid

• Hypothyroidism could adversely affect 
renal function

• CRF cats rendered hypothyroid should
be supplemented with 0.1 mg l-thyroxine 
PO q24h
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R e f r a c t o r y  u l c e r s  o n  t h e  n a s a l  b r i d g e  o f  a  

y o u n g  c a t :

A n  e x e r c i s e  i n  D i a g n o s t i c  R e a s o n i n g

Professors R ichard M alik12 D V Sc D ipV etA n PhD  FA C V Sc FA SM  &  
Paul J. C an field2 D V SC  PhD  FA C V Sc G rad C ert H igher Ed FR C Path

'P o s t  G r a d u a t e  F o u n d a t io n  in  V e te r in a r y  S c ie n c e  a n d  F a c u lty  o f  
2V e te r in a r y  S c ie n c e ,  U n iv e rs ity  o f  S y d n e y ,  N SW  2 0 0 6  A u s t ra l ia

CASE STUDY

Presenting complaint and history: An e igh t-m on th -o ld  ca s tra te d  m a le  dom estic  
crossbred c a t is presented  for m u ltip le  non-hea ling  ulcers on the  b ridge  o f its nose.

Physical findings: The lesions d o  no t a p p e a r to  be  pruritic. There are no lesions like 
this on the  nasal p lanum  or on the  d ig ita l pads. There is no suppura tion  from  the 
lesions. There are no cu rren t signs o f nasal c a v ity  disease such as sneezing or nasal 
d ischarge. The c a t is constitu tiona lly  well. The lesions d id  no t respond to  a four w eek  
course o f cepha lex in , a n d  have  persisted w h ile  the  c a t has been  b o a rd ing  in the 
c lin ic  for seven days.

1 .  W h a t  is  y c u r  c l i n i c a l  a s s e s s m e n t ?

2 .  H e w  w o u l d  y o u  i n v e s t i g a t e  t h i s  c a s e  
f u r t h e r ?



B a c k g r o u n d  c o n c e p t s  t o  b e  e x p l o r e d

Let us start w ith  som e key defin itions. Reasoning refers to  m e n ta l a c tiv ity  th rough  
w h ich  w e  transform  a v a ila b le  in fo rm a tion  in o rder to  re a ch  conclusions. In this spec ific  
ins tance  (clinical reasoning), w e  re fer to  the  in te g ra tio n  o f historical, physica l, 
la b o ra to ry  a n d  im a g in g  find ings in o rde r to  m ake  a diagnosis. It requires decision 
making (choosing  b e tw e e n  a lte rnatives) a n d  problem solving (find ing pa ths  to  
desired goals) -  in this case , de te rm in ing  plans to  p rove , or d isprove, th e  d iagno s tic  
possibilities a n d /o r  a p p ro a ch e s  to  the rapy .

W hen w e  tra in e d  as c lin ic ians in V e t School, th e  m a jo r focus w as on p rov id ing  an 
ove rv iew  o f th e  m any  disease cond itions  th a t c a n  a ffe c t th e  various b o d y  systems in 
d ispa ra te  an im a l species. This w as und e rp in n e d  by “Problem-orientated medicine”, a 
c o n c e p tu a l a p p ro a c h  w h ich  w as has b e e n  w ell a c c e p te d  in ve te rina ry  m e d ic in e  
since the  1970s, a n d  is ta u g h t in m ost ve te rina ry  co lleges in North A m e rica  a n d  
Australia.

It should b e  bo rne  in m ind  th a t one  o f th e  facto rs  th a t m ake  te a c h in g  d iagno s tic  
reason ing so tricky is th a t expert clinicians do not follow a fixed pattern of patient 
examination and evaluation. From the outset, they are generating, refining and  
discarding diagnostic hypotheses. The questions th e y  ask in the  history a re  d riven  by 
th e  hypotheses th e y  a re  w ork ing  w ith  “ in the  m o m e n t” . Even the physical 
examination is somewhat driven by specific key potentia l findings, ra the r th a n  a p re ­
o rd a in e d  checklis t. For e xam p le , w h e n  e va lu a tin g  a  p a tie n t w ith  sudden  co llapse  
a n d  p a le  m ucous m em branes, the  s tuden t pa lp a te s  th e  a b d o m e n  w h ile  w a itin g  for a 
find ing  to  strike him ; on  th e  o th e r hand , th e  expert c lin ic ian  is on a focused  search 
mission, e .g . is the re  a p a lp a b le  a b d o m in a l mass (spleen?) w h ich  m a y  be  
he m orrhag in g  in to  the  pe rito n e a l space . N e g a tive  find ings a re  o fte n  just as im p o rta n t 
as positive findings.

In p ro b le m -o rie n ta te d  m e d ic in e , p resenting  com p la in ts , c lin ica l signs, a b n o rm a l 
physica l find ings a n d  la b o ra to ry  test results, in fo rm a tion  from  im a g in g  m oda lities  a n d  
so forth  c a n  all be  e n te re d  as “Problems" in a  P roblem  List. This Problem List forms the 
cornerstone of the patient's medical record. These prob lem s are  then  resolved, if 
possible, in to  a sm aller n um be r o f entities w h ich  re fle c t the  key underlying disease 
processes g iv ing  rise to  th e  p a tie n t's  signs. The a d v a n ta g e  o f this a p p ro a c h  is th a t it 
c a n  be  a p p lie d  to  any  disease, sim ple or co m p le x , a n d  it works (or should work) even  
for disease cond ition s  th a t th e  c lin ic ian  has neve r seen be fo re , or no t even  h ea rd  
a b o u t! The tro u b le  w ith  this system is th a t it is cum be rsom e , ted ious for sim ple cases, 
expensive a n d  no t w e ll su ited to  the  m a jo rity  o f so ftw a re  systems used in ve te rina ry  
p ra c tic e . It is VERY USEFUL, however, in developing a conceptual framework to 
explain to undergraduates the logic which underpins analytic diagnostic reasoning. It 
should form  th e  co rners tone  for c lin ica l dec is ion  m ak ing  w h e n  c o m b in e d  w ith  
in fo rm a tion  from  tex tbooks a n d  e le c tro n ic  d a ta  bases.



Sherlock  H o lm es  - a  g rea t 
believer in  P rob lem  b a sed  
analysis. D r W atson  can  
be  seen  suffering  from  

passive  sm o k in g  on  the  
right.

Experienced clinicians, if they are honest, will a d m it th a t m uch o f the  tim e th e y  c a n  
recogn ise  the  cause o f m any p a tie n ts ’ problem s by utilizing m enta l "short-cuts” , 
usually cha rac te ris tic  patterns o f historical clues, c lin ica l signs a n d  physical findings. 
Such “pattern recognition" has been  frow ned  upon  by som e influentia l ve te rinary 
educationa lis ts . This is illog ica l, as in m y expe rience  the  best hum an a n d  vete rinary 
internists have  the  most soph is tica ted  pa tte rn  recogn ition  skills! The reason why this 
intuitive style of diagnostic reasoning is so disdained is that it may let you down if not 
utilized with checks and balances. This is because  some pa tien ts  d o  no t have  the  
"classic p a tte rn ” , w hile  o the r pa tien ts  w ith  “ a  classic p a tte rn ” c a n  have  a co m p le te ly  
d iffe ren t disease, or a  concu rren t s ign ifican t o the r p rob lem . Indeed, the presence of 
multiple concurrent diseases is an under-rated problem when dealing with complex 
cases, especially when matters are further com plicated by preliminary treatments 
that have been given by other veterinarians. This is w hy vete rinary m ed ic ine  c a n  be  
so cha lleng ing . U nfortunate ly this has resulted in ‘th row ing  ou t the  b a b y  w ith  the 
b a th w a te r', because  an intuitive, thoughtful clinician can harness both pattern 
recognition AND analytic diagnostic reasoning to sort out challenging internal 
medicine cases.

The nov ice  veterinary p ra c titio n e r typ ica lly  uses a “ shot g u n " a p p ro a c h  to  d iagnostic  
testing, hop ing  to  hit a ta rg e t w ithou t really know ing w h a t th a t ta rg e t is. The 
increasing ly a c c e p te d  c o n c e p t o f a  m inim um  d a ta  base -  consisting o f a c o m p le te  
b lood  coun t, a  b io ch e m ica l pane l, urinalysis, chest and  a b d o m in a l rad iographs and  
a b d o m in a l ultrasound -  is the  curren t expression o f this a p p ro a c h , a lthoug h  it has 
m erit in co m p le x  cases or in situations w here  there is no lim it to  the  cost o f the  “ work 
u p ". The expert diagnostician, on the other hand, usually has one or two specific 
targets in mind, and efficiently adjusts the testing strategy with this in mind. 
U ncerta in ty in ve terinary m ed ic ine  is c o m p o u n d e d  by the in fo rm ation  ove rload  th a t 
characterizes the  m odern  w orld  in w h ich  w e  live. It has been  said th a t a g o o d  hum an 
internist needs a t least tw o  millions bits o f in fo rm ation  to  p ra c tic e  m ed ic ine . In o rder to  
c o p e , most g o o d  clin ic ians use cognitive shortcuts, or heuristics, to  organize co m p le x  
unstructured m ateria l from  the  c lin ica l eva lua tio n  in to  a  m a n a g e a b le  fo rm at.

Psychologists have  found  th a t p e o p le  rely on th ree  basic types o f heuristics. Pattern 
recgn ition  is an exam p le  o f the  representative heuristic, w here  the  c lin ic ian  w eighs 
the  p robab ility  th a t the  pa tie n t's  key clinical features m a tch  those o f patien ts w ith  the  
le a d in g  d iagnostic  hypothesis under considera tion . For exam p le , a c a t w ith  sudden 
oset o f ocu lonasa l d ischarge, sneezing, conjunctiv itis, tra ch e a l hypersensitivity a n d  
fever bu t no m outh  ulcers is most likely to  have  a viral u ppe r respiratory in fec tion , w ith  
fe line Herpesvirus the  most likely spec ific  e tio log ica l a g e n t. The c lin ic ian  using the  
representa tive  heuristic c a n  re a ch  erroneous conclusions if th e y  fail to  cons ider the 
underly ing p re va le n ce  o f tw o  (or m ore) co n flic tin g  d iagnoses. For exam p le , in a 
ca tte ry  w ith  a  history o f chlam ydiosis a n d  solid va c c in a tio n  p rog ram  aga ins t viral
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respira tory p a thog ens , Cl felis in fec tion  m a y  be  a m ore  likely a e tio lo g y  th a n  
Herpesvirus in this p a rticu la r scenario . In e ithe r case, spec ific  testing w ith  a “ go ld  
s ta n d a rd " test e .g . m ultip lex PCR using an  a p p ro p ria te ly  c o lle c te d  o ro p h a ryn g e a l 
sw ab  is requ ired  to  con firm  the  presum ptive  d iagnosis. M istakes also o c c u r  w hen  
cons ide ring  a p a tte rn  based  on too small a  num ber o f observations. In ve te rina ry  
m e d ic in e , BREED o fte n  plays an  im p o rta n t role in recogn iz ing  pa tte rns o f disease e.g. 
m uscu la r dys trophy in D evon Rex ca ts , po lycys tic  k idney disease in Persian cats, a n d  
so forth .

A se co n d  co m m o n ly  used co g n itive  shortcut, th e  availability heuristic, involves 
ju d g m e n ts  m a d e  o f the  ease w ith  w h ich  similar cases, in c lud ing  ones w ith  unusual 
pa tte rns o r ou tcom es, c a n  be  b ro u g h t to  m ind. C learly  vast c lin ica l e xp e rie n ce  helps 
here, a n d  so does a re ten tive  m em ory. It is possible also to  harness th e  c o rp o ra te  
m em ory  o f th e  p ra c tic e  w h e n  using this heuristic, fo r exam p le  a typ e  o f 
e n ve n o m a tio n  co m m o n ly  seen in th a t a rea , or a  poisonous p la n t seen in a  p a rticu la r 
lo ca tio n . Errors w ith  this heuristic c a n  be  re la te d  to  reca ll bias, e .g . w h e re  bizarre 
d iagnoses or c a ta s tro p h ic  o u tcom es are  re ca lle d  w ith  c la rity  a n d  fo rce  o u t o f 
p ro p o rtio n  to  the ir true va lue . For exam p le , w e  are  m uch  m ore likely to  reca ll the  
in testina l fo re ign  b o d y  th a t “ g o t s tuck" a n d  caused  an  obstruc tion , ra the r th a n  the  
m any  o th e r cases w h ich  passed w ith o u t n o tic e a b le  adverse  seque llae . Obviously, 
re c e n t e xp e rie n ce  is easier to  reca ll a n d  the re fo re  m ore  in fluen tia l w ith  this heuristic in 
re la tion  to  c lin ica l judgm en ts .

The th ird  c o m m o n ly  used c o g n itiv e  shortcut, th e  anchoring heuristic, involves 
es tim a ting  p ro b a b ility  by  starting from  a g iven  p o in t (the ancho r) a n d  ad justing  to  the  
n e w  case  from  there . A lthough  this c a n  be  a pow erfu l too l, using the  w ro n g  a n ch o r 
c a n  be  very m is lead ing, w hereas using the  c o rre c t a n c h o r c a n  be  o f g re a t bene fit. 
For exa m p le , a  c o lle a g u e  asks you to  e va lu a te  a D achshund  w ith  posterior paralysis 
th a t is th o u g h t m ost likely to  be  re fe rab le  to  in te rve rteb ra l disc pro lapse. You c o n d u c t 
a  d e ta ile d  neu ro lo g ica l exa m in a tio n  a n d  are  puzzled by  th e  p resence  o f low e r m o to r 
neuron  signs in the  h indquarte rs  (hypo ton ia , re d u c e d  te n d o n  jerks a n d  w ith d ra w a l 
responses), a n d  ha ve  no t h a d  th e  o p p o rtu n ity  o f tak ing  a history in w h ich  th e  owners 
repo rt th a t th e  d o g ’s bark is a lte re d , th a t it h a d  b e e n  regu rg ita tin g  a n d  th a t the  
owners h a d  re m o ve d  an  /xodestick  24 hours prior to  the  d e v e lo p m e n t o f posterior 
paralysis! No w o n d e r you a re  con fused  — you ha ve  s ta rted  from  an  erroneous 
re fe re n ce  p o in t -  th e  d o g  has "c lass ica l" tic k  paralysis, no t a  disc p ro lapse! 
A nom a lous la b o ra to ry  results o fte n  cause  a n ch o rin g  heuristic h e a d a ch e s , e .g . the  
find ing  o f an  a lle g e d ly  e le v a te d  thyroxin va lue  in a  c a t  w ith  no g o ite r a n d  norm al 
history a n d  phys ica l exam ina tion ! Som etim es BREED associations c a n  p ro v id e  the  
w ro n g  a n ch o r, e .g . m ak ing  a d iagnosis o f a rrh y th m o g e n ic  righ t ven tricu la r 
c a rd io m y o p a th y  ("Boxer c a rd io m yo p a th y ) in a Boxer d o g  w ith  incessant 
ta c h y c a rd ia , w h e n  the  d o g  instead  has a re -en tran t ju n c tio n a l ta c h y c a rd ia .

C o g n itive  scientists studying th e  th o u g h t processes o f expe rt c lin ic ians ha ve  observed  
th a t internists groups d a ta  in to  packe ts  or “ chunks” , w h ich  a re  stored in the ir 
m em ories a n d  m a n ip u la te d  to  g e n e ra te  d iagno s tic  hypotheses. Because short te rm  
m em ory  ty p ica lly  holds seven to  te n  items a t a  tim e, the  num ber o f chunks o f 
in fo rm a tion  th a t c a n  b e  a c tive ly  in te g ra te d  in to  hypothesis g e n e ra tin g  a c tiv ity  is 
likewise lim ited . The co g n itive  shortcuts listed a b o v e  p la y  a c ritica l role in g e n e ra tin g  
d ia g n o s tic  possibilities, m any  o f w h ich  a re  d isca rd e d  as ra p id ly  as th e y  a re  fo rm ed .

M ost o f th e  tim e , linear logic is used in c o n d u c tin g  c lin ica l investigations. For 
e xa m p le , th e  investiga tion  o f a  ca n in e  p a tie n t w ith  nasal d ischa rge  w o u ld  typ ica lly  
invo lve  exam in ing  the  a rea  (observation , p a lp a tio n , percussion), d ia g n o s tic  im a g in g  
(rad iog raphs, cross sec tiona l im a g in g  [c o m p u te d  tom ography(C T ) or m a g n e tic  
resonance  im a g in g  (MRI)j, an te rio r a n d  posterior rh inoscopy a n d  o b ta in in g



a p p ro p ria te  tissue specim ens (washings, p in ch  biopsies) fo r labo ra to ry  investigations 
(cy to logy , cu ltu re , histology, po lym erase ch a in  re a c tio n  testing). Nine times o u t o f 10 
this provides the  c o rre c t diagnosis, b u t o ften  a t the  cost o f a  very expensive and  
invasive investiga tion . Som etim es non-linear log ic  (i.e. “lateral thinking”) c a n  p ro d u ce  
a stunningly c o rre c t diagnosis. For exam p le , find ing  th a t the  nasal d ischarge  
d e v e lo p e d  one  w e e k  a fte r starting a  p e a n u t supp lem en t to  the  d ie t in p repa ra tio n  
fo r a  d o g  show c a n  suggest the  d iagno s tic  o f a lle rg ic  rhinitis seconda ry  to  fo o d  
allergy. This p resum ptive  diagnosis c a n  b e  con firm ed  inexpensively by rem oving  this 
fo o d  supp lem en t form  the  d ie t, observation , a n d  possibly subsequent p ro vo ca tive  
exposure. A no ther pe rtinen t exam p le  w ou ld  be  the  sudden d e ve lo p m e n t o f 
m u ltifo ca l in tracran ia l signs in a  young  a d u lt d o g . The d e ta ile d  neuro log ica l 
exam ina tion  suggests m u ltifoca l cen tra l nervous system disease (d ifferentia l diagnosis 
g ranu lom a tous m en ingoencepha litis , ce re b ra l c ryp tococcos is , e tc ), w h ich  is usually 
investiga ted  by cross sectiona l im ag ing  o f the  brain, cerebrosp ina l fluid (CSF) analysis 
a n d  sero log ica l testing. H ow ever the  observa tion  th a t the  owners are young, 
university students w ith  unusual dress sense a n d  m ultip le  piercings, suggests further 
history tak ing  (Have you n o tice d  any  hash cookies missing form  your stash?), 
observa tion  in hospita l a n d  a urinary to x ico lo g y  screen m ay be  m ore p ruden t, less 
invasive a n d  m ore cost e ffe c tive  th a n  a full neuro log ica l w ork-up!

Finally, it must be acknowledged that in some instances certain clinical entities are so 
bizarre that their diagnosis is almost counterintuitive, and instead relies on recognizing 
a particularly arcane pattern of clinical findings. For exam ple , the  en tity  referred to  as 
necrotizing sialadenoadenitis refers to  a  co n d itio n  in w h ich  there is pa in fu l 
e n la rg e m e n t o f one  or m ore m and ibu la r salivary g lands, assoc ia ted  w ith  dyspag ia , 
d roo ling  o f saliva a n d  even  in fa rc tion  o f the  salivary g land  p a renchym a . A log ica l 
d iagno s tic  a p p ro a c h  w ou ld  invo lve inspection  o f the  a ffe c te d  g lands a n d  their 
ducts, im ag ing  o f the  g lands, b iopsy or even  surgical rem ova l o f the  g lands -  
how eve r all these measures p rove  to  be  unhelp fu l, a n d  em piric  d iscovery o f the  
e ffectiveness o f ce rta in  anticonvu lsants has led  to  the  proposal th a t this co n d itio n  is 
a c tu a lly  a  form  o f “ lim b ic ep ilepsy". The recen tly  described  oropharyngeal pain  
syndrome o f Burmese cats a n d  phenobarbitone-responsive gastroparesis and  
vom iting  a re  o the r pe rtinen t exam ples. A no the r en tity  in this ca te g o ry  is sudden 
a cq u ire d  ret8 inal d e g e n e ra tio n  -  a  disease in w h ich  dogs sudden ly d e ve lo p  
pe riphera l blindness (b ila tera lly d ila te d  pupils th a t fail to  respond to  light) assoc ia ted  
w ith  C ushingo id physica l findings; the  diagnosis is m a d e  by  exclusion by d e te c tin g  a 
norm al fu n d o sco p ic  exam ina tion  (initially) w ith  an absen t e lec tro re tina l e le c trica l 
response (ERG) to  a  flash stimulus. It is only possible to  im m ed ia te ly  recogn ize  these 
rare bizarre entities th rough  expert know ledge , in tu itive leaps or th e ra p e u tic  trials (if 
you a re  the  first person to  e n co u n te r such an  entity). However, the  use o f e le c tro n ic  
da tabases, Boolean log ic  a n d  sophisticated key word searches using search engines 
such as Google™ a n d  Google Scholar™ c a n  o ften  be  very helpfu l in find ing 
in fo rm ation  on such d iagno s tic  oddities.

The process o f c lin ica l reasoning revolves around generating TESTABLE HYPOTHESES. 
These should be confirm ed with further test(s), or response to therapy, but if the tests 
results or therapeutic response is not supportive, hypotheses need to be discarded  
or substantially modified.

U nfortunate ly, the  g ene ra tio n  and  eva lua tio n  o f a p p ro p ria te  d iagnostic  possibilities is 
a  skill no t all clin icians posses to  the  sam e deg ree , a n d  this is likely a  co n se q u e n ce  o f 
the  fa c t th a t p e o p le  intrinsically th ink in d iffe ren t ways!



T his cat has stiffness and 
unyielding rigidity o f O N E  

thoracic lim b. T he cat is 
otherwise well. T here m ay 
be clues in the history that 

H E L P  establish the 
diagnosis.

WHAT AEE THE CLUES? 

H I 'A  I  IS YCUE DIAGNOSIS?

A fu rthe r c rit ica l c o m p o n e n t o f d ia g n o s tic  reason ing  re la tes to  p ro b a b ility  theory , or if 
you  will, a  “ ra c in g  form  g u id e  a p p ro a c h "  to  diagnosis. This c a n  be  sum m ed up  by  the  
expression “ c o m m o n  th ings o c c u r c o m m o n ly ” . Thus, w h e n  c o n fro n te d  by  a 
ch a ra c te ris tic  c o m b in a tio n  o f c lin ica l findings, or an  a n a to m ic  diagnosis, then , based 
on chance, certain diseases are much likely to be encountered than others, a t least 
in g iven  g e o g ra p h ic a l regions. For e xam p le , it is possible to  say th a t o f th e  m any  
p o te n tia l causes o f p o lyd ip s ia /p o lyu ria  in dogs, m ost pa tien ts  in a  gen e ra l p ra c tic e  
setting  will h a ve  d ia b e te s  mellitus, h yp e ra d re n o co rtic ism  or rena l insu ffic iency (The 
e x a c t o rde r m a y  va ry  from  co u n try  to  coun try , or reg ion  to  reg ion  beca u se  o f 
d iffe rences  in th e  g e n e  po o l a n d  e nv ironm en ta l fac to rs  such as fe e d in g  a n d  d a y  
le n g th  in d iffe re n t g e o g ra p h ic a l regions). O the r diseases, such as d ia b e te s  insipidus, 
a re  m uch  less likely to  b e  e n co u n te re d .

T his cat has multifocal 
lesions on the nasal bridge 
region. T hey have failed to 
response to antibiotics and 

corticosteroids.

W H A T  IS  y © U E  
D IA G N O S IS ?

The tro u b le  w ith  “ p a tte rn  re c o g n it io n ” a n d  "p ro b a b ility ” is th a t you  must e ithe r h ave  a 
lo t o f e xp e rie n ce  (p re fe ra b ly  in c lu d in g  tim e  spent w o rk ing  a lo n g  side senior expert 
c lin ic ians), or d o  a lo t o f ro te  lea rn ing , to  m ake  these d ia g n o s tic  cons ide ra tions w ork 
for you. Local knowledge and the counsel of a senior colleague can be very helpful 
in this setting, w h ich  is unhe lp fu l fo r new  g ra d u a te s  or locum s, a n d  sometimes a good 
veterinary nurse/technician with a long corporate memory can be helpful! A no the r 
im p o rta n t th e m e  is th a t the  pa tte rns  c a n  be  COMPLETELY DIFFERENT in d iffe ren t 
species; fo r small a n im a l c lin ic ians this is o f key im p o rta n c e  b e ca u se  diseases in ca ts  
a n d  dogs present in d iffe re n t ways, a n d  o c c u r w ith  d iffe re n t frequenc ies . H ence, th e  
c o m m o n ly  v o ic e d  v ie w p o in t th a t “ ca ts  a re  n o t small dogs". This is m ore  o f a  p rob lem  
fo r p e o p le  w hose th ink ing  style is less re lian t on a p ro b le m -b a se d  a p p ro a c h .

A n o th e r cons ide ra tio n , th a t a lm ost no -o n e  m entions, is th a t ce rta in  ind iv idua ls m ake  
in tu itive  c lin ic ians. The cu rren t TV series “ House” , co n c e rn in g  a ta c itu rn  b u t brilliant 
internist (G regory House MD p la ye d  by  th e  English a c to r  Hugh Laurie) is based  on this 
prem ise. P robab ly  such ind iv idua ls w o u ld  h a ve  m a d e  g o o d  crim ina l investigators, as 
the re  is w ith o u t d o u b t an  art as w e ll as a sc ience  in d ia g n o s tic  reasoning .



Interestingly, the  c h a ra c te r G regory House was based in p a rt on Sherlock Holmes, 
h e n ce  the  pun on the  w ord  House/Ho(l)m e(s). I have  no d o u b t d e te c tiv e  Robert 
G oren (from Law a n d  O rder Crim inal Intent) w ou ld  have  also m a d e  a t ou ts tand ing  
ve te rinary  internist, as he w o u ld  be  have  been  a soph istica ted e xpone n t o f pa tte rn  
recogn ition , p ro b le m -o rien ta ted  m ed ic ine  a n d  also c lin ica l intuition.

Bobby Goren -  a 
GREAT exponent of 

Problem-based medicine 
and pattern recognition

Can YOU  be a 
vetective??

W hateve r w a y  you like to  a p p ro a c h  the  diagnosis o f disease, be aware:

• O f the  strengths a n d  lim itations o f e a c h  typ e  o f d iagnostic  a p p ro a c h
• That jum p ing  to  a conclus ion is natura l, bu t m ay be  harm ful - a lways ask 

yourself "W ha t e v id e n ce  I am  basing this on?", a n d  question the  ve rac ity  o f 
the  e v id e n ce . If in doub t, d o  an o th e r m ore de fin itive  test to  con firm  your first 
impression.

• That your previous experiences c a n  m islead you in som e cases (i.e. keep an 
open mind).

• O f a c c e p tin g  e v id e n ce  to o  readily, just because  it fits in w ith  your bias or 
others' views -  always ask yourself ‘how’ and ‘why’ about evidence, i.e. 
maintain objectivity and 'healthy skepticism'.

• That your em otions a n d  the  w a y  you like to  think and  o p e ra te  c a n  som etimes 
adverse ly a ffe c t your c a p a c ity  to  re a ch  decisions a n d  solve problem s -  know  
yourself!

• R em em ber th a t a single key finding can confirm or refute a presumptive 
diagnosis.

W e be lieve  it is hea lthy  to  try to  cu ltiva te  a s te reo typed  a p p ro a c h  to  the  d iagnostic  
process by answering the  fo llow ing  questions:

1. W hat ca n  you deduce from  the  signalm ent, history, c lin ica l signs a n d  physical 
findings:

• The tim e  course o f the  disease process? - construc t a  tim e/s ign 
d iag ram

• W hich o rgan  system(s) a re  a ffe c te d ?
• W hat p a th o lo g ic a l process(es) are likely invo lved?
• Is a  p a tte rn  em erg ing?  -  does it fit all the  cats?



2. Detect and describe physica l, la bo ra to ry  a n d  im a g in g  findings. Inc lude  useful 
"p a tte rn s ” .

3. C onsider th e  pathophysiologic basis fo r the  observed  findings. An a p p ro a c h  
th a t considers the  underly ing  phys io log ica l de range m en ts  is m ost useful in 
p lann in g  p h a rm a c o lo g ic a l a n d  o th e r in terventions.

4. W hat conclusions c a n  you  d ra w  i.e. d e fin e  a p rob lem  or prob lem s. Try and 
move from the general to the specific. But try to  m ove  fu rther to  th e  spec ific  
as you g e t a d d it io n a l in fo rm a tion  such as la b o ra to ry  a n d  im a g in g  d a ta .

5. How c a n  you  o b ta in  the  e v id e n c e  to  support your conclusions (i.e. w h a t is 
your p lan  fo r fu rthe r investiga tion)?

6. Are the ir im p lica tions  fo r on g o ing  m a n a g e m e n t, w h ile  you inves tiga te  
further?

7. C onsider using tex tbooks  a n d  e le c tro n ic  da taba ses  using key word searches 
to  he lp  in d ifficu lt cases. Do no t be  a fra id  to  ask your co lleagu es  (senior a n d  
junior) fo r the ir opin ions, b u t d o  no t necessarily le t th e m  ta ke  ove r your ow n 
c lin ica l reasoning .

This ta lk  will flesh o u t som e o f these issues by  p rov ing  th a t WE ALL USE A  COMBINATION 
o f p ro b le m  solving, p a tte rn  recogn ition , c lin ica l in tu ition  a n d  p ro b a b ility  to  w ork ou t 
w h a t is w ro n g  w ith  our pa tien ts .

Importantly, we will try to convince you there is nothing wrong with developing YOUR 
OWN clinical style, which takes into account (i) the way you learn, (ii) the way you 
"think” and (iii) whether or not you have a certain type of retentive memory, or not, 
and (iv) whether you have reliable  clinical intuition.

W e will also try to  d e m o n s tra te  th a t the re  a re  m any  patterns; in c lud ing  im a g in g  
pa tte rns  (e.g. a ir b ro n ch o g ra m , a lve o la r pa tte rn ), d e rm a to lo g ic a l pa tte rns 
( ‘cu ta n e o u s  re a c tio n  p a tte rn s '), h e m a to lo g ic a l pa tte rns (e.g. stress leukogram  
response), c lin ica l chem istry  pa tte rns  (eg h igh ALT w ith  hyperthyro id ism , increased  
ALP w ith o u t ja u n d ic e  in Cushing 's disease), c y to lo g ic a l pa tte rns (e.g. ca p su la te d  
yeast w ith  na rrow  n e cke d  b u d d in g  w ith  c ryp tococcos is ) -  a n d  th a t the re  is no th ing  
w ro n g  w ith  using all o f them .

For e xam p le , w e  are  all c o m fo rta b le  th a t th e  c o m b in a tio n  o f dysuria, ha e m a tu ria , 
po llak iu ria  a n d  stranguria  a re  to g e th e r suggestive o f low er urinary tra c t disease; o n c e  
w e  h a ve  m ake  this c o n n e c tio n , it is easy to  sort ou t th e  spec ific  d iagnosis (in fection , 
stones, neop las ia , e tc ) . Likewise, w e  are  c o m fo rta b le  a b o u t recogn iz ing  c lin ica l 
syndrom es. Clinical syndromes are really just patterns, e.g . H orner’s syndrom e (ptosis, 
meiosis, th ird  eye lid  pro lapse) is a  sophisticated  p a tte rn  th a t tells us som eth ing  is 
in te rfe ring  w ith  sym p a th e tic  innerva tion  o f th e  eyeba ll; w e  then  just n e e d  to  
re m e m b e r the  co rrespond ing  n e u ro a n a to m ic  p a th w a y  to  w ork ou t the  c o m p le te  
d iffe re n tia l d iagnosis (T1-T3 spina l cord  disease, b ra ch ia l plexus disease, ce rv ica l 
d isease a n d  m id d le  e a r disease). The p resence  o f H orner’s syndrom e w ith  co n cu rre n t 
ipsila tera l fa c ia l nerve  paralysis is an  even  m ore  c o m p le x  pa tte rn , a n d  strongly 
suggestive  o f m id d le  era disease. But you still n e e d  d iagnostics  to  w ork o u t w h e th e r 
th e  p ro b le m  is an  in fectious, p o lyp o id  or n eop la s tic  in origin.



W h a t  is  y o u r  p r o b l e m - b a s e d  
d ia g n o s is ?

T h is  d o g  p re se n ted  for m astica to ry  
m u sc le  a trophy , a b sen ce  o f  b link  

reflex (ipsila tera l) b u t no rm al 
m en ace  reflex an d  dazzle  response .

W h a t  is  y o u r  p a t t e r n  
r e o o c t n i t io n  d ia g n o s is ?

The im p o rta n ce  o f using ALL TECHNIQUES will be  em phasized in the  a c c o m p a n y in g  
presenta tion . M any c lin ica l exam ples will be  used. This will inc lude  some co m m o n  
a n d  well recogn ised  patterns, som e m ore a rca n e  patterns, a n d  also cases w here  
pa tte rn  recogn ition  must be  te m p e re d  by a p rob lem  o rie n ta te d  a p p ro a ch .

D i f f e r e n t i a l  d i a g n o s i s  o f  d i s e a s e s  a f f e c t i n g  t h e  

n a s a l  b r i d g e  o f  c a t s

Infections a ffe c tin g  the  skin a n d  subcutis o f th e  naso-ocu la r reg ion are seen from  tim e 
to  tim e  in fe line  p ra c tice . We have  investiga ted  in excess o f 20 o f these cases since 
1987 a n d  the  likely pathogenesis o f these in fections has b e c o m e  a p p a re n t over the 
years. The key find ing  is th a t in fections a ffe c tin g  this a n a to m ic  reg ion d e ve lo p  
th rough tw o  d iffe ren t m echanism s.

Cases with infection of the naso-ocular region but without concurrent nasal signs
These cases likely result from  c o n ta m in a te d  ca t-sc ra tch  injuries. Presumably the  
claw(s) o f the  fe line  p e rp e tra to r are co n ta m in a te d  by v iab le , p o te n tia lly -p a th o g e n ic , 
sap rophytic  organisms. These are in o cu la te d  in such la rge  numbers th a t non-specific  
defense m echanism s (b leed ing , in flam m ation , neu troph ilic  phagocytosis, lysozyme) 
o f the  v ic tim  are  ove rw he lm ed . This results in a  loca lised, va riab ly  invasive in fec tion  o f 
an  otherw ise im m u n o co m p e te n t host. A w id e  range  o f m icroorganism s c a n  be  
cu ltu red  from  such cases inc lud ing  a varie ty  o f b a c te r ia  a n d  fung i norm ally residing in 
soil, ro tting  v e g e ta tio n , humus or dirt. Lesions are typ ica lly  on the  b ridge  o f the  nose, 
bu t they  m ay  also o c c u r m ore la te ra lly  or invo lve the  nasal p lanum .

In our referral ce n tre  in eastern Australia, opportun is tic  pa thog ens  iso la ted from  such 
cases (a to ta l o f 7 ca ts  b e tw e e n  1987 a n d  2003) have  com prised  the  b a c te ria  
Corynebacterium  pseudotuberculosis (1 case), M ycobacterium  avium  (1 case) and  
N ocardia nova  (1 case), a n d  the  fung i Cryptococcus neoformans  (1 case), Exophiala 
jeanselm ei (2 cases) a n d  Paecilomyces lilacinus (1 case). M ycobacterium  avium, 
Exophiala jeanselmei,Alternaria  species a n d  Sporothrix schenckii have  been  re po rted  
to  p ro d u ce  similar lesions by  others. C o n ce p tu a lly  similar m yco b a c te r ia l in fections or 
m yco tic  lesions c a n  d e ve lo p  on the  co rnea  fo llow ing  c a t scra tch  abrasions. The 
b io log ic  behav io u r o f these in fections depen ds  on the  v iru lence  o f the  p a th o g e n , the  
initial dose o f organisms in o cu la te d , the  subsequent host response, the  e ffe c t o f 
subsequent m e d ica l a n d  surgical in terventions and  the  ch ron ic ity  o f the  lesion.



A lth o u g h  th e  prec ise  lo c a tio n  a n d  a p p e a ra n c e  o f lesions is qu ite  va ria b le  from  case  
to  case , th e  re la tive ly  consistent a n a to m ic  d istribution o f lesions w h ich  will be  
a p p a re n t from  this p resen ta tio n  is strongly suggestive o f a  ca t-sc ra tch -a e tio lo g y . O ne 
d iffe re n tia l d iagnosis fo r florid disease a t this a n a to m ic  site is insect-b ite  
hypersensitivity. H ow ever, th e  p u n c ta te  na tu re  o f th e  prim ary lesions, fre q u e n t 
co n cu rre n t in vo lve m e n t o f th e  ears a n d  toes a n d  cha rac te ris tic  eosinoph ilic  h isto logy 
distinguishes th e  underly ing  a lle rg ic  basis. A further im p o rta n t d ia g n o s tic  possibility is 
u lce ra tive  de rm atitis  d u e  to  fe line  herpesvirus typ e  1, w h ich  is assoc ia ted  w ith  
eos inoph ilic  in fla m m a tio n , m ild co n cu rre n t u p p e r respiratory signs a n d  in som e cases 
ch a ra c te ris tic  viral inclusion bod ies in b iopsy specim ens; de fin itive  diagnosis depen ds  
on a m p lif ic a tio n  o f Herpesvirus am p licons  using PCR, idea lly  on fresh tissue specim ens. 
This in fe c tio n  m a y  respond  to  to p ic a l agen ts  used to  tre a t c o ld  sores in p e o p le , or the  
system ic an ti-he rpes a g e n t fa m c ic lo v ir. A re c e n t p a p e r has shown th e  usefulness o f 
in tra les iona l in te rfe ro n -o m e g a  in the  m a n a g e m e n t o f a  re frac to ry  case . Presum ably 
th e  lo c a tio n  o f u lce ra tive  lesions in these cases is re la te d  to  the  h a b it o f ca ts  to  c le a n  
the ir noses o f exuda tes  by  g ro o m in g  v ia  the ir a n te b ra ch iu m , w ith  subsequent 
in o cu la tio n  o f virus in to  the  derm is o f th e  nasal b ridge .

The m a in  focus o f this short n o te  is to  a le rt c lin ic ians to  the  likely pa thogenesis  for 
in fec tions o f this a n a to m ic  reg ion. Im portan tly , even  th o u g h  sa p ro p h y tic  organisms 
gene ra lly  co n s id e re d  to  be  o f low  v iru lence  a re  iso la ted  from  these pa tien ts , in m ost 
cases the re  is no  pred isposing im m u n o d e fic ie n cy  sta te . Thus, th e  in fe c tio n  m ere ly 
re flects  a  b re a c h  in the  in teg rity  o f no rm a l cu taneo us  barriers a n d  a n  espec ia lly  
h e a vy  inocu lum  o f in fectious a g e n t. U n fo rtuna te ly  these in fections m ay be  d ifficu lt to  
cu re , as som e causa l strains a re  lo ca lly  invasive a n d  the  reg ion  does no t h ave  an 
espec ia lly  rich  b lo o d  supply or m ob ile  skin ne a rb y  to  fa c ilita te  reconstruc tive  surgical 
p rocedu res . Furtherm ore, m any  o f these sap rophy tic  organisms d em ons tra te  
resistance to  c o m m o n ly  used an tim ic rob ia ls  b o th  in vitro a n d  in vivo, a n d  this c a n  be  
espec ia lly  p ro b le m a tic  fo r th e  funga l pa thog ens .

O ne  m a y  s p e c u la te  as to  w h y  c a t  sc ra tch -re la te d  in fections o c c u r a t this site ra the r 
th a n  e lsew here. Firstly, it is a  very co m m o n ly  invo lved  site. Second ly, it is a  lo ca tio n  
th a t ca ts  c a n n o t re a ch  w ith  the ir to n g u e , w hereas sc ra tch  w ounds e lsew here m ay 
be  c le a n se d  o f p o te n tia lly  p a th o g e n ic  m icrobes b e fo re  an  in fe c tio n  is estab lished. 
Thirdly, th e  p re d ile c tio n  a re a  is sparsely c o v e re d  by hair, so injuries from  c law s m ay 
p e n e tra te  m ore  d e e p ly  in to  the  subcutis c o m p a re d  to  areas a ffo rd e d  the  p ro te c tio n  
o f a  lo n g e r ha ir c o a t. Finally, g ro w th  o f m a n y  sap rophy tic  species m a y  b e  fa vo re d  a t 
th e  low e r te m pe ra tu res  e n c o u n te re d  a t this a n a to m ic  p rom inence . It must be  
em phasized , how ever, th a t lesions a ttr ib u ta b le  to  a sim ilar ra n g e  o f p a th o g e n ic  
saprophytes  c a n  d e v e lo p  on  the  b o d y  w a ll or d istal extrem ities fo llow ing  
c o n ta m in a tio n  by  soil or d irt o f c a t  fig h t lace ra tions or abrasive  injuries to  th e  pads or 
in te rd ig ita l spaces. Likewise, c o n ta m in a te d  p e n e tra tin g  w ounds o f th e  c a u d o v e n tra l 
a b d o m in a l reg ion  o fte n  result in m y c o b a c te r ia l pann icu litis  o f the  ingu ina l fa t p a d .

Diagnostic work-up
Investiga tion  o f these cases ty p ica lly  involves o b ta in in g  rep resen ta tive  m a te ria l for 
cy to lo g y , h is to logy a n d  a p p ro p r ia te  cu ltu re . C y to lo g y  a n d  h isto logy gene ra lly  show 
p y o g e n ic  or p yo g ra n u lo m a to u s  in fla m m a tio n  a n d  usually causa l organisms c a n  be  
visualised using spec ia l stains (DiffQuik, G ram , Ziehl-Neelsen, p e rio d ic  a c id  Schiff, silver 
stains). A  va rie ty  o f sta in ing techn iqu es  m a y  b e  requ ired , a n d  in som e cases an  
exhaustive  search  o f smears or h is to log ic  sections is requ ired  to  d e te c t  the  in fectious 
agen ts . M y c o b a c te r ia , fung i a n d  N ocard ia  species m a y  som etim es be  d e te c te d  in 
D iffQ u ik-sta ined smears b e ca u se  o f a  n e g a tive , ra th e r th a n  positive, staining re a c tio n . 
The la b o ra to ry  should be  w a rn e d  o f th e  possibility o f a  fastid ious sap rophy tic  
p a th o g e n , as these organism s o fte n  h a ve  spec ific  g ro w th  requ irem ents (e.g. spec ia l
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cu ltu re  m ed ia , re d u c e d  te m p e ra tu re  o f incuba tio n , requ irem ent fo r h igh c a rb o n  
d iox ide  c o n ce n tra tio n  e tc ) a n d /o r  require  several days or even  weeks to  b e c o m e  
d e te c ta b le  as visible co lon ies in vitro. Ideally, a  small portion  o f the  biopsy spec im en  
should also be  frozen in case  po lym erase cha in  reac tion  techn iques or a d d itio n a l 
cu ltu re  studies a re  requ ired  a t a  la te r d a te .

M any authorities w o u ld  also re co m m e n d  o b ta in in g  a m inim um  d a ta  base consisting 
o f a  c o m p le te  b lood  cou n t, serum b iochem istry  profile, urinalysis a n d  possibly tests for 
fe line im m u n o d e fic ie n cy  virus (FIV) a n d  fe line  leukaem ia  virus be fo re  em bark ing  on 
the rapy. C oncurren t m e ta b o lic  problem s such as renal insuffic iency or d iabe te s  
mellitus m ay render the  c a t som ew ha t im m unode fic ien t, w h ile  the  p resence or liver 
or k idney dysfunction  m ay a ffe c t the  se lection o f the  most a p p ro p ria te  an tim ic rob ia l 
agent(s) or lim it doses th a t c a n  be  safely g iven  (e.g. a m pho te ric in  B in ca ts w ith  p re ­
existing renal insuffic iency). A positive FIV-status does no t p re c lu d e  a satisfactory 
response to  a p p ro p ria te  the rapy, as it is genera lly  impossible to  discern the  s tage  a n d  
im p a c t o f the  FIV in fec tion  until a fte r the  c a t has rece ived  a p p ro p ria te  the rapy . 
Indeed , in the  au thors ’ experience , co n cu rre n t FIV in fec tion  is most o ften  an 
e p ip h e n o m e n o n  in this co h o rt o f pa tien ts  re flec ting  the  c a ts ’ o u td o o r lifestyle and  
propensity to  fight.

Therapy
The tre a tm e n t o f these cases involves long  courses o f ca re fu lly  se lec ted  
antim icrob ia ls  based on a c c u ra te  species iden tifica tio n , in vitro susceptib ility d a ta  
(ideally from  a specialist re fe rence  labora to ry) a n d  in fo rm ation  from  the  hum an a n d  
vete rinary literature a va ila b le  th rough e lec tron ic  da tabases. A dd itiona lly , m any  o f 
these patien ts require c o m p le te  surgical excision o f grossly in fe c te d  tissues to  assist 
the  host's non-spec ific  im m une response. G iven the  severity o f the  p a th o lo g y  in lo n g ­
s tand ing cases a n d  the  diffusion barriers resulting from  tissue necrosis and  fibroplasia, 
it is unde rs tandab le  th a t a d e q u a te  levels o f antim icrob ia ls  m ay no t be  a ch ie ve d  
th rougho u t all a ffe c te d  tissues. Thus, the  best c h a n c e  for a  successful o u tc o m e  for 
ce rta in  ca ts is to  use an  a p p ro a c h  rem iniscent o f o n co lo g ic  surgery, by  rem oving  as 
m uch  in fe c te d  tissue as possible using en b loc  resection fo llow ing  prelim inary 
an tim icrob ia l th e ra p y  w h ich  is e x te n d e d  into the  in tra -ope ra tive  pe riod  a n d  
co n tin u e d  post-opera tive ly . Residual m icroscop ic  foc i o f in fec tion  c a n  then  be  
ta rg e te d  by the  high concen tra tio ns  o f an tib io tics  a ch ie ve d  during a n d  a fte r surgery.

This m ay be  d o n e  a t the  outset (for co n ve n ie n ce  and  to  m inimise the  num ber o f 
p rocedures to  w h ich  the  p a tie n t must be  sub jected ), or a fte r a  m ic rob io log ica l 
diagnosis has been  m a d e  e .g . by aspira tion b iopsy or resection  o f a  small 
representa tive  tissue specim en. In the  la tte r scenario, it is possible to  ensure th a t 
e ffe c tive  levels o f a p p ro p ria te  an tim ic rob ia l agents  are  o b ta in e d  in the  peri­
o p e ra tive  period . This m ay  be  a d va n ta g e o u s  if a  m a jor reconstructive  p ro ce d u re  is 
requ ired to  rem ove  an  extensive lesion w ith  c le a r margins. In som e cases, surgery 
a lone  m ay be  e ffe c tive  in resolving the  in fec tion  (e.g. Bostock e t al 1982), a lthoug h  
routine use o f fo llow -up  antim icrob ia ls  is strongly re co m m e n d e d  to  g ua rd  aga inst the  
possibility o f the  surgical m arg in  be ing  seeded  w ith  in fectious m ateria l. G enera lly  
speaking, in the  abse n ce  o f c o m p le te  surgical excision, these in fections require 
tre a tm e n t w ith  long courses o f antim icrob ia ls , a t least for several weeks, a n d  typ ica lly  
for m any months, d e p e n d in g  on exac tly  w h ich  organism  is invo lved  a n d  how  m uch  
in fe c te d  tissue c a n  be  safely resected  a t the  outset. In some cases, co m b in a tio n  
th e ra p y  w ith  tw o  or m ore an tim ic rob ia l is superior to  m o n o th e ra p y  w ith  a single 
a g e n t. Infections caused  by organisms c a p a b le  o f in trace llu la r survival (e.g. 
M ycobacte ria  spp, N ocard ia  spp) a n d  fung i require  the  longest courses o f the rapy , 
a n d  should idea lly  be  tre a te d  no t only until the  lesion appea rs  grossly norm al, b u t for 
an  a d d itio n a l pe riod  exceed in g ly  the  lifespan o f m a crophag es  in the  tissues i.e. a 
further tw o  m onths. A dd itio n a l in fo rm ation  on diagnosis a n d  tre a tm e n t o f
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re p resen ta tive  in fections o f this ty p e  c a n  b e  fo u n d  in th e  b ib liog rap hy .

Prevention
A lth o u g h  the  vast m a jo rity  o f c a t  sc ra tch  injuries to  the  fa c e  hea l w ith o u t any  
u n to w a rd  seque lae , th e  possibility o f oppo rtun is tic  in fections d e v e lo p in g  should be  
bo rne  in m ind w h e n  re c o m m e n d in g  tre a tm e n t fo r fe line  pa tien ts  w ith  c a t  sc ra tch  
injuries seeking ve te rina ry  a d v ic e  by  te le p h o n e  or by  consu lta tio n . Thorough 
c leans ing  o f c o n ta m in a te d  sc ra tch  w ounds using saline or a  d ilu te  an tisep tic  (e.g.
0.05% cho rhex id ine ) w o u ld  seem  p ru d e n t, fo llo w e d  by instillation o f an  o in tm e n t 
co n ta in in g  b o th  a n tib a c te ria l a n d  a n tifu n g a l agen ts  (and  w ithout corticoste ro ids) 
a n d  possibly a  short course o f an  a n tib io tic  such as d o xycyc lin e  m o n o h yd ra te  
(5m g /kg  tw ic e  da ily  fo r 3 to  5 days). A lth o u g h  it is impossible to  choose  an  a g e n t w ith  
a  spec trum  suffic ien tly  b ro a d  to  c o v e r all p o te n tia lly -p a th o lo g ic  saprophytes, 
d o xycyc lin e  has useful a c tiv ity  aga ins t m any  sap rophy tic  m y c o b a c te r ia , som e 
N ocard ia  species, o ro p h a ryn g e a l organism s such as Pasteurella spp a n d  o b lig a te  
an a e ro b e s  th a t m a y  h ave  b e e n  in o c u la te d  sim ultaneously v ia  b ite  w ounds. 
A dd itiona lly , it is gene ra lly  w e ll to le ra te d , d e vo id  o f s ign ifican t to x ic ity  (e.g. 
re tino tox ic ity , neph ro tox ic ity ) a n d  a v a ila b le  in co n ve n ie n tly  sized ta b le t a n d  paste  
fo rm u la tions in Australia, N ew  Z ea land  a n d  South A frica  (V ibraVet® ; Pfizer A n im a l 
Health), w h ich  fac ilita tes  dosing a n d  o w n e r c o m p lia n c e . The use o f a  fo rm u la tion  
co n ta in in g  the  m o n o h yd ra te  salt is strongly re c o m m e n d e d , as it is less irritant to  the  
s to m a ch  a n d  oesophagus th a n  c o n v e n tio n a l hum an  form ula tions utilising the  
h yd roch lo rid e  salt.

Cases with naso-ocular in fection  a nd  concurren t signs o f nasal cav ity  disease 
These cases a re  n o t the  m a in  focus o f this c o m m u n ica tio n , b u t a re  in c lu d e d  for 
com p le teness. In these patien ts, th e  p rim ary  p ro b le m  starts w ith  in fe c tio n  o f th e  nasal 
c a v ity  by  in fectious p ropagu les  (typ ica lly  spores) o f sap rophy tic  fung i filte red  by  the  
nasal passages. This m a y  b e  fa c ilita te d  by  a  pre-existing cause  o f nasal injury. 
Invo lvem en t o f th e  naso -ocu la r reg ion  deve lop s  subsequent to  the  in fe c tio n  
sp read ing  to  th e  nasal p la n u m  or p e n e tra tin g  the  overly ing bones to  re a ch  the  
subcutis ove r the  nasal b ridge . M ost o f these cases a re  a ttr ib u ta b le  to  c ryp to co cco s is  
a n d  in m any  o f these p a tien ts  th e  nasal p la n u m  is a ffe c te d  p rom inen tly . W e h ave  
also seen this ty p e  o f disease progression w ith  invasive aspergillosis a n d  rhinitis caused  
by the  te rm ite  m yco p a ra s ite  Metarhizium anisopliae. Similar find ings have  also b e e n  
re p o rte d  in a  c a t  w ith  invasive b a c te r ia l rhinitis caused  by  an  Actinom yces  species.

These cases c a n  b e  in ve s tig a te d  e ithe r by  d ire c tin g  a tte n tio n  to  the  prim ary site o f 
in fe c tio n  i.e. th e  nasal ca v ity , by  c y to lo g ic a l e xa m in a tio n  o f nasal swabs or washings 
(e.g. fo r b u d d in g , ca p su la te  yeasts), serum c ry p to c o c c a l a n tig e n  titre  
de te rm ina tions , a n te rio r/po s te rio r rh inoscopy, cross-sectional im a g in g  a n d  b iopsy o f 
a ffe c te d  turb ina tes. A lte rna tive ly , n e e d le  aspira tes or incis ional biopsies c a n  be  
o b ta in e d  from  the  subcu tan eous  lesions a n d  sub m itte d  fo r c y to lo g ic  a n d  h is to log ic 
investiga tions a n d  cu ltu re . Invasive m y c o tic  rhinosinusitis is gene ra lly  tre a te d  w ith  one  
or a  c o m b in a tio n  o f a n tifu n g a l a gen ts  adm in is te red  system ically. A lthough  
m o n o th e ra p y  w ith  azoles such as itra co n a zo le  or flu conazo le  is c o n v e n ie n t fo r ow ners 
a n d  e ffe c tiv e  in m a n y  pa tien ts , som e cases d o  no t respond a n d  require  
a m p h o te r ic in  B e .g . as tw ic e  w eek ly  su bcu tan eous  infusions, to  e ffe c t a  cu re . Unusual 
funga l in fections m a y  som etim es be  m ore  suscep tib le  to  o th e r classes o f a n tifu n g a l 
a g e n t such as te rb ina fine , or n e w e r azoles such as vo riconazo le  or p osacon azo le . 
A lth o u g h  to p ic a l th e ra p y  using c lo trim azo le  ‘soaks’ has b e e n  used by  others to  tre a t 
cases such as this, the  authors b e lie ve  system ic th e ra p y  is p re fe ra b le  d u e  to  th e  
invasive, g ranu lom a tous  na tu re  o f th e  in fe c tio n  a n d  the  p ropensity  in ca ts  fo r bony  
erosion (inc lud ing  th e  crib rifo rm  p la te ) to  o c c u r  in assoc ia tion  w ith  these in fections.
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The m a jo r d iffe ren tia l diagnosis in these cases is invasive nasal neop lasia  w h ich  ca n  
also b re a ch  the  in tegrity  o f overly ing nasal bones to  in vade  the  subcutaneous tissues 
o f the  nasal b ridge  a n d /o r  fo re h e a d . In our p ra c tice , lym phom a is the  com m onest 
sinonasal m a lig n a n cy  in the  c a t, fo llo w e d  by  a d e n o ca rc in o m a  and  osteosarcom a, 
w hereas so la r-induced squam ous ce ll ca rc in o m a  is the  most co m m o n  c a n c e r o f the  
nasal p lanum .
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Renal Diseases of the Cat

But

H o w  w o u ld  y o u  a d -d re s s  a 
C at?

So first, your memory i’ll jog,

And say: A CAT IS NOT A
DOG.

T.S. Eliot, 1939

Renal D iseases of Cats
liyj •

□  C h ro n ic  Interstitial N ephritis

□  L y m p h o s a rc o m a

□  G lo m e ru lo n e p h ritis

□  P o lyc ys tic  K id n e y  D isease

□  P ye lo n ep h ritis

□  A m y lo id o sis

B  Neoplasia, u nspecified

Renal D iseases of Cats

Diseases that can 
be distinguished 
morphologically

-  Amyloidosis
-  Lymphosarcoma
-  PKD 

-F IP

FELINE PENAL DISEASES WHICH CAN BE DIFFICULT TO DISTINGUISH UOfiPHOlCGiCAUY

Renal D iseases of Cats

v*:
'

■ ■SSS ■ .. *

Normal feline renal biopsy Chronic interstitial nephritis



CRF in Cats: Incidence

v»x*m l*

{□ C a t s  w ith  C R F  j

Data  fro m
P u rd u e
V M D B

Overall prevalence of CRF in cats: 3,139/161,201 = 1.95%

CR.F in Cats: S ignalm ent

• Older
• No se
• No bre

-A m i
Sho

-Pol>

cats
x predilection 
;ed predilection
/loidosis in Abyssinian, Oriental 
rthair, Siamese
/cystic kidney disease in Persian

CRF in cats: Age

1-2  y rs  4 -7  y rs  10-15 y rs  U n k n o w n

D a ta  f r o m  P u r d u e  V M D B

CRF in Cats 
; C om m on C lin ica l S igns

• Anorexia
• Lethargy
• Weight loss

CRF in Cats 
Less Com m on Clinical S igns

• P o lyu ria  and 
po lyd ips ia  less 
com m on ly  
recogn ized  by 
ow ners

• V om iting  less 
com m on than  in 
dogs w ith  C R F

Clinical S igns in Cats w ith CRF

1987

Study

□  L e th a rg y

□  A n o re x ia  

□ W e ig h t  lo s s

□  P D /P U

□  V o m itin g

* C a ts  w i t h  a d v a n c e d  d is e a s e  t h a t  h a d  p o ly d ip s ia



CRF in Cats 
P hysica l find ings

• D ehydration

• P oor body cond ition

• V ariab le  k idney size
-N orm al cat kidneys 

are approximately 4 
cm in length

Cats with CRF 
Physical F ind ings

□  D e h yd ra tio n

□  L o w  b o d y  w e ig h t

□  S m all k id n e ys

□  E n la rg e d  kid n e ys

* %  o f  a f f e c t e d  c a t s  w i t h  r e n o m e g a ly  n o t  r e p o r t e d

—
■ ... .. =
IT ....r ...

L—

S
flF

*
D iB arto la  L u lic h  Elliott

1987 1992 1998

$1 ■ :

CRF in Cats 
Serum  C hem istry

• A zo te  m

• H yperp l

• Decreat

• H yperct

• Hypoka

ia

lospha tem ia

sed tota l C 0 2 (advanced d isease) 

lo les te ro lem ia  (nonspecific) 

em ia (20 to  30% )

In te rna tiona l Renal In te res t S oc ie ty  (IRIS) 
C lass ifica tion : Fe line CRD

ESI

C reatin ine
S ta a e  1 S ta a e  II S ta a e  III S ta a e  IV
N o n -a zo te m ic
C K D

M ild renal 
azotem ia

M oderate  
renal azo tem ia

S e v e re  renal 
azo tem ia

m g / d L < 1 . 6 1 . 6 - 2 . 8 2 . 9 - 5 . 0 > 5 . 0

P r e v a l e n c e * 3 3 . 6  % 3 7 .2  % 1 5 . 4  % 1 4 . 1 %

• :4  silent ------------------ ► •*—  clin ica lly  a p p a r e n t ------------ ►

Distribution of 786 Cases of CRD In Cats (Elliott et al. ACVIM Proceedings, 2003)

Cats with CRF 
Serum  C hem istry  F ind ings

□  H ig h  C reatin ine

□  H ig h  C ho les tero l

□  L o w T C 0 2

□  H ig h  P h o sp h a te

□  L o w  K*

1992 1998 1998
"U re m ic ” “ E n d s ta g e "

* C h o le s te ro l n o t  re p o r te d

B

Cats with CRF 
Renal Secondary H yperpara thyro id ism

I . . s..-, ,■:.*

□  C o m p e n s a te d

□  U re m ic

□  E n d s ta g e

H igh  L o w  H ig h  L o w  H ig h  L o w  
T C a  T C a  jCa  «Ca p t h  C a lc itrio l

Barber & Elliott, J  Sm Anim Pract 39:108, 1998.



C R F  in  C a ts  
H em ato logy

• N

• H

• L)

onregenerative anemia 
May be masked by dehydration 
gh total plasma proteins 
Due to dehydration 
rmphopenia 
Due to stress

1 sea > •

C R F  in  C a ts  
U rina lys is

HH Vf MWMKt

• Isosthenur
-  Some c£ 

concent
• Proteinuric

-  Conside 
inactive

• Glucosuria
-  May be 

(tubular
• W hite bloc

-  Conside

ia
its (10-15%) with CRF maintain considerable 
■ating ability; 85-90% are isosthenuric

r glomerular disease if marked and sediment

oresent in up to 20% of cats with CRF 
dysfunction?) 
d cells
r UTI (lower vs upper)

Am ylo idosis
ri
• T issue deposition o f proteins w ith specific 

biophysical conform ation (beta-pleated sheet)
• Extracellu lar eosinophilic deposits on H&E
• Congo red positive deposits dem onstrate green 

birefringence when viewed under polarized light
• Reactive system ic am yloidosis (AA protein) most 

common in dom estic animals
• Clinical signs reflect the organs involved and the ir 

reaction to the amyloid deposits
• T issue tropism o f AA  protein: kidney, liver, spleen

A m ylo idosis in Oriental 
Shortha ir and S iam ese Cats

• Oriental shorthair and 
S iamese cats also develop 
am yloidosis

• Severe liver involvem ent 
m ay lead to rupture and 
hemoabdomen

• As in Abyssinians, fibrils 
are composed o f am yloid A  
(AA) protein

Renal Am ylo idosis in 
Abyssin ian Cats

• Sex ratio of affected cats
1 4 -1 0 M F

-N o t significant (likely
affected by cattery
demographics)

Renal Am ylo idosis in 
-  Abyssin ian Cats

A m ylo idos is : 

R are in d om es tic  ca ts 

C om m on  in 
A byss in ian  cats



Renal Am yloidosis in 
Abyssinian Cats

*I

R e n a l A m y lo id o s is  in  A b y s s in ia n  
_________  C a ts : In h e r ita n c e
Ifcl i ■ ■ i i ■ ii in

• i
■
<

. f

Autosomal dominant? Autosomal recessive? 

Autosomal dominant with incomplete penetrance?

Renal Am yloidosis in 
_ , Abyssinian Cats

• C lin ic a l f in d in g s

-  Poor haircoat

-  W eight loss
-  Lethargy

-  Polyuria/polydipsia
-  Dehydration

-  Small irregular kidneys

Renal Am yloidosis in 
_______ Abyssinian Cats

• L a b o ra to ry  F in d in g s

-  Nonregenerative 
anemia

-  Azotemia

-  Hyperphosphatemia
-  Metabolic acidosis

-  Isosthenuria 

-V a ria b le  proteinuria

Renal Am yloidosis in 
________ Abyssinian Cats

i o
IAS to * w s

Urn* Hi. 300 800

SUN Mg dti i i 80

CflWiam Vnft <* 13 t?

n w a « » to » 0

tktM n*  :f dt> 18 I t

O x m i t r t  S i i n 43$

POS

A$*l»rw»: 8 0 « 2) 28 38
(AC 10*0 mi •an •09 WO

Urtft* * e sc «c 0 * *
M » 27 41 48 M

Crwann* * iO w 17 24 10 U
ftMf OB W u i» S3 S3 tt

Mwrwtjj a u 28 27 30 11
Qwxit*1* it C3 H4 *54 17 144 m

&»**»

I

« a

W * 1
« 5  Mtfi 

M 4»M
HC *€

Glomerular amyloidosis Medullary amyloidosis

Renal Am yloidosis in 
Abyssinian Cats
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Lugol’s iodine can be used to presumptively 
identify medullary amyloid deposits at necropsy



Renal Am ylo idosis in 
Abyssin ian Cats

100% o f affected cats 75% o f affected cats 
have m edullary have glom eru lar

involvem ent involvem ent

Renal Am ylo idosis in 
________ Abyssin ian Cats
Hill fw.ii- mm&i*

Papillary necrosis results from  ischemia due to 
m edullary amyloid deposits

Renal Am ylo idosis in 
Abyssin ian Cats

M edullary interstitial amyloid deposits separate 
tubular cells from  basem ent m em brane

Renal Am ylo idosis in

Subepithelia l deposits o f amyloid fibrils can be mistaken 
for immune complex deposits on light m icroscopy

Renal A m ylo idosis in 
Abyssin ian Cats

• O th e r tissue s  
a ffec ted
-  T hyro id  g land

-  G l trac t 
- S p le e n  
- H e a r t
-  L ive r

-A d re n a l g land

-  P ancreas

Am yloid deposition 
in thyroid gland

Renal Am ylo idosis in 
Abyssin ian Cats

Msaa&o,.™.*.!............  ............................

• Despite other organ 
involvement clinical 
signs are related 
primarily to chronic 
renal failure



Pyelonephritis in Cats

• Clinically: poorly 
documented

• Experimentally:
-  Anorexia
-  Lethargy
-  Fever
-  Dehydration
-  W eight loss

A c u te  P y e lo n e p h r it is  in  C a ts  
C lin ical F ind ings

• Fev
• Pair
• Leu
• Pyu
• Pos
• Dilu
• Vari

er
iful kidneys 
tocytosis with left shift 
ria and bacteriuria on UA 
itive urine culture (E. coli) 
te urine 
able azotemia

C h ro r tic  P y e lo n e p h r it is  in  C a ts  
C lin ica l F indings

: I,',.,*,

• Anore
• Small
• Hemo
• Urine
• Urine
• Dilute
• Variat

xia, lethargy, weight loss 
irregular kidneys 

gram may be normal 
sediment may be normal 
culture may be negative 
urine
ile azotemia

C h ro n ic  p y e lo n e p h r it is  o r  lo w e r  

u r in a ry  t ra c t  in fe c t io n ?
rfia • - >«v<m

• C ats 
m ay 
locali

• Bacte 
w ith

w ith  chron ic pye lonephritis  
la v e  few  clin ica l find ings 
zing infection to the k idneys 

jr ia l UTI is com m on in cats
: r f

U rinary T ract Infection in Cats w ith  CRF

• E. coli urinary tract infection occurred in 
30% of cats with CRF

• Females more commonly affected
• Low USG may predispose to UTI

Barber, Rawlings, Marhsell el al. ACVIM Proceedings, 1999

Acute pyelonephritis in Cats

• Excretory urography 
-D ila ted renal pelvis 
-B lunted diverticuli

• Renal ultrasound 
-D ila ted renal pelvis 
-D ila ted proximal

ureter



Pyelonephritis in Cats

• Marked interstitial 
inflammation 
-S evere  in medulla 
-P rom inent

neutrophilic
component

• Interstitial fibrosis

Pyelonephritis: Treatm ent

• 4 to 8 week course of 
bactericidal antibiotics

• Document eradication 
of infection

• Longterm follow-up

G lom erulonephritis in Cats

• Young cats 
(mean age, 4 yrs)

• 75% are males
• No breed 

predilection

G lom erulonephritis in Cats

• Proteinuria
• Hypoalbuminemia
• Hypercholesterolemia 

(non-specific)
• Ascites/edema 

(variable)
• Membranous 

nephropathy on 
biopsy

G lom erulonephritis  in Cats

• Classical nephrotic 
syndrome 
-Ascites/edem a 
-O fte n  non-azotemic

• Chronic renal failure 
-W e igh t loss, anorexia,

lethargy, PU/PD 
-A zotem ic

G lom erulonephritis in Cats

• Urinary protein excretion 
-N orm ally  < 30 mg/kg/day 
-G rea te r in males (17 mg/kg/day) than

females (9 mg/kg/day)
-U p r/U cr normally < 0.7 *

Munroe etal. A m J Vet Res 50:1906, 1989

* Based on additional clinical experience, most normal 
cats are expected to have Upr/Ucr ratios < 0 3-0.4



G lom erulonephritis in Cats
■   ...>*T» te*OS MRNCMV

• Urinary protein excretion 
-50-1000 mg/kg/day (normal, < 30

mg/kg/day)
• Urine protein/creatinine ratio 

-1 .2-8 .2  (normal, < 0.34)*

* Hoerauf et al: J  Vet Int Med 4:132, 1990

Glom erulonephritis in Cats

• Associated diseases 
-Infectious (FeLV, FIP, FIV, 

Mycoplasma gateae) 
-Inlammatory (SLE, pancreatitis) 
-Neoplastic (lymphosarcoma) 
-Fam ilia l
-Id iopathic (most cases)

Glom erulonephritis in Cats

Normal Cat Membranous
Glomerulus glomerulonephritis

Glom erulonephritis in Cats 
_______  Pathology

V ; ' w ,  j * j . ,

• Membranous 
nephropathy on light 
microscopy

• IgG & C3 > IgM > IgA 
on immunofluorescence

• Subepithelial and 
intramembranous 
deposits on electron 
microscopy

Glom erulonephritis in Cats

Non-azotemic,
ascites/edema
-  Blood pressure 

management (benazepril 
+ amlodipine)

-  Diuretics (furosemide)
-  Sodium restriction not 

likely beneficial; 
potentially harmful

-  Corticosteroids?

Azotem ic

-  Blood pressure 
management 
(benazepril + 
amlodipine)

-  Conservative 
medical
management of 
CRF

Glom erulonephritis in Cats

• Prognosis

-  Non-azotemic: variable (months to years)
• Recovery (with or in spite of treatment)

• Stable proteinuria without progression to 
CRF

• Progression to CRF

-  Azotemic: poor (months)



Renal FIP

| .......

• Signs referable to 
non-effusive FIP 
-  Fever
-O cu la r disease 
-N euro log ic 

disease 
-L iv e r disease

Renal

♦ Signs referable to 
renal disease 
-Renom egaly 
-P U /P D  
-W e igh t loss

Renal FIP

• Ultrasound-guided 
fine needle aspirate 
-Neutrophils 
-M acrophages 
-Lym phocytes 
-Proteinaceous 

background

Renal Lym phosarcom a in Cats

• Mean age 7 yrs (2-14 
yrs)

• Males & Females
• 50% are FeLV positive

• Bilateral renomegaly

• May have bone marrow 
involvement

Mooney et al. JAVMA 191:1473, 1987

Renal Lym phosarcom a in Cats
_________ , C lin ica l F ind ings
■  1  -

• Anorexia, lethargy, weight loss
• Polyuria, polydipsia
• Nonregenerative anemia
• Azotemia and hyperphosphatemia

• Isosthenuria

Renal lym phosarcom a in Cats
’m m ..  ................... ....I .. ......... ................... .  .....

• Much more 
common than 
primary renal 
neoplasia

• Often associated 
with alimentary form 
of lymphosarcoma



Renal Lym phosarcoma in Cats

• Ultrasound exam 
-M ultifocal to 

diffuse 
involvement 

-  Non-cavitating 
hypoechoic 
nodules

Renal Lym phosarcoma in Cats

• 61% responded to chemotherapy
• Survival better if FeLV-negative
• Survival better if less azotemic

Mooney et al. JAVMA 191:1-473, 1987

Renal Lymphosarcoma: Outcome
' ' I    1

• 64% died of lymphosarcoma
• 40% had spread of lymphosarcoma to CNS
• 28% died of renal failure

Mooney et al. JAVMA 191:1473, 1987

Renomegaly in Cats

• Polycystic kidney disease
• Renal lymphosarcoma
• Hydronephrosis
• Granulomatous nephritis due to FIP
• Perinephric pseudocysts *

* Not a renal disease !

Renal Lymphosarcoma in Cats
vinw&ur mmmt

Fine needle aspirate Renal histopathology

Perinephric pseudocysts in cats

• Fluid-filled fibrous 
sac surrounding 
the kidney

• Not lined by 
epithelium

• Fluid is a 
transudate

• Unilateral or 
bilateral



Perinephric pseudocysts in cats

• Older cats 
(median, 16 yrs; 
range, 5-19 yrs)

• Males and females
• No breed 

predilection

Ochoa el al. J  Vet Int Med / 3:47, 1999

Perinephric pseudocysts in cats 
Presenting complaints

Progressive abdominal distension over 
weeks to months
Systemic signs of illness if CRF present
-W e ig h t loss
-Anorexia
-Vom iting

Perinephric pseudocysts in cats 
Laboratory findings

[ J j  mm ml I

• Consistent with mild 
to moderate CRF 
-A zotem ia  
-Isosthenuria

• Pyuria uncommon but 
bacterial UTI common 
(often E. coli)

Perinephric pseudocysts in cats

• M os t (90% ) have a t leas t m ild C R F at 
the  tim e  o f d iagno s is

• In som e, C R F has been d iagnosed  1 
to  3 yea rs  be fo re  pe rineph ric  
pseudo cys ts  are recogn ized

Perinephric pseudocysts in cats 
  .........................................

• Cannot reliably be 
differentiated from 
renomegaly on 
physical exam

• Ultrasonography 
provides definitive 
diagnosis

12



Perinephric pseudocysts in cats

• Hypoechoic lesions 
of mixed 
echogenicity 
suggest perinephric 
abscess or 
hematoma

U re te r

R e nal cortex

P u ru le nt m aterial

Perinephric pseudocysts in cats
_______Pathology

.. . ... .

• Cyst wall: mature 
fibrous connective 
tissue without 
epithelial lining

• Kidney: interstitial 
fibrosis,
lymphoplasmacytic
interstitial
inflammation

Perinephric pseudocysts in cats 
^  1 T rea tm ent
Egj| ——————————1̂—^

• Ultrasound-guided drainage (cyst will refill)
• Surgical drainage of cyst and resection of 

cyst wall
• Avoid nephrectomy if underlying renal 

disease is present (rapid progression may 
occur in the remaining kidney)

Potassium  dep le tion  nephropathy in cats

Which came firs t...?

... the potassium depletion or the renal 
disease?

P otassium  dep le tion  nephropathy in ca ts
_  ___   Role of diet
I -

• Marginally replete in potassium
< 0.4% on a dry matter basis 

0.6 to 0.7% recommended

• Added acidifiers may promote metabolic 
acidosis, potassium depletion, and 
decreased GFR

Perinephric pseudocysts in cats

Surgical appearance Surgical appearance after
before opening cyst wall opening cyst wall



P otass ium  dep le tio n  neph ropa thy  in cats 
Clinical findings

i Vs wwtx*

• Muscle weakness
• Muscle pain
• Awkward stiff gait
• Weight loss
• Poor haircoat
• Renal dysfunction
• Anemia

P otass ium  dep le tion  neph ropa thy  in ca ts  
Laboratory findings

• Hypokalemia 
(often < 3.1 mEq/L)

• Azotemia
• Metabolic acidosis
• Increased CK
• Hyperphosphatemia
• Isosthenuria
• Increased FEK

P otass iu

fffff....... .

m dep le tion  neph rop a thy  in ca ts 
Acute treatment

• t*sv<m w i*  !•.»

• Potassi 
-0 .5  to 
-D ilutic

flow ii 
potas

• Start or; 
- 2  to 6

• See res

jm-supplemented fluids 
1.0 mEq/kg/hr KCl if severe 

anal effect and increased urinary 
litia lly may decrease serum 
sium concentration 
al potassium gluconate 
mEq per day 
Donse in 1 to 3 days

P o tass ium  dep le tio n  neph rop a thy  in cats 
Chronic treatment

• Oral potassium
gluconate
(superior to KCl
or KH C 03)

• 2 to 4 mEq/day

P o tass ium  dep le tion  neph ropa thy  in ca ts  
Response to treatment

• Stabilization or improvement in renal 
function

• Increased PCV
• Resolution of muscle weakness
• Weight gain
• Improved hair coat quality

P o tass ium  dep le tio n  neph ropa thy  in ca ts 
Histopathologic findings

21

• Multifocal chronic 
lymphoplasmacytic 
interstitial nephritis 
of variable severity

Marked infiltration of lymphocytes and plasma cells



Hypokalem ia and

• Factors contributing to 
hypokalemia in cats 
w ith CRF
-  Anorexia 

-W e ig h t loss with
loss o f muscle 
mass

-  Polyuria
-  Vomiting

renal disease

Effects of potassium 
depletion on renal 
function
-  PU/PD and 

concentrating defect
-  Increased NH4+ 

production
• C3 activation
• Tubulointersitital 

nephritis

Can feeding a potassium deficient diet cause 
CRF in normal cats?

• 9 normal cats studied 100 weeks
• Diet: 44% protein and 0.32% potassium on 

dry matter basis
• Serum and urine chemistry monitored for 100 

weeks
• Renal biopsies at 48 weeks

D iB a r t o la  e t a l .  J A  V M A  2 0 2 :7 4 4 ,  1 9 9 3

Can feeding a potassium deficient diet cause 
CRF in normal cats?

jH^ .ViivvK! ... ............ ..............................................  ..................................

* Intermittent hypokalemia occurred in 7/9 cats
• 3/9 cats developed moderate to severe renal 

disease
♦ Increased FEK occurred concurrently with 

developm ent o f azotemia
• Clinical course did not parallel severity o f 

renal histopathology

D iB a r t o la  e t  a t .  J A V M A  2 0 2 :7 4 4 .  1 9 9 3

Potassium supplementation of normokalemic 
cats with CRF

• Cats fed 0.78% potassium diet one month 
before and during 6 month study

• Medical management of CRF and 
K gluconate or Na gluconate

• GFR, RBF, muscle K+ evaluated

Theisen et al. J  Vet Int Med 11:212, 1997

Potassium supplementation of normokalemic 
cats with CRF

• Normokalemic CRF cats had lower muscle 
K+ than normal control cats

• Serum K+ and FEK were unchanged during 
treatment in both groups

• Changes in GFR and RBF did not differ 
between treatment groups

Theisen et al. J  Vet Int Med 11:212, 1997

Autosomal

as*.... -

Dominant Polycystic Kidney Disease 
Humans

• Most 
humai

• Affect
• Resull

50% o
• Respc 

endstc

common genetic disease of 
is  (1:500 to 1:1000 live births) 
s all races worldwide 
s in endstage kidney disease in 
f affected people by age 60 
msible for 8 to 10% of all 
age kidney disease in humans



Autosomal Dominant Polycystic Kidney Disease 
Humans

Systemic disease: renal and extrarenal 
manifestations
Renal cysts arise from all nephron segments 
Cysts in liver in pancreas 
Mitral valve defects, cerebral aneurysms, 
intestinal diverticuli
Hypertension common (30-70% cases) and 
occurs before ESKD

PKD1 and PKD2 Phenotypes in humans

I . 'i
PKD1 (polycystin 1)
-  85% of cases
-  Faster progression 

(ESKD by 54-59 yrs)
-  More often hypertensive
-  Many mutations

PKD2 (polycystin 2)
-  10-15% of cases
-  Slower progression 

(ESKD by 66-72 yrs)
-  Less often hypertensive
-  Many mutations

Pathogenesis of Cyst Formation

• Cyst begins as focal outpouching of tubule 
in any nephron segment

• As cyst enlarges and fills with fluid it 
eventually loses its connection with the 
nephron

n  '***

Loss o f H e te rozygos ity  
“S e c o n d  H it” H y p o th e s is

• Loss o f 01 
necessan 
disease p

• Loss o f s« 
(“second

• “Second 
disease a 
one famil)

ie  PKD allele by germ line mutation is 
1 but not sufficient for expression of 
henotype
icond PKD allele by som atic mutation 
hit”) results in disease phenotype 

lit” hypothesis expla ins focal nature of 
nd variable severity among individuals in 
t sharing the same germ line mutation

Polycystic Kidney Disease in Cats

• 3 to 10 years of age 
(mean, 6 years)

• Longhaired
• Males & females
• Bilateral renomegaly
• Chronic renal failure

Polycystic Kidney Disease in Cats

• History: Compatible 
with CRF 
-Anorexia  
-Lethargy 
-W e igh t loss

• Physical exam: 
bilateral renomegaly



Polycystic Kidney Disease in Cats

• 6 yr old female 
Persian cat 
presented in 1987 for 
evaluation of renal 
failure
2 litters used to 
establish breeding 
colony by outcrossing 
to DSH cats

Polycystic Kidney Disease in Cats

AH Affected X Unaffected

I I I I

24 29 it 29
• Unaffected

Affected X Affected Hi*

T OR -J-

T

s

1 I I

2 1 2
Affected St # Unaffected

C onclusion: A u tosom al dom inan t inhe ritance

Polycystic Kidney Disease in Cats
9 vrixiuvun sm r

Cysts can be 
detected as early 
as 6 to 7 wks of 
age by ultrasound 
Cysts increase in 
size and number 
over time

Normal

PKD

Neonatal feline kidneys

P olycystic  K idney D isease in Cats 
  U ltrasonography

■ v* »*m *r K W H W f

Sensitivity Number of 
affected cats positive on 
ultrasound divided by 
number o f cats positive on 
renal histology 
Specificity Number o f 
unaffected cats negative A , 
on ultrasound divided by 
total number o f cats 
negative on renal histology

■ r~

P olycystic  K idney D isease in C ats 
U ltrasonography

At 16 wks (4 mos)
-  Sensitivity 75% 

(15/20)
-  Specificity 100% 

(21/21)
At 36 wks (9 mos) 
-S e n s itiv ity  91% 

(29/32) 
-S p e c ific ity  100% 

(32/32) Biller el al. J  Heredity 87:/, 1996

P olycystic  K idney D isease in C ats 
_________ Ultrasonography

• Used for diagnosis in 
102 cats from 
breeding colony

• Cysts are:
-A n e c h o ic  -
-  Spherical
-  Sharply marginated

• Distal acoustic 
enhancement

Renal capsule



P o lycys tic  K idney D isease  in C ats 
__________ C om pu ted  T o m o g ra p h y

Arrowheads: Cysts

Renal pelvis
Courtesy Dr. David Biller

Blood Pressure in ADPKD Cats

• Hypertension not 
detected In non-azotemic 
ADPKD cats or controls 
by radiotelemetry

• No differences in renin, 
aldosterone, or 
angiotensin II between 
ADPKD and control cats

Miller et al. Am J  Vet Res 
60:1516. 1999

• Mildly increased mean 
arterial pressure in 
ADPKD cats compared to 
controls

• Mildly increased 
aldosterone-to-renin ratio 
in ADPKD cats

Pedersen et al. J  Vet Int Med 
17:21, 2003

Polycystic Kidney Disease in Cats

Cortical and m edullary cysts o f varying sizes

P o lycys tic  K idney D isease  in C ats  
Pathology

• Cysts vary in
-  Nephron segment of 

origin
-  Size (< 2 mm to > 2 cm)
-  Number
-  Location (cortex vs 

medulla)
-  Contents
-  Effect on surrounding 

parenchyma Old hemorrhage

P o lycys tic  K idney  D isease  in C ats 
  Magnetic Resonance Imaging

Arrowheads: Cysts

Normal cat, w/gadolinium ADPKD cat

Courtesy Dr. David Biller

P o lycys tic  K idney D isease  in C ats 
Magnetic Resonance Imaging 

 —  ■
Arrowheads: Cysts

Normal cat ADPKD cat

Courtesy Dr. David Biller



P olycystic  K idney D isease in C ats
________ , Pathology

• Chronic 
tubulointerstitial 
nephritis develops but 
not necessarily 
adjacent to cysts

• Some cats develop 
hepatobiliary 
hyperplasia and 
fibrosis but liver cysts 
are uncommon

Polycystic  K idney D isease in Cats 
Pathology

sa

3 months old 3 years old

Progressive chronic tubulointerstitial nephritis in cats with ADPKD

P olycystic  K idney D isease in C ats 
Histopathology

• Squamous to 
cuboidal 
epithelium

• Derived from 
proximal and 
distal tubules

A D P K D  in Persian cats 
is hom ologous to PKD1 in hum ans

• PKD phenotype has been linked to microsatellite markers in 
the feline homologue of human PKD1

• A mutation (C-+A) has been identified by RFLP analysis in 
exon 29 of the feline polycystin 1 gene producing a stop 
codon at position 3284 that predicts loss of approximately 
25% of the C-terminus of the protein

• No cats homozygous for the mutation have been identified 
suggesting the mutation is lethal for the developing fetus

• A test has been developed to test for the presence of the 
mutation

Lyons et at. J  Am Soc Nephrol 15:2548, 2004 
Young etal. Mamm Genome 16:59, 2005

Prevalence o f PKD in Persian cats presented for 
ultrasound screening (from the veterinary literature)

Sydney Australia 45%

Brisbane Australia 42%

Melbourne Australia 45%

United Kingdom 49%

A u s t  I ' e t J  7 9 :2 5 7 , 2 0 0 1 :  A u s l  V e t J  7 9 :1 8 1  2 0 0 1 :  1 'e l R e c  1 4 9 :4 0 9 , 2 0 0 1
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Real ti me PCR assay fo r SNP causing 
A D P K D  in Persian cats

• Assay am 
the feline 
center of

• Realtime 
gave iden 
ultrasoun

• 165/600 ( 
submittec

• All cats e\ 
mutation

plifies a 130 bp fragment from exon 29 of 
PKD1 gene with the SNP (C—*A) in the 
the fragment
PCR (90 min) and RFLP (5 hrs) tests 
tical results and correlated with renal 
1 results
27.5%) of UK Persian cat samples 
for screening were positive for ADPKD 

/aluated were heterozygous for the

Helps el al. Mol Cell Probes 21:31, 2007



Renal D iseases o f C ats  
Lily toxicosis

11 ■■ ::   1  ......

Lilies toxic to cats:
-  Easter lily (tilium longiflorum)
-  Tiger lily (L. tigrinum)
-  Japanese show lily (L.
-  Rubrum lily (L. rubrum)
-  Day lily (Hemerocallis spp.)
-  Some Lilium hybrids

Easter lily

******* WJsttfcJNI

Renal D iseases o f C ats 
Other lilies toxic to cats

Ja p a n e s e  s h o w  lily

T ig e r  Illy

R u b ru m  Illy

Day lily

lux

R enal D iseases  o f C ats  
Lily toxicosis

• Toxic p 
extract

• No effe
• Cause:
• As few

rinciple unknown; found in aqueous 
s of both leaves and flowers 
ct on rats or rabbits 
3 only mild Gl upset in dogs 
as 2 leaves can be fatal to a cat

R enal D iseases  o f C ats  
Lily toxicosis: Clinical course

• Vomiting and salivation 0-3 hrs post­
ingestion; lasts 4-6 hrs

• Anorexia and lethargy 0-3 hrs post­
ingestion; lasts throughout course

• Polyuria may occur in first 12-24 hrs
• Anuric renal failure develops in 24-48 hrs
• Death occurs in 3-7 days

R enal D iseases o f C a ts  
Lily toxicosis; Physical findings

• May have abdominal or renal pain on 
palpation (renal edema and swelling 
restricted by renal capsule?)

• Dehydration can be severe; may 
contribute to progression to anuric ARF

• Bilateral mydriasis with responsive pupils 
(pain?)

R enal D iseases o f C ats 
Lily toxicosis: Laboratory features

• Severe azotemia and hyperphosphatemia 
(SCr disproportionately increased compared 
to BUN?)

• May see increased CK (reason unknown)
• Isosthenuria, glucosuria, proteinuria, cellular 

(early) or granular (later) casts



Renal D iseases o f Cats 
Lily toxicosis: Clinical Course

■ \>,’K

• Renal failure may be anuric, oliguric or 
polyuric depending upon severity of toxic 
insult

• Polyuria with anorexia and vomiting 
promote severe dehydration that may 
progress to anuric ARF

• Initiation of fluid diuresis within 18-24 hours 
of exposure may prevent anuric ARF

Renal D iseases o f Cats 
Lily toxicosis: Treatment

sa > >,-'. ’ -   ̂ * * v'.

• Decontamination should be carried out 
within 6 hours of ingestion
-  Induction of emesis

-  Activated charcoal

-  Saline cathartic

• Induction of fluid diuresis within 18 hours 
of ingestion -  \ _

^  L  ' o d  ?

Renal D iseases o f C ats 
Lily toxicosis: Pathologic Findings

• Gross necropsy findings
-  Systemic congestion
-  Renal swelling due to edema

• Histopathology of kidneys
-A c u te  tubular necrosis (proximal tubules > 

distal tubules)
-  Basement membranes intact
-  Evidence o f tubular cell regeneration 

(flattening o f epithelium, m itotic figures)

Renal D iseases o f Cats 
Lily toxicosis: Pathologic findings

.........................................................      i

• Additional findings
-  Pancreatic acinar cell degeneration

Rumbeiha et al J  Vet Diag Invest 16:527, 2004

-  Development o f fibrosing pancreatitis after
2-4 weeks

Langston JAVMA 220:49, 2002

F e lin e  u ro lith ia s is  
T rends over 20 years

• University
-  1981:78 

1 % were
-  2000: 35 

54% wer

• Purdue Vt
-  1980: 3 c
-  1999: 35

Lei

of Minnesota Urolith Center
% of all stones submitted from cats were struvite; 
calcium oxalate

% of all stones submitted from cats were struvite; 
e calcium oxalate

Jterinary Medical Database
ases of UUT urolithiasis per 10,000 cats
cases of UUT urolithiasis per 10,000 cats

charoensuk et al. J  Am Anim Hosp Assoc 41:39, 2005

U re te ro lith ia s is  in  c a ts  
T rends over 10 years

•m mt mi
Qtlt

Cats with ureterolithiasis at UCD and NCSU between 1990 and 2002
Kyles et al. JA VMA 226:932, 2005
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U re te ro lith ias is  in ca ts  
Clinical findings

Nonspecific clinical signs: inappetence, vomiting, 
lethargy, weight loss
76% o f cats w ith unilateral ureteroliths had 
azotem ia (i.e. contra lateral renal parenchymal 
d isease or pre-renal azotem ia)
Ureteroliths were identified by radio logy and 
ultrasound in 90%
Dilatation o f renal pelvis, ureter o r both (i.e. 
evidence o f obstruction) on ultrasound in 92% 
Contralateral kidney sm all in 56%

Kyles el al. JAVMA 226:932, 2003

an • ■ ■

U re te ro lith ias is  in ca ts 
Clinical findings

• 62% ha
• 75% un 

surgery
• 98% we
• 8% had

d nephroliths as well as ureteroliths 
ilateral and 25% bilateral based on

re calcium oxalate 
UTI

Kyles et al. JA VMA 226:932, 2005

U re te ro lith ias is  in ca ts
Radiology and ultrasound complement each other

Radiology
-  High specificity; low 

sensitivity
-  Good at detecting small 

radiopaque stones

Ultrasound
-  High sensitivity; low 

specificity
-  Good at detecting 

evidence of obstruction

U re te ro lith ias is  in ca ts 
Management

Factors to consider
-  Urolith size
-  Urolith location
-  Duration of signs
-  Evidence of renal colic
-  Serum biochemistry
-  Evidence of renal damage
-  Evidence of renal obstruction

C om p le te  u re te ra l obs truc tion  
Experimental dogs

• GFR recovered 
com plete ly if 
obstruction relieved 
w ith in 4 days

• GFR recovered 46% 
if obstruction relieved 
after 14 days

• No recovery o f GFR 
after 40  days of 
obstruction

V a u g h a n  e l  a l .  J  U r o l  1 0 6 :2 7 , 1 9 7 1

U re te ro lith ias is  in ca ts  
Management

■  m m  it**

Conservative m edical A  
m anagem ent
-  Fluids
-  Diuretics
-  Tamulosin (a-A1 

adrenoceptor antagonist)
Lithotripsy
Surgery
-  Ureterotomy
-  Ureteroneocysostomy

22



U retero lith ias is  in cats 
Management

• Evidence justifying medical management
-  Minimal compromise of renal function
-  Absence of infection
-  No apparent renal colic
-  Lack of progressive renal pelvic and ureteral dilatation

• Evidence justifying surgical intervention or lithotripsy
-  Worsening azotemia
-  Infection (may require nephropyelocentesis to identify)
-  Suspicion of complete obstruction
-  Stone not moving on serial imaging
-  Documented retrograde movement of stone

U retero lith ias is  in cats 
Management

• When and how to intervene?
-  Typically don't know how long kidney has been 

obstructed in cats
-  Often don't know if obstruction is complete or partial

• How long to wait?
-  Up to 2 weeks in human medicine where patient 

typically knows when stone entered ureter (renal colic) 
and up to 98% of stones < 5 mm will pass

-  Trend in cats is toward early intervention (median of 3 
days in Kyles el al. JA VMA 226:937, 2005)

U retero lith ias is  in cats 
Medical management

• Promote u 
bladder us

• Stones me 
responded

• Stones me 
did not res 
SCr)

• 12-month

rine flow and stone movement into 
ing fluid therapy and diuretics 
ved into bladder in 4 o f 7 cats that 
to medical therapy (decreased SCr) 

ved into the bladder in 5 o f 16 cats that 
pond to medical therapy (unchanged

survival: 66% (vs 91% for surgery)

K y le s  e t  a l .  J A  V M A  2 2 6 :9 3 7 .  2 0 0 5

U retero lith ias is  in ca ts 
Surgical management

• Ureterotomy for stones in proximal ureter
• Ureteroneocystostomy for stones in distal ureter

-  Tension on ureter can be decreased by renal 
descensus and psoas cystopexy

• Postoperative complications in (31 %)
-  Uroabdomen
-  Recurrence of obstruction (especially with 

ureteroneocystostomy)
• Complications higher with nephrostomy tubes (46%)

-  Tube dislodgement
-  Uroabdomen

K y le s  e l a l. J A V M A  2 2 6 :9 3 ''.  2 0 0 5

U retero lith ias is  in cats 
Surgical management (continued)

• CRF common with cats with unilateral 
disease (76%) at time of diagnosis and 
persisted after surgery in 50%

• 12-month survival: 91% (vs 66% for medical 
management)

• Cause of death or euthanasia: recurrence of 
ureterolithiasis (40%) or CRF

Kyles etal. JAVMA 226:937. 2005

Dried solidified blood calculi in cats
1̂— — — — — —— — IWB

• 19/48 occurred in the 
upper urinary tract

• Not visible on plain 
radiographs

• Unexplained renal 
pelvic and proximal 
ureteral dilatation on 
ultrasound exam

• No mineral content

Westropp et al. J  Vet hit Med 20:828, 2006



 Management: Retrograde movement
fUj > il'siKshi "......... .'.......  1
• Progressive renal damage may result from 

intermittent obstruction and relief of obstruction 
(“ball valve effect")
-  Antegrade movement causes stone to lodge in ureter 

with obstruction and proximal ureteral dilatation
-  Retrograde movement of stone into dilated proximal 

ureter and relief of obstruction may occur with gravity 
when cat jumps down

Dalby et al. JA VMA 229:1119, 2006

Ureterolithiasis in cats U re te ro lith ias is  in ca ts 
kidney-little kidney syndrome

• “Big kidney-little kidney” 
syndrome
-  One kidney acutely 

obstructed
-  One kidney chronically 

diseased from previous 
episodes of intermittent 
obstruction and relief of 
obstruction by retrograde 
stone movement





Case 239969 First presentation

• 14yeai
• History 

months
• PhysiCc

old female domestic shorthair cat 
Vomiting after eating for past 2

al: No abnormalities, weight 8.0 lbs

Case 239969 
Hemogram

Analyte Units D a y  1

Total protein g/dL 7.5

P C V % 42

W B C /p L 6,400

Bands /pL 0

S eg s /pL 3,100

Lym phs /pL 2,900

M onos /p«- 100

Eo s /pL 300

Case 239969 Serum Chemistry

Analyte Units D a y 1

co2 m Eq/L 16
Calcium mg/dL 9.1

Phosphorus mg/dL 4 4
Sodium mEq/L 156
Potassium m Eq/L 4.7
Chloride mEq/L 124
Total protein g/dL 7.6
Album in g/dL 3.5
B U N mg/dL 27
Creatinine mg/dL 2.2
Thyroxine Mg/dL 3.0

Case 239969 
Urinalysis (cystocentesis)

Analyte Units D ay 1

C olor Straw

U S G 1.025

pH 6.0

G lucose mg/dL Negative

Protein mg/dL 10

W B C /hpf 7-10

R B C /hpf 0-5

Case 239969 
First admission

• Urine cu
• No treat

Iture not performed 
ment

Case 239969: Second admission 
  3 months later

• Vomiting has resolved
• Presented for dentistry
• Physical: 3/6 systolic murmur left base, 

weight 7.6 lbs



Case 239969 
Hemogram

Analyte Units Day 90

To ta l protein g/dL 8.0

P C V % 43

W B C /pL 6,200

Bands /pL 0

Seg s /pL 2,600

Lym phs /pL 2,600

M onos /pL 300

Eos /pL 700

■

Case 239969 Serum Chemistry

Analyte Units D a y 90

CO., m Eq/L 17

Calcium mg/dL 10.0

Phosphorus mg/dL 4.0

Sodium m Eq/L 155

Potassium m Eq/L 4.2

Chloride m Eq/L 124

To ta l protein g/dL 7.5

Album in g/dL 3.3

B U N mg/dL 29

Creatinine mg/dL 2.0

Thyroxine pg/dL 2.6

Case 239969 
Urinalysis (cystocentesis) 

 ' "

Analyte Units D ay 90

C olor Yellow

U S G 1.028

pH 6 5

G lu cose mg/dL Negative

Protein mg/dL 10

W B C /hpf 0

R B C /hpf 15-20

Ca se 239969 Second admission 
Day 90

m i  Vi

• Thora
• IVfluic 

dentis
• Dischc 

for 3 vi

cic radiographs and EKG normal 
js  administered evening before 
try
arged after dentistry on antibiotics 
/ks

Case 239969 Third admission 
__________ One year later (day 455)
1  OTfeUt 11

• History: PU/PD for one month, vomiting 
after eating, lethargic, decreased 
appetite, sneezing, nasal/ocular 
discharge

• Physical: 102.2°F, dehydrated, gallop 
rhythm, large bladder, weight 6.6 lbs

Ĉ ase 239969 Third admission 
One year later (day 455)

• Diagno
• Butwh 

-PU/F
-  Vom
-  Gall(
-  Prev

sis: upper respiratory infection 
at about... ?
3D
iting
3P
iously heard murmur



Case 239969 
Hemogram

Analyte Units D a y  455

Total protein g/dL 8.3

P C V % 38

W B C /ml 34,800

Bands /M L 800

Segs /M L 30,200

Lym phs /ml 2,400

Monos /m l 1,000

Eo s /m l 400

Case 239969 Serum Chemistry

Analyte Units D ay 455

o o mEq/L 21
Calcium mg/dL 10.0

Phosphorus mg/dL 4.5
Sodium mEq/L 159
Potassium mEq/L 4.1
Chloride mEq/L 125
Total protein g/dL 7.8
Album in g/dL 2.7

B U N mg/dL 36
Creatinine mg/dL 2.4
Glucose mg/dL 173

Case 239969 
Urinalysis (cystocentesis)

Analyte Units D ay 455

Color Straw

U S G 1.015

pH 5.0

Glucose m g/dl Negative

Protein mg/dL 30

W B C /hpf M any

R B C /hpf M any

Case 239969 Third admission 
—  Day 455

• Urine culture: E. coli > 30,000 cfu/ml
• Treatment: SQ fluids, cefadroxil

Case 239969 Fourth admission 
6 months later (day 635)

• History: Anorexia for 1 week, still 
vomiting twice per week, decreased 
water intake

• Physical: T 103.1°F, dehydrated, left 
thyroid nodule, weight 6.0 lbs

Case 239969 
Hemogram

Analyte Units D ay 635

Total protein g/dL 7.7

P C V % 32

W B C /pL 16,800

Bands /pL 0

S eg s /pL 13,100

Lym phs /pL 2,700

M onos /pL 200

Eo s /pL 800



Case 239969 Serum Chemistry

|vm*»U«i Hamm Analyte Units D a y 635

C 0 2 mEq/L 17

Calcium mg/dL 8.9

Phosphorus mg/dL 3.6

Sodium mEq/L 165

Potassium mEq/L 4.4

Chloride m Eq/L 125
Total protein g/dL 6.9

Album in g/dL 2.2

B U N mg/dL 39

Creatinine mg/dL 3.3

Thyroxine pg/dL 5.5

Case 239969 
Urinalysis (cystocentesis)

|U m ' . v . . .  r. .......................................................... .......................

Analyte Units D a y  635

C olor Straw

U S G 1.014

pH 5.5

Glucose mg/dL Negative

Protein mg/dL 100

W B C /hpf 30-40

R B C /hpf 0 -2

Case 239969 Fourth admission 
Day 635 

M ' ’ —  1 1 ................. ....

• U rine culture: E. coli > 30 ,000 cfu/m l

Case 239969 Fourth admission 
________  Day 635)
S  «i« jw 111     " "11 ■ 1

• Owners elected euthanasia 
-L e ft perinephric abscess 
-  Left pyonephrosis and pyelonephritis 
-S m a ll irregular right kidney with 

chronic infarcts 
-L e ft  thyroid adenomatous hyperplasia

314778 “Sneezy” Otterm an
jm v,' v tt»  ■ ■ ■ ■ ■ ■ H M n a n H M M M H n a a a a ia a H a a H

9-year-old MC Domestic Shorthair cat 
Date of presentation May 12, 1996 
PC Lethargy and vomiting past 4 days

Case 239969 Fourth admission 
Day 635: Ultrasound exam

Renal
cortex
Perinephric
exudate

Ureter

Renal capsule



3 1 4 7 7 8  “ S n e e z y ” O tte rm a n  
H is to ry

■ vVifWvfctt

• Diagnosed as hyperthyroid 6 mos PTA and 
receiving 2.5 mg methimazole daily

• Lethargy and vomiting began May 8
• Still urinating
• Was normal and active before May 8

.... ...

• W eight 5.7 kg
• T 97.8°F, HR 192/min, RR 48/min
• Mucous membranes dark red; CRT < 2 sec
• Quiet
• Thyroid nodule
• lll/V I right apical systolic murmur
• Left kidney feels slightly big; right kidney slightly 

small
• Bilateral mydriasis (direct & consensual PLR 

present)

P E : 3 1 4 7 7 8  “S n e e z y ” O tte rm a n

314778 “Sneezy” O tterman

QJ v< t i *ivv*v MkMKtxrj

Complete blood count (5/12/96)

Protein 7.5 WBC x 109/l 7.1

PCV (%) 35 Bands 0

Hb (g/dl) 12.0 Segs 5.75

RBC x 10'2/1 7.14 Lymphs 1.28

MCV (fl) 48 Monos 0.07

MCHC (g/dl) 34.9 Eosinophils 0
Platelets Adequate

3 1 4 7 7 8  “S n e e z y ” O tte rm a n

jjUjj *»*.!••»« Wit *M 1

Urinalysis (cystocentesis) (5/12/96)
Color Straw Casts/lpf None
Appearance Clear WBC/hpf 1-2
USG 1.013 RBC/hpf 1-3

pH 5.0 Epi cells/hpf Few squamous
Protein 10 mg/dl Crystals None
Glucose Negative Bacteria None
Ketones Negative
Bilirubin Negative

Blood 1 +

314778 “S neezy” O tterm an

DU M: ; . .

Serum chemistry profile (5/12/96)
BUN 277 mg/dl ALT 69 IU/L
SCr 23.9 mg/dl AST 44 IU/L
Pi 15.6 mg/dl ALP 18 IU/L
Ca 10.1 mg/dl CK 1065IU/L
Na 153 mEq/L Cholesterol 119 mg/dl

K 6.5 mEq/L Total bili 0.6 mg/dl
Cl 113 mEq/L T protein 7.0 g/dl
Bicarbonate 12.1 mEq/L Albumin 4.0 g/dl

Glucose 91 mg/dl Globulins 3.0 g/dl

3 1 4 7 7 8  “ S n e e z y ” O tte rm a n

...... . ■'...............................

• Abdominal radiographs (5/12/96)
-  Left kidney enlarged, focal mineral opacities in renal 

pelvis
-  Right kidney not identified
-  Urinary bladder distended

• Abdominal ultrasound (5/14/96)
-  Both kidneys hyperechoic; good corticomedullary 

distinction
-  Left kidney 5 cm; right kidney 3 cm
-  Bladder normal



314778 “Sneezy” Otterman

Doppler systolic blood pressure (5/13/96): 
158 mmHg
Urine culture (5/14/96): No growth

314778 “Sneezy” Otterman

• 5/12/96
-  IV o.<
-  28 m
-  Prod 

to 8 /
• 5/13/96

-  IV LP 
- 2 8  m
-  AI(OI
-  Prod 

0.5 rr

i% NaCl 560 ml/day (24 ml/hr) 
g cimetidine IV BID
uced approximately 65 ml urine from midnight 

5/13 (0.6 ml/lb/hr)

S 900 ml/day (37 ml/hr) 
g cimetidine IV BID 
1)3 240 mg PO BID
uced 100-150 ml urine during 24 hrs (0.3 to 
l/lb/hr)

314778 “Sneezy” Otterman
—iwmmmm̂ wmmmmmmi

• 5/14/96
-  IV LRS + 16 mEq KCI/L 720 ml/day (30 ml/hr)
-  28 mg cimetidine IV BID
-  Discontinued AI(OH)3 due to difficulty administering it
-  Urinated 7 times in 24 hrs (10 to 50 ml each time)

• 5/15/96
-  IV LRS + 16 mEq KCI/L 480 ml/day (20 ml/hr)
-  28 mg cimetidine IV BID
-  Urinated 6 times in 24 hours
-  Eating

• 5/16/96
-  IV LRS + 16 mEq KCI/L 360 ml/day (15 ml/hr)

314778 “Sneezy” O tterm an

• 5/16/96: Owner reports 
many plants inside and 
outside of house:
-  Inside: Easter lily, Peace 

lily*
-  Outside: Day lily, Lily of 

the valley§

* N o t to xic

§ C o n ta in s  ca rd ia c g lyco s id e s

314778 “Sneezy” Otterman

Date 5/13/96 5/14/96 5/15/96
BUN mg/dl 231 105 43
SCr mg/dl 18.4 6.0 2.9
Pi mg/dl 11.0 4.9 3.9
Ca mg/dl 8.8 9.5 9.5
Na mEq/L 159 162 154
K mEq/L 5.2 3.9 4.0
Cl mEq/L 128 123 118
Bicarb mEq/L 12.1 22.1 234

314778 “S neezy” O tterm an

MtW IM POTMMMMNMMMMMMMHHnHaaaHaHHnHnaMM|anHaHBaa|a|

Date 5/23/96 9/5/96 12/8/97

B U N  (mg/dl) 33 32 27

S C r (mg/dl) 2 .5 2.3 1 4

Pi (mg/dl) 4.0 3.9 4.7

C a  (mg/dl) 9.8 9.4 9.6

K (m Eq/L) 3.8 3.9 3.8

H C 0 3  (m Eq/L) 17.1 18.6 18.3

T 4  (pg/dl) 3 97 1.32 19.86

Tapazo le 2.5 m g q24h 2.5 m g q24h 2.5  m g q24h



314778 “Sneezy” Otterman

2Hj V v« < *m

Date 4/1/98 11/2/98 12/4/98 6/7/00

B U N  (mg/dl) 40 32 39 39

S C r (mg/dl) 1.3 1.8 1.7 1.7

Pi (mg/dl) 5.4 6.4 3.5 4.6

C a  (mg/dl) 9 3 9.9 9.4 10.2

K (m Eq/L) 3.9 4.4 3.9 3.7

H C 0 3  (m Eq/L) 16.7 18.1 17.2 14.0

T 4 (pg/dl) 9.83 7.81 2.5 21.0

Tapazole 2.5  mg 
q 12h

5 m g A M  

2.5  m g PM

5 m g A M  

2.5  mg PM

5 m g B ID

• Presented “dead on arrival” at OSU VTH 
on June 19, 2000

• Owner declined necropsy

314778 “Sneezy” Otterman

3 7 0 9 8 0  “ M r B u t te rs ” P o z z a -A d a m s

• 10 year old neutered male domestic 
shorthaired cat

• History: Weight loss over the past few 
months; lethargy and inappetence over the 
past few days

• PE: 6 kg, T 99.9°F, P: 200/min, RR:
32/min. Pale pink mucous membranes; 
kidneys seem enlarged (6 cm)

Case 370980 
Hemogram

n
To t protein 7.5 g/dL W B C 18.7 x 109/L

P C V 1 8 % Bands 0 .4  x 10®/L (2 % )

Hb 6 4 g/dL Seg s 15.9 x 10®/L (8 5 % )

R B C 4 0 x 1012/L Lym phs 0 .2  x 10»/L (1 % )

M C V 44 fl M onos 2.2  x 10*/L (1 2 % )

M C H C 36.4 g/dL n R B C 0.4  x 10*/L(2% )

Platelets 191 x 10»/L M orphology
Cytoplasm ic basophilia; 
Dohle bodies

Case 370980 
Biochemical Profile

B U N 99 mg/dL A L T 87  IU/L

Creatinine 3.0 mg/dL A S T 197 IU/L

Phosphorus 10.2 mg/dL A L P 36  IU/L

Calcium 10.0 mg/dL C K 774  IU/L

Sodium 159 mEq/L Bilirubin 0.23  mg/dL

Potassium 5.0  mEq/L T o t protein 6.7  g/dL

Chloride 125 m Eq/L Album in 2.9  g/dL

Bicarbonate 13 mEq/L Globulin 3.8  g/dL

Cholesterol 138 mg/dL Glucose 108 mg/dL

Case 370980 
Urinalysis

m
Source Cysto Bilirubin Negative

C olor Yellow Blood 2+

A ppearance Clear Casts N one seen

S .G . 1.017 W B C 1- 2/hpf

pH 6.0 R B C 4 -6 /hpf

Protein * 3+ (300 mg/dl) Epi cells 1-2 squamous/hpf; 

0-1 transitional/hpf

G lucose Negative Crystals None seen

Ketones Negative Bacteria None seen



370980 “M r Butters" P ozza-A dam s 
T ho rac ic  rad iography

370980 “M r B u tte rs ” P ozza-A dam s
A bdom ina l u ltrasound

I W m
j SOB

Note hyperechoic material 
surrounding kidney

^  c .

Wm IB

1 I
Right kidney longitudinal ■

I
Right kidney transverse

370980 “M r B u tte rs ” P ozza-A dam s 
A bdom ina l u ltrasound

Note hyperechoic material 
surrounding kidney 

(yellow arrows)

370980 “M r B u tte rs” P ozza-A dam s 
A bdom ina l u ltrasound

3 7 0 9 8 0  “ M r B u t te rs ” P o z z a -A d a m s

m
♦ Abdominal fluid cytology

-  Orange, hazy
- S G >  1.035

- T P  7.4 g/dL
-W B C  count 3,010/pL (80% neutrophils, 15% 

monocytes, 4% lymphocytes)

-  Lymphocytes appear small and well- 
differentiated; compatible with blood 
contamination

3 7 0 9 8 0  “ M r  B u t te rs ” P o z z a -A d a m s

• Thoracic fluid cytology
-  Red, cloudy
- S G  1.032
- T P  5.2 g/dL

-W B C  count 4,380/pL (3% neutrophils, 5% 
monocytes, 3% lymphocytes, 89% neoplastic 
cells)

-  Uniform population o f round cells with 
basophilic cytoplasm and highly convoluted 
nuclei (lymphoma?)
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3 7 0 9 8 0  “ M r  B u tte rs ” P o z z a -A d a m s 3 7 0 9 8 0  “ M r  B u tte rs ” P o z z a -A d a m s

• “Mr Butters” deteriorated during the 
evening and became hypotensive

• Poor response to crystalloids, colloids, and 
dobutamine infusion. Suspect internal 
hemorrhage.

• Owner elected euthanasia

• Gross necropsy
-  Marked retroperitoneal hemorrhage; 

perinephric hemorrhage (LK > RK)
-  Extensive amount of whitish-yellow lobulated 

retroperitoneal tissue surrounding kidneys

• Histopathology
-  Lymphoblastic lymphoma (majority CD3+, 

m inority CD79a+; CD20-) involving 
retroperitoneal space, pancreas, kidney

385887 “Boo” Cooper 385887 “Boo” Cooper
mm--*’-' 1

• 6 month-old neutered male Persian cat
• History

-  Recently (April 21, 2007) fed a cat food on the 
recall list

-V o m itin g , lethargy, anorexia, and decreased 
water consumption 48 hrs before presentation 
to RDVM

-  No known exposure to lilies or ethylene glycol
-  Otherwise healthy young cat

• History
-  Seen by RDVM on 4/23/07

-  BUN 130 mg/dl, SCr 13.6 mg/dl, serum 
phosphorus >16.1 mg/dl, serum K+ 7.5 
mEq/L. USG 1.015 and many “round” crystals 
seen in sediment (later reported as > 10 
urates/hpf by commercial laboratory)

-T re a te d  by RDVM with IV fluids, cimetidine, 
metoclopramide, sucralfate, and cefazolin
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385887 “Boo” Cooper

• Admitted to OSU VTH 4/24/07 evening
• Physical exam

-  W t 3.2 kg; T 101.0°F, P 130/min, R 100/min 

-S y s to lic  blood pressure (Doppler) 160 mmHg
-  Slightly depressed; well hydrated

-  Mucous membranres pink; thoracic 
auscultation normal

-  Kidneys normal-sized to large

Case 385887 
Hemogram (4/24/07)

DU i  .'7. .7 sa]

T o t protein 7.1 g/dL W B C 6.6 x 10«/L

P C V 3 5 % Bands O x  10®/L (0 % )

Hb 12.4 g/dL S eg s 3.8 x 10»/L (5 7 % )

R B C 9 4 x 10,2/L Lym phs 2.6 x 10®/L (4 0 % )

M C V 3711 M onos 0.1 x 10*/L (1% )

M C H C 35.9 g /d l Eo s 0  x 10®/L (0 % )

Platelets 277 x 10B/L Basos 0.1 x 10®/L (1 % )

J'*ss!*sv».« <,»•!■*:s?,f

C a s e  3 8 5 8 8 7  
B io ch em ic a l Profile  

(4 /24 /07)

B U N 250 mg/dL A L T 13 IU/L

Creatinine 17.2 mg/dL A S T 43  IU/L

Phosphorus 17.9 mg/dL A L P 53 IU/L

Calcium 10.1 mg/dL C K 1422 IU/L

Sodium 152 mEq/L Bilirubin < 0.1 mg/dL

Potassium 6.5  mEq/L T o t protein 6.4  g/dL

Chloride 105 mEq/L Album in 3.5  g/dL

Bicarbonate 17 mEq/L Globulin 2.9  g/dL

Cholesterol 128 mg/dL Glucose 86 mg/dL

Case 385887 
Urinalysis (4/24/07) 

DU ......

Source C ysto Bilirubin Negative

Color Light yellow Blood 3+

Appearance Clear Casts None seen

S .G . 1.007 W B C Occasional/hpf

pH 7.0 R B C 1- 3/hpf

Protein 10 mg/dl Epi cells O c c  squam ; 0-1 trans

Glucose Negative Crystals None seen

Ketones Negative Bacteria None seen

385887 “Boo” Cooper

• Urine cijlture and sensitivity: No growth
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385887 “Boo” Cooper
Ml I«

• Thoracic radiographs
-  Generalized cardiomegaly
-  Hypovolemia or pulmonary under-circulation

• Abdom inal radiographs
-  Kidneys symmetrical and upper limit of normal in size 

(3 times L2)
• Abdom inal ultrasound exam

-  Hyperechoic renal cortices
-  RK = 4.0 cm; LK = 4.2 cm
-  Resistive index 0.81 (normal, < 0.6-0.7)
-  Mild bilateral pyelectasia (2.0-2.2 mm)

Food-associated ARF: Movie 
(This is NOT Boo’s kidney!)
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U L S -g u id e d  re n a l a s p ira te

385887 “Boo” Cooper

D

• Ophthalmologic exam
-  Focal retinal elevation and wrinkling (early 

detachments) OU

• Systolic blood pressure varied between 
110-170 mmHg during hospitalization

• Initially treated with amlodipine; later in 
clinical course blood pressure remained 
normal without amlodipine

385887 “Boo” Cooper

• Fluid therapy (adjusted based on serum 
electrolytes)
-4 /2 4  to 4/25: 0.9% NaCl 
-4 /2 6 :  L R S + 20 mEq/L KCl 
-4 /2 7  to 4/28: LRS 
-4 /2 9 :  LRS:0.9% NaCl (50:50)
-4 /3 0  to 5/7: LRS:0.45% NaCl (50:50) + 10 mEq/L 

KCl
- 5 /8  to 5/11: LRS

385887 “Boo” Cooper 

..........................

• Other treatments
-  F irst 2 days: Furosemide infusion
-  Ampicillin-sulbactam

-  Famotidine, sucralfate 
-A m lo d ip in e  initially for hypertension (later

discontinued)

-  AI(OH)3 once eating well

385887 “Boo” Cooper
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385887 “Boo” Cooper

n
• Fluid therapy: Differentiating diuretic phase 

of ARF from fluid therapy-induced diuresis
-A tte m p ts  were made to decrease fluids during 

hospitalization

-  First time: body weight decreased, polyuria 
persisted, azotemia increased

-  Last time: body weight maintained, urine output 
decreased and level of azotemia was stable. 
Fluids switched to SC and discontinued over 
next few days



SVNU Panel on Pet Food Recall 
(ACVIM Forum, Seattle, June 6-9, 2007)
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• Dr. Cathy Brown, DACVP, University of Georgia
• Dr. Denise Elliott, DACVIM and DACVN, Royal Canin
• Dr. Dru Forrester, DACVIM, Hill's Pet Nutrition
• Dr. Richard Goldstein, DACVIM, Cornell University
• Dr. Claudia Kirk, DACVIM and DACVN, Univ of Tennessee
• Dr. Kimberly May, DACVS, Communications, AVMA
• Dr Paul Pion, DACVIM, Veterinary Information Network
• Dr, Linda Ross, DACVIM, Tufts University
• Dr. Shelly Vaden, DACVIM, North Carolina State University

Pet Food Recall Timeline
m m v it

3 ^ 3
O c t 06___________ D e c  06___________ F e b  07

S e p t 06 N o v  06 J a n  07

Menu Foods 
um* tainted whe»t gluten

M ay 07

FOA m >900 caw* ARF reported by AP

Melamine: FDA Report
9 * « HSMtsAK* »

Melamine has minimal 
toxicity
Association between animal NH2
deaths and consumption of 
food contaminated with

'associated with causative 
agent’ or serve as marker of 2 
contamination 
A second contaminant may 
be responsible 
http://www.fda.gov
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Cyanuric acid
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Histopathology courtesy Dr. Cathy Brown, 
University o f  Georgia

http://www.fda.gov


Histopathology courtesy D r. Cathy Brown, 
University o f  Georgia

F o o d -a s s o c ia te d  A R F  
  T re a tm e n t

— i f —  ................ - ...............— .......................

• Confirm ingestion of recalled good
• D iscontinue feeding product
• Differentiate ARF from CRF
• Correct dehydration
• Correct acid base and electrolyte abnormalities
• Establish fluid diuresis
• M onitor urine output and support as needed 

(e.g. furosemide)
• Maintain neutral urine pH





H e p a t i c  a m y l o i d o s i s  i n  c a t s

P r o fe s s o r  R ic h a rd  M a lik  D V S c  P h D  F A C V S c  F A S M

P os t G r a d u a t e  F o u n d a t io n  in  V e te r in a r y  S c ie n c e ,  C o n fe r e n c e  C e n t r e ,  B u ild in g  
B22, U n iv e rs ity  o f  S y d n e y ,  N SW  2 0 0 6  A u s tra lia

The systemic am ylo idoses are a g roup  o f syndromes th a t result from  extrace llu la r deposition  o f 
am ylo id  in m ultip le  organs. Am ylo id  is a  fibrillar p ro te in  w hose a ccu m u la tio n  in tissues causes 
frag ility  a n d  d e p le tio n  o f func tion . C lin ica l signs vary a cc o rd in g  to  the  pa tte rn  and  ex ten t o f 
am ylo id  deposition . A varie ty  o f proteins c a n  a c t  as am ylo id  precursors. These p re c ip ita te  as a (3- 
p le a te d  sheet fo rm ing the  co re  o f th e  am ylo id  fibril. This fibril binds a c ircu la ting  g lycop ro te in  
[serum am ylo id  P c o m p o n e n t (SAP)] a n d  basem ent m em brane  proteins th a t p rom o te  
seconda ry  a n d  te rtia ry  fo ld ing . This u ltrastructure im parts cha racte ris tic  properties to  am ylo id , 
inc lud ing  insolubility, ch e m ica l inertness a n d  cha rac te ris tic  g reen b ire fringence o f C ongo-red - 
sta ined sections v iew ed  using po larized light.

In humans, p o ten tia lly  a m y lo id o g e n ic  proteins inc lude  im m unoglobu lin  ligh t cha in  fragm ents 
(which cause AL am yloidosis in some m ultip le  m ye lom a  patients), fi>2-m icrog lobu lin  (in renal 
dialysis patien ts), prion p ro te in  a n d  a tria l na tu rie tic  p e p tid e , re flec ting  a diversity o f associa ted  
disease processes. In systemic am ylo idoses o f co m p a n io n  animals, the  precursor is alm ost 
invariab ly  AA, an am ino  term inal fra g m e n t o f the  a cu te -p h a se  prote in , serum am ylo id  A (SAA). In 
humans, AA amyloidosis occurs e ithe r seconda ry  to  ch ron ic  in flam m atory, in fectious or 
neop lastic  diseases (e.g. tuberculosis), or as a fam ilia l tra it (e.g. fam ilia l M ed ite rranea n  fever). 
Familial AA amyloidosis is recogn ized  in Chinese Shar-Pei dogs a n d  Abyssinian cats, a n d  
DiBartola a n d  co lleagues a t O hio have  d o n e  an ou ts tand ing  jo b  characte riz ing  these respective  
conditions. The most co m m o n  p resenta tion  o f systemic AA amyloidosis in anim als a n d  m an is as 
a n e p h ro p a th y  and  signs o f liver invo lvem en t are rare. In dogs, am ylo id  tends to  be  depos ited  in 
the  g lom eruli, w hereas in ca ts there  is p re fe ren tia l deposition  in the  interstitium. Abyssinian cats 
w ith  amyloidosis typ ica lly  present w ith  classic signs o f renal disease w hen  less th a n  6-years-of- 
a ge .

A h e p a tic  amyloidosis o f ca ts has been  described  w h ich  results in spontaneous rupture o f the  
liver. Cases present for sudden d e a th  or w ith  a c u te  in te rm itten t signs associa ted  w ith  episodes o f 
in tra -abdo m in a l haem orrhage . Invo lvem ent o f o the r organs is usually subclin ica l, a lthoug h  
a ffe c te d  ca ts  m ay d e ve lo p  ch ron ic  renal fa ilure if th e y  survive suffic iently long. Risk facto rs  
associa ted  w ith  fe line h e p a tic  amyloidosis have  no t been  w ell de fined . Previous reports 
d o cu m e n t clusters o f cases from  b reed ing  catteries, usually involving ca ts  under 5-years. Since 
a ffe c te d  ca ts  are o ften  re la ted , the  re la tive  con tribu tion  o f g e n e tic  a n d  env ironm en ta l facto rs  
has been  blurred. The p re d o m in a n ce  o f Siamese a n d  the ir co lou r variants c o u p le d  w ith  
ped ig re e  analyses, have  led to  the  suggestion th a t the  disease is fam ilia l in Siamese a n d  re la ted  
breeds.

Betw een 1997 a n d  1999, six cases o f h e p a tic  amyloidosis w ere  seen a t our hospital, com pris ing 4 
Siam ese-type, one  dom estic-shortha ir a n d  one Devon Rex. The pa thop hys io log ica l e ven t 
p re c ip ita tin g  signs was a c u te  in tra -abdo m in a l b leed ing . H epa tic  amyloidosis was the  m a jo r 
disease process iden tified  in 5 cases, bu t one  also had  concu rren t ch ron ic  renal fa ilure a n d  FIP. 
The cases w ere  sporad ic, w ith  relatives and  housem ates no t c lin ica lly  a ffe c te d . C lin ica l signs in 
th ree  o f these cases had, prior to  referral, been  m isd iagnosed as b lunt traum a, im m une- 
m e d ia te d  haemolysis or co a g u lo p a th y . The diagnosis was ch a lleng ing  because  c lin ica l signs
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w ere  o ften  subtle a n d /o r  transient. A ffe c te d  ca ts  c o p e  w ith  hyp o vo la e m ia  a n d  a n a e m ia  by 
b e co m in g  sedentary, a n d  autotransfusion assists return to  norm ality  w ith in  3 to  5 days, w h ich  
m a y  be  erroneously in te rp re te d  as a fa vo ra b le  response to  the rapy . W here re p e a te d  episodes 
o ccu r, astu te  owners recogn ize  the  signs o f a c u te  ha e m o rrh a g e  a n d  m ay present ca ts  w h e n  
they  a re  h yp o vo la e m ic  - this is a  g o o d  tim e  to  look for free b lood  in the  a b d o m e n  using 
u ltrasonography.

Pale m ucous m em branes, hypo the rm ia  a n d  h e p a to m e g a ly  w e re  the  physica l findings most 
consistently observed . M ost cases w ere  in g o o d  b o d y  co n d itio n . Increased ALT was an  im p o rta n t 
in d ic a to r o f liver disease, w ith  5 /6  cases hav ing  5-fold or g re a te r e levations. B iochem ica l 
e v id e n ce  o f a  h e p a to p a th y , how ever, was no t invariab ly  present. Total p ro te in  w as com m on ly  
be low , or n ea r the  b o tto m  of, the  norm al range, consistent w ith  haem orrhage . Polychrom asia 
a n d  reticu locytosis w e re  va riab ly  present, as these features a re  absen t for the  first fe w  days a fte r 
an  a c u te  b le e d . A va riab le , likely consum ptive , th ro m b o c y to p e n ia  w as d e te c te d  in ha lf o f the  
cases a n d  m ay have  c o n tr ib u te d  to  o ngo in g  in tra -a b d o m in a l haem orrhage . Disorders o f 
seconda ry  haemostasis a re  possible in a ffe c te d  cats. R ecent studies suggest th a t 60 to  82% of 
ca ts  w ith  liver disease show p ro lo n g e d  co a g u la tio n  times a n d  these abnorm alities  m ay 
norm alize w ith  v itam in  Ki the rapy . This phen o m e n o n  provides jus tifica tion  for the  a n e c d o ta l 
impression by ourselves a n d  Zuber th a t v itam in  Kt m ay p ro long  survival in some fe line  amyloidosis 
patien ts.

R ad iography a n d  a b d o m in a l u ltrasonog raphy w ere  useful fo r d e te c tin g  free  pe ritonea l fluid, 
h e p a to m e g a ly  a n d  irregular h e p a tic  borders. Furthermore, u ltrasonography dem o n s tra te d  
consistent abnorm alities  in th e  h e p a tic  pa re n ch ym a : a  diffuse, he te rogeneous echode ns ity  w ith  
h igh ly e c h o g e n ic  areas a n d  h yp o e ch o ic  foc i. These features w ere  useful in supporting  a 
te n ta tiv e  c lin ica l diagnosis a n d  for screening a t risk cats. Scintigraphy, using I123- la b e le d  SAP 
provides a n o th e r non-invasive, th o u g h  less accessib le , m e th o d  for d e te c tin g  h e p a tic  am ylo id . 
Defin itive d iagnosis relies on  h is to p a th o lo g ica l d e te c tio n  o f am ylo id  in h e p a tic  biopsies. A 
c y to lo g ic a l d iagnosis c a n  be  m a d e  fo llow ing  fine -need le  aspira tion, c ircu m ve n tin g  risks 
assoc ia ted  w ith  anaesthesia , co re  b iopsy or ce lio tom y. Extracellu lar am ylo id  deposits m ay be 
o ve rlooked  unless the re  is a  h igh index o f suspicion for am yloidosis - the  change s  in DiffQuik 
s ta ined  smears are subtle (a fringe o f ex trace llu la r p ink fibrillar m ateria l) a n d  c a n  be  con firm ed  
by  C o n g o  Red sta in ing o f smears a n d  polarized ligh t m icroscopy.

H e p a tic  am yloidosis is gene ra lly  a  disease o f young cats. H aem orrhage  has b e e n  d o c u m e n te d  
in ca ts  b e tw e e n  8-m onths a n d  7.5- years. 5/6 cases in this series w e re  neu te red  males, w hereas 
10/16 previous cases w here  d a ta  a re  a va ila b le  w ere  entire  fem ales, the  rem a inde r neu te red  
males. Siamese a n d  re la te d  ca ts  a p p e a r  to  be  a t increased risk, representing 4/6 cases in this 
series a n d  app rox . 95% o f to ta l re p o rte d  cases. The young  a g e  o f a ffe c te d  ca ts  a n d  over­
rep resen ta tion  o f purebreds (especia lly  Siamese) suggests the  possibility o f an  underly ing 
in fectious ae tio log y , a n d  p a th o g e n s  inc lud ing  Calicivirus, Bartonella henselae. C lam ydophila  
felis a n d  the  agen ts  o f fe line  in fectious a n a e m ia  rem ain  tan ta liz ing  possibilities, as all these g ive  
rise to  a  ch ro n ic  ca rrie r s ta te . In one  case, a  ch ron ic  a cu te -p h a se  response assoc ia ted  w ith  FIP 
virus m ay h a ve  p ro m o te d  am y lo id  fo rm ation .

Specific  trea tm en ts  fo r fe line AA am yloidosis are no t currently  ava ilab le . O n ce  fo rm ed, am ylo id  
fibrils are re la tive ly  insoluble a n d  resistant proteolysis. S c in tig raphy has dem o n s tra te d  th a t AA 
am ylo id  deposits in hum ans m a y  regress over m onths to  years if th e  prim ary disease subsides. This 
has e n c o u ra g e d  the  d e v e lo p m e n t o f th e ra p e u tic  in terventions ta rg e tin g  fibril fo rm a tion . 
C o lch ic ine , w h ich  reduces SAA re lease from  h epa to cy tes , is used to  tre a t fam ilia l M e d ite rranea n  
feve r a n d  was used (un fo rtuna te ly  w ith o u t success) in one  o f our cases. Use o f g lu co co rtico id s  is
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controversia l since they  c a n  a c c e le ra te  disease in experim en ta l settings b u t m ay  be  o f bene fit 
by re d u c in g  the  supply o f precursors by  suppressing the  a c u te  phase response. Interventions 
ta rg e tin g  the  supply a n d  processing o f precursors or events in cha in  fo rm a tion  have  b e e n  shown 
to  re d u ce  am ylo id  progression in m ice  m odels. These inc lude  te n id a p , w h ich  blocks 
in flam m ato ry  cytokines the re b y  re d u c in g  h e p a tic  p ro d u c tio n  o f SAA; small m o lecu le  an ion ic  
su lphonates a n d  sulphates, w h ich  b lo ck  the  in te rac tion  b e tw e e n  fibril co re  a n d  basem ent 
m e m b ra n e  proteins p reven ting  seconda ry  a n d  tertia ry structure fo rm ation , a n d  im m unization 
w ith  a m y lo id -b e ta , the  precursor o f am ylo id  assoc ia ted  w ith  A lzheim er’s disease.

Currently the  only trea tm en ts  w h ich  c a n  be  re co m m e n d e d  for ca ts  d iagnosed  w ith  h e p a tic  
amyloidosis a re  c a g e  rest, v itam in  Ki supp lem en ta tion  a n d  an tib io tics  e ffe c tive  aga inst pu ta tive  
o c c u lt pa thog ens  such as 8 henselae and  M haemofelis (e.g. doxycyc line ). C o lch ic ine  m ay 
have  a bene fit if s tarted suffic iently early. Interestingly, a  repo rt exists o f one  c a t th a t was 
a p p a re n tly  cu red  by tre a tm e n t w ith  a  n a tu ro p a th ic  rem edy w ith  p o te n t an ti-ox idan t ac tiv ity .
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N o n t u b e r c u l o u s  m y c o b a c t e r i a l  s y n d r o m e s  i n
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P o s t G r a d u a t e  F o u n d a t io n  fnuV e te n n cJ 'ry  S c ie n c e ,  C o n f e r e n c e  C e n t r e ,  B u ild in g  t ( y p  L ^  

B22, U n iv e rs ity  o f  S y d n e y ,  N SW  2 0 0 6  A u s t ra l ia

Feline panniculitis due to rapid ly growing m ycobacteria
Rapidly g row ing  m y c o b a c te r ia  (RGM) are a he te rogeneous g roup  o f organism s th a t p ro d u ce  
co lon ies on synthetic  m e d ia  w ith in  seven-days w hen  cu ltu red  a t 24°C to  45°C. They are 
d istribu ted ubiquitously in na tu re . RGM inc lude  the  M forfuitum  g roup  (inc lud ing  M fortuifunn, M 
peregrinum  a n d  the  3rd b iova rian t com plex), the  M chelonae/abscessus g ro u p  (inc lud ing  M 
chelonae  a n d  M abscessus), the  M smegmatis g roup  (inc lud ing M smegmatis sensu stricto, M 
good ii a n d  M wolinkskyi) a n d  a varie ty  o f o the r species. The ta xo n o m y o f this g roup  has been  
revised recen tly  and  because  o f this, the  w ord  ‘g ro u p ’ is used w hen  referring to  isolates re co rd e d  
in early pub lica tions. RGM are  strongly linked w ith  loca lized  in fections o f im m u n o c o m p e te n t 
hosts. This is because  they  a re  w e ll a d a p te d  to  a sap rophy tic  exis tence a n d  inherently  ha ve  low  
v iru lence. Thus, they  d o  no t p ro d u ce  disease unless a b re akdow n  in norm al de fense  barriers 
provides th e m  w ith  a po rta l o f en try to  a  fa vo ra b le  tissue env ironm ent. O n ce  in tro d u ce d , RGM 
are genera lly  constra ined  by a vigorous im m une response th a t m ay  or m a y  n o t e ra d ic a te  them , 
b u t is e ffe c tive  enough  to  p reven t h a em a tog enous  or lym p h a tic  spread. RGM c a n  p ro d u ce  
w ide ly  d issem inated disease, bu t only in severely im m unocom prom ised  individuals.

M yco b a c te r ia l pannicu litis refers to  a syndrom e ch a ra c te rize d  by ch ron ic  in fe c tio n  o f the  
subcutis a n d  skin w ith  RGM. This co n d itio n  is qu ite  co m m o n  in cats, espec ia lly  in Australia. RGM 
re p lica te  in m am m alian  tissues w hen  in tro d u ce d  th rough  som e break in th e  skin. This typ ica lly  
follows pe n e tra tin g  injury, espec ia lly  w hen  the  w o u n d  is c o n ta m in a te d  by  d irt or soil. P reference 
o f RGM for fa t is a  key fa c to r  in the  pathogenesis a n d  results in a te n d e n c y  for disease to  o c c u r in 
obese individuals a n d  in tissues rich in lipid, such as the  subcutaneous pann icu lus a n d  especia lly  
the  inguina l fa t p a d . Experim ental in fections c a n n o t be  in d u ce d  in ca ts  th a t d o  no t have  
a p p re c ia b le  subcu taneous fa t. A d ipose tissue offers a  fa vo ra b le  env ironm en t fo r survival a n d  
pro life ra tion  o f RGM by p rov id ing  trig lycerides for g row th  or p ro te c tin g  organisms from  the  
p h a g o c y tic  a n d  im m une responses o f the  host. Initial reports suggested m y c o b a c te r ia l 
pannicu litis was m ore c o m m o n  in w arm  hum id c lim ates; how eve r ca ts  from  te m p e ra te  regions, 
inc lud ing  parts o f Australia, C a n a d a , Finland and  G erm any, have  subsequently been  re po rted .
In Australia, the  M smegmatis g roup  a cco u n ts  fo r the  m ajority  o f fe line cases, w hereas it is a 
m uch  less co m m o n  cause o f eq u iva le n t in fections in hum an patien ts.

Clinical signs
In fections te n d  to  start in the  ingu ina l reg ion, usually fo llow ing  c o n ta m in a tio n  o f c a t  figh t injuries, 
e .g. raking w ounds in flic ted  w ith  the  hind claws. The in fec tion  m ay spread to  con tiguous 
subcutaneous tissues o f the  ven tra l and  la tera l a b d o m in a l w a ll a n d  perineum . P enetra ting  injury 
by sticks, m e ta llic  ob jects  a n d  veh icu la r traum a m ay also g ive  rise to  these infections, as c a n  c a t 
a n d  d o g  b ite  injuries c o n ta m in a te d  w ith  soil or dirt. Sometimes in fections start in the  axillae, flanks 
or dorsum.

Early in the ir course, in fections resem ble c a tfig h t abscesses, bu t w ith o u t the  cha rac te ris tic  fe tid  
o d o r a n d  tu rb id  pus. Instead, a  c ircum scribed  p la q u e  or nodu le  is a p p a re n t. Later, the re  is 
progressive th icken ing  o f the  nearby  subcutis to  w h ich  overly ing skin b ecom es adhe ren t. 
A ffe c te d  areas b e co m e  d e n u d e d  o f hair and  num erous p u n c ta te  fistu lae a p p e a r, d ischarg ing  
w a te ry  exuda te . Fistulae a re  in te rm ing led  w ith  fo ca l purp le  depressions (th inn ing o f the  epiderm is
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over a ccum u la tion s  o f pus). The ‘lesion’ g radua lly  increases in a re a  a n d  d e p th , a n d  m a y  
even tua lly  invo lve  the  entire  ven tra l a b d o m e n , a d ja c e n t flanks or limbs. If ca ts  are p resen ted  
p rom p tly  for ve te rina ry  a tte n tio n  a n d  the  lesion con fused w ith  an a n a e ro b ic  c a t-b ite  abscess, 
surgical d ra in a g e  a n d  adm in is tra tion  o f a  (5-lactam is typ ica lly  fo llo w e d  by w o u n d  b re a kd o w n  
a n d  d e ve lo p m e n t o f a non-hea ling  suppura ting  tra c t surrounded by in d u ra ted  g ranu la tio n  
tissue. Some a ffe c te d  ca ts  w ith  in fections d e ve lo p  systemic signs, b e co m in g  depressed, pyre tic , 
in a p p e te n t, losing w e ig h t a n d  be ing  re lu c ta n t to  m ove. O ccas iona l ca ts  d e v e lo p  th e  
h yp e rca lca e m ia  o f g ranu lom a tous disease, a lthoug h  this is rarely sym p tom a tic . Surprisingly, o the r 
ca ts  rem ain co m p a ra tive ly  w e ll desp ite  extensive disease. Usually th e  p rob lem  rem ains loca lized  
to  the  skin a n d  subcutis. A lthough  a d ja c e n t structures such as th e  a b d o m in a l w a ll c a n  be  
a ffe c te d  eventua lly , sp read to  internal organs or lym ph nodes is very unusual.

Diagnosis
Sample collection. C yto logy and  Histology
A te n ta tive  diagnosis o f m ycobacte rios is  c a n  be  con firm ed  by  co lle c tio n  o f pus or d e e p  tissue 
specim ens. This m ate ria l is used to  con firm  the  diagnosis using a p p ro p ria te ly  s ta ined  smears, 
h is to log ica l sections a n d  cu ltu re . A h isto log ica l diagnosis is unnecessary if a p p ro p ria te  sam ples 
for c y to lo g y  a n d  cu ltu re  ha ve  b e e n  p rocu red . It is v ita l to  g ive  the  la bo ra to ry  w a rn ing  th a t 
m y c o b a c te r ia l a e tio lo g y  is suspected  so spec ia l p rocedures for processing c a n  be  a d o p te d .

In our expe rience , sam ples o f pus o b ta in e d  from  need le  aspirates o f a ffe c te d  tissues th rough  
in ta c t skin p rov ide  the  best lab o ra to ry  specim ens. This m ate ria l c a n  be  o b ta in e d  from  a  p a lp a b ly  
a b no rm a l po rtion  o f the  subcutis. The overly ing skin should be  ca re fu lly  d is in fec ted  w ith  70% 
e th a n o l prior to  o b ta in in g  the  spec im en to  p re c lu d e  the  isolation o f saprophytic  m y c o b a c te r ia  
from  the  skin surface. It m ay  be  necessary to  ca re fu lly  m ove  the  n eed le  in the  subcu taneous 
space , w h ile  a p p ly in g  co n s ta n t n e g a tive  pressure, until a p o c k e t o f puru len t m a te ria l is 
e n co u n te re d . Asp ira ted  flu id should be  subm itted  fo r cy to lo g y  a n d  m y c o b a c te r ia l cu ltu re , or 
in o cu la te d  im m e d ia te ly  in to  a co m m e rc ia lly  p re p a re d  m y c o b a c te ria  cu ltu re  b o ttle  th a t is 
subsequently subm itted  to  the  labora to ry . It is only necessary to  suck a small a m o u n t o f liquid 
m ate ria l in to  the  hub  o f the  syringe. It is easiest to  subm it the  entire syringe to  the  la b o ra to ry  a fte r 
re p la c in g  the  n e e d le  w ith  a sterile cover. Exudate from  d ra in ing  sinus tracts  is heavily  
c o n ta m in a te d  seconda ry  invaders a n d  represents an  inferior sam ple. If d e e p  biopsies a re  
o b ta in e d , th e y  should be  tritu ra ted  in bra in hea rt infusion bro th  using a sterile m orta r a n d  pestle 
to  p ro d u ce  a tissue h o m o g e n a te  su itab le fo r c y to lo g y  a n d  culture.

Smears p re p a re d  from  aspirates or tissue ho m o g e n a te s  should be  sta ined using Diff Quik®, G ram  
stain a n d  a m od ified  a c id -fa s t p ro ce d u re  (decoloriz ing w ith  5% sulphuric a c id  for on ly th ree  to  
five m inutes; RGM are  not as ac id -fas t as o the r m yco b a c te r ia ). C y to logy  invariab ly  dem onstra tes 
pyog ranu lom a tous  in flam m a tion  a n d  it is genera lly  possible to  visualize G ram  positive a n d /o r  
ac id -fas t bac illi (AFB) in smears, a lth o u g h  an exhaustive search m a y  be  requ ired. H isto logically, 
the re  is pyog ranu lom a tous  in flam m ation . AFB m ay be  hard  or impossible to  find  in Ziehl-Nielsen 
(ZN) sta ined tissue sections a n d  are o ften  lo c a te d  in lip id vacuo les. Some US derm ato log is ts  
favou r Fite's stain fo r d e te c tin g  AFB in tissues.

Bacteriology and  antim icrobia l susceptibility testing
Tissue h o m ogen a tes  a n d  pus should be  streaked o n to  b lood  a g a r p la tes a n d  a m y c o b a c te r ia l 
m ed ium  such as Lowenste in-Jensen m ed ium  or 1% O g a w a  e g g  yolk m ed ium  a n d  in c u b a te d  
a e ro b ica lly  a t 37°C a n d  25°C. If a va ilab le , the  BACTEC system ca n  also be  utilized. M o d e ra te  to  
heavy  g row th  o f p inpo in t, non -hem o ly tic  co lon ies is usually d e te c te d  a fte r 2-3 days (occas iona lly  
longer) on sheep b lo o d  a g a r a t 37°C. A useful m e th o d  w h ich  c a n  be  used to  d iffe re n tia te  RGM 
from  c o n ta m in a n t flora is by prim ary iso lation a round  a n tib io tic  sensitivity discs (first g e n e ra tio n  
cepha losporins or isoxazolyl penicillins) a p p lie d  to  the  p la te  a fte r inocu la tion .
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There is g re a t va lue  in de te rm in ing  species id e n tifica tio n  a n d  susceptib ility d a ta  in every case, as 
this has a b ig  im p a c t on an tim ic rob ia l strategies. Species iden tifica tio n  c a n  be  ca rried  ou t in a 
w e ll e q u ip p e d  vete rinary b a c te r io lo g y  la b o ra to ry  a lthoug h  it if o ften  m ore co n ve n ie n t to  send 
the  strain to  a  M y c o b a c te r ia  R eference Labora to ry  fo llow ing prim ary isolation. Iden tifica tio n  
takes in to  a c c o u n t a  num ber o f p h e n o ty p ic  a n d  b io ch e m ica l features. M inim um  inh ib itory 
concen tra tio ns  (MICs) fo r c ip ro floxac in , m oxifloxacin , gen tam ic in , trim ethoprim , c la rith rom ycin  
a n d  d o xycyc line  c a n  be  d e te rm ined  easily using the  Etest (AB Biodisk, Solna, Sweden) m e th o d . 
This m e th o d o lo g y  is less d e m a n d in g  th a n  the  ‘go ld  s ta n d a rd ’ o f b ro th  m icrod ilu tion . 
A n tim ic rob ia l susceptib ility o f c lin ica l isolates c a n  also be  de te rm ined  using disc diffusion 
m e th o d o lo g y .
Therapy
The m a n a g e m e n t o f fe line  m y c o b a c te r ia l pannicu litis  continues to  evo lve  in the  ligh t o f c lin ica l 
experience , ava ilab ility  o f new  a n ti- in fec tive  agen ts  and  the  d e ve lo p m e n t o f new  surgical 
techn iques. There is g re a t va ria tion  in the  severity a n d  ex ten t o f lesions from  p a tie n t to  pa tien t. 
D ifficu lty in m aking  a p ro m p t diagnosis is pa rtly  responsible for the  chron ic ity , severity and  
refractoriness o f these infections. Briefly, tre a tm e n t should c o m m e n ce  w ith  oral antim icrobia l(s) 
(doxycyc line , a  flou roqu ino lone  a n d /o r  c la rith rom ycin ), initially chosen em pirica lly , bu t 
subsequently based on in vitro susceptib ility d a ta . Sometimes long-term  adm in istra tion  o f such an 
a g e n t or agen ts  is suffic ient to  e ffe c t a  cure, bu t in m any  severe cases it is even tua lly  necessary 
to  surgically resect re ca lc itra n t tissues so th a t oral an tim ic rob ia l the ra p y  will be  a b le  to  cure  the  
in fec tion  pe rm anen tly . G iven the  ex ten t a n d  severity o f the  p a th o lo g y  in m any  o f these cases, it 
is unde rs tan dab le  th a t a d e q u a te  levels o f an tim icrob ia ls  m ay no t be  a ch ie ve d  th rougho u t all 
a ffe c te d  tissues a n d  th a t in these cases the  best c h a n c e  for a successful o u tc o m e  is to  rem ove  
as m uch  in fe c te d  tissue as possible fo llow ing  pre lim inary d rug the rapy. Residual foc i o f in fec tion  
c a n  then  be  ta rg e te d  by high concen tra tio ns  o f an tib io tics  a ch ie ve d  during a n d  a fte r surgery. 
Peri- a n d  post-opera tive  an tim ic rob ia l th e ra p y  is v ita l to  ensure prim ary in ten tion  hea ling  o f the  
surgical incision. In the  future, drugs such as m oxifloxac in  a n d  p rado floxa c in  m ay prove  even  
m ore e ffe c tiv e  th a t agents  currently  a va ilab le .

D is s e m in a te d M y c o b a c te r /u m  a v iu m  - in tra c e llu la re  c o m p le x  (M A C ) in fe c t io n  in y o u n g  
c a ts  w ith  a  p u ta t iv e  c e ll m e d ia te d  im m u n o d e f ic ie n c y  s y n d ro m e

W e have  recen tly  repo rted  a new  syndrom e of d issem inated M AC in fec tion  in ten  young  ca ts  (1 
to  5 years-o f-age) from  Australia or North A m erica . A further tw o  cats w ith  d issem inated 
m ycobacte rios is  (precise a g e n t no t iden tified ) w ere  recogn ised  also. O f the  tw e lve , ten  w ere  
Abyssinian cats, one  was a Somali c a t  and  one  was a dom estic  shorthair c a t. None o f the  cats 
tested  positive for e ithe r FeLV a n tig e n  or FIV an tibod y .

The c lin ica l course o f these in fections was indo len t, w ith  ca ts  typ ica lly  presenting for w e ig h t loss, 
initially in the  fa c e  o f p o lyp h a g ia , w ith  a  ch ron ic ity  o f up to  several months. A dd itiona l c lin ica l 
features in c lu d e d  low er respiratory tra c t signs a n d  pe riphera l lym p haden om ega ly . A m arked 
diffuse interstitial pa tte rn  was e v id e n t in th o ra c ic  rad iographs, even in ca ts  w ithou t overt 
respiratory invo lvem ent. Flair c lip p e d  to  perform  d iagno s tic  procedures te n d e d  to  reg row  slowly, 
if a t all. Diagnosis was genera lly  m a d e  by o b ta in in g  representa tive  tissue specim ens from  
m esenteric  lym ph nodes, liver or k idney a t lapa ro tom y, or from  a p o p lite a l lym ph node . The 
prim ary a n te c e d e n t e ven t was most likely co lon isa tion  o f e ither the  a lim en ta ry  or respiratory 
tra c t, fo llow ed  by lo ca l invasion a n d  even tua l lym p h a tic  a n d  haem a tog enous  dissem ination.

Nine cases w ere  tre a te d  using co m b in a tio n  the ra p y  w ith  agents e ffec tive  for M AC in fec tion  in 
hum an patien ts. The results w e re  gene ra lly  favou rab le , a lthoug h  the  disease h a d  a te n d e n c y  to  
recur if insuffic ient tre a tm e n t courses w ere  utilised. Cats w ere  genera lly  tre a te d  w ith  long courses 
(5 to  14 months) o f c la rith rom yc in  co m b in e d  w ith  e ither c lo fazim ine or rifam p ic in , a n d  a



fluo roqu ino lone  or d o xycyc lin e  w as som etim es g iven  also, a lthoug h  in the  fu ture m oxifloxac in  
m ay prove  to  be  a superior a d ju n c tive  a g e n t in this setting.

C erta in  lines o f Abyssinian a n d  Somali ca ts  likely suffer from  a fam ilia l im m u n o d e fic ie n cy  th a t 
predisposes them  to  in fec tion  w ith  slow -grow ing m y c o b a c te r ia  such as M AC. Studies o f this 
p rob lem  are  on -go ing .

F e line  le p ro s y  s y n d ro m e s
Historical perspective
The term  fe line  leprosy is used to  re fer to  a  disease in w h ich  single or m ultip le  granu lom as form  in 
the  skin or subcutis in associa tion  w ith  la rge  numbers o f ac id -fas t bac illi (AFB) w h ich  are 
noncu ltu ra b le  using s tanda rd  m ethods. The c o n d itio n  was first re co rd e d  in the  lite ra ture  by 
Australian a n d  N ew  Zea land  researchers in the  early 1960s. Since then , the  disease has been  
re po rted  in W estern C a n a d a , the  Netherlands, France, the  UK a n d  USA.

Historically, the  ca u sa tive  a g e n t o f fe line leprosy was pu rpo rted  to  be  M ycobacterium  
lepraemurium. This b a c te riu m  causes murine leprosy, a  system ic tuberculosis-like in fec tion  o f rats. 
Cats a re  th o u g h t to  c o n tra c t M lepraemurium  fo llow ing  b ite  injuries from  in fe c te d  rodents. M 
lepraemurium  is a  fastidious, s low -grow ing organism  w h ich , w ith  d ifficu lty , c a n  be  cu ltu red  from  
la rge  in o cu la e  on O g a w a 's  e g g  yolk m ed ium  under spec ia l cond itions. A lthough  a few  
investigators ha ve  successfully g row n M lepraemurium  from  in fe c te d  cats, the  basis o f ascrib ing 
this b a c te riu m  as th e  e tio lo g ica l a g e n t o f fe line leprosy w as d e p e n d e n t on transmission studies. 
Interestingly, som e ca ts  a p p e a re d  m uch  m ore susceptib le  to  experim en ta l in fec tion  th a n  others.

A cco rd in g  to  the  literature, ca ts  w ith  fe line leprosy are typ ica lly  young adults (< 5 years-o f-age), 
perhaps w ith  a  p re p o n d e ra n c e  o f males. Presumably these p a tie n t characte ris tics  re fle c t the  
need  for the  c a t to  in te ra c t w ith  a ra t to  b e c o m e  in fe c te d . The initial lesion is a  fo c a l g ranu lom a  
o f the  subcutis. Owners b e c o m e  a w a re  o f solitary, or m ore co m m o n ly  m ultip le , painless, raised, 
fleshy, tum or-like lesions, from  a fe w  m illimeters up to  4 cm  in d iam e te r. These granu lom as are 
freely m o va b le  ove r underly ing tissues. Lesions c a n  d e v e lo p  rap id ly  a n d  w hen  la rge, m ay 
u lce ra te . In fe c tio n  spreads to  a d ja c e n t areas and  m ay in va d e  underly ing tissues a n d  dra in  to  
reg iona l lym ph nodes. Lesions c a n  o c c u r anyw here , bu t te n d  to  be  c o n c e n tra te d  on the  h e a d  
a n d  limbs. Small lesions are  occas iona lly  found  on the  tongue , lips a n d  nasal p lane . Lesions, even  
if m ultip le , te n d  to  be  initially c o n c e n tra te d  in one  reg ion  a n d  have  th e  p ropensity  to  recur 
fo llow ing  excision.

P a tho log ica lly , fe line  leprosy w as subd iv ided  in to  lep rom atous or tu b e rcu lo id  forms based on the  
no. o f AFB present (m u ltibac illa ry  v pa u c ib a c illa ry ) a n d  the  host im m uno log ica l response 
(leprom atous v tu b e rcu lo id ). Because the  causa l m y c o b a c te r ia  are s low -grow ing organisms 
c a p a b le  o f in trace llu la r survival, the  h isto log ic p ic tu re  a c tu a lly  depen ds  on the  host’s im m une 
response. W hen this response is poor, lep rom atous (m ultibacilla ry) disease deve lops w ith  
infiltra tion o f th e  derm is w ith  la rge  sheets o f ‘in c o m p e te n t’ foam y m a c ro p h a g e s  co n ta in in g  
enorm ous num bers o f organisms. AFB are usually a rra n g e d  in the  cy top lasm  o f m a c ro p h a g e s  as 
dense para lle l a ccu m u la tio n s  w h ich  d isp lace  the  nucleus to  an  e c c e n tr ic  position. Lym phoid 
cells a n d  p lasm a cells a re  virtua lly absen t from  the  lesions. If the  host’s im m une response is m ore 
e ffe c tive , h is tiocytic  cells a re  a c c o m p a n ie d  by m o d e ra te  num bers o f lym pho id  cells a n d  p lasm a 
cells a n d  m u ltip lica tion  o f the  organism  is lim ited  - the  so-ca lled  tube rcu lo id  response.

AFB in smears a n d  tissue sections a p p e a r as long slender rods. In smears sta ined  w ith  
Rom anowsky stains such as DiffQuik or G eim sa, organisms a p p e a r as nega tive -s ta in ing  bacilli. In 
smears or sections sta ined  w ith  m o d ifie d  a c id -fas t stains such as ZN or Fite’s stain, organisms take  
up  th e  c a rb o l fuschin a n d  are  a c id /a lc o h o l fast.
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M o le cu la r m e thodo log ies  h ave  b e e n  used to  investiga te  presum ptive  fe line  leprosy. O f e igh t 
cases o f invasive or d issem inated cu taneo us  m y c o b a c te ria l disease investiga ted  by  S iobhan 
Hughes a n d  co lleagu es  using m a te ria l c o lle c te d  la rge ly  from  N ew  Zea land  cats, four w ere  
shown to  have  M lepraemurium  in fections. O f the  rem ain ing  cases, one  c a t had  a d issem inated 
A/I avium  in fec tion , the  a e tio lo g y  in one  c a t  w as unde te rm in ed  a n d  in tw o  cases in fec tion  was 
a ttr ib u ta b le  to  a  novel m y c o b a c te r ia l species. This in fo rm ation  e n co u ra g e d  a reappra isa l o f 
Australian fe line  leprosy cases, a n d  subsequently  this w ork has been  e x te n d e d  to  North A m erica  
by groups le a d  by  G reg A p p le ya rd  a n d  Jane t Foley.

In Australia, ca ts  w e re  initially be  d iv id e d  in to  tw o  groups based on the  pa tien ts ' a g e , lesion 
histology, c lin ica l course a n d  sequen ce  o f 16S rRNA PCR am p licons o b ta in e d  from  lesions. M ore 
recen tly , w e  have  iden tified  a n e w  co h o rt o f Australian ca ts  from  the  G ipps land  reg ion o f 
V ic to ria  w h ich  w ere  in fe c te d  by a th ird  novel m y c o b a c te ria l species.

1. The first g roup  consisted o f you n g  ca ts  (typ ica lly  < 4-years) w h ich  initially d e ve lo p e d  
loca lised n o du la r disease a ffe c tin g  the  limbs. Lesions progressed rap id ly  a n d  som etim es 
u lce ra te d . Sparse to  m o d e ra te  num bers o f AFB w ere  iden tified  using c y to lo g y  or 
histology, typ ica lly  in areas o f caseous necrosis a n d  surrounded by tube rcu lo id  
in flam m ation . Organisms d id  no t stain w ith  haem atoxy lin  a n d  ra n g e d  from  2-6 pm (usually 
2-4 pm). A/I lepraemurium  w as d iagno sed  based on the  sequence  o f a 446 b p  fra g m e n t 
encom passing  the  V2 a n d  V3 hype rva riab le  regions am p lified  from  lesions using PCR and  
m yco b a c te r ia l primers.

2. The second  g roup  consisted o f o ld  ca ts  (>9-years) w ith  genera lised nodu la r skin lesions 
assoc ia ted  w ith  m u ltibac illa ry  lep rom atous histology. Some ca ts  initially h a d  loca lised 
disease th a t subsequently b e c a m e  w idesp read , w h ile  others had  genera lised disease 
from  the  outset. Disease progression w as p ro tra c te d , typ ica lly  tak ing  m onths to  years, and  
skin nodules d id  no t u lce ra te . M icroscop ica lly , lesions consisted o f sheets o f ep ithe lio id  
m a c ro p h a g e s  co n ta in in g  la rge  to  enorm ous num bers o f AFB 2-8 pm (mostly 4-6pm) w h ich  
sta ined  also w ith  haem atoxy lin . A single un ique  sequence  spann ing a 557 b p  fra g m e n t of 
the  16S rRNA g e n e  was iden tified  in lesions from  these patien ts. The sequence  was 
ch a ra c te rize d  by a long helix 18 in the  V3 reg ion, suggesting the  new  species was likely to  
be  a fastidious, slow -grower. The 16S rRNA sequen ce  had  grea test n u c le o tid e  iden tity  
w ith  M leprae, M haem ophilum  a n d  M malmoense, a n d  c o n ta in e d  an a d d itio n a l ‘A ’ 
n u c le o tid e  a t position 105 (the only o the r m y c o b a c te r ia l d a ta b a s e  sequence  w ith  the  
sam e extra n u c le o tid e  be ing  M leprae). A very slow, pure g row th  o f a  m yco b a c te riu m  
species was observed  on Lowenstein-Jensen m ed ium  (supp lem en ted  w ith  iron) and  
semisolid a g a r in one  case. The env ironm en ta l n iche  o f this new  m yco b a c te riu m  species 
has ye t to  be  de te rm ined , a lth o u g h  the  p re p o n d e ra n c e  o f cases from  rural or semi-rural 
areas o f coas ta l NSW suggests it is a  sap rophy te  found  m ore co m m o n ly  in these loca tions 
than  in m e tro p o lita n  environm ents.

(
3. The th ird g roup  consisted o f 12 cats, typ ica lly  young  adults (2 to  8 years), w ith  lesions 

lo c a te d  on the  head , co rn e a , c o n ju n c tiva  or distal limbs, a n d  lesions th a t w ere  genera lly  
m u ltibac illa ry  a n d  lep rom atous. The rem arkab le  find ing  w as tha t, w ith  one  excep tion , 
cases w ere  e n co u n te re d  in a  very restric ted p a rt o f rural V ic toria . The distribution o f 
lesions is m ost c o m p a tib le  w ith  a sap rophytic  organism  be ing  in o cu la te d  in tissues 
subsequent to  c a t  scra tch  injuries.

Molecular insights



The presence o f tu b e rcu lo id  p a th o lo g y  is gene ra lly  m arker o f disease in an  im m u n e -co m p e te n t 
host a n d  such in fections a re  o ften  initially loca lised. In con trad is tinc tio n , the  p resence  o f a  fo a m y  
h istiocytic  in filtra te  o f the  derm is a n d  subcutis in pa tien ts  w ith  m ycobacte rios is  is observed  alm ost 
exclusively in association w ith  p ro found  im m u n o d e fic ie n cy , such as th a t seen w ith  te rm ina l HIV 
in fec tion  in hum an patien ts. W idespread dissem ination o f in fec tion  (ra ther th a n  lo ca l invasion) 
suggests d e c re a se d  im m u n o lo g ica l surve illance perm its the  d e v e lo p m e n t o f disease w ith  an 
organism  usually cons ide red  to  ha ve  lim ited v iru lence. Feline leprosy caused  by  th e  nove l NSW 
m y c o b a c te ria l species, the  V ic to rian  nove l species or m ore  rarely M lepraemurium , m a y  likewise 
represent a  m an ifes ta tion  o f de te rio ra tin g  im m une c o m p e te n c e .

For e p id e m io lo g ic  reasons, fe line leprosy in young  ca ts  is a lm ost inva riab ly  caused  by M 
lepraemurium, the  novel NSW species is a lm ost inva riab ly  seen in o ld  (likely im m unosuppressed 
cats) w h ile  the  nove l V ic to rian  species c a n  o c c u r in e ithe r im m une c o m p e te n t or im m une 
d e fe c tiv e  cats.

To m ake  m atters even  m ore com p lex , re c e n t w ork by A p p le ya rd  a n d  co lleagu es  has 
dem onstra te d  a th ird m y c o b a c te r ia l syndrom e in ca ts  from  western C a n a d a  a n d  th e  USA (Idaho 
a n d  O regon) ca lle d  'fe line  multisystem ic g ranu lom a tous m ycobac te rios is '. This disease is caused  
by a s low -grow ing taxa  provisionally ca lle d  M visibilis or M visible. This species is c a p a b le  o f 
p ro d u c in g  w idesp read  dissem ination to  m u ltip le  in terna l organs, p resum ab ly  in im m une  d e fic ie n t 
cats. S equence  analyses dem onstra te  a num ber o f n u c le o tid e  d iffe rences b e tw e e n  M visibilis 
a n d  b o th  M lepraemurium  a n d  the  novel species re p o rte d  by Hughes e t al.

Figure 1. Unrooted phylogenetic tree of selected Mycobacterium 
species computed from concatenation of 16S rRNA gene, ITS and 
hsp65 sequences by maximum likelihood.

Diagnosis
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Diagnosis o f the  ‘fe line  leprosy' syndromes is usually stra igh tfo rw ard , p rov ided  th a t the  c lin ic ian  
has a high index o f suspicion for the  co n d itio n . N eed le  aspirates, crush p repara tions o f b iopsy 
m ate ria l a n d  h is to log ica l sections sta ined w ith  ZN or similar m ethods co n ta in  easily dem onstrab le  
AFB surrounded by  va riab le  g ranu lom atous to  pyog ranu lom atous in flam m ation . In DiffQuik 
sta ined smears, m y c o b a c te r ia  c a n  be  recogn ized  by  the ir cha rac te ris tic  ‘nega tive -s ta in ing ’ 
a p p e a ra n c e  a n d  lo ca tio n  w ith in  m a cro p h a g e s  a n d  g ia n t cells.

M ateria l should be  subm itted  also for cu ltu re , be ca u se  occas iona lly  s low ly-grow ing species such 
as M AC  a n d  M genavense  a n d  the  tu b e rc le  bacillus (M bovis or M m icroti) c a n  p ro d u ce  an 
id e n tica l c lin ica l p resenta tion ; in such cases o p tim a l a n tim yco b a c te r ia l th e ra p y  c a n  be  se lec ted  
m ore read ily  on the  basis o f in vitro susceptib ility results a n d  in fo rm ation  a va ila b le  in the  literature. 
In the  m ajority  o f cases, how ever, co n ve n tio n a l m yco b a c te r ia l cu ltu re  is n e g a tive  due  to  the 
fastidious na tu re  o f the  causa l organisms a n d  the  e x a c t a e tio lo g y  c a n  only be  p roven using PCR 
a m p lifica tio n  a n d  sequence  d e te rm ina tio n  o f g e n e  fragm ents. PCR has the  a d d itio n a l 
a d v a n ta g e  o f p rov id ing  a rap id  diagnosis. Fresh (frozen) tissue de live red  to  a m yco b a c te riu m  
la bo ra to ry  w ith  PCR facilities provides the  o p tim a l sam ple, a lthoug h  freeze-dried specim ens m ay 
be  m ore co n ve n ie n tly  sent w he re  tissues need  to  trave l long d istances. Sometimes PCR c a n  be  
pe rfo rm ed  successfully on form alin -fixed p a ra ffin -e m b e d d e d  m ateria l, a lthoug h  fixation 
cond itions  inva riab ly  cause som e DNA d e g ra d a tio n  w h ich  m ay lim it the  success o f the  
p rocedu re . Recently, Hughes a n d  co lleagues h a ve  d e v e lo p e d  spec ific  PCR assays to  d iagnose 
in fections due  to  A/I lepraemurium  a n d  the  nove l species; furtherm ore, use o f a  simple restriction 
enzym e d igest allows these assays to  distinguish M visibilis strains also.

Therapy
Too fe w  cases w ith  a d o c u m e n te d  a e tio lo g y  ha ve  b e e n  repo rted  to  p rov ide  de fin itive  tre a tm e n t 
guidelines. A lthough  M lepraemurium  a n d  the  novel species c a n  be  cu ltu red  in vitro with 
difficulty, it is curren tly  no t routine  or re liab le  to  iso late these organisms due  to  their slow g row th  
a n d  fastidious requirem ents. D ete rm ina tion  o f in vitro susceptib ility d a ta  for ind iv idua l isolates is 
the re fo re  no t possible.

Only lim ited  experim en ta l studies have  been  unde rtaken  to  de te rm ine  e ffe c tive  d rug th e ra p y  for 
A/I lepraemurium in vitro or in vivo a n d  as ye t w e  have  lim ited d a ta  only for the  novel 
m yco b a c te ria l species. Portaels a n d  co lleagues found  the  m inim um  inh ib itory c o n ce n tra tio n  for 
rifam p ic in  o f tw o  strains o f M lepraemurium  to  be  4 a n d  8 (JQ/nnL, levels th a t should be  just 
o b ta in a b le  in vivo. O ther drugs shown to  have  a c tiv ity  aga inst M lepraemurium in vitro inc lude  
ansam ycin  com pound s  (rifabutin) a n d  sulpha drugs. There is a  g o o d  de a l o f c lin ica l e v id e n ce  
th a t c lo fazim ine  has e ff ic a c y  in vivo, w h ile  it is likely th a t c la rith rom ycin  w ou ld  be  also be  
e ffe c tive  based on its w id e  spectrum  o f a c tiv ity  aga inst slow -grow ing m yco b a c te ria l species.

The lite ra ture  suggests th a t w hen  M lepraemurium  in fec tion  is d iagnosed  early, while  disease is 
loca lized, w id e  surgical excision o f in fe c te d  tissues provides the  best c h a n c e  to  simply and  
rap id ly  e ffe c t a  cure . Aggressive resection techn iques should be  a d o p te d , w ith  en b loc  resection 
o f all lesions, a n d  reconstruction  o f resulting tissue defic its  using a p p ro p ria te  surgical techn iques. 
Such an  a p p ro a c h  should be  co m b in e d  w ith  a d ju n c t an tim ic rob ia l the ra p y  beg inn ing  a few  
days prior to  surgery, so th a t e ffe c tive  levels o f drugs are present in b lood  a n d  tissues infra- and  
p os tope ra tive ly  to  ensure prim ary in ten tion  hea ling . C lofazim ine (at a  dose o f up to  10 m g /kg  
o n ce  da ily  orally, typ ica lly  25 to  50 m g every 24 to  48 hours) has the  best repo rted  success rate, 
a lthoug h  it is likely th a t co m b in a tio n  th e ra p y  using tw o  or m ore drugs will even tua lly  prove  
superior. Drugs th a t co u ld  be  co m b in e d  w ith  c lo faz im ine  inc lude  rifam pic in  a n d  c la rith rom ycin , 
a lthoug h  sulpha drugs, doxycyc line , new  fluoroqu ino lones such as m oxifloxacin  or p rado floxa c in , 
or am ikac in  m ay in tim e  also p rove  to  be  useful. Unfortunate ly, c lo faz im ine  is b e co m in g  very 
d ifficu lt to  ob ta in , a lthoug h  some co m p o u n d in g  pharm ac ies  c a n  source the  dye.
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In fe line leprosy cases caused  by  nove l m yco b a c te riu m  species, w e  be lieve  co m b in a tio n  
th e ra p y  using tw o  or th ree  o f c lo faz im ine  (25 to  50 m g per c a t orally every d a y  or eve ry  o the r 
day), c la rith rom yc in  (62.5 m g tw ic e  daily) or rifam p ic in  (10 to  15 m g /k g  p e r day) represents 
op tim a l the rapy . H ow ever w e  are  curren tly  unsure o f w h ich  will p rove  to  be  th e  best 
co m b in a tio n , a n d  side e ffec ts  in ind iv idua l ca ts  m ay a ffe c t w h ich  tw o  drugs are  used in a  g iven  
pa tien t. Currently, w e  re co m m e n d  a co m b in a tio n  o f rifam p ic in  a n d  c la rith rom yc in  as initial 
the rapy . The new  qu ino lone  m oxifloxacin  m ay prove  useful in fu ture cases, as it has g o o d  
a n tim yco b a c te r ia l a c tiv ity  a n d  is a ffo rd a b le . O ther new  agents  such as linezolid m a y  also h a ve  a 
p la ce , a lthoug h  currently  th e y  are  proh ib itive ly  expensive for most owners.
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D o  B a c te r ia  H a v e  a R o le  in  F e l in e  In f la m m a to r y  B o w e l D is e a s e ?  
K e n n e th  W . S im p s o n ,  C o r n e l l  U n iv e r s i t y

Feline in flam m ato ry  bowel d isease (IBD ) is the  term  app lied  to a g roup  o f poorly  understood 

intestinal d iso rde rs tha t are assoc ia ted  w ith vom iting , d ia rrhea  and w e igh t loss in cats. 

D iagnosis is usua lly  based upon sub jec tive  ana lys is  o f in testina l m ucosa l b iopsies and 

qualified accord ing  to the dom inan t m ucosa l infiltrate, typ ica lly  lym phocytes  and p lasm a cells 

(Jergens, 2002; Jergens et al., 1992; W a ly  et al., 2004). H ow ever, m ore ob jective  studies 

have dem onstra ted  increased express ion  o f M HC class II an tigen  by leukocytes in the lam ina 

propria and en terocytes, and upregu la tion  o f p ro -in flam m ato ry  and im m unoregu la to ry  

cytok ines (N guyen Van e t al., 2006; W a ly  e t al., 2004), ra ther than an increase in m ucosal 

ce llu larity. A bnorm a lities  in m ucosa l a rch itectu re , such as crypt d is to rtion , v illous blunting and 

fusion, and fib ros is  have a lso  been described, and have been assoc ia ted  w ith  the severity  of 

c lin ical s igns  (Baez et al., 1999; H art JR, 1994), and the sub jec tive  h is to log ica l g rade o f IBD 

(Baez et al., 1999; Dennis e t al., 1992; Hart JR, 1994; Jergens, 2002). The cause o f fe line 

IBD has no t been dete rm ined , but it is suspected  tha t IBD in cats, like IBD in people, is a 

consequence  o f uncontro lled  in testina l in flam m ation  in response to  a com b ina tion  o f e lusive 

env ironm enta l, en te ric  m icrobia l, and im m unoregu la to ry  fac to rs  in gene tica lly  susceptib le  

ind iv idua ls (H anauer, 2006; Sartor, 2006). G enetic  suscep tib ility  in people is linked 

increas ing ly  to de fects  in innate  im m unity, exem plified  by m uta tions  in the  innate im m une 

receptor N O D 2/C A R D 15, tha t in the  presence o f the  en te ric  m icro flo ra  m ay lead to up- 

regu la ted m ucosa l cytokine  p roduction , de layed bacteria l c lea rance  and increased bacteria l 

trans loca tion , the reby prom oting  and perpetua ting  in testina l in flam m ation .(A hm ad et al., 

2002; H anauer, 2006; Sartor, 2006; W ehkam p and S tange, 2006) Th is  possib ility  is 

supported  by s tud ies show ing the p ivota l im portance  o f the en te ric  m icroflora in the 

deve lopm ent o f IBD in rodents w ith  eng ineered  suscep tib ility ,(E lson  e t al., 2005; Kim et al.,

2005), and those dem onstra ting  an abnorm al m ucosa-assoc ia ted  flo ra , considered  to interact 

m ost c lose ly  w ith  the innate  im m une system , in peop le  w ith  IB D .(K leessen et al., 2002; 

M ylonaki e t al., 2005; Sw ids insk i et al., 2002; Sw ids insk i et al., 2005) K now ledge o f genetic 

suscep tib ility  and the en te ric  m icro flo ra  in cats w ith  IBD is lim ited, w ith  som e stud ies reporting 

a p red ispos ition  fo r purebred cats (D ennis e t al., 1992), and cu ltu re  based s tud ies that show 

few er lum ena l m icroaeroph ilic  bacteria  in the  duodena l ju ice  o f ca ts w ith  c lin ica l signs o f 

gastro in tes tina l d isease  than hea lthy cats (Johnston et al., 2001).

It is aga ins t th is background tha t w e sough t to exam ine the re la tionsh ip  o f the  m ucosal flora 

to in testina l in flam m ation and clin ica l d isease  ac tiv ity  in ca ts w ith  and w ithou t in flam m atory 

bowel d isease . Intestinal b iopsies w ere  co llec ted  from  27 cats: 17 undergo ing d iagnostic  

investiga tion  o f s igns o f gas tro in tes tina l d isease, and 10 hea lthy  contro ls . Subjective 

duodenal h is topa tho logy ranged from  norm al (10), th rough m ild (6), m odera te  (8), and severe 

(3) IBD. The num ber and spatia l d is tribu tion  o f m ucosa l bacte ria  w as dete rm ined by



fluo rescence  in situ hybrid iza tion  w ith probes to 16S rDNA. M ucosal in flam m ation was 

eva luated by ob jective h is topatho logy and cytokine profiles o f duodena l biopsies.

The num ber o f m ucosa-assoc ia ted  E nterobacteriaceae w as h igher in cats w ith signs of 

gas tro in testina l d isease  than hea lthy cats (P<0.001). Tota l num bers o f m ucosal bacteria 

w ere  s trong ly  associa ted w ith changes in m ucosal a rch itectu re  (P<0.001) and the density  o f 

ce llu la r in filtra tes, pa rticu la rly  m acrophages (P<0.002) and C D 3+lym phocytes (P<0.05). The 

num ber o f E nterobacteriaceae, E. Coli, and Clostridium  spp. corre la ted w ith abnorm alities in 

m ucosal a rch itecture  (princ ipa lly  a trophy and fusion), upregu la tion  o f cytok ine m RNA 
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A  S te p w is e  A p p r o a c h  to  T r e a t in g  F e lin e  In f la m m a to r y  B o w e l D is e a s e  
K e n n e th  W . S im p s o n ,  C o rn e l l  U n iv e r s i t y

H o w  c o n f id e n t am  I th e  c a t h a s  IB D ?

•  C lin ic a l f in d in g s

•  C lin ic o p a th o lo g ic a l te s ts

•  D ia g n o s t ic  im a g in g

•  In te s tin a l b io p s y

H a ve  I ru le d  o u t 
S y s te m ic / m e ta b o lic  d is e a s e

D ie ta ry  in to le ra n c e / fo o d  a lle rg y

In fe c tio u s  a g e n ts  
P ro to z o a

G iard ia
T ritr icho m o n as  

P a th o g e n ic  b a c te r ia
C a m p y lo b a c te r  /  S a lm o n e lla

V ira l?

S tru c tu ra l/a n a to m ic  a b n o rm a lit ie s

D o e s  th e  c a t h a ve  m u lt ip le  p ro b le m s  o r  o rg a n  s y s te m s  in v o lv e d ?

Is th e  c a t d e f ic ie n t in c o b a la m in  o r  fo la te ?

D o I n e e d  a b io p s y ?

W h a t a n d  h o w  s h o u ld  I b io p s y ?

H o w  d o  I in te rp re t th e  b io p s y  re s u lts  a n d  in te g ra te  g a s tr ic  a n d  in te s tin a l 
h is to p a th o lo g y ?

Is it IB D  o r  sm a ll ce ll ly m p h o m a ?

W h a t d ie t s h o u ld  I u se ?

W h e n  s h o u ld  I u se  a n t im ic ro b ia ls ?  c o r t ic o s te r io d s ?  c h lo ra m b u c il?

H o w  d o  I m a n a g e  c o n c u r re n t d is e a s e  in th e  liv e r  a n d  p a n c re a s ?

H o w  d o  I a s s e s s  re s p o n s e ?



A  v e r y  b r ie f  o v e r v ie w !
C lin ic a l f in d in g s .

V o m itin g  is th e  m o s t c o m m o n  c lin ic a l s ig n  in ca ts  w ith  IB D . V o m itu s  o fte n  c o n ta in s  

b ile . O th e r  f in d in g s  in c lu d e  d ia rrh e a , c h a n g e s  in a p p e tite , w e ig h t lo s s  and  le ss  

c o m m o n ly  e x c e s s iv e  b o rb o ry g m i a n d  a b d o m in a l d is c o m fo r t.

T h e  s e v e r ity  o f d is e a s e  ra n g e s  fro m  in te rm itte n t v o m it in g  in m ild  c a s e s  to  in tra c ta b le  

s m a ll b o w e l d ia rrh e a , in a p p e tta n c e  a n d  w e ig h t lo s s  in s e v e re  o n e s . T h e  s e v e r ity  o f 

th e  d is e a s e  c o rre la te s  w ith  th e  d e g re e  o f  in te s tin a l d a m a g e , p a r t ic u la r ly  v illu s  a tro p h y  

a n d  fu s io n

P h y s ic a l f in d in g s  ra n g e  fro m  n o rm a l to  th ic k e n e d  in te s tin e s , m e s e n te r ic  

ly m p h a d e n o p a th y  a n d  lo s s  o f m u s c le  m a ss . A s c ite s  o r  e d e m a  a re  e x tre m e ly  a re  in 

c a ts  w ith  IB D .

R o u tin e  la b o ra to ry  te s tin g  m a y  re v e a l m ild  to  m o d e ra te ly  e le v a te d  liv e r  e n z y m e s  as  a 

re s u lt o f  G l b a rr ie r  d y s fu n c tio n . H o w e v e r, IB D  ca n  be  a s s o c ia te d  w ith  c o n c u rre n t 

h e p a to ib ilia ry  d is e a s e  a n d  p a n c re a tit is -  “ tr ia d it is ”- s o  th e  c lin ic ia n  m u s t c o n s id e r  th e s e  

d is o rd e rs  (U ltra s o n o g ra p h y  a n d  fP L I a id  d e te c tio n  o f in te rc u rre n t d is e a s e ). T h e  

p re s e n c e  o f h y p o c a lc e m ia  w o u ld  r in g  a la rm  b e lls  fo r  p a n c re a tit is . H y p o a lb u m in e m ia  

is ra re . C B C  is u s u a lly  n o rm a l. E o s in o p h ilia  is  e n c o u n te re d  in s o m e  c a ts  w ith  LP  

e n te r it is , a n d  s h o u ld  p ro m p t c o n s id e ra tio n  o f p a ra s ite s  o r  fo o d  in to le ra n c e /a lle rg y , as 

w e ll a s  m a s to c y to s is  o r  h y p e re o s in o p h ilic  s y n d ro m e . M e a s u re m e n t o f  se ru m  

c o b a la m in  and  fo la te  c a n  a id  th e  d e te c tio n  o f  in te s tin a l d is e a s e -  lo w  c o b a la m in  

c o n c e n tra t io n s  a re  c o m m o n  in ca ts  w ith  IB D  (E P I s h o u ld  be  e x c lu d e d  b y  T L I a ssa y ). 

C o b a la m in  d e f ic ie n c y  c a n  p ro d u c e  id e n tic a l s ig n s  to  th o s e  a s s o c ia te d  w ith  IB D . A  

c o m b in a tio n  o f lo w  fo la te  a n d  c o n b a la m in  te n d s  to  s u p p o r t a d ia g n o s is  o f s e v e re  IB D  

o r  G l ly m p h o m a .

D ia g n o s is '.

A  d ia g n o s is  o f id io p a th ic  IB D  is m a d e  by  e x c lu d in g  s y s te m ic , p a ra s it ic , in fe c tio u s , 

p a n c re a tic  and  s tru c tu ra l c a u s e s  o f  c h ro n ic  v o m it in g , w e ig h t lo s s  o r  d ia rrh e a  and  

d e m o n s tra tin g  h is to p a th o lo g ic a l a b n o rm a lit ie s  in in te s tin a l b io p s ie s . K e e p  in m ind  th a t 

IB D  m a y  c o -e x is t w ith  h e p a to b ilia ry  d is e a s e  a n d /o r  p a n c re a tit is



T re a tm e n t:  ^ \ u s r i  Ok l  K Q  cJ Ia a a a  ^

T re a tm e n t o f IB D  is  u s u a lly  a  “ b e s t g u e s s  le a s t h a rm " a p p ro a c h  e m p lo y in g  d ie ta ry  

m o d if ic a tio n , v ita m in  s u p p le m e n ta t io n , a n t im ic ro b ia l a g e n ts  a n d  im m u n o s u p p re s s io n . 

T re a tm e n t is to  s o m e  e x te n t b a s e d  o n  th e  s e v e r ity  o f  th e  d is e a s e .

M ild  to  m o d e ra te  d is e a s e  m a y  be  a s s o c ia te d  w ith  d ie ta ry  s e n s it iv ity  /  in to le ra n c e , 

c o b a la m in  d e f ic ie n c y  o r  a n t ib io t ic  re s p o n s iv e  e n te ro p a th y .

A  th e ra p e u tic  d ie ta ry  tr ia l ca n  be  p e r fo rm e d  w ith  e ith e r: 1) a h ig h ly  d ig e s tib le  d ie t 

w h ic h  is g lu te n - fre e  ,2 ) a  d ie t  lim ite d  to  a s in g le  n o v e l p ro te in  s o u rc e  o r3 )  a d ie t 

c o n ta in in g  p ro te in  h y d ro ly s a te , to  d e te rm in e  if d ie ta ry  s e n s it iv ity  o r  in to le ra n c e  a re  

p re s e n t. A  re s p o n s e  is u s u a lly  o b s e rv e d  w ith in  o n e  to  tw o  w k s . R e -c h a lle n g e  w ith  

th e  o r ig in a l d ie t is e s s e n tia l to  d e m o n s tra te  in to le ra n c e .

C o b a la m in  d e f ic ie n c y  is tre a te d  w ith  p a re n te ra l c o b a la m in  (1 m l S C  q 2 -3 w k s ). F o la te  

sh o u ld  be  g iv e n  o ra lly  if  s e ru m  c o n c e n tra t io n s  a re  lo w .

A  th e ra p e u tic  tr ia l (21 d a y s )  w ith  T y lo s in  (1 0 m g /k g  P O  T ID ), m e tro n id a z o le  (1 5 m g /k g  

P O  B ID ) o r  o x y te tra c y c lin e  (1 0 -2 0 m g /k g  P O  T ID )  ca n  be  u n d e r ta k e n  to  d e te rm in e  if 

an  a n t ib io t ic  re s p o n s iv e  e n te ro p a th y  is p re s e n t.

In p a tie n ts  w h o  fa il th e s e  tr ia ls  a n d  in th o s e  w ith  m o d e ra te  to  s e v e re  d is e a s e , o r 

h y p o p ro te in a e m ia , im m u n o s u p p re s s iv e  a g e n ts  a re  u s u a lly  a d d e d  to  a c h ie v e  a 

re s p o n s e . O ra l p re d n is o lo n e  (1 -2 m g /k g  P O  B ID ) is  th e  in itia l d ru g  o f  c h o ic e . It is 

u s u a lly  a d m in is te re d  a t an  im m u n o s u p p re s s iv e  d o s e  fo r  2 -3  w k s  a n d  th e n  d e c re a s e d  

b y  5 0 %  e v e ry  2 -3 w k s , a n d  c o n tin u e d  o n  an  a lte rn a te  d a y  b a s is  fo r  2 -3  m o n th s . If 

c lin ic a l re s p o n s e  is p o o r, c h lo ra m b u c il (6 m g /m 2  P O  P O  E O D  (@ 2 m g /5 .3 k g  c a t)  and  

p re d n is o n e  (5 m g  P O  /c a t/d a y )  a re  in it ia te d . M e tro n id a z o le  (1 5 m g /k g  P O  B ID  1 0 -1 4d  

th e n  S ID  1 0 -1 4 d ) is  f re q u e n t ly  u se d  in c o n ju n c t io n  w ith  c o r t ic o s te ro id s  to  m o d ify  th e  

m ic ro flo ra . H o w e v e r m e tro n id a z o le  is a p o te n tia l m u ta g e n  a n d  th e  a u th o r  a v o id s  

lo n g - te rm  th e ra p y .

S u c c e s s fu l tre a tm e n t is a c c o m p a n ie d  b y  a d e c re a s e  in c lin ic a l s ig n s  a n d  a n  in c re a s e  

in p la s m a  p ro te in s . O n c e  a p a tie n t h a s  had  2 -3  m o n th s  re m is s io n  fro m  s ig n s  it m a y  be



p o s s ib le  to  g ra d u a lly  w ith d ra w  im m u n o s u p p re s s iv e  th e ra p y . If s ig n s  re c u r  d a ily  

m e d ic a tio n  is c o n tin u e d  u n til s ig n s  re s o lv e  th e n  g ra d u a lly  re d u c e d . In p a tie n ts  w h o  

re s p o n d  p o o r ly  to  th e ra p y  o r  re la p s e  a fte r  an  in itia l re s p o n s e  ly m p h o m a  s h o u ld  be 

ru le d  ou t.

P ro g n o s is

T h e  p ro g n o s is  fo r  ly m p h o p la s m a c y t ic  e n te r it is  is v a r ia b le  a n d  d e p e n d s  on  its s e v e rity . 

M a n y  p a tie n ts  re q u ire  p ro lo n g e d  tre a tm e n t w ith  g lu c o c o r t ic o id s  a n d  d ie t. A s  no 

a c c u ra te  c r ite r ia  e x is t fo r  p re d ic t in g  re s p o n s e  it is w is e  to  g iv e  a g u a rd e d  p ro g n o s is .

F u r th e r  re a d in g :

G o o k in  JL , S te b b in s  M E , H u n t E, B u r lo n e  K, F u lto n  M , H o c h e l R, T a la a t M , P o o re  M, 
L e vy  M G .P re v a le n c e  o f  a n d  r is k  fa c to rs  fo r  fe lin e  T r itr ic h o m o n a s  fo e tu s  a n d  g ia rd ia  
in fe c tio n .J  C lin  M ic ro b io l.  2 0 0 4  J u n ;4 2 (6 ) :2 7 0 7 -1 0 .

G u ilfo rd  W G , J o n e s  B R , M a rk w e ll PJ, A r th u r  D G , C o lle tt M G , H a rte  J G . F o o d  
s e n s it iv ity  in c a ts  w ith  c h ro n ic  id io p a th ic  g a s tro in te s t in a l p ro b le m s .J  V e t In te rn  M ed . 
2001 J a n -F e b ;1 5 (1 ) :7 -1 3 .

L a fla m m e  D S , L o n g  G M .E v a lu a tio n  o f tw o  d ie ts  in th e  n u tr it io n a l m a n a g e m e n t o f ca ts  
w ith  n a tu ra lly  o c c u rr in g  c h ro n ic  d ia r rh e a .V e t T h e r. 2 0 0 4  S p rin g ;5 (1  ) :4 3 -5 1 .

M o o re  P F , W o o  JC , V e rn a u  W , K o s te n  S , G ra h a m  P S .C h a ra c te r iz a tio n  o f fe lin e  T  
ce ll re c e p to r  g a m m a  (T C R G ) v a r ia b le  re g io n  g e n e s  fo r  th e  m o le c u la r  d ia g n o s is  o f 
fe lin e  in te s tin a l T  ce ll ly m p h o m a .V e t Im m u n o l Im m u n o p a th o l. 2 0 0 5  Ju l 15; 1 0 6 (3 - 
4 ) :1 6 7 -7 8 . *

R u a u x  C G , S te in e r  JM , W illia m s  D A .M e ta b o lis m  o f a m in o  a c id s  in c a ts  w ith  s e v e re  
c o b a la m in  d e fic ie n c y .A m  J V e t R es . 2001  D e c ;6 2 (1 2 ) :1 8 5 2 -8 .

S im p s o n  K W , F y fe  J, C o rn e tta  A , S a c h s  A , S tra u s s -A y a li D, L a m b  S V , R e im e rs  
T J .S u b n o rm a l c o n c e n tra t io n s  o f s e ru m  c o b a la m in  (v ita m in  B 1 2 ) in c a ts  w ith  
g a s tro in te s tin a l d is e a s e .J  V e t In te rn  M e d . 2001  J a n -F e b ;1 5 (1 ) :2 6 -3 2 .
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D i s e a s e s  o f  t h e  e a r s ,  n o s e ,  t h r o a t  a n d  o r a l  c a v i t y  

o f  c a t s

P ro fe s s o r  R ic h a rd  M a l ik  D V S c  PhD  F A C V S c  FASM

P o s t G r a d u a t e  F o u n d a t io n  in  V e te r in a r y  S c ie n c e ,  C o n fe r e n c e  C e n t r e ,  
B u ild in g  B22, U n iv e rs ity  o f  S y d n e y ,  N SW  2 0 0 6  A u s t ra l ia

In hum an m ed ic ine , specia list c lin ic ians d e a l exclusively w ith  the  diagnosis a n d  tre a tm e n t 
o f diseases o f the  ears, nose a n d  th ro a t (E.N.T.). In ve te rina ry  m ed ic ine , such specia lisation 
is rare, a lth o u g h  ind iv idua ls such as Dr A n jop  Venker-van  H aagen  have  started to  d e ve lo p  
E.N.T. m e d ic in e  a n d  surgery to  such an  ex ten t th a t it is beg inn ing  to  b e co m e  a ve te rinary  
d isc ip line  in its ow n  right. This ta lk  is g iven  from  m y perspective , a ve te rina rian  m ainly 
in te rested  in ca ts, w h o  has b e e n  fo rc e d  to  b e tte r understand  diseases a ffe c tin g  th e  ear, 
nose, th ro a t a n d  oral c a v ity  to  best tre a t th e  pa tien ts  under m y ca re .

Diseases a ffe c tin g  these a n a to m ic a l areas are c o m m o n p la c e  in fe line p ra c tic e . The 
investiga tion  o f m ost cases requires e q u ip m e n t a va ila b le  in the  m ajority o f small an im a l 
clinics, a lth o u g h  in som e cases the  a va ilab ility  o f rigid a n d  flexib le endoscopes for 
e xam ina tion  o f the  externa l e a r c a n a l a n d  nasopharynx fac ilita tes  investigations 
cons ide rab ly . In the  future, use o f cross-sectional im ag ing  m odalities such as co m p u te r- 
assisted to m o g ra p h y  (CT) a n d  m a g n e tic  resonance  im ag ing  (MRI) is likely to  co n tr ib u te  
extra  in fo rm ation  co n ce rn in g  diseases a ffe c tin g  these a n a to m ic a l areas.

Diseases affecting the pinna, external ear canal and middle ear
The p inna  c a n  be  a ffe c te d  by  diseases processes w h ich  a ffe c t the  skin genera lly . Thus, 
lace ra tions  are co m m o n  in ca ts  th a t figh t, a n d  u ltrav io le t-ind uced  solar derm atitis  typ ica lly  
results in the  d e v e lo p m e n t o f squam ous ce ll ca rc in o m a  (SCC) in ca ts  w ith  n o n -p ig m e n te d  
(w hite  or g inger) ears th a t spend a lo t o f tim e  outdoors. This is a  b ig  p rob lem  in p laces like 
Australia a n d  C alifo rn ia  th a t re ce ive  a lo t o f sunlight. Cats occas iona lly  d e ve lo p  aura l 
haem a tom a s , usually as a result o f irrita tion a ffe c tin g  the  e a r c a n a l th a t results in 
scra tch ing . Harvest m ite  infestations c a n  cause  severe irritation o f the  h e a d  a n d  ears o f 
ca ts; the  diagnosis is easily m a d e  by  id e n tifica tio n  o f o ra n g e  or ye llow  lesions on the  ears 
o f a ffe c te d  cats. Smears o f these c o lo u re d  lesions dem onstra te  the  large, o ra n g e /ye llo w  
mites. We have  also seen a small num be r o f ca ts  w ith  sa rcop tic  m a n g e  a ffe c tin g  the  skin 
o f the  p inna  or the  externa l ea r c a n a l; in these cases mites w e re  extrem ely a b u n d a n t, as in 
N o rw eg ian  scabies o f hum an patien ts.

As a rule, otitis ex te rna  is less co m m o n  in ca ts  th a t dogs. H owever, young  cats, o u td o o r 
ca ts  a n d  ca ts  th a t live in co lon ies a re  co m m o n ly  a fflic te d  w ith  O todectes cyanotis, w h ich ' 
results in an  irritan t/a lle rg ic  otitis exte rna . A crusty b la ck  d ischarge  is said to  be  
cha rac te ris tic , bu t a  similar d ischa rge  c a n  o c c u r w ith  o the r diseases o f the  externa l ca n a l. 
All ca ts  w ith  otitis exte rna  should be  suspected  o f hav ing  ear mites until p roven otherw ise 
a n d  the  a va ilab ility  o f m odern , safe a n d  e ffe c tiv e  p roducts  like se lam ectin  a n d  fipronil 
m akes it w o rthw h ile  to  tre a t te n ta tive ly  for this disease even  w hen  mites are no t d e te c te d . 
D irect visualisation o f mites is fa c ilita te d  by  the  use o f a  v id e o  o toscope , w h ich  provides 
b o th  exce llen t illum ination, m a g n ifica tio n  a n d  a g o o d  d e p th  o f fie ld . M ateria l should also 
be  o b ta in e d  from  th e  ea r c a n a l fo r c y to lo g ic a l exam ina tion , as some mites or eggs c a n  
b e  seen in smears w hen  a d u lt m ites h ave  been  missed using o toscopy . M ites are large, 
pearly  w h ite , very a c tiv e  a n d  are said to  'run a w a y ' from  th e  ligh t source, a lthoug h  this is 
n o t m y expe rience . A va rie ty  o f m odern  trea tm en ts  are now  ava ila b le  for trea ting  
O todectes  in fections e.g. fipronil, ive rm ectin , m ilbem yc in  a n d  se lam ectin . It is im p o rta n t to



tre a t the  w h o le  c a t, no t just th e  e a r ca n a l, to  re p e a t the  tre a tm e n t a fte r th ree  weeks, and  
to  tre a t in -c o n ta c t ca ts  a n d  dogs.

O ccas iona lly , Dem odex ca tii c a n  cause paras itic  otitis exte rna  in cats. The diagnosis is 
m a d e  by  m ic roscop ic  e xam ina tion  o f smears from  the  lining o f the  e a r ca n a l. Usually these 
ca ts  h ave  som e underly ing cause for immunosupression, fo r exam p le  co rticos te ro id  
th e ra p y  or FIV in fec tion . T rea tm ent using to p ic a l or system ic th e ra p y  is genera lly  successful. 
B acteria l otitis is rare in cats, bu t does occu r, a n d  should be  tre a te d  using a co m b in a tio n  
o f system ic a n d  to p ic a l the rapy . Systemic th e ra p y  is o fte n  easier a n d  m ore e ffe c tive  in 
ca ts  w ith  irrita ted  ears th a t o tic  th e ra p y  a n d  this is no t cos t-p roh ib itive  as in la rge r ca n in e  
patien ts. O cca s io n a l ca ts  w ith  a lle rg ic  derm atitis  g e t otitis exte rna  as a c o m p o n e n t o f the ir 
a to p y  or fo o d  a lle rg y /in to le ra n ce , a n d  tre a tm e n t should be  d ire c te d  a t the  underly ing 
a lle rg ic  co n d itio n  as w e ll as the  irrita ted  e a r ca n a l.

P roliferative lesions c a n  som etim es be  observed  in the  e a r c a n a l o f cats. Polyps, arising 
from  the  m idd le  e a r c a v ity  or externa l e a r ca n a l, c a n  o c c u r in ca ts  o f all ages. W hen 
re m oved  to g e th e r w ith  the ir stalk, these polyps m ay be  cu re d  using simple trac tion . If a 
p e d ic le  is le ft beh ind , how ever, th e  p rob lem  usually recurs, necessita ting m ore invasive 
surgical in terventions in o rde r to  e ffe c t a  p e rm a n e n t resolution. In o lde r cats, cerum inous 
g la n d  ca rc in o m a s  c a n  d e v e lo p  in the  externa l e a r ca n a l. This m a lig n a n cy  c a n  be  cu red  
by tim e ly a b la tio n  o f th e  entire  horizonta l a n d  ve rtica l e a r ca n a l. Invasive squam ous cell 
c a rc in o m a  c a n  o c c u r in the  e a r c a n a l o f e lderly  cats. In m y lim ited expe rience , this 
c a n c e r a lre a d y  has in va d e d  tissues outside the  ea r c a n a l by the  tim e  diagnosis is m a d e  
using c y to lo g y  a n d  cross sec tiona l im ag ing .

Otitis m e d ia  is n o t-u n co m m o n  in cats, a n d  typ ica lly  results from  an ascend ing  in fec tion  up 
the  a ud ito ry  tu b e  from  the  nasopharynx. Less frequen tly  it occurs seconda ry  to  paras itic  or 
b a c te r ia l otitis exte rna . Cats w ith  m idd le  e a r in fections d e ve lo p  signs o f pe riphera l 
vestibu lar disease, e ithe r un ila te ra l or b ila te ra l. Sometimes Horner's syndrom e is present 
also. The diagnosis is o fte n  te n ta tive , based on cha rac te ris tic  c lin ica l signs a n d  response to  
the ra p y . In som e cases, rad iog raphs  o f the  tym p a n ic  bu llae  or CT o f fhe  h e a d  are  used to  
con firm  the  a n a to m ic a l d iagnosis. M a te ria l for cu ltu re  is som etim es o b ta in e d  via 
m yringo tom y or v ia  o p e ra tive  bu lla  os teo tom y. Typically, otitis m ed ia  is th e  result o f 
b a c te r ia l in fec tion  w ith  organisms th a t norm ally  reside in the  nasopharynx, such as 
Pasteuretla species a n d  o b lig a te  anaerobes. A cu te  cases o fte n  respond to  a tw o  to  four 
w e e k  course o f c lin d a m yc in , d oxycyc line  or am o x ic illin /c la vu la n a te . Some cases, 
how ever, requ ire  surgical d ra in a g e , th rough  a bu lla  os teo tom y or the  exte rna l e a r c a n a l 
(via a m yringo tom y), to  e ffe c t a  cure . Recently, LeC outeur’s g roup  ha ve  shown th a t these 
in fections c a n  som etim es ex tend  to  invo lve  the  a d ja c e n t brainstem . W e have  seen a very 
small num ber o f ca ts  w he re  otitis m ed ia , a n d  som etim es co n cu rre n t otitis externa, is 
re fe rab le  to  c ryp tococcos is .

Disease of the nasal cavity, choane and nasopharynx
In young  cats, viral u p p e r respiratory tra c t in fections are the  most co m m o n  cause o f nasal 
c a v ity  disease. A lthough  these in fections are  genera lly  self-lim iting, the  au tho r 
recom m ends  p ro p h y la c tic  th e ra p y  using d o xycyc lin e  or c lin d a m yc in  to  p reven t adverse 
seque llae  such as pyo tho rax , ascend in g  in fections o f the  a ud ito ry  tu b e  a n d  ch ron ic  
rhinosinusitis. R ecent w ork suggests th a t in te rfe ron -om e ga  m ay be  useful in these cases, 
ho w e ve r it is virtua lly cos t-p roh ib itive  a t present to  re co m m e n d  its routine  use for this 
purpose. The anti-herpes a g e n t fa m c ic lo v ir (1/2 125 m g ta b le t o n ce  a d a y  for 7 to  14 days) 
deserves eva lu a tio n  fo r th e  tre a tm e n t o f ca ts  w ith  a c u te  Herpesvirus rhinosinusitis.

By fa r a n d  a w a y  the  most co m m o n  disease o f the  nasal c a v ity  o f a d u lt ca ts  is post-viral 
rhinosinusitis (synonyms: snuffler c a t, snuffles, e tc ). This a ch ron ic  disease co n d itio n  th o u g h t 
to  o c c u r  as a seque llae  o f Herpesvirus or Calicivirus in fec tion  o f the  nasal passages, w h ich



result in extensive destruction  o f tu rb inates, le a d in g  to  residual foc i o f in fec tion  w ith  
seco n d a ry  b a c te r ia l pa thogens . These ca ts  a re  p resen ted  for ch ron ic  nasal d ischarge , 
sneezing a n d  ep ipho ra . Severe cases m ay also show lassitude a n d  in a p p e te n c e . Such 
cases a re  d iagno sed  on the  basis o f a  history o f p resum ptive  viral respiratory tra c t disease 
a n d  results o f e n d o sco p ic , c y to lo g ic  a n d  th ree  d im ensiona l im ag ing  studies. There a re  no 
d e fin itive  d iagno s tic  features, a n d  usually the  diagnosis is re a ch e d  by exc lud ing  o the r 
d iffe rentia ls  such as c ryp tococcos is , fo re ign  bod ies (e.g. grass awns, pro jectiles) a n d  
neop lasia . Some cases c a n  be  cu re d  by long  courses o f a n tim ic rob ia l the rapy . Because 
a n a e ro b ic  b a c te r ia  a re  likely seconda ry  invaders in m any  cases, c lindam yc in , a t an  anti- 
a n a e ro b ic  dose g iven  fo r a t least e igh t-w eeks, c a n  be  cu ra tive . Such long  courses are  
on ly in d ic a te d  if the re  is an  initial and  sustained response to  the rapy . The ra tiona le  o f 
con tinu in g  th e ra p y  for such a long tim e  is based on the  no tion  th a t the  in fec tion  is a  d e e p - 
sea ted  osteom yelitis /chondritis . M any  cases respond  to  an tib io tics , bu t re lapse during or 
a fte r a  long  course o f the rapy . Some o f these cases m ay respond to  m a jo r surgical 
in terventions eg  ra d ica l tu rb in e c to m y  via a  ven tra l rh inotom y, or im p la n ta tio n  o f a n tib io tic - 
im p re g n a te d  b o n e  c e m e n t in to  the  fron ta l sinuses. Large series o f surgically m a n a g e d  
cases h ave  no t been  published, how ever, suggesting th a t surgery m ay he lp  in some cases, 
b u t no t others. M any ca ts  are no t severely a ffe c te d , a n d  owners o ften  e le c t to  ignore  the  
p rob lem  or dose a ffe c te d  ca ts  w ith  an tim icrob ia ls  in term itten tly , as requ ired . A ga in , 
e va lu a tio n  o f new  tre a tm e n t p ro toco ls  th a t use antiv ira l agen ts  (in te rfe ron-om ega, 
fam c ic lov ir) in c o n c e rt w ith  an tib io tics  a re  in d ic a te d  to  d e ve lo p  m ore e ffe c tive  tre a tm e n t 
options fo r this co m m o n  a n d  frustrating cond ition .

M yco tic  rhinitis occurs in the  c a t, b u t unlike the  e q u iva le n t g roup  o f in fections in dogs, 
aspergillosis is rare w hile  c ryp to co cco s is  is reasonab ly  co m m o n . Cats w ith  c ryp tococcos is  
present fo r signs o f rhinitis such as sneezing, nasal d ischarge  a n d  epistaxis. Sometimes the  
m ucosa  w ith in  the  naris is swollen, or the re  is a  p o lyp o id  mass p ro trud ing  from  the  nostril (s). 
Some strains o f C ryptococcus  a re  invasive, a n d  g ive  rise to  de fo rm ing  disease o f nea rby 
structures, such as the  nasal p lanum , b rid g e  o f the  nose, hard  p a la te , to o th  roots, w h ile  in 
o th e r cases the re  is invo lvem en t o f th e  reg iona l lym ph node(s). Diagnosis is read ily  m a d e  
by cy to lo g y  o f nasal d ischarges or aspirates from  swellings, a n d  co n firm e d  by cu ltu re  on 
b ird seed a g a r or using the  c ry p to c o c c a l a n tig e n  a g g lu tin a tio n  test. Most cases o f 
loca lised  nasal c ryp tococcos is  c a n  be  cu re d  using m o n o th e ra p y  w ith  itraconazo le  or 
fluconazo le . Severe or re frac to ry  cases b e n e fit from  co m b in a tio n  the ra p y  using 
a m p h o te ric in  B a n d  flucytosine, w ith  fo llow -up  azole the rapy . In con tras t to  ca n in e  
aspergillosis, nasal aspergillosis in the  c a t  is o fte n  an  invasive disease, w ith  the  propensity  to  
p e n e tra te  the  overly ing bones a n d  g ive  rise to  disease o f nea rby  structures eg  the  
re trobu lba r space , nasal b ridge , p a la te , nasopharynx. Topica l th e ra p y  (such as used in the  
d o g ) is in a p p ro p ria te  for such in fections, w h ich  instead require tre a tm e n t w ith  itraconazo le  
a n d  som etim es a m p h o te ric in  B. The new  a n tifung a l a g e n t posaconazo le  (5 m g /k g  orally 
w ith  fo o d  o n ce  daily) has re ce n tly  b e e n  shown to  be  an  e ffe c tive  a g e n t for this cond ition , 
o ffe ring  several a d va n ta g e s  over itraconazo le  a n d  even  a m p h o te ric in  B.

Nasal neop las ia  gives rise to  progressive signs o f nasal c a v ity  disease, o ften  w ith  extension 
o f th e  m a lig n a n cy  to  a d ja c e n t structures, such as th e  b ridge  o f the  nose, the  re trobu lba r 
tissues, the  nasopharynx or the  o lfa c to ry  lobes o f the  bra in . In our p ra c tice , 
lym phosa rcom a is the  m ost co m m o n  nasal m a lig n a n cy , fo llow ed  by squam ous ce ll 
ca rc in o m a , a d e n o c a rc in o m a  a n d  tum ours arising from  b o n e  or ca rtila g e . O f these 
diseases, lym phom a  has the  best prognosis as perhaps 50% o f cases (or m ore) a tta in  
du ra b le  remissions w ith  m u lti-agen t c h e m o th e ra p y , a n d  in d e e d  som e c a n  be  cu red . 
Squam ous ce ll c a rc in o m a  is a m e n a b le  to  ra d io th e ra p y  a n d  som e cases partia lly  respond 
to  ca rb o p la tin u m . Bone a n d  ca rtila g e  tum ours m a y  be  tre a te d  using sumarium  a n d /o r  
ca rb o p la tin u m .



In som e ca ts  w ith  nasal c a v ity  disease, the re  is p re fe ren tia l invo lvem en t o f th e  c a u d a l 
po rtion  o f th e  nasal cav ity , th e  c h o a n e  or the  nasopharynx. These anim als usually d o  no t 
ha ve  nasal d ischarge , epistaxis or sneezing. Instead, th e y  h a ve  signs o f stertor, snoring or 
halitosis a n d  in ex trem e c ircum stances th e y  learn  to  b re a th e  th ro u g h  the ir m ou th . A va rie ty  
o f disease processes c a n  cause these signs. Lym phosarcom a a n d  c ryp to co cco s is  
som etim es present in this fashion. On physica l exam ina tion , a  mass in the  n asoph a ryngea l 
reg ion  c a n  som etim es b e  p a lp a te d  th rough  the  soft p a la te  (typ ica lly  unde r seda tion  or 
anaesthesia), a n d  a  n e e d le  asp ira te  th rough  the  p a la te  c a n  b e  d iagno s tic . Such masses 
a re  read ily  visualised using a flex ib le  e n d o sco p e  re tro flexed  b eh ind  th e  soft p a la te . 
A lte rna te ly , a  v igorous nasal flushing te ch n iq u e  o fte n  d islodges a la rge  po rtio n  o f the  
o ffe n d in g  mass, w h ich  c a n  then  b e  subm itted  for la b o ra to ry  investigations a n d  
h is topa th o logy . O the r disease processes w h ich  c a n  invo lve  th e  nasopharynx in c lu d e  
b lades o f grass (w h ich  g e t c a u g h t beh ind  the  soft p a la te  a fte r b e in g  vo m ite d ), fish bones, 
grass awns, po lyps arising from  the  o p e n in g  o f the  a u d ito ry  tu b e , w ebs o f scar tissue 
resulting from  previous viral in fe c tio n  (g iving rise to  n asoph a ryngea l stenosis). Foreign 
m ate ria l c a n  o fte n  be  d is lodged  by  flushing using a  10 mL syringe tigh tly  w e d g e d  in one  
nostril or re m oved  using a re tro flexed  e n d o sco p e . C oun te r in tu itive ly, flushing th rough  the  
least ob s tru c te d  nostril is o fte n  m ost e ffe c tiv e  in d is lodg ing  mass lesion (s) or fo re ign  
m ateria l. It is our e xp e rie n ce  th a t nasoph a ryngea l po lyps d o  n o t recur if th e y  a re  re m o ve d  
w ith  a  substantia l a m o u n t o f ‘sta lk ’ , a n d  if an tib io tics  a re  g iven  fo r tw o-w eeks fo llow ing  the  
p ro ce d u re . R ecurrent nasoph a ryngea l po lyps gene ra lly  requ ire  bu lla  o s teo tom y as w e ll as 
p o lyp  rem ova l to  e ffe c t a  cure . Be w a rn e d , som e ca ts  h ave  b ila te ra l polyps, a n d  o the r 
h ave  b ifid  po lyps w ith  a  co m p o n e n ts  in b o th  the  nasopharynx a n d  the  ipsila tera l externa l 
e a r ca n a l.

Disease of the  ora l c a v ity  and  pharynx
Disease o f the  ora l c a v ity  is co m m o n , h o w e ve r m any  lesions a re  missed m ere ly beca u se  
c lin ic ians som etim es d o  no t ta ke  the  tim e  to  p roperly  in sp e c t every  c a t's  m ou th  during 
routine  physica l exam ina tion . This is a  sin w e  h a ve  b e e n  gu ilty  of. Feline dentistry is b e yo n d  
the  scope  o f th e  present ta lk, ho w e ve r it is im p o rta n t to  em phasise th a t p e rio d o n ta l 
disease is one  o f the  m ost im p o rta n t p re ve n ta b le  causes o f disease in dom estic  ca ts  a n d  
th a t fe e d in g  fresh raw  ch icke n  w ings, la m b  shanks a n d  o th e r ‘raw  m e a ty  b ones ’ on a 
regu la r basis is c r itica l to  the  overa ll hea lth  o f cats.

C hron ic  Calicivirus in fe c tio n  gives rise to  re frac to ry  disease o f th e  gums a n d  fauces. In 
these patien ts, the re  is su ffic ien t a n tib o d y -m e d ia te d  response to  virus to  p ro d u c e  all the  
classic signs o f in flam m ation , how eve r the re  is insuffic ien t c e ll-m e d ia te d  im m unity  to  th row  
o ff the  virus a n d  th e re b y  e lim ina te  th e  ch ro n ic  ca rrie r s ta te . Up until recen tly , tre a tm e n t 
h a d  invo lved  ra d ica l ex tra c tio n  o f m o la r a n d  prem olars, a n tib io tics  such as d oxycyc line , 
m e tron idazo le  or c lin d a m yc in  a n d  (w hen necessary) th e  m in im al an ti- in fla m m a to ry  dose 
o f corticoste ro ids requ ired  to  d a m p e n  d o w n  the  in fla m m a tio n . R ecent work, how eve r, 
suggests th a t som e o f these ca ts  c a n  be  cu re d  using fe line  in te rfe ron -om e ga , or 
th a lid o m id e , a n d  these trea tm en ts  c a n  be  su p p le m e n te d  by  lo ca l adm in is tra tion  o f 
to p ic a l agen ts  such as Bonjela. The na tu ra l p ro d u c t slippery e lm  has also b e e n  used w ith  
b e n e fit in som e o f these cases.

Feline resorptive lesions a re  an  im p o rta n t cause  o f to o th  a n d  gum  disease in cats, a n d  the  
assoc ia ted  pa in  c a n  cause  te e th  ch a tte rin g , re d u c e d  a p p e tite  a n d  w e ig h t loss in som e 
patien ts. The cause  o f these lesions is controvers ia l, h o w e ve r th e  requ irem en t fo r ex tra c tio n  
o f a ffe c te d  te e th  is no t in d o u b t. It should be  em phasised  th a t re c e n t in fo rm a tion  suggests 
th a t the re  is no n e e d  to  c o m p le te ly  rem ove  the  tips o f to o th  roots th a t snap -o ff during 
a tte m p te d  rem ova l o f a ffe c te d  te e th , as these a re  resorbed spontaneously.

In traora l c o lla g e n o ly tic  granu lom as are  a bizarre fe line  m an ifes ta tion  o f a lle rg ic  disease. 
They m ay b e  e ithe r pro life ra tive , or u lce ra tive , a n d  a re  ty p ica lly  s itua ted  on the  to n g u e  or



p a la te , a lthoug h  th e y  c a n  a p p e a r  in any  lesion w ith in  the  oral cav ity . I have  seen one  c a t 
w ith  a  la rge  lesion arising from  th e  pharynx, w h ich  also h a d  invo lvem en t o f the  larynx. A 
very cha rac te ris tic  fe a tu re  is the  p resence  o f ye llow  or w h ite  fo c i w ith in  the  la rge r lesion, 
these areas co rrespond ing  to  m ic roscop ic  areas o f ly tic  co lla g e n , a n d  the  p resence  o f 
such fo c i is virtually d ia g n o s tic  o f this a e tio lo g y . O ften  ‘roden t ulcers' or m iliary derm atitis  
a re  present concurren tly . Ideally, these cases should be  tre a te d  by find ing  a n d  e lim ina ting  
the  underly ing cause  o f th e  hypersensitivity re a c tio n , e .g . fleas in cases w here  flea  
an tigens are th e  underly ing  im m uno log ic  trigger. W hen this is no t possible, m o n o th e ra p y  
using a six to  e igh t w e e k  course o f cyc losporine  is successful in m any  cases, a n d  has few e r 
side e ffec ts  than  o lde r trea tm en ts  regim ens such as p re d n iso lo n e /ch lo ra m b u c il/ go ld  salts. 
In pa tien ts  w ith  p ro life ra tive  lesions, p re lim inary debu lk ing  using a sca lpe l c a n  be  very 
he lp fu l also.

‘M enra th 's  u lcer' (synonym: b le e d in g  p a la tin e  ulcer) refers to  a  unusual syndrom e in 
w h ich , for som e reason, ca ts  w ith  a lle rg ic  skin disease d e ve lo p  life -th rea ten ing  b leed in g  
from  an  u lcer on th e  p a la te  im m e d ia te ly  a d ja c e n t to  the  u p p e r ca n in e  too th . It is th o u g h t 
th a t over g room ing  assoc ia ted  w ith  pruritic skin disease som ehow  results in the  p a p illa e  on 
the  to n g u e  a b ra d in g  the  hard  p a la te  until a  b ra n ch  o f th e  p a la tin e  a rte ry  is e ro d e d . W hen 
this occurs, s ign ifican t ha e m o rrh a g e  results, h o w e ve r because  the  c a t continues to  lick the  
u lce r a n d  the re fo re  p o fe n tia te  the  haem orrhag e . Because the  b lo o d  e m a n a tin g  from  the  
b le e d in g  u lcer is sw a llow ed , th e  o w ne r (and  ve te rinarian !) m ay  no t a p p re c ia te  th e  cause  
o f the  b leed in g  until the  c a t  is a lm ost d e a d . By this s tage, a  ty p e d  b lo o d  transfusion m a y  
b e  requ ired to  save the  p a tie n t. O n -go ing  h a e m o rrh a g e  is best con tro lle d  by  p la c in g  a 
horizonta l mattress or c ru c ia te  stich (using d e e p  bites) across th e  u lce r so th a t ensuing 
pressure stops the  ha e m o rrh a g e . The u lcer c a n  b e  ha rd  to  a p p re c ia te  w hen  the  gums are 
very p a le  as a result o f h yp o vo la e m ic  shock a n d  a n a e m ia ; fo r this reason, a  tho rough  oral 
c a v ity  exam ina tion  is m a n d a to ry  in all ca ts  p resen ted  for severe (and  typ ica lly  a cu te ) 
a n a e m ia . To p reven t this p ro b le m  recurring in th e  future, efforts o f the  c lin ic ian  should be  
d ire c te d  tow ards tre a tm e n t o f th e  underly ing  skin disease e .g . using fle a  con tro l, 
hypoa lle rg en ic  diets, antih istam ines, corticoste ro ids or cyc losporine , as a p p ro p ria te .

The to n g u e  c a n  b e  a ffe c te d  by  a va rie ty  o f disease processes, a n d  e xp e rie n ce d  fe line  
clin ic ians routine ly e le va te  the  to n g u e  using d ig ita l pressure in th e  in te rm and ib u la r sp a ce  
to  fa c ilita te  exam ina tion  o f the  frenulum . Doing this routine ly will ensure th a t linear fo re ign  
bod ies c a u g h t a round  the  lingua l frenulum  will never be  missed! Squam ous ce ll c a rc in o m a  
(SCC) is the  worse disease process w h ich  c a n  a ffe c t the  tongue , a n d  typ ica lly  a ffec ts  its 
base. However, in flam m a to ry  diseases resem bling lingua l SCC h a ve  b e e n  e n co u n te re d  by 
the  au tho r. These lesions, w h ich  m ay result from  seco n d a ry  in fe c tio n  fo llow ing  p e n e tra tio n  
by  fo re ign  bodies, h ave  responde d  p rom p tly  to  debu lk ing  (biopsy) a n d  an tim ic ro b ia l 
the ra p y . W e have  b e e n  surprised recen tly  to  h ave  d iagno sed  lingual lym p h o m a  (rather 
th a n  SCC) in a  c a t  w ith  a  grossly a b n o rm a l to n g u e ; this p a tie n t responded  fa vo u ra b ly  to  
m u lti-a g e n t ch e m o th e ra p y .

Finally, tonsils should be  exam ined  during rou tine  oral c a v ity  exam ina tion . Tonsillar SCC 
occurs in the  c a t, a lth o u g h  most cases the  a u th o r has d iagnosed  h ave  b e e n  p resen ted  for 
un ila fe ra l m a n d ibu la r lym p h a d e n o m e g a ly . The cause  o f m e ta s ta tic  disease was no t 
a p p a re n t until the  ora l c a v ity  w as exam ined .
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Feline Cardiology -  w hat’s new, what’s real, what’s not 

Feline Hypertrophic Cardiom yopathy

Feline  H C M  is the m ost com m on acquired fe lin e  cardiac disease. A  fa m ilia l cause exists, 
a lthough D S H  cats w ith o u t a fa m ily  h is to ry  are o ften  affected, m ak ing  genetic 
associations d if f ic u lt  to  prove.

Genetic D iagnosis o f  H C M  — b lood tests f o r  card iac disease. A  genetic cause o f  H C M  
was id e n tifie d  in  a co lo n y  o f  M a ine  coon cats in  2005 (M eurs et al, 2005). A  m u ta tion  in  
M yo s in  B in d in g  P ro te in  C was id e n tifie d  as the cause, and a d iagnostic  PCR test was 
developed ('h ttp ://w w w .ve tm ed .w su .edu /dep tsV C G LA ) to he lp  id e n tify  a ffected M a ine  
coon cats. M o re  recen tly , R agdo ll H C M  was also associated w ith  a m u ta tion  in  M yo s in  
B in d in g  P ro te in  C (M eurs  et al 2007). The m u ta tion  was d iffe re n t fro m  that found  in  
M a ine  coons, suggesting that i t  was no t inherited  fro m  a com m on ancestor. A  PC R  test 
fo r  the R agdo ll m u ta tion  is also ava ilab le  th rough the W S U  site.

In it ia l screening o f  a ffected M a in e  coon cats was p rom is ing , how ever, several c lin ic a lly  
a ffected cats fro m  the o r ig in a l co lo n y  do no t have the M yB P C  m uta tion . Thus, i t  is lik e ly  
tha t at least one o ther m u ta tion  is responsib le fo r  some o f  the H C M  in  M a ine  coons. 
W hether a ll R agdolls  w ith  H C M  have one m u ta tion  o r m ore is unknow n  at th is  tim e. 
H C M  in  o ther breeds rem ains gene tica lly  undeterm ined. G iven  the huge num ber o f  
m uta tions (> 250 ) spanning 13 d iffe re n t m yoca rd ia l p ro te ins that have been id e n tifie d  in  
humans w ith  H C M , it  is l ik e ly  that o ther cat breeds w i l l  have d iffe re n t m uta tions that 
account fo r  th e ir  disease.

N T -p ro B N P  -  don  V th row  away y o u r  stethoscope and  X -ra y  m ach ine ju s t  yet. A  recent 
advance in  card iac d iagnosis has been the in tro d u c tio n  o f  a b lood  test fo r  the diagnosis o f  
C H F. N T -p ro B N P  (m arketed b y  V D x I  as C ard ioC are) is be ing  sold as a b iom arke r o f  
cardiac disease and C H F. H ow ever, v ir tu a lly  no data ex is t fo r  cats w ith  H C M  — m ost o f  
the in fo rm a tio n  the com pany is us ing  is a sm all unpub lished study perfcm ed in  the U K . 
M o s t studies have exam ined canine heart disease and heart fa ilu re . F rom  evidence 
presented at A C V IM  2007 fo rum , the curren t decis ion  lim its  fo r  dogs are too lo w  to 
d isc rim ina te  betw een heart fa ilu re  and resp ira to ry  causes o f  dyspnea. I t  is probable that 
s im ila r  issues w i l l  ex is t fo r  cats w ith  H C M . W hether N T -p ro B N P  w i l l  a id in  the 
d iagnosis o f  su bc lin ica l H C M  is to  be determ ined.

Advances in  Therapy o f  H C M . There is lit t le  evidence fo r  therapy o f  H C M  in  cats.
M o s t studies dea ling  w ith  c lin ic a l outcom es have been conducted in  cats w ith  C H F  
(B r ig h t et al 1991, Fox et al 2003), w h ile  one study exam ined cats w ith  m ore m odest 
disease (A m b e rg e r et al 1999). Recent studies in  M a ine  coons w ith  subc lin ica l H C M  
fa ile d  to  show  any change in  card iac mass as a resu lt o f  A C E -I therapy (M acD ona ld  et al,
2006). N o  studies ex is t dem onstrating any bene fit o f  therapy p r io r  to onset o f  H C M . 
Nonetheless, beta b lockers, ca lc ium  channel b lockers, an ti-th rom bo tics  and A C E -I are 
co m m o n ly  used in  su b c lin ica l H C M  b y  ve te rina ry  ca rd io log is ts  and non -ca rd io log is t 
veterinarians. M o s t adm it to hav ing  no strong basis o ther than b e lie f fo r  the use o f  these 
agents. Studies exam in ing  c lin ic a l outcom es o f  therapy o f  subc lin ica l H C M  are sore ly  
needed.

TAs ik

http://www.vetmed.wsu.edu/deptsVCGLA


Advances in  D iagnosis and  Therapy o f  F e lin e  ao rtic  throm boem bolism  (F A T E ).
F A T E  is a devasta ting  sequel o f  H C M . A p p ro x im a te ly  7 -15%  o f  cats w ith  severe H C M  
w i l l  deve lop F A T E . H ow ever, no studies ex is t that re lia b ly  p red ic t o r id e n tify  cats at 
h igh  r is k  fo r  F A T E , and no studies cu rre n tly  ex is t dem onstra ting  a treatm ent benefit. 
Recent echocard iograph ic  studies have show n that le ft  au ricu la r f lo w  ve loc ities  are 
p red ic tive  o f  deve lopm ent o f  spontaneous echocard iograph ic contrast (S E C ) in  cats 
(Schober et al 2006). SEC is considered to  be a r is k  fac to r fo r  th rom bosis and F A T E . 
Separate studies have show n tha t cats w ith  H C M  and SEC have s im ila r  coagu la tion  
abnorm alities  to  cats w ith  acute F A T E  (S to ko l et al, unpub lished data). Taken together, 
these studies m ay he lp  id e n tify  “ at r is k ”  cats that m ig h t bene fit fro m  early  in te rven tion  
w ith  a n tith ro m b o tic  agents.

W h ich  a n tith ro m b o tic  agents to  use is also debated. A s p ir in  appears to have no e ffect, 
a lthough there are no co n tro lle d  tr ia ls  show ing  b ene fit o f  asp irin . L o w  m o lecu la r w e ig h t 
heparins (enoxaparin , da ltepa rin ) m ay  o r m ay no t be e ffective . Recent studies have 
dem onstrated that therapeutic  concentra tions o f  da lteparin  are sustained fo r  o n ly  a short 
tim e , i f  at a ll, us ing  curren t dos ing  p ro toco ls  (A lw o o d  et al 2007). Data fro m  2 separate 
studies at the same in s titu tio n  suggests tha t there is no L M W H  and asp irin  are e q ua lly  
( in )e tfe c tiv e  (S m ith  et al, 2004, Rush et al 2002). F A T  C A T  is an ongo ing  placebo- 
co n tro lle d  c lin ic a l tr ia l e xam in ing  the e ffec t o f  c lop idog re l (P la v ix ) in  p reven tion  o f  
F A T E  recurrence in  cats that have a lready su rv ived  an in it ia l event. Cats can be enro lled  
in to  F A T  C A T  fro m  anyw here in  the w o r ld  (h ttp ://w w w .v in .c o m /F A T C A T L  In te rim  
analysis o f  the outcom es o f  cats in  each arm  o f  the tr ia l fa iled  to  dem onstrate any su rv iva l 
bene fit o f  P la v ix  adm in is tra tion , how ever o n ly  a fe w  cats have reached the endpo in t at 
th is  tim e.

Steroids and  H C M  -  fa c t o r f ic t io n  ?

T w o  re trospective  studies have suggested a tem pora l association between the 
deve lopm ent o f  C H F  in  apparen tly  no rm a l cats and the adm in is tra tion  o f  g lucoco rtico id s  
(R ush et al 2002, S m ith  et al 2004). One o f  these suggested a revers ib le  h ype rtroph y  was 
present in  some o f  these cats. A necdo ta l evidence fro m  p rac titioners  suggests an 
association m ay ex is t between ad m in is tra tio n  o f  g lucoco rtico id s  and deve lopm ent o f  
C H F . One o f  the authors o f  the in it ia l studies exam ined the effects o f  g lucoco rtico id s  in  
cats presenting to  the de rm a to log y  service to  receive g lu co co rtico id  in jec tions  (S m ith  et 
al 2006). T hey  id e n tif ie d  an increase in  plasm a vo lum e  in  these cats. T hey  c la im ed  that 
the cause o f  the p lasm a vo lum e  increase was associated w ith  a transient hyperg lycem ia , 
ra ther than any m in e ra lo co rtico id  e ffec t (since m ethy lp redn iso lone  acetate [M P A ] does 
no t have m in e ra lo co rtico id  e ffects). H ow eve r, the study is flaw ed  m e th o d o lo g ica lly  and 
s ta tis tica lly .

W e recen tly  pe rfo rm ed  a study o f  the e ffects o f  M P A  in  hea lthy research cats. Cats were 
in jected  w ith  30m g M P A  in tra m u scu la rly , and observed fo r  8 weeks. Serial 
echocard iogram s before and a fte r M P A  adm in is tra tion  showed no d iffe rence  in  cham ber 
d im ensions in d ica tive  o f  vo lum e  overload. T o ta l body w a te r and ex trace llu la r f lu id  
vo lum e  w ere measured (data c u rre n tly  unava ilab le ). O u r data suggest that there is no 
s ig n ifica n t increase in  card iac vo lu m e  fo llo w in g  M P A  adm in is tra tion .
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W hether g lucoco rtico id s  can induce the onset o f  C H F  in  cats w ith  subc lin ica l H C M  
rem ains to  be determ ined.

F e lin e  H e a r tw o rm  Disease -  lo o ks  a w fu l ly  l ik e  as thm a !

Fe line H eartw o rm  Disease (F H W D ) is a d if f ic u lt  d iagnosis at the best o f  tim es. Cats 
harbor fe w  w orm s, are u su a lly  a m ic ro fila re m ic , and antigen negative. A n tib o d y  
p o s it iv ity  is no t in d ica tive  o f  in fe c tio n , bu t m e re ly  exposure, as antibod ies w i l l  develop in  
response to L3 and L 4  larvae. C lin ic a l signs are variab le , rang ing  fro m  com p le te ly  
subc lin ica l, to sudden death. C ough ing  (+ /-  v o m itin g )  have been reported. R esp ira to ry 
distress is reported. R ad iog rap h ica lly , there m ay be pu lm ona ry  a rte ry  enlargem ent and 
pu lm ona ry  in filtra tes .

Recent data show  that cats inocu la ted  w ith  L3 larvae w i l l  o ften  develop pu lm ona ry  
in f ilt ra t iv e  disease w ith in  90 days o f  exposure, even i f  the larvae (L5  stage) are not 
a llow ed  to m ature to adu lt fo rm s. Cats in  w h ic h  la rva l deve lopm ent was arrested p r io r  to 
m atu ra tion  developed ra d io g ra p h ica lly  and p a th o lo g ica lly  ev iden t pu lm ona ry  vascular 
and in te rs titia l lesions (D il lo n  2007). T h is  study suggests that pu lm o n a ry  in fla m m a to ry  
disease can occur as ea rly  as 70-90 days post in fe c tio n  in  cats, o ften  m im ic k in g  fe line  
asthma, even in  the absence o f  m a tu ra tion  o f  larvae to  adu lt fo rm s. H ow ever, w hether 
clearance o f  the im m atu re  fo rm s u lt im a te ly  results in  c lin ic a l reso lu tion  is unknow n  -  in  
th is  study, cats s t il l had lesions 240 days a fte r in fe c tio n  (and 150 days a fte r la rv ic id a l 
therapy). In  endem ic areas, H W D  shou ld  be considered a cause o f  pu lm ona ry  disease 
even i f  adu lt w orm s are n o t id e n tifie d .

F e lin e  M u rm u rs  -  n o w  yo u  h e a r i t ,  n o w  yo u  d o n ’ t

D yn a m ic  m urm urs are co m m o n ly  ausculted in  cats. There are 2 kn o w n  causes o f  
dynam ic  m urm urs -  D yn a m ic  R V  obstruc tion  (D R V O ), and S ysto lic  A n te r io r  M o tio n  o f  
the m itra l va lve  (S A M ). These cannot be d is tingu ished  b y  auscu lta tion  and m ay o r m ay 
no t be associated w ith  p r im a ry  cardiac pa tho logy. The prevalence o f  m urm urs (dynam ic  
and sta tic) in  cats in  the general popu la tion  is cu rre n tly  u n kn o w n  -  one sm all s tudy found  
m urm urs in  22%  o f  cats (22 /103), and 6 o f  7 cats in  th is  s tudy that underw en t 
echocard iograph ic eva lua tion  had cardiac disease (C ote  et al 2 0 0 4 ). W he ther th is 
translates in to  a w id e r popu la tion  o f  cats is unknow n.
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N o c a r d i a  i n f e c t i o n s  i n  c a t s

P r o fe s s o r  R ic h a r d  M a lik  D V S c  P h D  F A C V S c  F A S M

P o s t G r a d u a t e  F o u n d a t io n  in  V e te r in a r y  S c ie n c e ,  C o n f e r e n c e  C e n t r e ,  B u ild in g  
B22, U n iv e rs ity  o f  S y d n e y ,  N SW  2 0 0 6  A u s t ra l ia

In troduction
Nocard ia  spp are a genus o f a e ro b ic  a c tin o m yce te s  responsible for loca lised or d issem inated 
in fections in anim als a n d  hum ans.1' 10 The genus is n a m e d  a fte r Edm ond N ocard , a  French 
ve te rina rian  w ork ing in the  C a n a ry  islands, w h o  in 1888 described  the  isolation o f such an 
organism  from  bov ine  fa rcy, a  lym phang itis  o f the  distal limbs o f c a tt le . Cases o f hum an 
disease have  increased  substantia lly  in the  last tw o  d e c a d e s  in associa tion w ith  an  increasing 
p o p u la tio n  o f im m unocom prom ised  hosts,11 a n d  the  sam e is likely to  o c c u r in c o m p a n io n  
an im a l p ra c tic e  w ith  the  increased  tre a tm e n t o f im m u n e -m e d ia te d  disease a n d  c a n c e r  w ith  
corticostero ids, cyc losporine  a n d  cy to to x ic  drugs.

In fo rm ation  co n ce rn in g  c o m p a n io n  an im als w ith  Nocardia  in fections is very lim ited  c o m p a re d  
to  d a ta  a va ila b le  fo r hum an  pa tie n ts .7'10 A lthough  the re  a re  num erous w ell d o c u m e n te d  
exam ples o f in fections in ind iv idua l p a tie n ts ,12-25,27-34,37,38 very fe w  studies reco rd  a substantia l 
n um ber o f w e ll d o c u m e n te d  co n se cu tive  cases.912-21'24'35'36 Thus, m ean ing fu l generalisa tions 
c a n  no t be  d raw n  co n ce rn in g  pathogenesis, predispositions or the rapy , espec ia lly  in re la tion  
to  disease in the  c a t. Furtherm ore, a  m eta-analysis o f ind iv idua l case reports m ay c re a te  a 
m is lead ing overa ll p ic tu re , espec ia lly  w h e n  cases are  d raw n  from  w id e ly  d ispara te  
g e o g ra p h ic  locations.

The a e ro b ic  a c tin o m yce te s  a re  a la rge  a n d  diverse g roup  o f G ram  positive b a c te r ia  w h ich  
a p p e a r on m ic roscopy  as b ra n ch in g , filam entous cells. M em bers o f the  g roup  are, how ever, 
o fte n  on ly d is tan tly  re la te d  p h y lo g e n e tica lly . A subgroup, the  “ a e ro b ic  noca rd ifo rm  
a c tin o m yce te s  , is the  m ost im p o rta n t cause  o f m a m m a lian  in fections, a n d  includes 
M ycobacte ria , C orynebacteria, Nocardia, Rhodococcus, G ordona  a n d  TsukamurellaA 2 All 
m em bers o f this g roup  have  ce ll walls c o n ta in in g  m eso -d iam inop im e lic  a c id , arab inose, 
g a la c to se  a n d  m yco lic  ac ids o f various ch a in  lengths. The la tte r are responsible fo r varying 
a c id  fastness e v id e n t w ith  a p p ro p r ia te  sta in ing. N ocard ia  spp are ch a ra c te rise d  ad d itio n a lly  
by an ab ility  to  g ro w  in m e d ia  co n ta in in g  lysozyme, p ro d u c tio n  o f urease, inab ility  to  g row  a t 
50°C a n d  fo rm a tion  o f aeria l h yp h a e  th a t a cco u n ts  fo r the ir cha rac te ris tic  co lon ia l 
m o rpho log y  on prim ary iso la tion.3'5 In con trast, Actinom yces  spp, w h ich  a p p e a r 
m o rp h o lo g ica lly  similar to  N ocard ia  spp in G ram  sta ined  smears, g row  e ithe r as o b lig a te  or 
fa c u lta tiv e  a n a e ro b e s .1

There has b e e n  a revo lu tion  in th e  ta xo n o m y  o f N ocard ia  in re ce n t years. Traditional 
la b o ra to ry  m ethods for id e n tifica tio n  o f N ocard ia  spp based on sim ple b io ch e m ica l reactions 
a n d  hydrolysis tests are lim ited  in the ir ab ility  to  d iffe re n tia te  these organisms or to  iden tify  
new ly  described  species.40 In pa rticu la r, isolates b e lo n g in g  to  the  N ocardia  asteroides 
co m p le x  c a n n o t be  d iffe re n tia te d  in the  routine  la b o ra to ry .41'46 In the  last fe w  years, an 
e xp a n d e d  range  o f b io c h e m ic a l a n d  susceptib ility  tests, c h ro m a to g ra p h ic  analysis o f ce ll w a ll 
co m p o n e n ts47 a n d  espec ia lly  th e  a p p lic a tio n  o f new  m o le cu la r techn iques  (particu la rly  16 
rRNA g e n e  sequenc ing ) has e x p a n d e d  the  spectrum  o f Nocardia  spp w ith  in excess o f 30 
species described . 48 52 O f these, the  N asteroides c o m p le x  [N cry iac igeorg ica  [formerly N 
asteroides sensu stricto], N farcin ica, N no va ,),4145 N abscessus, , N transvalensis (these th ree  
form erly in c lu d e d  in the  N asteroides com p lex), N brasiliensis, N pseudobrasieliensis, N 
veterana, N a fricana  a n d  N otitid iscaviarum  (form erly N caviae) a re  the  m ost im p o rta n t 
causes o f in fections in p e o p le  a n d  anim als. Im portan tly , these d iffe ren t ta xo n o m ic  groups are 
c o rre la te d  w ith  disease features a n d  th e ra p e u tic  o u tco m e s .16



N ocard ia  a re  ub iqu itous env ironm en ta l saprophytes, o ccu rring  in soil, straw, grasses, d e c a y in g  
v e g e ta b le  m a tte r a n d  w a te r, w he re  th e y  com prise  an  im p o rta n t p a rt o f the  m icro flo ra  by 
b reak ing  d o w n  o rg a n ic  m a tte r a n d  re cyc lin g  nutrients. M em bers o f this genus are 
m e ta b o lic a lly  versatile, w ith  enzym atic  m a ch in e ry  e n a b lin g  th e m  to  d iges t herb ic ides, 
pestic ides a n d  syn the tic  polym ers. Im portan tly , a n d  unlike Actinom yces  species, th e y  a re  
neve r a  p a rt o f the  norm al flora o f m am m als, a lth o u g h  th e y  m ay be  ca rrie d  m e ch a n ic a lly  on 
th e  skin or c law s o f anim als. In fec tion  usually arises from  d ire c t in o cu la tio n  o f th e  skin or soft 
tissues fo llow ing  p e n e tra tin g  injuries, or by  in h a la tio n  o f aerosols c o n ta in in g  organisms, possibly 
in dust. F ragm enta tion  o f b ra n ch in g  n o ca rd ia l filam ents la te  in the ir g row th  cy c le  results in the  
fo rm a tio n  o f small, un ice llu lar, spore-like cells th a t a re  easily ae roso lised .16

N ocard ia  spp are  fa c u lta tiv e  in trace llu la r pa thog ens . A  m a jo r v iru lence  fa c to r  fo r these 
organism s is the  resistance to  phagocytos is  o f filam entous log  phase cells, such as those fo u n d  
in env ironm en ta l n iches such as soil. Indeed , log  phase cells a re  tw o  orders o f m a g n itu d e  m ore  
viru lent th a t s ta tionary phase cultures. C om p lex  lipids fo u n d  in the ir ce ll w a ll c o n tr ib u te  to  
v iru lence  in a  m anner akin to  the  m yco lic  ac ids  ch a ra c te ris tic  o f th e  m y c o b a c te r ia c e . The 
n o ca rd ia l e n ve lo p e  is structura lly similar to  th a t o f o th e r a c tin o m yce te s , w ith  15 to  25% o f the  
ce ll w a ll mass com prised  o f p e p tid o g ly c a n . M yco lic  a c id  polym ers, such as treha lose-6 ,6’- 
d im y c o la te  (‘co rd  fa c to r ') ,  a re  m em bers o f a  g roup  o f v iru lence-assoc ia ted , b io lo g ica lly  
a c tiv e , ce ll w a ll constituen ts fo u n d  in m any  a c tin o m yce te s  inc lud ing  N ocard ia  spp a n d  the  
m y c o b a c te r ia . They a re  tox ic  in vitro a n d  in an im a l m odels a n d  co n tr ib u te  to  inh ib ition  o f 
phagosom e-lysosom e fusion, a c id if ic a tio n  a n d  o x ida tion  in m a c ro p h a g e s . A no the r im p o rta n t 
fe a tu re  o f N ocardia  th a t im pac ts  on the  lesions th e y  p ro d u c e  is the ir p ropensity  to  in va d e  
b lo o d  vessels a n d  th e re b y  p ro d u c e  vascu la r necrosis a n d  ischem ia .4-6-8

The life c y c le  o f N ocardia  results in la te  fra g m e n ta tio n  o f th e  filam entous b a c te r ia l forms; long, 
b e a d e d  rods are the re fo re  o fte n  seen in pu ru len t exudates. Sections o f tissues in fe c te d  w ith  
N ocard ia  spp usually dem onstra te  a c u te  p y o g e n ic  in flam m ation . B ranching, b e a d e d , 
filam entous b a c te r ia  m a y  be  d e m o n s tra te d  w ith in  abscesses or from  d ra in ing  sinus trac ts  in 
smears sta ined  w ith  D iffQuik® or Burke's m o d ific a tio n  o f the  G ram  stain. “ Sulphur g ranu les” 
(b a c te ria l m acroco lon ies) m a y  be  fo u n d  in exuda tes  from  Nocard ia  lesions, a lth o u g h  less 
c o m m o n ly  in an im a l th a n  in hum an pa tien ts . N ocard ia  spp will usually stain a t least so m e w h a t 
a c id -fa s t in tissue sections; in con trast, Actinom yces  spp a n d  o the r a n a e ro b ic  a c tin o m yce te s  
d o  n o t.53

The p ro te c tiv e  im m une  responses o f m a m m a lia n  pa tien ts  to  N o ca rd ia  a re  prim arily T-cell 
m e d ia te d , as these organisms e lic it little in th e  w a y  o f an  e ffe c tiv e  hum ora l response. H ence, 
nocard iosis is espec ia lly  p ro b le m a tic  in pa tien ts  w ith  im pa ired  c e ll-m e d ia te d  im m unity . The 
o u tc o m e  o f in fec tion  is la rge ly  d e te rm in e d  by  the  ab ility  o f a  g iven  strain to  resist th e  in itia l 
neu troph il response o f the  host a n d  subsequent a tta c k  by a c tiv a te d  m a c ro p h a g e s . Early 
neu troph il m obilisation, w h ile  o fte n  insuffic ient to  a b o rt in fec tion  in itself, limits th e  e x te n t o f 
in fe c tio n  until ly m p h o c y te -m e d ia te d  cy to to x ic ity  a n d  a c tiv a te d  m a c ro p h a g e s  e ffe c t a 
de fin itive  response.468

In hum an  patien ts, m em bers o f the  N asteroides c o m p le x  a re  responsible fo r a b o u t 80% o f 
n o n -cu tan eous  invasive disease, a n d  for m ost system ic a n d  ce n tra l nervous system in fections. 
There a re  system atic d iffe rences in the  a n tim ic ro b ia l susceptib ility  pa tte rns  a n d  v iru lence  for 
the  species w ith in  the  co m p le x .4'-46 In pa rticu la r, N farc in ica  has a m ore resistant a n tib io g ra m  
(resistant to  to b ra m yc in  a n d  3rd g e n e ra tio n  cepha losporins, bu t susceptib le  to  c ip ro flo xa c in  
a n d  im ipenem ), g ro w th  a t 45°C in 3 days, striking v iru lence  in an im a l m odels a n d  hum an  
pa tien ts , a  strong te n d e n c y  to  d issem inate a n d  d iffe re n t e p id e m io lo g y .41-43'44 N nova, on the  
o th e r h a n d , is susceptib le  to  e ry th rom yc in  (w ith a  zone o f inh ib ition  g re a te r th a n  40 m m  using a 
15|jg disc) a n d  o fte n  to  th e  te tracyc lines  a n d  penicillins.46-48 N brasiliensis is th e  m ost o ften - 
re p o rte d  cause  o f cu taneo us  a n d  lym p h o cu ta n e o u s  disease in p e o p le , a n d  is m ore  co m m o n  
in tro p ic a l regions, in c lud ing  A u s tra lia 3-5-6 Im portan tly , superfic ia l nocardiosis fo llow ing



im p la n ta tio n  is no t necessarily assoc ia ted  w ith  com prom ised  ce ll-m e d ia te d  im m unity, b u t m ay 
progress to  d issem inated disease in th a t setting.

Ubiquitous in soil a n d  dirt, n o c a rd ia e  c a n  establish superfic ia l in fec tion  fo llow ing  re la tive ly  trivial 
inocu la tio n  injuries, w h ich  m a y  vary from  insect bites, an im a l sc ra tch  or b ite  w ounds,73 76 
punc tu re  w ounds a n d  c o n ta m in a te d  abrasions. Since the  initial response to  N ocard ia  is 
p yo g e n ic , self-lim iting skin lesions m ay  in itia lly be  d is regarded  or tre a te d  as s ta p h y lo c o c c a l in 
origin. In small an im a l pa tien ts , Nocardia  species h ave  been  assoc ia ted  w ith  the  fo llow ing  
syndrom es7-8: i) in fections o f the  skin a n d  subcutis fo llow ing  p e n e tra tin g  traum a : ii) pneum on ia  
a n d  puru lent pleurisy (pyo tho rax),39 possibly re la te d  to  inha la tion  o f grass awns or dust, a n d  
possibly in associa tion w ith  a c o - fa c to r  such as co n cu rre n t viral disease:912 iii) peritonitis;29 a n d  
iv) d issem inated disease (involving tw o  or m ore b o d y  systems, som etim es inc lud ing  the  skin, 
a n d  likely starting in the  lung). Purulent p leu risy /pneum on ia  a n d  cu taneo us /subcu taneou s  
nocardiosis are by  fa r the  most co m m o n  forms o f disease re po rted  in co m p a n io n  anim als. The 
la tte r m ay in itia lly start as an  abscess; how eve r it frequen tly  deve lops in to  a  d ischarg ing , non ­
hea ling  w ound , som etim es fo llow ing  pre lim inary ve te rina ry  in te rvention . The in itia l lesion tends 
to  spread c ircum fe ren tia lly , or by th e  d e ve lo p m e n t o f con tiguous sate llite  lesions or v ia  the  
lym phatics. D raining sinus trac ts  o fte n  d e ve lo p  subsequently. There is a strong resem ble in 
terms o f c lin ica l behav io u r w ith  w h a t is described  in hum an pa tien ts  as "M a d u ra  fo o t” , or 
a c tin o m y c o tic  m yce to m a , a lth o u g h  the  lesions are no t necessarily on an  extrem ity. In hum an 
patien ts, such lesions, o n c e  established, b e c o m e  relentlessly progressive over a  pe riod  o f years 
a n d  frequen tly  d o  no t respond to  a n tim ic rob ia l the ra p y . The d iffe ren tia l diagnosis o f 
subcu taneous n o ca rd ia l disease in small anim als inc ludes in fections w ith  agen ts  th a t inc ite  
pyog ranu lom atous in flam m ation  such as M y c o b a c te r ia ,7778 Rhodococcus  spp, 
Corynebacterium  spp a n d  sap rophy tic  fung i.79 D issem inated disease is typ ica lly  assoc ia ted  
w ith  a  prim ary pu lm onary  focus w ith  haem a to g e n o u s  spread to  a  range  o f tissues, typ ica lly  
the  skin/subcutis, k idney, liver, spleen, lym ph nodes a n d  bra in .2-5

D a ta  from  ve te rina ry  textbooks pu rpo rt th a t N ocardia  in fections a re  caused  by N asteroides or 
N brasiliensis (m ainly the  form er), assoc ia ted  w ith  'sulphur granu les ' a n d  a re  m ore c o m m o n  in 
dogs than  ca ts .7-8 H owever, this d a ta  is based on m any reports prior to  1990, w h ich  p re d a te  
the  taxonom ic  rec lassifica tion  o f this genus. A varie ty  o f features in these pub lica tions  are not 
in a c c o rd  w ith  our c lin ica l expe rience . For this reason, cases e n co u n te re d  by th e  authors over 
the  last 14 years w e re  rev iew ed  a n d  from  2000 the  senior a u th o r a c tive ly  sought ou t a d d itio n a l 
d a ta  on similar cases e n co u n te re d  by co lleagues in p ra c tic e . This p a p e r presents an  analysis 
o f the  d a ta  from  this survey. The d a ta  was scrutinised w ith  the  a im  o f d e ve lo p in g  a c lea re r 
understand ing  o f th e  host:paras ite :env ironm ent re la tionsh ip  for N ocard ia  spp e n c o u n te re d  in 
Australia in re la tion  to  d iffe ren t m a m m a lian  hosts.

Retrospective study of 17 new cases from Australia
Our re trospective  analysis id e n tifie d  17 fe line cases b e tw e e n  1990 a n d  2004. Interestingly, there  
w ere  no isolates from  dogs subm itted  to  our la b o ra to ry  during the  study pe riod . There w ere, 
how ever, one  isolate from  a koa la  (w ith pneum on ia  a n d  puru len t pleurisy) a n d  tw o  from  da iry 
cow s (bo th  w ith  mastitis). W e re co ve re d  freeze d ried  isolates from  five dogs w ith  N ocardia  
in fections from  the  1950s (1953-septicaem ia; 1953-no c lin ica l history; 1953-sinus on h ind limb; 
1955-prescapular lym ph n o d e  a n d  lung; 1957-pyothorax a n d  lung abscess), a n d  a fu rther case 
o f bov ine  mastitis from  1978, b u t case  notes for these cases w ere  irre trievab le . Interestingly, o f 
these e ig h t non-fe line  cases, six (75%) w ere  N nova  in fections.

Most ca ts  p resented  w ith  slowly spread ing  lesions o f the  subcutis a n d  skin assoc ia ted  w ith  
d ra in ing  sinus tract(s). Early lesions consisted o f c ircum scribed  abscesses. The in fe c tio n  spread 
a t a  va riab le  ra te , gene ra lly  by  extension to  a d ja c e n t tissues, possibly v ia  the  lym pha tics . Skin 
overly ing in fe c te d  tissues som etim es sloughed. C y to lo g ica l exam ina tion  o f e xu d a te  from  
d ra in ing  tracts  show ed pyog ranu lom a tous  in flam m ation  a n d  e v id e n c e  o f tissue necrosis. The 
c lin ica l course o f cases w as h igh ly va riab le , from  ch ron ic , indo len t, loca lised  disease to



fu lm ina ting  d issem ina ted  in fections. M ost cases w o u ld  ha ve  a t first have  b e e n  classifiab le  as 
lim ited , lo ca l in fections seconda ry  to  p e n e tra tin g  injury.

O f th e  17 ca ts, the re  w ere  13 dom estic  shorthairs, th ree  p e d ig re e  ca ts  (1 Siamese, 1 Persian 
cross, 1 British shorthair), w h ile  th e  status o f one  c a t  w as un reco rde d . The w as a m arked  
p re p o n d e ra n c e  o f m a le  ca ts  (12 ca s tra te d , 1 entire  young adu lt, 1 entire  k itten); the  rem a in ing  
th ree  ca ts  w e re  spayed  fem ales. The a g e  o f a ffe c te d  ca ts  ra n g e d  from  5 m onths to  16 years 
(m ed ian  10 years). Thus, 9 o f 17 ca ts  w e re  10 years-o f-age  or o lder. The key e p id e m io lo g ic  
points w e re  th a t m a le  ca ts  w e re  over-rep resen ted  w ith in  the  co h o rt bu t th a t p e d ig re e  ca ts  
w e re  not, c o m p a re d  to  our re fe re n ce  hosp ita l p o p u la tio n . W ithout d o u b t, N ocard ia  in fections 
w ere  m ore co m m o n  in ca ts  th a n  dogs.

Age of cats with Nocardia sp infection
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Age distribution of 17 cats with Nocardia infections

The b re a kd o w n  o f N ocard ia  isolates by species w as as follows: 9 N nova, 3 N farcin ica, 2 N 
cry iac igeorg ica , 1 unde te rm in ed  (an tib iog ra m  suggestive o f N nova ) a n d  2 insuffic ient d a ta  
re trievab le . O verall, a t least 9/17 (53%) a n d  p ro b a b ly  m ore th a n  10/17 (>59%) w ere  N nova  
in fections. The a c u te  case w ith  rap id  progression a n d  likely d issem ination w as a N farc in ica  
in fec tion . The susceptib ility  d a ta  for our strains w e re  in gene ra l a g re e m e n t w ith  w h a t has been  
pub lished for strains o f N ocard ia  iso la ted from  hum an  patien ts, as e x p e c te d  for a  sap rophy tic  
p a th o g e n .

In terms o f possible predispositions, o f 16 ca ts  w h e re  suffic ien t in fo rm a tion  w as re trievab le , 
im m e d ia te  a n d /o r  predisposing causes co u ld  be  iden tified  in all cases (as follows); renal 
transp lan t (cyc losporine , aza th iop rine , m ethy lp redn iso lone) [1 ca t); ch ron ic  co rticos te ro ids  [3 
ca ts ] -  in fla m m a to ry  b o w e l disease progressing to  lym phom a  [1 c a t],  a lle rg ic  derm atitis  [1 
c a t ] ;  p la sm a cy tic  stom atitis (w ith ch lo ram buc il) [1 c a t];  w e ig h t loss/low fa t d ie t fo llow ing  
chy lo tho rax  surgery [1 c a t];  figh t injuries [7 ca ts ]; FIV in fections [3/7 ca ts  tes ted ]. Thus, 
corticostero ids, c y to to x ic  drugs, likely long -s tand ing  FIV in fec tion  (all FIV-positive ca ts  w e re  
o ld e r th a n  10 years), a n d  possibly a g e  pe rse ,w ere  iden tified  as p o te n tia l predisposing factors. 
P enetra ting  traum a , typ ica lly  from  c a t bites or scratches, has been  w itnessed or suspected  in 
th e  m a jo rity  o f skin/subcutis in fections. Predisposing causes for the  tw o  cases w ith  respiratory 
invo lvem en t cou laho t be  d e te rm in e d  w ith  ce rta in ty , a lth o u g h  viral resp ira tory disease w as a 
possibility in the  k itten. The a b d o m in a l case  m a y  ha ve  resulted from  p e n e tra tin g  injury as the re  
was a 2 cm  n odu la r lesion w ith in  the  tissues surrounding the  um bilicus.

In terms o f th e  a n a to m ic a l distribution o f the  lesions, 14/17 in fections invo lved  the  skin a n d  
subcutis, w h ile  th e  rem a in ing  th ree  cases consisted o f an  a b d o m in a l mass [1 c a t],  a sinonasal 
in fe c tio n  [1 c a t] a n d  pneum on ia  w ith  pu ru len t pleurisy [1 c a t].  In tw o  cases, skin lesions m ay  
h a ve  b e e n  the  prim ary site o f in fec tion  or a  m an ifes ta tion  o f a  d issem inated disease process. 
The lesions o f th e  skin/subcutis w e re  as follows: righ t h ind lim b -  toe , righ t tarsus, nasal p lanum



a n d  b ridge  o f nose, righ t side o f chest a n d  m ed ia l th igh, distal limbs, a n g le  o f ja w /v e n tra l h igh 
ce rv ica l, peri-auricu lar, m e ta ca rp a l/ta rsa l pads o f all fee t, inguina l fa t  p a d  a n d  la te ra l flanks, 
fo re lim b a n d  ingu ina l pannicu lus. C learly, in fections o f the  skin a n d /o r  subcutis com prised  the  
vast m a jo rity  o f cases, a lth o u g h  the  u p p e r a n d  low er respiratory tra c t a n d  a b d o m in a l c a v ity  
co u ld  be  a ffe c te d  also. Furthermore, the  sites o f in fec tion  w ere  those e x p e c te d  from  c a t  figh t 
injuries, sites o f p e n e tra tin g  traum a  from  w a lk ing  on sharp ob jec ts  (distal limbs) or possibly from  
m e c h a n ic a l inocu la tio n  v ia  insect bites (nasal planum).®®

It was o f g re a t interest th a t th ree  cases w ith  n o ca rd ia l pannicu litis  w e re  very rem in iscent o f 
rap id ly  g row ing  m y c o b a c te r ia l in fections in te rm  o f an a to m y, lesion a p p e a ra n c e  and  
cy to p a th o lo g y ; in p e o p le  such lesions w o u ld  be  described  as a c tin o m y c o tic  m yce tom as. Two 
w ere  caused  by N farcin ica, w h ile  th e  th ird was caused  by N nova.

Several o f the  ca ts  w ith  N ocardia  in fections h a d  seconda ry  disease m anifestations. Two ca ts  
h a d  uveitis/keratitis; b o th  h a d  N nova  in fections. O ne  c a t had  increased ALP a n d  ALT activ ity , 
fever, ja u n d ic e  a n d  m ic ro a n g io p a th ic  ha e m o ly tic  a n a e m ia ; this p a tie n t had  a cu te , severe 
disease due  to  N farc in ica  w ith  sepsis, vascu la r injury and  possibly d issem ination to  the  liver.

O f the  17 cats: th ree  w e re  cu red  or p ro b a b ly  cu re d  (includ ing one  th a t subsequently d ro w n e d  
in a sw im m ing poo l a n d  had  no residual disease a t necropsy); four w e re  th o u g h t to  be  cu red  
bu t recurred a fte r several m onths (one o f these responded  partia lly  to  second  course o f 
th e ra p y  b u t was e u than ased  because  o f renal failure; th ree  a re  curren tly  rece iv ing  a second  
course o f the rapy); tw o  ca ts  pa rtia lly  responded  to  th e ra p y  bu t was eu thanased , w h ile  
an o th e r was im prov ing  w hen  it d ie d  o f d ia b e tic  com p lica tio n s  seconda ry  to  tre a tm e n t o f 
renal a llo g ra ft re jec tion ; tw o  d ie d  desp ite  th e ra p y  (the c a t  w ith  d issem inated N farc in ica  
in fec tion  a n d  the  k itten  w ith  pyo tho rax); tw o  w e re  e u than ased  (one w ith o u t th e ra p y  w h ich  
w as found  to  have  co n cu rre n t lym phom a  a t necropsy); fo r th ree  ca ts  the re  w ere  e ithe r 
insuffic ient records or th e  pa tien ts  w e re  lost to  fo llow  up.

C erta in  q u a lita tive  observations c a n  be  m a d e  fo llow ing  a d e ta ile d  analysis o f the  case  notes. 
M any  pa tien ts  s ta rted  w ith  loca lised in fections o f lim ited  v iru lence. Most o f these w ere  caused  
by N nova or N cry iac igeorg ica . If tre a te d  ap p ro p ria te ly , the re  w as o fte n  a p ro m p t response 
o e rapy, even  in the  setting o f im m uncom prom ise . However, if de fin itive  tre a tm e n t was 

d e la ye d  or in a p p ro p ria te  because  o f m isdiagnosis, in fections b e c a m e  ch ron ic , extensive a n d  
o fte n  re frac to ry  to  m e d ica l a n d  surgical in terventions. Indeed , recu rrence  fo llow ing  
a p p ro p ria te  a n d  a p p a re n tly  successful th e ra p y  was c o m m o n  a n d  p ro b le m a tic . The c a t 
suspected  o f hav ing  a d issem inated in fec tion  d u e  to  N farc in ica  d ie d  desp ite  tim e ly  th e ra p y  
w ith  a p p ro p ria te  antim icrob ia ls , a lthoug h  in h indsight this c a t  m ay  have  b e n e fite d  from  
in travenous th e ra p y  using am ikac in  a n d  im ipenem . It is w orth  em phasising th a t am oxic illin  
c la v u la n a te  a n d  the  flouroqu ino lones w ere  found  to  be  in e ffe c tive  in tre a tin q  all Nocardia  
in fections in w h ich  th e y  w ere  utilised.

Metanalysis of 21 feline cases reported previously from Australia and overseas
In genera l, the re  w ere  m any  similarities b e tw e e n  the  series o f cases re p o rte d  here, a n d  those 
cases re p o rte d  previously, a p a rt from  a b ro a d e r range  o f N ocard ia  sp rep resented  in the  
literature. The la tte r observa tion  m ay  be  a ttr ib u ta b le  to  the  te n d e n c y  to  repo rt a  Nocardia  
case because  the  species iso la ted h a d  never previously b e e n  described  as p ro d u c in g  disease 
in th e  c a t. In the  m etanalysis coho rt, the re  was a striking p re p o n d e ra n c e  o f m a le  cats. 
Interestingly, a lth o u g h  there  was a w id e  spread o f ages, m any  o f the  ca ts  w ere  o lde r th a n  10, 
w h ich  is coun te rin tu itive  if figh ting  p e r se is th o u g h t to  be  the  p rinc ipa l predisposing even t. 
Insuffic ient cases w ere  tested  for retroviruses to  m ake  any  co m m e n t co n ce rn in g  this p o te n tia l 
predisposition. O f the  21 re po rted  cases, ten  ca ts  h a d  lesions o f the  skin or subcutis (abscesses 
or a c tin o m y c o tic  m yce tom as), four h a d  pu lm onary  disease (nodu la r lung lesions or 
em p ye m a ), one  h a d  peritonitis w h ile  tw o  h a d  d issem inated disease. The c lin ica l course o f 
cases was high ly va riab le , from  ch ron ic , indo len t, initially loca lised disease o f the  subcutis to



a c u te  a n d  fu lm ina ting  in fections. There w as c le a r e v id e n ce  o f spread to  con tiguo us  tissues, 
espec ia lly  w h e n  de fin itive  diagnosis w as d e la y e d  a n d  in a p p ro p ria te  th e ra p y  im p le m e n te d ! 
e .g . surgery w ith o u t e ffe c tiv e  an tim ic rob ia ls  or co rticos te ro id  adm in is tra tion . Spread w as by 
lo ca l extension, a n d  possibly v ia  the  lym pha tics  based on the  a n a to m ic  d istribution o f lesions. 
A lfhough  som e cases h a d  sulphur granules in w o u n d  exudates, m any  d id  not. The prognosis 
a p p e a re d  to  be  g u a rd e d  overa ll, a n d  o f th e  lim ited  num ber o f cases th a t responded , all bu t 
one  w ere  tre a te d  using trim e thop rim -su lpho nam ide  com b ina tion s  (dosage  range : 15 to  40 
m g /k g  tw ic e  da ily) as th e  c h ie f c o m p o n e n t o f the rapy : the  rem a in ing  c a t  w as tre a te d  using 
c la rith rom yc in . Several reports utilised am p ic illin  or erythrom ycin , e ithe r in c o n c e rt w ith  TMP- 
su lphonam ide , or in sequen tia l th e ra p y . A  weakness o f m any reports w as the  u n re co rd e d  
pe riod  o f fo llow -up , w h ich  m a d e  co m m e n tin g  on  the  propensity  to  recur impossible.

Discussion
A num be r o f new , im p o rta n t find ings w e re  e v id e n t from  this study o f N ocard ia  cases. 
P ene tra ting  injury or fig h t w ounds, p resum ab ly  c o n ta m in a te d  by dirt, w e re  responsible fo r most 
in fections o f th e  skin a n d  subcutis, a n d  possibly th e  a b d o m in a l ca v ity . O ne c a t  h a d  lesions on 
th e  nasal b r id g e ,79 a reg ion  re ce n tly  shown to  be  assoc ia ted  strongly w ith  c a t  sc ra tch  injuries, 
w h ile  lesions th a t s ta rted  in th e  ingu ina l pann icu lus reg ion m a y  have  arisen d u e  to  
co n ta m in a tio n  o f raking injuries in flic te d  by  th e  hind limbs. There ha ve  been  a nu m b e r o f 
re ce n t papers th a t ha ve  em phasised th a t the  c law s o f ca ts  m ay  a c t  as m e c h a n ic a l vecto rs  
a n d  in o cu la te  N ocard ia  spp in to  th e  skin a n d  subcutis o f hum an pa tien ts ,73-76 a n d  th e  sam e is 
likely also fo r a ffe c te d  felines. The c a t  w ith  a b d o m in a l in vo lvem en t m ay ha ve  b e e n  b itte n  
th rough  th e  full thickness o f th e  a b d o m in a l w a ll. In con trast, in fe c tio n  o f the  sinonasal reg ion  
a n d  lungs presum ab ly  resulted from  nasal or a lve o la r deposition  o f in fectious p ropagu les  from  
dusty environm ents ha rbouring  fra g m e n te d  n o ca rd ia l e lem ents.

A p e rtinen t new  observa tion  w as th a t N ocard ia  spp w ere  c a p a b le  o f p ro d u c in g  gross lesions 
ind istingu ishable from  the  pann icu litis  syndrom e trad itiona lly  assoc ia ted  w ith  rap id ly  g row ing  
sap rophy tic  m y c o b a c te r ia  such as M sm egm atis , M fortuitum  a n d  M chelonae. Lesions w ere  
present in e ithe r th e  ingu ina l reg ion  or th e  b o d y  w all, m u ltip le  d ra in ing  sinus trac ts  w e re  
prom inen t, in fections a p p e a re d  c e n tre d  on th e  fa tty  subcu taneous pann icu lus a n d  organism s 
w e re  present m ic roscop ica lly  in lip id  vacuo les  in associa tion  w ith  pyog ranu lom a tous  
in fla m m a tio n  (inc lud ing  Langerhans ty p e  g ia n t cells). This suggests th a t, like rap id ly  g row ing  
m y c o b a c te r ia , N ocard ia  spp m ay fa vo u r a n a to m ic  regions high in fa t. The resulting lesions in 
a ffe c te d  ca ts  b e a r m any  similarities to  th e  a c tin o m y c o tic  m yce tom as  desc ribed  in p e o p le , 
w h e re  th e  co n d itio n  tends to  o c c u r  b a re fo o t rural workers. H ow ever, unlike th e  s itua tion  in 
p e o p le , N brasiliensis is no t the  cu lp rit. The im p o rta n ce  o f c y to lo g y  a n d  cu ltu re  in such cases 
c a n  the re fo re  no t b e  overem phasised , as c h o ic e  o f an tim icrob ia ls  is very d iffe re n t fo r the  
respec tive  classes o f m icroorganism s. A sim ilar case  has been  described  in the  early  lite ra ture , 
b u t w ith  a  focus on m ic ro b io lo g y  ra th e r th a n  c lin ica l aspec ts ,16 w h ile  the  p resence  o f 
N ocard ia  filam ents in a  lip id  va cu o le  is m e n tio n e d  in c iden ta lly  o f a  hum an  case  repo rt.68

Cats w e re  m uch  m ore likely to  b e c o m e  in fe c te d  th a n  dogs in our case  rec ru itm en t a rea . This 
reason for this is cu rren tly  unclear, a n d  stands in con tras t to  te x tb o o k  a cco u n ts  o f disease 
b e in g  m ore co m m o n  in dogs th a n  cats. M ost texts refer to  the  la rge  series o f 53 cases re p o rte d  
b y  B eam an a n d  Sugar, in w h ich  d is tem pe r w as said to  b e  an  im p o rta n t predisposition. The 
ex trem ely  low  p re v a le n c e  o f d is tem per (and  o the r viral resp ira tory pa thogens) in eastern 
Australia m a y  h a ve  the re fo re  exp la ine d , in pa rt, the  low er fre q u e n cy  o f ca n in e  nocardiosis. 
The d isc re p a n cy  m a y  also be  re fe rab le  to  a h igh frequency , in ce rta in  regions, o f Nocard ia  
in fections o f th e  lungs a n d  p leura  subsequent to  inha la tion  o f grass awns c o n ta m in a te d  by  soil 
or d irt. The s itua tion  m a y  h ave  b e e n  d iffe re n t in the  1950s, as all five small an im a l isolates from  
our a rch iva l c o lle c tio n  o f organism s h a d  b e e n  c o lle c te d  from  dogs. It is w orth  s ta ting  also th a t 
p yo th o ra x  m uch  m ore  co m m o n  in ca ts  th a n  in dogs in our case  rec ru itm en t a rea , a n d  most 
cases a re  p o lym ic ro b ia l a n a e ro b ic  in fections.
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Male cats w ere markedly over-represented in com parison to fem ale cats. A similar 
p repo n d eran ce  of males is seen  in can ine nocardiosis9 an d  in our metanalysis of published 
cases. The striking p rep o n d eran ce  of m ale cats m ay reflect their g rea ter likelihood to roam, 
fight and  sustain penetrating injuries, especially w hen young adults, although alternately it 
coulcteflect the tendency  for FIV-related immunosupression to b e  a  predisposing cau se  in 
certain patients. There ap p ea rs  to b e  a  tend en cy  for older cats to be  a t increased risk for 
developing Nocardia  infections. As younger ca ts are more likely to roam  an d  fight, and  h en ce  
to sustain predisposing wounds con tam ina ted  by soil, ano ther m echanism  must a cc o u n t for 
just over half the cases being in excess of 10 years-of-age a t diagnosis. Perusal of the patien t 
characteristics suggest tha t the  p resence of concurrent disease, either long-standing FIV 
infection or chronic inflammatory disorders requiring immunosuppressive therapy is likely to 
accoun t, a t least in part, for this predisposition. Many of the cats w ere receiving long-term 
corticosteroid therapy for conditions such as inflammatory bowel disease, plasm acytic 
stomatitis, allergic dermatitis an d  as a  com ponen t of anti-rejection therapy in the  setting of 
renal transplantation. The high proportion of cats with an  identifiable cau se  of 
immunosupressioncomprising a t least 7/15 cats for which sufficient information w as av  ailable, 
is in contrast to the majority of the  saprophytic infectious diseases studied previously by our 
group such as cryptococcosis an d  m ycobacterial syndromes.77-78 It is worth mentioning also 
tha t rapidly growing m ycobacterial infections are  more com m on in fem ale cats, presumably 
b eca u se  they are more likely to b e  obese, an d  tha t on the whole younger ca ts  tend  to be  
affec ted  (need d a ta  from old paper). Pedigree cats w ere not over-represented within this 
cohort, suggesting tha t unlike infectious diseases such as cryptococcosis81 and  feline infectious 
peritonitis, subtle immune defects in purebred cats are  generally not involved in predisposing 
to infection with saprophytic opportunistic pathogens.

A fascinating observation w as the large proportion of N nova  infections, echoing the recen t 
p ap e r based  on a  m uch smaller num ber of cases21 by Hirsh and  Jang  from a  part of Norfh 
America climatically similar to eastern Australia. At least 59% of our feline cases w ere cau sed  
by this species, and  75% of non-feline Nocardia  infections in animals w ere likewise cau sed  by N 
nova. Interestingly, the antibiogram s of two isolates from Australian cats reported  previously 
with Nocardia  infections w ere typical of N nova.30-73 This observation should b e  seen in contrast 
to d a ta  from hum an patients. Of specim ens submitted to Q ueensland M ycobacterium  
Reference Laboratory from 1998 to 2002, there w ere a  total of 518 Nocardia isolates: 274 
respiratory and  214 from wounds (mostly of the hands and  feet). From wounds, the breakdow n 
of species was: N asteroides 8%, N brasiliensis 74%, N farcinica 5%, N nova 7%. From respiratory 
infections, the breakdow n was: N asteroides 41%, N brasiliensis 3%, N farcinica 20% an d  N nova  
27%. Not only is N nova  the most com m on N ocardiae affecting ca ts  in Australia, it is markedly 
overrepresented in feline subcutis infections co m p ared  with hum an w ound infections. (9/17 v 
15/217; P = .... using Fishers Exact test). The reason for this is not currently understood, but 
probably reflects the frequently with which this species in encoun tered  in dirt or soil frequented 
commonly by cats. Similar considerations likely acc o u n t for the over representation of 
M ycobacterium  sm egmatis versus other rapidly growing m ycobacteria  such as M fortuitum in 
cats co m p ared  to peop le .77-78

The antibiogram  ob ta ined  in our laboratory provided an  early indication of N nova  infections, 
as isolates ten d ed  to have a  'favourable ' antibiogram , with susceptibility to sulphonamides, 
tetracyclines (minocycline, doxycycline), macrolides (erythromycin, clarithromycin) an d  
paradoxically ampicillin and  amoxicillin but not amoxicillin clavulanate. N nova  strains w ere 
generally resistant to fluoroquinolones. Clearly, this specific antibiogram  is of g rea t m om ent 
with respect to therapy. The N nova  susceptibility pattern  permits use of lower an d  therefore 
more tolerable doses of TMP-SMX b eca u se  the sulphonam ide c a n  b e  given in concert with 
another ag e n t such as clarithromycin or amoxicillin. A variety of drug com binations, given 
simultaneously or sequentially, c a n  therefore be  utilised in N nova infections, creating  m any 
options for long term treatm ent of affec ted  cats. The failure of amoxicillin c lavu lanate  to work 
in vitro or in vivo is apparently  rela ted  to the po ten t induction of chrom osom al m em brane- 
bound ^-lactam ase by clavulanic acid, an d  certainly it has b een  our experience tha t



amoxicillin clavu lanate  is ineffective in treating infections cau sed  by this species, as are  the 
fluoroquinolones.

The majority of ca ts  with Nocardia  infections had  a  witnessed or suspected  penetrating  
wound, usually as a  result of a  c a t  bite or scratch. As cats th a t tend  to fight a re  also a t 
increased risk of acquiring FIV infection, the interpretation of any potential direct association 
be tw een  FIV infection an d  nocardiosisis problem atic , especially in th e  a b se n c e  of d a ta  such 
as the  CD4 count or viral load. The im portance of pre-existing immunosuppressive drug 
therapy  or concurrent d isease (lymphoma, renal disease) in the  study cohort is also difficult to 
interpret with certainty. Immunocompromise is a  well-established risk facto r for nocardiosis in 
hum an patients, an d  the  sam e is likely true within our feline cohort. In hum an m edicine, 
Nocardia  spp are  considered to b e  opportunistic pathogens, which tend  to cau se  localised 
disease in normal hosts an d  more serious an d /o r dissem inated disease in settings such as 
corticosteroid therapy, organ transplantation an d  lymphoid neoplasia. A com pilation of over a  
thousand randomly se lec ted  cases from the hum an literature show ed tha t more than  60% of 
nocardiosis cases are  associa ted  with pre-existing immune com prom ise, ranging from 
alcoholism and  d iabefes fo organ transplantation and  AIDS.

A num ber of key points concerning c a se  m anagem en t, response to therapy  an d  prognosis 
c a n  b e  m a d e  from a  review of the  patien t records. Positive confirmation of the  diagnosis by 
culture and  appropria te susceptibility testing was very helpful, especially in cases w here 
antibiogram  provided several a lte rna te  drugs suitable for long-term oral therapy. Delays in 
making a  definitive diagnosis significantly com prom ised the  response to therapy. 
M onotherapy with oral antimicrobials shown to b e  effective in vitro did not invariably work in 
vivo. For exam ple, one c a t  with a  localised N nova  infection susceptible to tetracyclines did 
not respond to appropria te  doses of doxycycline (5mg/kg orally tw ice daily) following 
a d e q u a te  surgical d ra inage (case 5), a  c a t  with N nova  skin lesions failed to respond to two 
w eeks of amoxicillin (case 9), while a  c a t  with N farcinica did not respond to recom m ended  
doses of TMP-SD (case 11). Such discrepancies occur also in hum an patients.68 Treatm ent with 
amoxicillin clavulanate or enrofloxacin w as ineffective in all cases in which these drugs w ere 
utilised. TMP-SD a t a  dose of 15-30 m g/kg twice daily was often effective, but not always well 
to lerated , resulting in excessive salivation (due to the bitter taste  an d  accord ing  to  the  drug 
formulation), vomiting an d  partial to com plete  anorexia. For N nova  infections, amoxicillin (20 
m g/kg twice daily) com bined  with clarithromycin (62.5 mg to 125mg tw ice daily) an d /o r 
doxycycline (5 m g/kg or higher tw ice daily) provided an  effective, affordable synergistic63 
com bination in a  few instances, following preliminary therapy with TMP-SD. Such com binations 
m ay prove superior to sulphonam ides for long-ferm consolidation therapy following preliminary 
treatm enf with TMP-SMX an d /o r am ikacin. The total duration of therapy  should b e  in the  order 
of a t least 3 to 6 months, as shorter periods not uncommonly resulted in recurrence. Such long 
trea tm en t courses of sulphonam ides, especially a t high doses, m ay result in bone  marrow 
suppression, with an aem ia  an d  neutropenia. Based on two ca ts  in our series an d  a  g rea t 
num ber of reports from the  hum an literature, Nocardia farcinica infections a re  predictably 
drug resistant, highly pathogen ic , an d  therefore require more aggressive fherapy fo effect a  
successful outcom e. In such infections, initial parenteral therapy with am ikacin or im ipenem  is 
recom m ended  in addition to TMP-SMX, an d  linezolid an d  minocycline m ay b e  useful for follow- 
up oral theapy .64 The availability of an  injectable TMP-sulphonamide com bination is of g rea t 
benefit, as it ensures effective therapeu tic  levels ca n  b e  ob ta ined  even  w hen the  pa tien t is 
not eating  or vomiting. Sulpham ethoxazole is said to b e  superior to sulphadiazine as it has less 
propensity to cau se  nephrotoxicity. Linezolid dem onstrates activity in vitro against all clinically 
im portant Nocardia  species an d  holds promise as it is effective orally an d  the  few patienfs in 
which it has b een  evalua ted . It is however, extremely expensive an d  currently beyond the 
b u d g e t for mosf feline patients. New quinolones (e.g. moxifloxacin) an d  macrolides which are  
effective orally also offer promise for therapy in the future.

The prognosis for Nocardia  infections should b e  considered g u ard ed  based  on th e  present 
series of cases. With earlier diagnosis, however, an d  the use of synergistic or additive drug



com binations, a  be tte r prognosis c a n  likely be  offered in the future. Cases in which 
appropria te  specim ens w ere co llected  in a  timely fashion, permitting effective therapy to be  
im plem ented sooner, rather than  later, generally h ad  a  favourable outcom e. The high ra te  of 
recurrence, even with this best c a se  scenario, em phasises the n eed  for long term follow-up 
therapy for a  p ro trac ted  period, probably in the order of 6 months, in order to perm anently 
eliminate the  infection. Presumably this reflects the time necessary for erad ication  of all 
organisms from the tissues by phagocytosis in the setting of an  effective cell-m ediated immune 
response.

M anagem ent recom m endations extrapolated from human patients J id C t A  C
Although is should go  without saying, culture, species identification an d  susceptibility is 
m andatory  w hen dealing with Nocardia  cases and  ideally results should b e  confirmed a t a  
reference laboratory. Especially in a  veterinary setting, the  isolation of N cryiacigeorgica  or N 
farcinica (which are  often resistant to macrolides, tetracyclines an d  the  penicillins) is much 
more problem atic than  dealing with N nova for which there is a  m uch wider cho ice  of well 
to lerated  antimicrobials.

Clinical experience in hum an patients has shown tha t successful therapy requires the use of 
antimicrobials com bined with appropria te  surgical d ra inage or debridem ent. Because 
Nocardia  lesions are  highly exudative an d  the purulent fluid contains para-am inobenzoic acid  
(formation of which is the rate-limiting step in substrate inhibition by sulphonamides) removal of 
purulent material is an  essential com ponen t of successful therapy. Optimal antimicrobial 
regimens have not b een  established by controlled clinical trials in humans, let alone in 
veterinary patients. Initial selection of a  therapeutic regim en should take into a cc o u n t the site 
an d  severity of infection, the host immune status, potential drug toxicity an d  the species of 
Nocardia. Antimicrobial susceptibility testing is a  useful guide to therapy in som e settings, but 
results should b e  interpreted with caution, given the paucity  of studies correlating laboratory 
d a ta  with clinical outcom es. Indeed, discrepancies be tw een  in vitro d a ta  an d  clinical 
ou tcom e are  well docum ented , an d  our more limited veterinary d a ta  supports this notion. The 
National Com m ittee for Clinical Laboratory Standards (NCCLS) has recently approved  a  
m ethod for antimicrobial testing of the  aerobic actinom ycetes using broth microdilution, 
although E-test a n d  BACTEC m ethods m ay b e  more useful in the  routine clinical laboratory.

ulphonam ides have b een  the mainstay of therapy for Nocardia  infections since their 
introduction in the 1940’s.70 In hum an patients, they are  considered the trea tm ent of cho ice for 
nocardiosis d ue  to N asteroides com plex (including N nova). In severely ill patients, however, 
two or more drugs, which m ay include a  sulphonam ide, are  generally prescribed. Indeed, 
com bination therapy  with amikacin an d  a  c a rb a p e n e m  or third generation cephalosporin 
should b e  considered for primary therapy in the setting of severe progressive infection. 
Although sulphonam ides are  less effective in vitro against N otitidiscaviarum, they have b een  
curative in cases of cu taneous infection. TMP-SMX is the formulation currently preferred by 
most clinicians, despite the ab se n c e  of conclusive clinical d a ta  supporting increased efficacy 
co m p ared  with the traditional sulphadiazine and  sulfisoxazole. In adult hum an patients with 
normal renal function an d  localised disease, the recom m ended  dose of TMP-SMX is 5-10 
m g/kg (TMP) an d  25-50mg/kg daily (SMX) in 2 to 4 divided doses, depend ing  on the extent of 
disease. In patients with primary cu taneous infection, including sporotrichoid nocardiosis, the 
lower end  of this d o sag e  range is sufficient when com bined  with appropria te  surgical 
debridem ent. In severely ill or immunosupressed patients, two or more drugs, which may 
include sulphonamides, are  frequently prescribed.Sulpha diazine m ay cau se  oliguria, azotem ia 
and  crystalluria in patients who fail to  maintain a  high fluid intake, although this ca n  be  
prevented  by alkalinising the  urine. O ther drugs com bined  with sulphonam ides ca n  have an  
additive or even  a  synergistic effect, an d  in particular the  com bination of amoxicillin and  TMP- 
SMX is synergistic against susceptible strains such as N nova.

When extrapolating these guidelines to feline patients it must b e  borne in mind tha t ca ts  not 
uncom monly show adverse effects w hen given TMP-sulphonamide com binations a t high



doses or for long periods. H ence, sequential therapy, starting with a  sulphonam ide based  
com bination (perhaps in com bination with ampicillin/amoxicillin or amikacin), an d  later 
alternating with less toxic agen ts  such as clarithromycin or doxycycline/minocycline m ay 
prove especially useful. Indeed,further dosing with the sulphonam ide m ay b e c o m e  possible a t 
a  later point in time, a  strategy p ioneered  by D avenport and  Johnson.18

In summary, the cho ice  an d  dose of antimicrobial drugs, an d  the duration of therapy, d e p e n d  
on the  site(s) an d  extent of infection, underlying host factors, the species of Nocardia  and  the 
clinical response to initial m an ag em en t. Sulphonamide therapy remains the trea tm en t of 
cho ice  in hum an patients with nocardiosis, an d  it is likely to b e  true also for feline patients, a t 
least for preliminary therapy. As there are  sometimes issues to do  with formulation, coating  of 
fablets and  the bitter taste  of sulphonam ides leading to excessive salivation, it has b een  
suggested  tha t off label use of the Tribrissen Piglet suspension (Jurox, Australia) is ad v an tag eo u s  
b eca u se  it is p a la tab le  an d  easy to  administer, with an  appropria te  ratio of TMP to SD of 1:5.29 
The use of additional parenteral drugs in severely ill feline patients, for exam ple, amikacin, 
im ipenem or ceftriaxone, m ay improve prognosis, especially in the im m unocom prom ised and  
patients with N farcinica infections. In a  veterinary setting, patients with dissem inated disease, 
pulmonary involvement, a d v a n c e d  disease or concurrent predisposing conditions 
(immunosuppressive drug therapy, d iabetes, FIV) m ay w arrant initial com bination drug therapy 
using one or more bactericidal intravenous agents. Alternative regimens are  required in 
patients unable to tolerate, or w ho fail therapy with, sulphonam ides. There are  a  num ber of 
suitable com binations tha t m ay b e  app licab le  for susceptible species, including N nova.

The p la ce  of surgery in the m an ag em e n t of nocardiosis d ep en d s  on the site an d  extent of 
infection. Indications for aspiration, d ra inage  or excision of abscesses are  similar fo those for 
other chronic bacterial infections. Therapeutic aspiration is generally in a d eq u a te  in patients 
with thick-walled multiloculated abscesses, which contain  little free-flowing pus, including 
patients with m ycetom as. Such cases require aggressive surgical debridem ent a n d  d ra inage 
to effect a  cure. Certain mycetoma-like lesions m ay benefit from en bloc  resection and  
w ound reconstruction, an  ap p ro ac h  tha t has proved especially effective in ca ts  for lesions 
cau sed  by rapidly growing m ycobacteria  in cats an d  dogs.77-78 Such surgery should generally 
follow preliminary antimicrobial therapy, to ensure blood levels of antimicrobials known to be  
effective in vitro a re  present in the  tissues during and  after surgery.
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INTRODUCTION

By common definition, D irofilaria immitis is discussed as having a 6-month life cycle 
(infection o f host through development and sexual maturity). The assumption that clinical 
disease does not develop until the parasite is a 6-month-old adult is incorrect.

The initial arrival o f  immature L5 in the small pulmonary vessels o f the lungs is 
associated with an intense eosinophilic pulm onary reaction and clinical and radiographic 
signs may be present in this 3-6 month post-infection period. This 3-month disease cycle 
precedes the production o f microfilaria and circulating antigen by 2-3 months. Because o f 
the difference in the host immune reaction, and mortality o f  the immature L5 worms, the 
clinical signs, diagnosis, and effects o f  prophylaxis are different in the dog vs the cat with 
heartworm infection.

LIFE CYCLE
Adult females (27 cm long) and males (17 cm long) normally reside in the pulmonary 
arteries and right ventricles without causing major occlusion o f  blood supply. 
M icrofilariae (315 pm  long and 6-7 pm wide) are discharged into the blood stream and 
survive 1-3 years. The number o f  circulating microfilaria in dogs is increased in warm 
ambient temperature, after eating, and late at night. The microfilariae are ingested by a 
mosquito during feeding. The infective larvae (L I) migrate to the stomach and then the 
mouthparts (L3) during development. The rate o f  development can be as short as 8 days 
at 30°C or as long as 28 days at 18°C. After a mosquito acquires the microfilaria (L I), 
adequate exposure to warm temperatures must occur during the relatively short life span 
(1 month) o f  many o f the mosquito vectors. The infective larvae are deposited on the skin 
o f  an animal when the mosquito feeds again and the L3 enters through the bite wound. A 
maximum o f 10-12 L3 can be transm itted by a single mosquito.

The L3 stages molt to L4 and L5 (adults) and migrate to the pulmonary arteries arriving 
as L5 (1-2 Cm in length) approximately 90-100 days after infection. These small L5 are 
distributed mainly to the caudal distal pulmonary arteries, and over the next 2-3 months, 
develop to sexually mature adults and migrate back toward the right ventricle. I f  both 
sexes are present, microfilaria are produced 6-7 months after L3 exposure and can be 
detected in the blood in the dog, rarely in the cat. The common detection methods for 
adult antigen are positive typically about 6-7 months after infection. High enough 
quantities o f  the glycoprotein to be detected are only associated with fully mature adult 
female heartworms.



D. immitis - Heartworm or Lungworm

Adult heartworms can live 3-5 years in the dog and 1 Vi-2 years in the cat. A lthough an 
endarteritis is produced, em bolization and total vascular occlusion are rare w hen the 
worms are alive. The severity o f  the pathology is influenced by the num ber o f  parasites 
but pulmonary vascular disease is also exacerbated by the shear stress o f  high blood flow 
associated with exercise. Severe pathology can be induced by low worm burdens in 
athletic dogs. The classically described cor pulmonale syndrome is only induced in dogs 
with an exercise pattern forcing right ventricular hypertrophy from increased cardiac 
outputs and increased pulmonary vascular resistance. In endemic areas, the average worm 
burden in the dog is about 15 worms and in the cat 1-3 worms. High worm burdens can 
be found in dogs with minimal cardiac changes if  the dog is sedentary. Thus the majority 
o f  dogs and almost all cats with heartworm s have no significant clinical disease 
associated with pulmonary hypertension or heart failure. The death o f  worms, either 
spontaneous or induced, is associated with severe pulmonary parenchymal disease. The 
majority o f  the clinical signs and m ost o f  the life-threatening aspects o f  heartworm 
disease are pulmonary function related.

INITIATION OF DISEASE-3 MONTHS AFTER INITIAL INFECTION

W ith the arrival o f  L5 as 1.5 cm worms in the right and left caudal arteries, small vessel 
disease and lung parenchymal pathology are initial insults. As would be expected o f  any 
foreign body o f  this size, the parasite is ejected out the pulmonary outflow tract and most 
are deposited in the right and left caudal pulm onary arteries. Consequently, initial 
damage associated with the 3-6 month post infection period is m ost noted in these 
arteries and caudal lung lobes. The host response to the infection during this initial insult 
is inflammatory and eosinophils can be detected in the alveolar space and interstitium.

In dogs, the majority o f  L5 which arrive in the lungs will survive and develop into adult 
heartworms. In cats, there is a high mortality rate o f  the initial L5 worms. Some cats will 
have all o f the L5 will die during the next months and have no adults at 6-7 months post 
infection.

As the worms increase in size and grow back up the pulmonary arteries towards the heart 
the surface arterial lesions become more evident. The periarteritis allows additional 
leakage and inflammation will extend into the lung parenchyma. At the distal capillary 
bed level, even the alveolar septa will develop edema and injury o f  the capillary beds. 
These lesions are significantly worse associated with dead and dying worms. High flow 
at critical times o f  early lesions will promote fibrosis rather than normal repair 
Demonstration o f  heartworm antigen in interstitial areas distal to the physical presence o f 
heartworms emphasize that the inflammatory response is throughout the pulm onary 
parenchyma. The m icrovascular lesions are severe when worms are alive, but become 
exaggerated associated with worm death. Type 1 pneumocytes are disrupted from the 
endothelial cells, leaving many o f  the alveolar sacs as denuded airways. Although more 
severe in lobes where heartworm s are dying, similar lesions can be demonstrated in other 
lobes. The author has produced similar histologic lesions with cell free extracts o f  adult
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heartworms. The resultant lung injury is typical o f  Adult Respiratory Distress Syndrome 
(ARDS). During these critical times o f  natural or induced worm death, the lung develops 
severe periarteritis, interstitial edema, and acute inflammatory interstitial disease. The 
ciliated bronchial columnar epithelium can also be damaged and undergoes necrosis.

LUNG RESPONSE IN THE DOG n w
(tc -  i / i^ f f iv v \  (xw. p 'l \M>'

After initial endothelial damage and alveolar injury, the body will either attempt to repair 
the lesion with normal cellular structures or repair by scarring and fibrosis. The shear 
forces on endothelial cells during high flow and increased permeability contribute to 
increased capillary bed damage, alveolar flooding, and resulting fibrosis. All o f  which 
contribute to decreased areas o f  gas exchange and promote the fibrosis which further 
increase pulmonary vascular resistance. Unfortunately, the microvascular disease cannot 
be radiographically evaluated and only in dogs where the disease is extreme or the 
exercise pattern o f  the dog has exacerbated the right-sided heart strain, will the typical 
pattern o f cor pulmonale be demonstrated. The microvascular lesion o f  fibrosis o f 
pulmonary capillary bed would appear to be irreversible. Chronic disease is influenced 
by the blood flow through the lungs and number o f  heartworms dying over time.

LUNG RESPONSE TO EARLY INJURY-CAT VS DOG

Response o f the Cat Lung to Adult Heartworm

If the course o f  a D immitis infection is evaluated chronologically, the changing nature o f 
the disease is evident. As the parasite first arrives in the lungs as early as 90 days after 
being infected by a mosquito, the lung responses with intense inflammation and "asthma­
like ' symptoms may develop. The cat has specialized macrophages (Pulmonary 
Intravascular Macrophages- PIMs) in the capillary beds o f  the lung that are not present in 
the dog. After the mature parasite develops, the clinical signs may be intermittent or 
absent. The parasite seems to be able to suppress the macrophage function in the lung.
The cat will have classic radiographic and histologic findings o f  feline heartworms, but 
may not show clinical signs. After the adult parasite develops, the pulmonary 
parenchymal changes and even enlarged caudal pulmonary arteries on VD radiographs 
may decrease. However, at the time o f  worm death, the suppression o f  macrophage 
function is decreased and the lungs become extremely inflamed and the specialized 
macrophages may become important in the intense reaction. The result is a non­
functioning lung and an acute respiratory distress syndrome. Although this reaction can 
occur as the result o f  even a single worm burden, spontaneous death o f  cats from 
heartworm infection is uncommon compared to clinical disease associated with the early 
3-6 month disease. Usually severe dyspnea associated with heartworm disease and 
especially that which results in death is the consequence o f  an adult heartworm dying.
After the removal o f dead heartworms, there may be continued inflammatory lung 
disease in some cats.
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Response o f  the Cat to the Early Infection V
<

The disease associated with feline heartworm infection is a moving target, with the 
pathology, and resulting clinical signs, dependent on the stage o f  the life cycle involved.
Early arrival o f  L5 results in classic asthma-like radiographic and clinical signs. In cats 
during this early part o f  the infection, coughing and dyspnea can be intermittent. A 
peripheral eosinophilia may or may not be present. Typically, the cytology o f  BAL 
reveals an eosinophilic reaction. The radiographic pattern can be dynamic and right-sided 
cardiac changes are not present. The inflammatory pattern in the lung parenchym a is 
peribronchial but may be severe enough to be a diffuse alveolar pattern. Pulmonary 
arterial patterns may be normal although if  the periarterial inflammation is severe, the 
right and/or caudal pulmonary arteries may appear enlarged. Often, the inflammatory 
lung pattern is severe enough that the pulmonary arteries cannot be visualized

Three Month Disease Cycle-Diagnostic And Preventative Considerations

With the initiation o f pulmonary disease at 3 months after the infection, pathology and
clinical signs may be present 3 months before antigen or microfilaria would be present in
the blood and 3 months before heartworms could be visualized echocardiographically
Thus, dogs and cats with lesions during this early phase are "heartworm negative" by the
typically applied screening tests used in practice. Although the radiographic and
histopathologic lesions are present during the early phases (months 3-6 post L3 infection)
in the dog, rarely are dogs presented for clinical signs during this time frame. However
because o f  the intense reaction o f  the cat lung to the arrival o f  these l-2cm  L5 at 3
months and/or the reaction o f the lung to the higher mortality o f  these early young adults ^
clinical signs are frequently noted during this stage o f  the infection.

Some cats will develop these early lesions and become antibody positive, but over time 
(3-6 months) the young adult parasites in the distal pulmonary arteries all die. Although 
this form o f heartworm infection could be considered as "self-curing," lesions were 
induced, clinical signs may have develop, and long term consequences o f  this infection 
are unknown. The alveolar and bronchial changes associated with this early form o f the 
disease will clinically and radiographically mimic "feline asthma." Cats will develop an 
eosinophilic BAL cytology, radiographic bronchial lesions without pulmonary arterial 
changes, and clinical signs o f  coughing and/or dyspnea will respond to typical 
corticosteroid therapies. Cats that are heartworm antibody positive have been 
successfully infected with the L3 which have molted to the L4 and L5, typically 
(depending on the test methods) lived 2 '/2 to 3 months, and may or may not have gone on 
to arrive in the distal pulmonary arteries as L5.

In a study o f cats presented to practicing veterinarians with a history o f coughing and/or 
dyspnea, 42% were heartworm antibody positive. When cats with radiographic lesions 
and/or positive serology were examined over a 3-month time frame, the changes 
demonstrated that this infection is dynamic and a diagnostic challenge. Discordant 
serologic results between test methods can occur because each identifies a different 
antibody during the initial phases o f  the infection.



Consideration in Dogs

With the understanding that dogs also have heartworm lesions associated with this 3-6 
month post infection period, the concept of a "reach back effect" should be revisited. 
Monthly preventatives administered to dogs 3-4 months after infection will be heartworm 
negative when these medications are administered for a 1-year period. However, based 
on histopathologic and serology studies, this should not be considered as a successful 
"preventative" in the typical manner used with owners. Veterinarians assure owners that 
if  a monthly preventative is administered, any exposure initiated in the previous month 
will not be successful in developing in the heart and lungs. However, to suggest that a 
preventative has a reach back effect 3 or 4 months would be inaccurate and incorrect; 
because at this point, these small young adults (L5) are typically already in the distal 
pulmonary arteries inducing damage at that time. As noted in the experimental studies, 
initiation of preventative medications 3-4 months post L3 even allow some of these 
worms to develop long enough to produce antigen before they die.

Dogs that are antigen and microfilaria negative can have 3-6 month old young adults at 
the time of initiation o f monthly preventative medication. As noted in the cat, death o f the 
immature heartworms is associated with increased pulmonary damage. Preventative 
medications which accelerate the death of immature heartworms is also associated with 
an increased inflammatory arterial and pulmonary damage during the time o f worm 
death. However, elimination o f these immature worms is preferred to allowing the worms 
to continue to develop, increasing their size and mass, inducing damage over the next 
several years, and then as a significantly larger worm burden dying and creating 
significantly more damage.
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