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Greetings from the new CJVR Editor

The opportunity to serve the veterinary research community as 
Editor of the Canadian Journal of Veterinary Research (CJVR) is a privi-
lege that I am honoured to undertake. My first research paper was 
published in this journal, then the Canadian Journal of Comparative 
Medicine, in 1980. As a graduate student, that experience taught me 
to appreciate the peer review process and value the critical insights 
of fellow researchers. Later, as a mentor, I typically directed my 
students to the CJVR for their publications, where I trusted that 
their efforts would be met with fair appraisal and sound advice. 
I  will endeavour as Editor to continue to uphold those ethics in 
our publication. I am fortunate to follow the exceptional example 
of retiring Editor, Éva Nagy, who served the journal with skill and 
integrity for more than two decades. I know that the entire CVMA 
Editorial Committee is grateful for her highly competent manage-
ment and collegiality.

With pleasure, I confirm that Marcio Costa and Serge Messier, 
both from the Université de Montréal at St. Hyacinthe, will con-
tinue as Associate and Assistant CJVR Editors, respectively. I am 
also delighted to announce the appointment of Collins Kamunde, 
University of Prince Edward Island, as a new Associate Editor, and 
Juan Hernandez-Medrano, University of Calgary, as a new Assistant 
Editor for the CJVR. With the anticipated future appointment of a 
third Assistant Editor from Saskatoon, we will have ‘boots on the 
ground’ at all five Canadian veterinary colleges. They join the CVJ 
editorial team and the CVMA management team who continue to 
serve the Canadian veterinary community by ensuring the high 
quality of our publications.

We appreciate your support of this journal and invite you and 
your colleagues to continue publishing meaningful research in the 
CJVR.
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Use of this article is limited to a single copy for personal study. Anyone interested in obtaining reprints should contact the CVMA 
office (hbroughton@cvma-acmv.org) for additional copies or permission to use this material elsewhere.

L’usage du présent article se limite à un seul exemplaire pour étude personnelle. Les personnes intéressées à se procurer des 
réimpressions devraient communiquer avec le bureau de l’ACMV (hbroughton@cvma-acmv.org) pour obtenir des exemplaires 
additionnels ou la permission d’utiliser cet article ailleurs.

Le Comité de la rédaction de l’Association canadienne des  
	 médecins vétérinaires (ACMV) dirige la publication des 

deux revues scientifiques nationales aux articles évalués par des 
pairs de l’ACMV : La Revue vétérinaire canadienne (La RVC ) 
et la Revue canadienne de recherche vétérinaire (RCRV ). Jusqu’à 
maintenant, la plupart des membres du Comité de la rédaction 
ont effectué de longs mandats. La tradition se poursuit, mais il 
y a eu plusieurs changements récemment.

Le Dr Ron Lewis a annoncé qu’il quittait son poste de pré-
sident du Comité de la rédaction de l’ACMV. Son départ nous 
attriste, car nous avons immensément bénéficié de son leadership 
réfléchi et de ses conseils avisés au cours des 14 dernières années.

C’est aussi avec regret que nous devons dire au revoir à la 
Dre Éva Nagy, rédactrice de la RCRV. Fait remarquable, elle 
occupait ce poste et s’affairait à faire entendre la « voix » des 
chercheurs canadiens et étrangers de diverses disciplines depuis 
25 ans! Elle a toujours été très professionnelle, extrêmement 
patiente et d’un grand soutien.

Un autre départ important est celui de Heather Broughton, 
directrice des publications depuis 21 ans. Elle a supervisé de 
nombreux aspects administratifs et a participé directement à la 
production des revues, en s’appuyant sur ses nombreuses années 
d’expérience en tant que rédactrice et réviseure.

Trois autres membres de l’équipe de la rédaction ont égale-
ment quitté leurs fonctions. Stella Wheatley, directrice adjointe 
des publications et responsable de la révision scientifique pour 
les deux revues, s’est récemment retirée de La RVC (après 
17 ans), mais elle poursuit son travail avec la RCRV. De plus, 
la Dre Aylin Atilla, spécialiste en chirurgie des animaux de 
compagnie à l’Université de Calgary, et la Dre Emily John, spé-
cialiste en médecine interne des grands animaux à l’Université 
de l’Île-du-Prince-Édouard, ont récemment indiqué qu’elles 
renonçaient à leurs postes de rédactrices adjointes de La RVC. 
Toutes les trois nous manqueront beaucoup et nous les remer-
cions pour leurs contributions.

T he Canadian Veterinary Medical Association (CVMA) 
Editorial Committee oversees publication of the CVMA’s 

two national, peer-reviewed scientific journals: The Canadian 
Veterinary Journal (The CVJ) and the Canadian Journal of 
Veterinary Research (CJVR). Historically, most members of the 
Editorial Committee have graciously served lengthy terms. This 
continues, but coincidentally, there are several recent changes.

First, we had mixed emotions when Dr. Ron Lewis 
announced that he is stepping down as Chair of the CVMA 
Editorial Committee. We are truly saddened to see him go, as 
we have deeply appreciated and benefitted from his thoughtful 
leadership and wise counsel over the last 14 years.

Next, we are also reticent to bid farewell to Dr. Éva Nagy in 
her role as Editor of the CJVR. Remarkably, Éva has held this 
job for the past 25 years, providing a “voice” for researchers, 
domestic and foreign, in many disciplines. She was always very 
professional and extremely patient and supportive.

Another departure is Heather Broughton, who has served as 
Manager, Journals for 21 years. She oversaw many of the busi-
ness aspects and had direct involvement in production, drawing 
on many years of experience as a writer and editor.

We also acknowledge the departure of 3 other persons. 
Stella Wheatley, Assistant Managing Editor, Journals who did 
scientific editing for both journals, recently withdrew from 
The CVJ (after 17 years) but continues to do editing for the 
CJVR. Finally, both Dr. Aylin Atilla, a small animal surgeon at 
the University of Calgary, and Dr. Emily John, a large animal 
internist at the University of PEI, recently indicated they are 
relinquishing positions as Assistant Editors of The CVJ. We will 
deeply miss all three and thank them for their contributions.

Clearly, all these departures have created numerous vacancies. 
However, we are thrilled that those gaps are being filled.

We are delighted to welcome Dr. Craig Stephen as the new 
Chair of the Editorial Committee. Craig has had a long and 
distinguished career as a veterinary epidemiologist, with a very 

Changing of the guard: Exits from 
and entrances to the Canadian 
Veterinary Medical Association 
Editorial Committee

Changement de la garde au sein 
du Comité de la rédaction de 
l’Association canadienne des 
médecins vétérinaires
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strong focus on One Health. Based on Vancouver Island, Craig 
has held various academic positions, conducting research both 
domestically and internationally.

Dr. Patricia (Pat) Shewen, who has served as Associate 
Editor, CJVR, has graciously agreed to assume the duties of 
Editor of the CJVR. Pat is a Professor Emerita and has had a 
long and productive career with a focus on respiratory disease in 
cattle. Joining Dr. Marcio Costa, University of Montreal, as an 
Associate Editor of the CJVR is Dr. Collins Kamunde, a scholar 
in biomedical sciences at the Atlantic Veterinary College with 
interests in metals toxicology in aquatic species and systems.

Kelly Gray-Sabourin has agreed to become Manager, 
Journals, drawing on her experiences as Editorial Coordinator 
for both journals for more than a decade. In addition, 
Dr. Heather Kinkaid, who has a background in animal science, 
has been hired to fill the role of Assistant Managing Editor for 
The CVJ that was vacated by Stella Wheatley.

A position as Associate Editor of The CVJ created by 
the retirement of Dr. Wayne McDonell has been filled by 
Dr. Carolyn Kerr, an anesthesiologist at the Ontario Veterinary 
College. The 2 Assistant Editor vacancies at The CVJ are not 
yet filled.

The CVMA Editorial Committee has undergone substantial 
changes. However, all replacements have much enthusiasm and 
experience, and in the cases of Pat and Kelly, a recent history 
of working with one or both journals. Therefore, the journals 
remain in very good hands and we have much optimism for the 
future. Stay tuned and please let us know if you have an interest 
in learning more about any potential positions.	 ■

Tim Ogilvie (ogilvie@upei.ca)
John Kastelic (jpkastel@ucalgary.ca)
Éva Nagy
Pat Shewen

Évidemment, tous ces départs ont créé de nombreux postes 
vacants, qui ont heureusement pour la plupart été comblés.

Nous sommes ravis d’accueillir le Dr Craig Stephen à titre 
de nouveau président du Comité de la rédaction. Il a eu une 
longue et brillante carrière en épidémiologie vétérinaire axée sur 
le concept « Une seule santé ». Résidant sur l’île de Vancouver, il 
a occupé divers postes universitaires et a travaillé sur des projets 
de recherche tant à l’échelle nationale qu’internationale.

La Dre Patricia (Pat) Shewen, qui était rédactrice adjointe à 
la RCRV, a accepté de prendre le relais à titre de rédactrice de la 
RCRV. Professeure émérite, elle a eu une carrière fructueuse pen-
dant laquelle elle s’est particulièrement intéressée aux maladies 
respiratoires chez les bovins. Le Dr Collins Kamunde, chercheur 
en sciences biomédicales à l’Atlantic Veterinary College, s’inté-
resse à la toxicologie des métaux pour les espèces et les systèmes 
aquatiques. Il se joint au Dr Marcio Costa, de l’Université de 
Montréal, en tant que rédacteur adjoint de la RCRV.

Kelly Gray-Sabourin a accepté le poste de directrice des 
publications, après avoir été coordonnatrice des publications 
pour les deux revues pendant plus d’une décennie. De plus, la 
Dre Heather Kinkaid, qui a œuvré dans le domaine des sciences 

animales, a été embauchée pour occuper le poste laissé vacant 
par Stella Wheatley et assurer la révision de La RVC.

Le poste de rédacteur en chef adjoint de La RVC qu’occupait 
le Dr Wayne McDonell avant son départ à la retraite a été repris 
par la Dre Carolyn Kerr, anesthésiologiste à l’Ontario Veterinary 
College. Les deux postes vacants de rédacteurs adjoints de 
La RVC n’ont pas encore été pourvus.

Le Comité de la rédaction de l’ACMV a subi d’importants 
changements, mais les nouveaux venus sont très enthousiastes 
et compétents, et Pat et Kelly travaillaient déjà pour l’une des 
publications ou les deux. Par conséquent, les revues de l’ACMV 
restent en bonnes mains et nous sommes très optimistes pour 
l’avenir. N’hésitez pas à communiquer avec nous si vous sou-
haitez en savoir plus sur les possibilités de collaboration et les 
postes vacants.	 ■

Tim Ogilvie (ogilvie@upei.ca)
John Kastelic (jpkastel@ucalgary.ca)
Éva Nagy
Pat Shewen
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I n t r o d u c t i o n
Theiler’s disease (TD), also known as equine serum hepatitis, 

idiopathic acute hepatic disease, and post-vaccinal hepatitis, is an 
acute to subacute hepatitis that is one of the most commonly recog-
nized causes of acute hepatic failure in adult horses (1–12). Theiler’s 
disease was first reported in South Africa in 1918 by Sir Arnold 

Theiler while attempting to prevent African horse sickness follow-
ing the simultaneous administration of live virus and convalescent 
equine antiserum to healthy horses. The disease was characterized 
by acute liver atrophy and diffuse hepatic necrosis, especially of 
the centrilobular region (13). In 2018, equine parvovirus-hepatitis 
(EqPV-H) was detected in the serum and liver tissue of a horse that 
died of TD in Nebraska, USA 65 d after treatment with equine origin 

Prevalence of equine parvovirus-hepatitis in healthy broodmares 
in Ontario, Canada

Maria A. Papapetrou, Luis G. Arroyo, Toni L. Meister, John D. Baird, Eike Steinmann, Brandon N. Lillie

A b s t r a c t
Equine parvovirus-hepatitis (EqPV-H) was first reported from the serum and liver tissue of a horse diagnosed with Theiler’s 
disease in the United States in 2018. Theiler’s disease, also known as equine serum hepatitis, is a severe hepatitis with fulminant 
hepatic necrosis. The disease has most frequently been reported following the administration of equine-origin biological products; 
however, it has also been reported in in-contact horses with no prior biologic administration. EqPV-H has been detected in 
clinically healthy horses in North America (USA, Canada), Europe (Germany, Austria, Slovenia), Asia (China, South Korea), 
and South America (Brazil). Previous prevalence studies conducted worldwide have shown the presence of EqPV-H DNA in 
serum or plasma ranging from 3.2 to 19.8%. This study investigated the prevalence of EqPV-H DNA in 170 healthy broodmares 
of various breeds located on 37 farms in southern Ontario, Canada. The occurrence of EqPV-H infection was determined by 
quantitative PCR for EqPV-H DNA in serum samples. The effects of age, breed, season, pregnancy status, and equine herpesvirus-1 
(EHV-1) vaccination history on EqPV-H status were also investigated. There was a prevalence of 15.9% (27/170) with viral loads 
of EqPV-H ranging from detectable to 2900 copies/mL. Statistical analysis showed that increasing age was a significant factor 
in the detection of EqPV-H DNA. Neither breed, season, pregnancy status, nor EHV-1 vaccination history was significant in 
predicting EqPV-H infection status.

R é s u m é
L’hépatite à parvovirus équin (EqPV-H) a été signalée pour la première fois à partir du sérum et du tissu hépatique d’un cheval 
diagnostiqué avec la maladie de Theiler aux États-Unis en 2018. La maladie de Theiler, également connue sous le nom d’hépatite 
sérique équine, est une hépatite sévère avec nécrose hépatique fulminante. La maladie a été le plus souvent rapportée à la suite 
de l’administration de produits biologiques d’origine équine; cependant, il a également été signalé chez des chevaux en contact 
sans administration préalable de produit biologique. EqPV-H a été détecté chez des chevaux cliniquement sains en Amérique 
du Nord (États-Unis, Canada), en Europe (Allemagne, Autriche, Slovénie), en Asie (Chine, Corée du Sud) et en Amérique du 
Sud (Brésil). Des études de prévalence antérieures menées dans le monde entier ont montré la présence d’ADN EqPV-H dans le 
sérum ou le plasma allant de 3,2 à 19,8 %. Cette étude a examiné la prévalence de l’ADN EqPV-H chez 170 poulinières en bonne 
santé de différentes races situées dans 37 fermes du sud de l’Ontario, au Canada. La survenue d’une infection par EqPV-H a 
été déterminée par PCR quantitative pour l’ADN d’EqPV-H dans des échantillons de sérum. Les effets de l’âge, de la race, de 
la saison, de l’état de grossesse et des antécédents de vaccination contre l’herpèsvirus équin-1 (EHV-1) sur le statut EqPV-H 
ont également été étudiés. Il y avait une prévalence de 15,9 % (27/170) avec des charges virales d’EqPV-H allant de détectable à 
2900 copies/mL. L’analyse statistique a montré que l’augmentation de l’âge était un facteur significatif dans la détection de l’ADN 
EqPV-H. Ni la race, ni la saison, ni l’état de grossesse, ni les antécédents de vaccination contre l’EHV-1 n’étaient significatifs pour 
prédire l’état de l’infection par l’EqPV-H.

(Traduit par Docteur Serge Messier) 

Department of Pathobiology (Papapetrou, Lillie) and Department of Clinical Studies (Arroyo, Baird) Ontario Veterinary College, University 
of Guelph, Ontario, Canada; Department of Molecular and Medical Virology, Faculty of Medicine, Ruhr-University Bochum, 44801 Bochum, 
Germany (Meister, Steinmann).
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tetanus antitoxin (TAT). The virus was detected by unbiased next-
generation sequencing from liver tissue of the fatal case (10). The 
association of EqPV-H with TD has been made despite the lack of 
a pure, clonal EqPV-H inoculum to confirm disease causation (14). 
The administration of EqPV-H contaminated biologic products 
of equine origin such as plasma, tetanus and botulism antitoxins, 
antiserum against Streptococcus equi subsp. equi, and allogenic stem 
cells transplants had been strongly associated with the development 
of the disease (2,6,7,10,12,13,15–17). Cases of TD have also been 
reported in horses that did not receive any equine biologic products, 
as well as in-contact horses with EqPV-H-associated cases suggest-
ing horizontal transmission of EqPV-H (3,13,18). EqPV-H has been 
shown to be hepatotropic and has been associated with clinical and 
subclinical cases of TD (10–12,15,16), and the virus has been shown 
to infect and replicate in hepatocytes (15,16).

EqPV-H is a non-enveloped, icosahedral, single-stranded DNA 
virus with a genome size of 4 to 6 kb. This virus belongs to the 
species Ungulate copiparvovirus 6, genus Copiparvovirus, and family 
Parvoviridae (10,19,20), and is present worldwide (14,19,21–28). In 
a study of 18 commercial equine serum samples, 11 had detectable 
EqPV-H DNA with a viral load up to 105 copies/mL. The countries 
of origin with detectable viral genomes included the USA, Canada, 
New Zealand, Italy, and Germany, suggesting a worldwide distribu-
tion of EqPV-H (22,23). Studies on clinically healthy horses in the 
USA, China, Germany, Austria, Brazil, South Korea, France, and 
Australia, have shown the prevalence of EqPV-H DNA in the serum 
and blood to range from 3.2 to 19.8% (10,14,23,24,26–31). Most horses 
that become infected with EqPV-H do not exhibit any clinical signs or 
laboratory evidence of infection (10,21,27). When EqPV-H causes dis-
ease, it is mostly subclinical or mild hepatitis, with fulminant hepatic 
necrosis (Theiler’s disease) being a rare outcome (21). Oral, nasal, 
and fecal shedding of viral DNA has been demonstrated and suc-
cessful oral transmission in 1 horse has been reported; however, the 
primary routes of EqPV-H transmission are not yet known (15,21).

Several factors including increasing age, breed, and sampling 
season are known to affect the prevalence of EqPV-H in clinically 
healthy horse population; however, the epidemiology of this virus 
is largely unknown (14,17). Research on EqPV-H transmission, 
epidemiology, risk factors, pathogenesis, and clinical presentation 
continues to be conducted. Most cases of TD have been reported 
during the summer and fall (3,5,11,18). Recent studies suggest a 
possible oral transmission; however, the seasonal presentation of TD 
suggests a potential role for mechanical insect transmission through 
horse flies, although this has not yet been demonstrated (15).

Although EqPV-H-associated hepatic disease had been reported 
in several countries, the worldwide prevalence remains largely 
unknown. It has been suggested that further prevalence studies of 
EqPV-H from various continents would be required to obtain a more 
detailed epidemiology of EqPV-H (22). Prevalence studies of EqPV-H 
in healthy horses have not been conducted in Canada. The aim of 
this study was to determine the prevalence of viral EqPV-H DNA in 
serum among healthy broodmares of various breeds located on farms 
in Ontario, Canada using serum samples collected between 2016 and 
2017 from a previous study on EHV-1. The relationship of age, farm 
location, season, and breed with molecular prevalence of EqPV-H 
was also investigated. Pregnancy and EqPV-H has not been studied 

in the current literature, and thus this study also aimed to investigate 
whether pregnancy influenced the EqPV-H molecular prevalence. 
In addition, the EHV-1 vaccination information was available and 
included in the analysis for a possible relationship to EqPV-H.

M a t e r i a l s  a n d  m e t h o d s

Study design and population
For this study, a subset of serum samples (n = 170) collected from 

388 healthy broodmares (aged 2 to 27 y; mean: 10.7 y) between 
December 2016 to October 2017 were selected. The horses were 
from 37 farms in southern Ontario. Mares were determined healthy 
by physical examination at the time of sample collection. The num-
ber of serum samples required was calculated using the Ontario 
horse population and the average EqPV-H prevalence (9.72%) 
reported from other countries. According to the Canadian Census 
of Agriculture, there were 64 536 horses located on 9294 farms in 
Ontario (32). With an expected prevalence in Ontario of 9.72%, and 
a confidence interval (CI) of 95%, the required sample size was 
135 (33). Of the 388 broodmares available, 170 broodmares were 
selected based on age, breed, and geographical location of the 
farm, with only 1 sample per mare included in the study (Table I). 
The number of farms within the study was based on the number of 
farms from a previous study on EHV-1. This study aimed to have 
the largest geographical variety and greatest breed variety within 
the 170 broodmares chosen in this study. The location of the farms 
where the horses were sampled is shown in Figure 1. The ages of 
the horses were separated into groups based on increments of 8 y 
and ranged from 2 to 27 y (mean age = 10.7 y): ages 2 to 8 y (n = 67), 
ages 9 to 17 y (n = 75), ages 18 to 27 (n = 25); with 3 horses not having 
an age recorded. Breeds were reduced to 5 categories for analysis: 
Thoroughbreds (n = 48), Warmbloods (Dutch and Hanoverian) 
(n = 43), Standardbreds (n = 40), Drafts (Belgian, Clydesdale, 
Friesian, Percheron, and Canadian) (n = 26), and other breeds (Rocky 
Mountain, Quarter horse, and pony breeds) (n = 12); the breed of 
1 horse was not recorded. The pregnancy status of the broodmares 
at the time of sampling was pregnant (n = 103) or not pregnant 
(n = 67). Mares were confirmed pregnant by the farm veterinarian 
and either live foaling or abortions were recorded. Therefore, all 
the mares chosen for this study were known to deliver a live foal 
before the samples were selected for testing. EHV-1 vaccination 
status was also investigated and grouped as vaccinated (n = 138) 
or unvaccinated (n = 32). The study aimed to account for a possible 
seasonal distribution, by sampling across 4 seasons defined as winter 
(December, n = 34), spring (June, n = 41), summer (August, n = 38), 
and fall (October, n = 47).

Serum samples and EqPV-H DNA detection
Serum samples previously collected for another study stored at 

280°C were used. DNA was isolated from 200 mL of serum using the 
QIAamp Minelute virus kit as per the manufacturer’s instructions 
(Cat. No. 57704, Qiagen, Hilden, Germany). DNA was eluted into 
50 mL volumes and stored at 220°C. DNA was then aliquoted into 
15 mL quantities, frozen at 220°C for storage and shipped on dry ice 
from Canada to Germany for a probe-based quantitative polymerase 
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chain reaction (qPCR). The qPCR for EqPV-H DNA was performed 
using primers and probes previously described by Divers et al (10), 
with the qRT-PCR was completed under the parameters as described 
in Meister et al (22,23). In brief, a serial dilution of a plasmid contain-
ing the EqPV-H structural protein (VP1)-encoding sequence was 
to provide a standard curve for the quantification of EqPV-H viral 
loads. qPCR measurements were performed using the LightCycler 
480 real-time PCR system (Roche, Mannheim, Germany). The limit 
of detection (LOD) was 10 DNA copies/reaction.

Data and statistical analysis
All statistical analyses compared the EqPV-H DNA positive 

(DNA1) group against the EqPV-H DNA negative group (DNA2). 
Relationship of EqPV-H infection status using DNA prevalence, was 
evaluated between age, season, and/or breed using binary logistic 
regression models in IBM SPSS Statistics version 28 (IBM Corp, 2021). 
Chi-square tests were used to analyze the difference in frequency 
of distribution for some parameters studied (pregnancy status, 

Table I. Age, breed, month of sampling, pregnancy status, and EHV 1 vaccination status of 170 healthy broodmares sampled in 
Ontario.

							       EHV-1 vaccination 
Age of broodmares (n)	 Breed	 (n)	 Sampling date	 (n)	 Pregnancy status	 (n)	 status	 (n)
2 to 8 y
  67	 Thoroughbred	 48	 December 2016	 34	 Pregnant	 103	 Vaccinated	 138

9 to 17 y
  75	 Warmblood	 43	 June 2017	 41	 Not pregnant	 67	 Unvaccinated	 32

18 to 27 y
  25	 Standardbred	 40	 August 2017	 48

Unknown
  3	 Draft	 26	 October 2017	 47
	 Other	 12
	 Unknown	 1
EHV — Equine herpes virus.

Figure 1. Location in Ontario of 37 breeding farms with at least one EqPV-H DNA serum positive horse (red circles with white horse) 
(n = 15) and farms with no EqPV-H serum positive horses (blue inverted drops) (n = 22).
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vaccination status, age, season, and breed). Pairwise comparisons 
with estimated marginal means between the DNA1 against the 
DNA2 group for the different age groups and breeds. Any horses 
with unknown ages (n = 3) were excluded in the age-related statisti-
cal analyses. The null hypothesis was rejected when P , 0.05. The 
number of other horses on farm, and data on their demographics 
was not available. Therefore, accurate information on total number 
of horses per farm, or the breeds on farm, use of the horse, etc., 
could not be included in the statistical analysis. As some farms had 
only one animal sampled, the absence of within-farm variation on 
some farms could bias the model significance so farm effect was not 
included in the data analysis.

Re s u l t s

EqPV-H detection
In this study, EqPV-H DNA was detected in serum samples of 27 of 

170 broodmares resulting in a prevalence of 15.9%. The EqPV-H DNA 
positive horses were located on 15 of the 37 farms sampled in south-
ern Ontario, Canada, and the location of the EqPV-H positive horses 
according to the farm of origin is depicted in Figure 1. Farms with 
EqPV-H DNA positive horses were discovered throughout the sam-
pling area in southern Ontario (Windsor to Cornwall, see Figure 1). 
Detection rates across farms varied between 0 and 100.0% (Table II). 
On 22 farms none of the horses tested positive for EqPV-H DNA.

Characteristics of EqPV-H DNA positive horses 
and statistical analysis

In this study, the highest percentage of EqPV-H DNA positive 
horses were the 18 to 27-year-old group of horses with 36.0%, 
whereas the lowest number of EqPV-H DNA positive horses was 
in the youngest group with 11.9% (Figure 2, Table III). Accordingly, 

the mean age of horses that were EqPV-H DNA positive was 13.6 y; 
this depicted a 2.9-year increase from the average age of 10.7 y in the 
sampled population. The Chi-square test comparing the difference 
in age groups with and without infection was statistically significant 
[x2 (n = 2) = 9.337, P = 0.009]. Furthermore, pairwise comparisons 
with marginal means estimated from a generalized linear model 
between different age groups with all pairwise comparisons cor-
rected using least significant difference indicated significant com-
parisons between age groups 2 to 8 y versus 18 to 27 y (P = 0.021) 
and 9 to 17 y versus 18 to 27 y (P = 0.020).

EqPV-H DNA positivity based on breed was 12/40 for 
Standardbreds (30%), 9/43 for Warmbloods (20.9%), 4/48 
for Thoroughbreds (8.3%), 1/12 for Other (8.3%) and 1/26 for 
Drafts (3.8%) (Table III). Statistical comparisons between breeds, 
Drafts versus Standardbreds (P = 0.001), Thoroughbreds versus 
Standardbreds (P = 0.009), Warmbloods versus Drafts (P = 0.019), and 
Other breeds versus Standardbreds (P = 0.031) were performed. The 
binomial logistic regression on the different breeds showed that breed 
had a statistically significant effect on EqPV-H status (P = 0.034), but 
individual breeds did not have a significant effect. Conversely, the 
Chi-square test comparing the difference in breed groups with and 
without infection was statistically significant [x2 (n = 4) = 12.307, 
P = 0.015].

When comparing the seasonal distribution, the same Chi-square 
test as well as pairwise comparisons were not statistically sig-
nificant in predicting EqPV-H status [x2 (n = 3) = 6.996, P = 0.072; 
and P = 0.09], although different positivity rates between sample 
months were observed. The highest EqPV-H DNA prevalence in 
serum (25.5%) was detected in October followed by June (19.5%). 
The lowest number of EqPV-H DNA positive horses was identified 
in August (8.3%) and December (8.8%) (Table III).

EqPV-H DNA positivity based on pregnancy status was 
16.5% (17/103) for pregnant broodmares 14.9% (10/67) for non-
pregnant mares (Table III) showing no significant difference accord-
ing to Chi-square tests (x2 = 0.076, P = 0.783). Similarly, the EHV-1 
vaccination status did not correlate with EqPV-H DNA positivity 

Table II. Farms sampled with at least 1 positive broodmare, 
broodmares sampled per farm, number of EqPV-H DNA positive 
mares, and mean age of EqPV-H DNA positive mares.

	 Number	 Number	 Mean age 
Farm ID	 sampled	 DNA1	 (y)
	 1	 3	 3	 11.7
	 2	 2	 1	 19.5
	 3	 2	 1	 13.5
	 4	 2	 1	 9
	 5	 7	 3	 12.6
	 6	 9	 3	 9.5
	 7	 6	 2	 10.6
	 8	 3	 1	 9.7
	 9	 7	 2	 5.7
	10	 8	 2	 14.9
	11	 5	 1	 11.8
	12	 5	 1	 10.8
	13	 11	 2	 9.5
	14	 13	 2	 11.9
	15	 17	 2	 9.5
EqPV-H — Equine parvovirus-hepatitis.

Figure 2. Presence of EqPV-H DNA in serum as percent positivity by age 
group.
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(x2 = 0.338, P = 0.561). EqPV-H DNA positivity based on vaccination 
status was 16.7% (23/138) for vaccinated mares, and 12.5% (4/32) 
for unvaccinated mares (Table III).

In conclusion, these data suggest a correlation between age and 
EqPV-H DNA positivity as well as breed and EqPV-H DNA positiv-
ity. All the other factors reported in this study did not affect EqPV-H 
DNA prevalence.

D i s c u s s i o n
A prevalence of 15.9% for EqPV-H DNA was determined in a 

population of clinically healthy broodmares of various breeds 
and ages in Ontario. This prevalence is consistent with previ-
ous studies of clinically healthy horses in other countries world-
wide (10,23,24,26,28–30). Similar percentages have been reported in 
the USA, China, Brazil, and South Korea, whereas lower prevalences 
were reported in Germany, Austria, France, or Australia (Table IV). 
However, multiple studies performed in Germany, USA, and South 
Korea have shown varying detection rates of EqPV-H DNA. Similar 
variations were observed across farms sampled in this study in the 
area from Windsor to Ottawa (Table II) as well as 5 farms in the 
Guandong province in China (24), and on farms in Brazil (26). These 

data suggest environmental factors and other characteristics such 
as age, seasonality, breed, and the route of transmission potentially 
affect the geographical distribution of EqPV-H.

For instance, active infection with EqPV-H has been seen more 
commonly in older horses (23). In a study of Austrian horses, a 
significantly higher probability of active EqPV-H infection was 
identified in 16- to 31-year-old horses, compared with 1- to 8-year-
old horses and 9- to 15-year-old horses (14). In a study from South 
Korea, however, the breeding horse population with the oldest aver-
age age (12.1 y) had the highest serum prevalence rate of EqPV-H 
DNA (12/32, 37.5%) (30). In general, the risk of active EqPV-H infec-
tion was 1.1 times higher with every year increase in age (14). Similar 
to previous reports we determined that EqPV-H DNA was signifi-
cantly more likely to occur in aged horses. Age was the main factor 
affecting the EqPV-H serum DNA status of the mares, as the risk 
of exposure to EqPV-H increases over time. Whether older horses 
become more susceptible to infection remains to be determined.

This study discovered a higher prevalence in June and October, 
although this difference was not statistically significant. Other 
studies on TD have reported cases occurring mainly in sum-
mer and fall; however, the specific month(s) of occurrence was 
not reported (3,5,11,16,18). Given the similar seasonality in our 
results, this suggests further investigation is warranted. In addi-
tion, the effect of breed on farm prevalence of EqPV-H is largely 
unknown. In Thoroughbred racehorses, a similar EqPV-H molecular 

Table III. Number and percentage of EqPV-H DNA positive mares 
according to age, breed, month of sampling, pregnancy status 
and EHV 1 vaccination status of 170 healthy broodmares 
sampled in Ontario.

	 Number	 EqPV-H 
	 tested	 DNA1	 Positive %
Age
  2 to 8 y	 67	 8	 11.9
  9 to 17 y	 75	 9	 12.0
  18 to 27 y	 25	 9	 36.0
  Unknown	 3	 1	 33.3

Breed
  Standardbred	 40	 12	 30.0
  Warmblood	 43	 9	 20.9
  Thoroughbred	 48	 4	 8.3
  Other breeds	 12	 1	 8.3
  Drafts	 26	 1	 3.8
  Unknown	 1	 0	 0

Sample month
  June	 41	 8	 19.5
  August	 48	 4	 8.3
  October	 47	 12	 25.5
  December	 34	 3	 8.8

Pregnancy status
  Pregnant	 103	 17	 16.5
  Not pregnant	 67	 10	 14.9

Vaccination status
  Vaccinated	 138	 23	 16.7
  Unvaccinated	 32	 4	 12.5

Table IV. Prevalence of EqPV-H DNA in serum and blood 
reported in clinically healthy horse populations throughout 
the world.

	 Number		  EqPV-H 
	 of horses	 EqPV-H DNA	 PCR 
Country	 tested	 detected in	 positive	 Reference
USA	 100	 Serum	 13%	 (10)

China	 143	 Serum	 11.9%	 (24)

USA	 41	 Plasma	 17%	 (34)

Germany	 392	 Serum	 7.1%	 (23)

China	 60	 Serum	 8.3%	 (29)

Brazil	 96	 Serum	 12.5%	 (26)

South Korea	 321	 Serum	 4.4%	 (25)

France	 259	 Serum	 4.6%	 (27)

Australia	 188	 Serum	 3.2%	 (27)

USA	 87	 Blood	 5.7%	 (35)

Germany
	 80	

Serum
	 5.0%	

(28)
	 81		  19.8%	

South Korea	 160	 Serum	 10.6%	 (31)

Austria	 259	 Serum	 8.9%	 (14)

Canada	 170	 Serum	 15.9%	 This study
EqPV-H — Equine parvovirus-hepatitis.
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prevalence (11.9% and 8.33%) was reported in China, whereas in 
Germany, 7% of broodmares and stallions examined tested posi-
tive (23,24,29). In China, EqPV-H infection was highly prevalent in 
imported Thoroughbred horses (9/17, 52.9%) (24), whereas in South 
Korea the highest prevalence of EqPV-H DNA in serum was reported 
in breeding horses from the USA with 11 of 23 (47.8%) being posi-
tive (30). In contrast, 54 serum samples from Jeju horses, an indig-
enous Korean breed, were all EqPV-H DNA negative (30). This study 
reported that the overall impact of breed on predicting EqPV-H status 
was significant based on binominal logistic regression. However, the 
binomial logistic regression on the individual breed groups did not 
have a significant effect on predicting EqPV-H status. Thus, it is dif-
ficult to state which breed group is most at risk for EqPV-H infection.

Previous research has provided evidence that many routes of trans-
mission of EqPV-H are possible, including through plasma-derived 
products of equine origin that test positive for EqPV-H (10,15). 
Whether EqPV-H was introduced by equine-origin biological prod-
ucts in this study is unknown. Although administration of con-
taminated biologics of equine origin remains the most likely route of 
transmission, horse-to-horse transmission is suspected to occur where 
no equine-origin biologic products have been administered (11,13,18). 
Studies on farms that have had recent confirmed clinical cases of TD 
have shown a high prevalence of EqPV-H viremia in the in-contact 
horses (54 to 61.8%), which suggests direct contact as a potential route 
of transmission (11,19,36). However, another study investigating 
vertical and mechanical arthropod vectors using horse flies could 
not demonstrate transmission of EqPV-H (15). Further studies are 
needed to investigate and confirm infection through other routes of 
transmission. Experimental studies have demonstrated shedding of 
EqPV-H via multiple routes including nasal/oral secretions and via 
feces (15). Low levels of fecal shedding of EqPV-H have been reported 
around the time of EqPV-H viremia (14,21).

In Germany, persistent infections with EqPV-H have been identi-
fied in horses that did not show biochemical or pathological signs of 
liver disease. EqPV-H viremia was detected in the serum of 45 horses 
over a 5-year period. Prolonged EqPV-H viremia without clinical 
disease emphasizes the diagnostic difficulty with ascribing hepatitis 
to parvoviral infection when the viral load is low (28). Of note, low 
levels of genetic diversity have been demonstrated in the EqPV-H 
sequences reported throughout the world suggesting there is a high 
degree of conservation and genomic stability (10,11,14,23–26,29,30), 
and broad relevance of results in this study to other regions.

In conclusion, EqPV-H DNA was detected in the serum of 
15.9% (27/170) healthy broodmares of various breeds located on 
15/37 farms in Ontario, Canada. The EqPV-H DNA viral loads in 
the 27 positive horses ranged from detectable to 2900 copies/mL. 
Increasing age was a significant predictor (P = 0.009) of testing 
EqPV-H DNA positive. The season when sampled or pregnancy 
status was not a significant factor in predicting EqPV-H infection 
status in this study. Further studies are needed to fully explore the 
effect that breed may have on EqPV-H infection status.
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I n t r o d u c t i o n
Porcine sapelovirus (PSV), also known as porcine enterovirus 8 

(PEV8), is a member of the Picornaviridae family (1). It is a newly 
emerging infectious disease in pigs transmitted by the fecal-oral 
route that can cause multiple system syndromes, such as porcine 
cerebral poliomyelitis, diarrhea, pneumonia, respiratory distress, 
and reproductive disorder (2,3). In pregnant sows, PSV can cause 
stillbirth, mummified fetuses, and fetal malformation.

Porcine sapelovirus mainly replicates in the intestinal epithelial 
cells of pigs. Infected pigs will continue to shed virus after recovery, 
thereby becoming an important source of infection. This may explain 
the high infection rate of PSV. It is worth noting that PSV has often 
co-infected with porcine epidemic diarrhea virus (PEDV), classical 

swine fever virus (CSFV), porcine reproductive and respiratory 
syndrome virus (PRRSV), porcine parvovirus virus (PPV), and 
other viruses, which may aggravate the disease through synergistic 
pathogenicity (4,5).

Porcine sapelovirus (PSV) was first reported in the United 
Kingdom in 1958 (6). Today, it is prevalent worldwide, including 
in China, Japan, Australia, Spain, and Brazil, with a positive rate of 
6.4 to 75.5% (7–9). In China, PSV was first isolated in 2009 (10). It has 
been reported that the positivity rates of PSV in East China, South 
China, Sichuan, Hunan, and Ningxia were 17.2%, 18.21%, 20.4%, 
42.21%, and 61.25%, respectively (11). Data on the prevalence and 
genetic evolution of PSV are still limited.

Porcine sapelovirus also exists in healthy pigs, similar to por-
cine astrovirus (PAstV) and porcine bocavirus (PBoV). Li et al (12) 

Development of an indirect ELISA method based on the VP1 protein 
for detection of IgG antibodies against porcine sapelovirus

Jiajia Liu, Benqiang Li, Jie Tao, Jinghua Cheng, Ying Shi, Changtao Qiao, Xiaohui Shen, Huili Liu

A b s t r a c t
Porcine sapelovirus (PSV) is a newly emerging enterovirus that is widely prevalent in China. Since there is no clinical serological 
testing for PSV, the objective of this study was to develop an indirect enzyme-linked immunosorbent assay (i-ELISA) for detection 
of PSV immunoglobulin G (IgG) antibody in pigs. A PSV strain, named SHPD202148, was first isolated from the fecal samples 
of piglets. Its structural protein, VP1, was prokaryotic-expressed in the pET expression system, followed by purification. Using 
the recombinant protein with reactogenicity as coating antigen, an i-ELISA, characterized by high sensitivity and specificity, 
had a detection limit at 1:12 800 dilution with a determined cutoff value of 0.352. Finally, field sera collected from different pig 
herds were tested in parallel by the serum neutralization (SN) test. The result showed that 126 samples were positive and 36 
were negative, with an agreement of 97.0% in both cases. This i-ELISA can be used as an alternative serological test for detecting 
antibodies against PSV in blood serum.

R é s u m é
Le sapelovirus porcin (PSV) est un entérovirus nouvellement émergent largement répandu en Chine. Puisqu’il n’y a pas de test 
sérologique clinique pour le PSV, l’objectif de cette étude était de développer un test immuno-enzymatique indirect (i-ELISA) 
pour la détection d’immunoglobuline G (IgG) anti-PSV chez les porcs. Une souche de PSV, nommée SHPD202148, a d’abord 
été isolée à partir d’échantillons fécaux de porcelets. Sa protéine structurale, VP1, a été exprimée par un procaryote dans le 
système d’expression pET, suivie d’une purification. Utilisant la protéine recombinante à réactogénicité comme antigène de 
revêtement, un i-ELISA, caractérisé par une sensibilité et une spécificité élevées, avait une limite de détection à une dilution 
de 1:12 800 avec une valeur seuil déterminée de 0,352. Enfin, des sérums de terrain collectés dans différents troupeaux de porcs 
ont été testés en parallèle par le test de neutralisation sérique (SN). Le résultat a montré que 126 échantillons étaient positifs et 
36 étaient négatifs, avec un accord de 97,0 % dans les deux cas. Cet i-ELISA peut être utilisé comme test sérologique alternatif 
pour détecter les anticorps anti-PSV dans le sérum sanguin.

(Traduit par Docteur Serge Messier) 

Institute of Animal Husbandry and Veterinary Sciences, Shanghai Academy of Agricultural Sciences, Shanghai, 201106, PR China (J. Liu, Li, Tao, 
Cheng, Shi, Qiao, Shen, H. Liu); National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University, 
Shanghai, 201306, PR China (J. Liu).

Address all correspondence to Dr. Xiaohui Shen and Dr. Huili Liu; telephone: 86-021-62202473 (O); email: huilil@163.com; 
shenxiaohui@saas.sh.cn

Benqiang Li contributed an equal amount to this work as its first author.

Availability of data and materials

The datasets used and/or analyzed during this study are available from the corresponding author upon reasonable request.

Received October 31, 2022. Accepted March 14, 2023.

FOR PERSONAL USE ONLY



2000;64:0–00 The Canadian Journal of Veterinary Research 177

reported that both the single infection rates and the co-infected 
rates of PSV were higher than those in asymptomatic pigs. This 
could mean that the presence of PSV promotes the infection and 
pathogenesis of PEDV and other diarrhea pathogens. It is therefore 
urgent that clinical technology be developed for detection of PSV.

VP1 is a structural protein with an antigen epitope, which 
is an ideal object for establishing an effective clinical detection 
technology (13,14). Although antibody surveillance is a key step in 
controlling and preventing disease, there are limited methods for 
monitoring PSV antibodies in pig herds.

In this study, a newly isolated PSV strain was identified, followed 
by expression and purification of VP1 protein. An indirect enzyme-
linked immunosorbent assay (i-ELISA) was then established to 
detect anti-PSV-specific serum immunoglobulin (IgG) antibody by 
coating the ELISA plate with purified protein as antigen. This will be 
an effective technology for monitoring clinical antibodies, as results 
showed that it had high sensitivity and specificity.

M a t e r i a l s  a n d  m e t h o d s
All animal experiments were conducted in accordance with 

approved guidelines (approved permit number SAASPZ0522054).

Plasmid and serum samples
Plasmid pET-30a(1), positive serum and negative serum against 

PSV, were prepared and preserved in our laboratory. PSV-positive 
serum was produced by piglets infected with the SHPD202148 strain. 
Positive serum against other pathogens, including classical swine 
fever virus (CSFV), porcine epidemic diarrhea virus (PEDV), porcine 
pseudorabies virus (PRV), porcine reproductive and respiratory syn-
drome virus (PRRSV), foot-and-mouth disease virus (FMDV), and 
bovine viral diarrhea virus (BVDV), were purchased from the China 
Institute of Veterinary Drug Control. All sera were stored at 280°C.

Clinical samples and virus isolation
Piglet fecal samples were collected from a pig herd in Jiangsu, 

China. Resuspended and oscillated, the samples were cen-
trifuged at 3500 3 g for 10 min. The supernatant was treated 
with 1000 units/mL and 1000 mg/mL of Penicillin-Streptomycin 
Solution (Item No. 1S140122; ThermoFisher Scientific, Waltham, 
Massachusetts, USA) overnight at 4°C. Filtered using 0.22-mM Millex 
filters (MilliporeSigma, Burlington, Massachusetts, USA), the liquid 
was inoculated into porcine kidney (PK15) cells, adding 0.5 mg/mL 
TPCK-treated Trypsin (Sigma-Aldrich, St. Louis, Missouri, USA).

Cell cultures were collected 72 h later, after 3 freeze-thaw cycles. 
The sixth-passaged virus (SHPD202148) was identified by both 
real-time polymerase chain reaction (RT-PCR) and indirect immu-
nofluorescence assay (IFA). Finally, the complete genome of the 
SHPD202148 strain was sequenced.

Indirect immunofluorescence assay (IFA)
The PK-15 cells were inoculated into 96-well plates for 24 h to 70% 

fusion. Cells were infected with PSV virus [multiplicity of infection 
(MOI) = 1] for 48 h. The plates were washed 3 times with phosphate-
buffered saline with Tween20 (PBST), fixed with 4% paraformalde-
hyde for 15 min at room temperature, and washed again 3 times 

with PBST. Plates were then coated with 5% bovine serum albumin 
(BSA) diluted in phosphate-buffered saline (PBS) and placed in an 
incubator at 37°C for 2 h.

The plates were washed 3 times with PBST, then negative and 
positive piglet sera, diluted 1:200 in PBST were added and plates 
were incubated at 37°C for 2 h. After 3 washes with PBST, goat anti-
pig fluorescein isothiocyanate conjugated (FITC)-labeled second-
ary antibody diluted 1:1000 (6911; Abcam, Shanghai, China) was 
added and plates were incubated at 37°C for 60 min. Plates were 
then washed with PBS and 4969-diamidino-2-phenylindole (DAPI) 
fluorescent stain (Beyotime, Shanghai, China) was added and plates 
were examined by fluorescence microscopy (Carl Zeiss, Oberkochen, 
Baden-Württemberg, Germany).

Expression and purification of recombinant VP1 
protein

The viral VP1 gene sequence was amplified and ligated into 
BL21 (DE3) competent cells for subsequent expression. The primers 
for amplification of VP1 protein were: 59-CATATGATGGGAGAT 
GTAAAGGAAGTDGTRAG-39; 59-AAGCTTAGHYTGGGTTGCAG 
GTARTA-39.

Polymerase chain reaction (PCR) amplification conditions were 
94°C, 5 s; 94°C, 30 s; 52°C, 30 s; 72°C, 35 s; 72°C, 8 min; 4°C cycle. The 
genome sequence has not been submitted to GenBank or other inter-
national databases. A positive colony of Escherichia coli BL21(DE3) 
was selected and incubated overnight at 37°C in a triangular flask 
of Luria-Bertani (LB) liquid medium containing 50 mg/mL of 
kanamycin, then centrifuged at 200 3 g. Overnight cultures were 
inoculated into 1 L of LB medium at a ratio of 1:100 and incubated 
at 37°C. When OD600nm values reached 0.6 to 0.8, isopropyl b-d-
thiogalactopyranoside (IPTG) (Yuanye, R21348) was added at a final 
concentration of 0.5 mM and is induced at 200 3 g at 37°C for 4 h.

Cells were collected by centrifugation at 5000 3 g for 20 min 
and the supernatant was discarded. Collected bacterial cells were 
rinsed 3 times with PBS, resuspended in fragmentation buffer, and 
sonicated in an ice bath for fragmentation. The lysate was cen-
trifuged at 4°C at 12 000 3 g for 20 min and the supernatant and 
precipitate were collected for analysis by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE). The recombinant 
VP1 protein was purified by His-Tag using Ni21-NTA agarose gel 
affinity chromatography.

Western blot analysis
The specificity of the purified anti-PSV VP1 protein antiserum was 

tested by western blotting and immunofluorescence assay (IFA). A 
polyacrylamide gel was prepared and the PSV-VP1 protein was elec-
trophoresed through this gel and then electrotransferred to the negative 
concordance (NC) membrane. The blocked membrane was washed 
3 times with TBST for 10 min each time and placed in a 1:200 dilution 
of PSV-positive serum and incubated for 2 h at room temperature.

The membrane was again washed 3 times with TBST and 
HRP-labeled goat anti-pig IgG (H1L) conjugate (6915; Abcam), 
diluted 1:5000, was added and the membrane was incubated for 
1 h at room temperature. The membrane was again washed 3 times 
with TBST and visualized with an appropriate amount of chemilu-
minescent reagent.
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Establishment of an indirect ELISA method
A volume of 50 mL of the diluted antigen was added to each 

well of a 96-well ELISA plate (ThermoFisher Scientific) and incu-
bated at 37°C for 1 h. The purified VP1 protein was diluted (1:200, 
1:400, 1:800, 1:1200, 1:1600) with 50-mM carbonate buffer (pH 9.6) 
(Coolaber, Beijing, China). The microplate was washed with PBS con-
taining 0.05% Tween 20 (PBST). PBST containing 5% BSA was used 
as the blocking buffer and plates were blocked at 4°C for 12 h. Serum 
samples, diluted with PBST containing 5% BSA, were inoculated in 
triplicate and plates were incubated at 37°C for 1 h.

HRP-labeled goat anti-pig IgG conjugate (6915; Abcam) diluted 
(1:5000, 1:10 000, 1:15 000, 1:20 000) with PBST was added and 
plates were incubated at 37°C for 30 min. After each operation, the 
microplate was washed 3 times with 100 mL of PBST. The peroxidase 
reaction was visualized with 3,30,5,50-tetramethylbenzidine (TMB) 
solution as the substrate at 37°C for 8 min. The reaction was termi-
nated by adding 100 mL of 2M sulfuric acid to each well.

All samples were tested in 3 replicates and optical density (OD) 
values were measured using a Microplate Spectrophotometer 
(Model 680; Bio-Rad, Shanghai, China) at a wavelength of 450 nm 
(OD450). Conditions that produced the largest positive/negative 
(P/N) ratio of OD450 (OD450 of positive serum/OD450 of negative 
serum) were deemed the best reaction conditions.

In this experiment, E. coli-lacking VP1 protein insertion was used 
as a ‘mock antigen preparation’ and induction and purification were 
carried out according to the same protocol.

Determination of cutoff value
The OD450 values of 38 PSV-negative sera were determined by 

ELISA and the experiment was repeated 3 times. The mean and 
standard deviation of the OD values were calculated. The ELISA 
method used the mean OD value plus 3 times the standard devia-
tion as the cutoff value for determining positive sera and the mean 
OD value plus 2 times the standard deviation as the cutoff value 
for determining negative sera, with the intermediate value being 
the suspect sample.

Specificity analysis
The OD450 values of CSFV, PEDV, PRV, PRRSV, FMDV, and 

BVDV-positive pig-derived sera were simultaneously tested using 
the ELISA method previously described to verify whether the 
recombinant VP1 protein cross-reacted with positive sera for other 
pathogens.

Repeatability analysis
For the intra-batch repeat test, the same batch of the viral solution 

was encapsulated in ELISA plates and 6 groups of samples with 
different antibody levels were taken. Each group was divided into 

Figure 1. Immunofluorescence analysis by laser confocal microscopy of PSV-infected PK-15 cells. Immunofluorescence detection confirmed that strain 
SHPD202148 is recognized by anti-PSV polyclonal antibodies.
DAPI: Blue fluorescent stain; Abcam, 6911: Green fluorescence. 3200

FITC DAPI Merge

Figure 2. Phylogenetic analysis of PSV based on the VP1 gene. The phy-
logenetic trees were generated using MEGA-X with the neighbor-joining 
method with the Kimura 2-parameter with 1000 bootstrap replication. 
The black circle indicates that PSV was isolated in this study. The scale 
bars represent the number of substitutions per site.
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3 samples and the ELISA was carried out at 3 different time points. 
The assay results were counted and the standard deviation, mean, 
and coefficient of variation were calculated.

For the batch-to-batch repeat test, 3 different batches of viral solu-
tion were encapsulated in ELISA plates and 6 groups of samples with 
different antibody levels were subjected to ELISA. The results were 
counted and the coefficient of variation was calculated.

Sensitivity analysis
Three positive samples of serum were taken for multiplicative 

dilution, starting at 1:100 and diluted 2-fold, and their OD450nm val-
ues were measured using the established ELISA method to evaluate 
their sensitivity.

Comparison of ELISA and SN tests
A total of 167 pig serum samples were collected from 5 pig herds 

in Shanghai and Jiangsu, China. All serum samples were detected 
by both the i-ELISA method and the serum neutralization (SN) test. 
The positive concordance (PC) and negative concordance (NC) rates 
of the 2 methods were calculated using the following formula:

PC (%) = (TP/total number of positives in SN test) 3 100

where TP is the number of positives in both tests, NC (%) = 
(TN/total number of negatives in SN test) 3 100 (where TN is the 
number of negatives in both tests). The total concordance rate 
(TC) = (TP 1 TN)/total number of serum samples tested 3 100.

This established i-ELISA method was simultaneously applied 
to 435 porcine clinical sera. The clinical sera were collected in 2022 
and provided by 11 farms in Shanghai and surrounding areas. The 
selection of farms was completely random.

Re s u l t s

Identification and genomic characteristics of a 
newly isolated PSV strain

The fecal samples were treated and inoculated in PK-15 cells for 
continuous passage culture. Results of RT-PCR indicated that a posi-
tive band of 624 bp was amplified from the sixth-passaged cellular 
culture. Indirect immunofluorescence assay (IFA) confirmed that the 
polyclonal antibody against PSV VP1 protein could recognize the 
virus with specific green fluorescence (Figure 1).

The isolated PSV was named SHPD202148 and sequencing results 
showed that its full-length genome was 7425 bp. It was indicated that 
there were 73.1 to 92.0% (nucleotide) and 80.5 to 98.3% (amino acid) 
homology identities among SHPD202148 and other PSV reference 
strains of VP1 gene, respectively.

The phylogenetic tree based on the gene encoding VP1 protein 
showed that the SHPD202148 strain was most closely related to 
the SHCM2019 strain, which was isolated in Shanghai in 2019. All 
the Chinese strains were grouped in the same evolutionary cluster 
(Figure 2). The sequence similarity of the VP1 protein coding region 
between SHPD202148 isolate and representative strains from other 
countries was 72.3 to 98.6% (Figure 3).

Prokaryotic expression and identification of 
VP1 protein

The recombinant expression plasmid pET-30a(1)-VP1 gene was 
transferred into E. coli strain BL21(DE3) competent cells for prokary-
otic expression. Results of SDS-PAGE showed that the recombinant 
protein VP1 was successfully expressed in the form of inclusion bod-
ies with a band of 32.5 kDa (Figure 4 A). Further western blot testing 
confirmed that the VP1 recombinant protein could be recognized by 
PSV-positive serum (Figure 4 B).

Establishment and optimization of i-ELISA 
method

According to the checkerboard titration method, the antigen 
working concentration was selected as 2, 1, 0.5, and 0.25 mg/mL. The 
serum dilution was 1:200, 1:400, 1:800, 1:1200, and 1:1600 and the P/N 
ratio was determined. Results of checkerboard titration showed that, 
when the working concentration of antigen was 1 mg/mL and the 
serum dilution was 1:800, the P ratio was the closest to 1 and the P/N 
ratio was the largest at 7.037617. Therefore, the optimal concentra-
tion of VP1 protein was 1 mg/mL and the serum dilution was 1:800.

After incubating at 37°C for 1 h, the coated wells were washed 
5 times with PBST, followed by blocking overnight at 4°C using 
5% BSA. Serum samples were added at a dilution of 1:800 and the 
ELISA plate was incubated at 37°C for 1 h. After washing again, 
the HRP-goat anti-pig IgG at a dilution of 1:15 000 was added and 
the samples were incubated at 37°C for 45 min. When the “mock 
antigen preparation” was used as the antigen in the experiment, the 
clinical pig serum did not react in ELISA.

Determination of cutoff value for the i-ELISA 
method

The IgG antibody of 38 pig-negative sera samples was detected 
by the i-ELISA method developed in this study. Results showed that 
the mean OD450 value was 0.193, with a standard deviation (SD) of 
0.053. According to the critical value judgment criterion of the mean 
OD value of negative sera 6 3 SD, the critical value of this i-ELISA 
method was determined to be 0.352. The OD450 values of $ 0.352 
were judged as positive sera, whereas OD450 values of , 0.299 were 
judged as negative sera, with suspected positive sera between those 
2 levels (Figure 5 A). The samples between negative and positive are 
suspected positive samples.

Specificity analysis
Specificity analysis confirmed that the i-ELISA method has great 

specificity, detecting only antibodies against PSV and showing no 
cross-reactivity with the positive sera against other diarrhea patho-
gens (Figure 5 B).

Repeatability analysis
The intra-assay coefficient of variation for VP1 protein ranged 

from 1.59 to 5.77% and the inter-assay coefficient of variation ranged 
from 0.18 to 5.82%, both less than 10%, which indicated that the 
established i-ELISA method is reproducible (Figure 5 C).
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Sensitivity analysis
Three porcine sapelovirus-positive sera were evaluated, starting 

at 1:100 dilution, and a 2-fold replacement was carried out using the 
conversion factor that would detect the maximum positive dilution 
as the sensitivity. The results showed positivity up to a dilution 
of 1:12 800, which indicated the high sensitivity of the method 
(Figure 5 D).

Agreement between i-ELISA method and SN test
A total of 167 field serum samples collected from different pig 

farms were examined in parallel using the i-ELISA method and 
the SN test. The SN test detected 39 negative sera and 128 positive 
sera, whereas i-ELISA reflected 38 negative sera and 129 positive 
sera (Table I).

Figure 4. A — Identification of VP1 protein expressed by the pET-30a(1)-VP1 plasmid by 
SDS-PAGE. M — Molecular weight labeling; Lane 1 — pET-30a(1); Lane 2 — Uninduced 
pET-30a(1)-VP1; Lane 3 — Culture of pET-30a(1) after induction in E. coli BL21(DE3); 
Lane 4 — Supernatant of pET-30a(1)-VP1 after induction in E. coli BL21(DE3); and 
Lane 5 — Inclusion bodies of pET-30a(1)-VP1 after induction in E. coli BL21(DE3). 
B — Western blot analysis of the VP1 protein. M — Molecular weight marker; Lane 1 — 
E. coli-expressing pET-30a(1)-VP1.

Figure 3. Homology comparison of sequences in protein coding region. The homology comparison diagram was drawn by DNAstar. The highest sequence 
similarity of VP1 protein coding region between SHPD202148 isolate and representative strains from different countries was 98.6%.
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Two samples were positive in the SN test, while being negative 
in the i-ELISA test and 3 samples were negative in the SN test, 
while being positive in the i-ELISA. In total, 126 samples were 
positive and 36 were negative in both cases, representing a con-
sensus of 97.0% (162/167). The sensitivity of i-ELISA was therefore 
98.4% (126/128) among PSV-seropositive samples and the specific-
ity was 92.3% (36/39) among PSV-seronegative samples using the 
SN test as the standard evaluation method.

Meanwhile, the i-ELISA method was further applied to detect 
more clinical porcine serums. Altogether, 130 negative serums, 
285 positive serums, and 20 suspected positive serums were used 
in a total of 435 serum samples (Figure 6).

D i s c u s s i o n
Porcine epidemic diarrhea virus (PEDV), porcine circovirus 

type 2 (PCV2), and porcine reproductive and respiratory syndrome 
virus (PRRSV) have long been considered important pathogens 
that cause multiple system syndromes in swine populations in 
China. Although researchers have focused on the pathogenesis of 
these viruses and the development of vaccines, there has been no 
improvement in the prevention and control of clinical epidemics, 
which have become increasingly complex. Perhaps this means that 
new angles and new breakthroughs should be explored in order to 
solve these clinical problems.

Clinical data have confirmed that the positive rates of PSV in 
domestic pig herds are rising continuously and the co-infection 
rate with PSV and other diarrheal pathogens is high. It has been 
speculated that there might be a synergistic pathogenic effect. We 
should therefore focus on the clinical monitoring of the viral varia-
tion of PSV.

In 2022, 4 strains of PSV were isolated in northern China. An 
epidemiological survey showed a positive infection rate of 79.3% 
for PSV, which indicates the widespread and high prevalence of 
this strain in the Chinese region (15). Recently, PSV strains have 
frequently been isolated in western China. Other studies have con-
firmed that PSV strains isolated in western China can cause diarrhea 
in piglets (16).

Genetic evolution analysis showed that the isolated PSVs had a 
close genetic relationship with other PSV strains isolated in China, 
which means that the PSV strains circulating in China have probably 
evolved from a common ancestor (15). The Korean SV-A strain can 
replicate in the intestinal tract of piglets and cause intestinal and 
parenteral lesions in piglets, but not in chicks (17). However, the 
PSV isolates in the UK cause ataxia and general paralysis in piglets 
and co-localize in spinal lesions in infected animals (18).

In the present study, a newly isolated PSV strain, SHPD202148, 
was identified and its genomic characteristics were further inves-
tigated. Phylogenetic analysis revealed that the VP1 gene of the 
SHPD202148 strain was more closely related to Chinese PSV strains 

Figure 5. A — Determination of the cutoff value for the ELISA method. The average value plus 3 times the standard 
deviation was used as the cutoff value (0.352), i.e., if the serum OD value of the test is $$ 0.352, it is judged to be 
positive for PSV antibody, whereas OD values of ,, 0.299 are judged to be negative, with suspected positive sera 
between the 2 levels. B — Specificity analysis of the ELISA. The OD values of sera positive for common pathogens 
other than PSV were lower than the cutoff value of 0.352. C — PSV-VP1-ELISA method for reproducibility evaluation. 
Positive serum samples 1 to 3 (P1 to 3), negative serum samples 1 to 3 (N1 to 3). Reproducibility within and between 
assays was assessed using antigens from the same and different batches. Coefficients of variation were less than 10% 
for all samples. D — PSV-VP1-ELISA sensitivity analysis. PSV antiserum was serially diluted 2-fold (1:100 to 1:25 600) 
and tested using the established method. A maximum sensitivity of 1:12 800 was used as the cutoff value of 0.352.
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than to those isolated from other countries. The Chinese PSV strains 
shared the closest genetic relationships and, therefore, may have 
evolved from a common ancestor with less variation. In addition, 
the VP1 protein sequence of this strain has a high homology of 
72.3 to 98.6% compared with that of other countries. Therefore, the 
VP1 genes of the SHPD202148 strain were amplified and expressed 
in the pET system that was used for developing the detection test.

As there is no commercially available vaccine for PSV, early detec-
tion and monitoring for PSV antibodies is particularly important, 
especially antibody monitoring that can forecast pathogenic infection 
and the possibility of an epidemic. In the small ribonucleic acid virus 
Family, structural proteins are classified into VP4, VP2, VP3, and 
VP1. Structural proteins play an intermediary role in viral replication 
and pathogenicity and the VP1 protein is located at the outermost 
part of the viral particle in order to stabilize it (19). However, there 
are fewer studies on the PSV VP1 structural protein.

In this study, we explored the expression conditions of the PSV 
VP1 gene in E. coli strain BL21(DE3) and obtained polyclonal 
antibodies against VP1 protein. Western blot results showed that 
the PSV VP1 protein was specifically recognized by anti-PSV 
VP1-protein-positive sera and IFA results indicated that positive 
sera recognized the native PSV VP1 protein from PSV infection.

The test results showed that the PSV VP1 gene was expressed 
at a high level in E. coli and that the PSV VP1 protein had good 
immunogenicity. The recombinant protein did not cross-react with 
several common porcine-susceptible virus-positive sera and could 
specifically bind PSV-positive sera. Repeatability tests showed a 
coefficient of variation of less than 10%, which indicates that the 
method has good reproducibility.

In summary, the sensitivity, specificity, and reproducibility of 
the established PSV-VP1 protein can be used to identify PSV serum 
samples. The method was applied to clinical samples and the 
results showed a positive rate of 65.5%. This is higher than the 
previously reported prevalence of PSV in Shanghai (11). The posi-
tive serum in the ELISA test was randomly selected for VP1 protein 
sequencing. The sequencing results showed that the VP1 protein of 
individual strains of PSV was different from that of SHPD202148. 
Whole-genome sequencing will be carried out to explore whether it 
is a new epidemic strain of PSV.

Ibrahim et al (15) also used VP1 protein as the antigen to establish 
an i-ELISA method and no cross-reaction with known enterovirus 
antibodies was observed. The coincidence rate of i-ELISA was 
95.7% among PSV samples using IFA as the standard evaluation 
method (15). In the present study, the serum neutralization (SN) 
test was used for parallel testing of serum and the results showed 
a 97.0% agreement between the 2 methods. The SN test used the 
SHPD202148 strain and the serum dilution was 1:4. Serum below 
1:4 dilution was detected by IFA without fluorescence.

At the same time, the different PSV strains preserved in this study 
were detected using the same method and the SN test results were 
the same. The i-ELISA developed in this study may be a particularly 
valuable test for routinely diagnosing PSV infection on pig farms.

As the storage duration and temperature required for the preser-
vation of the i-ELISA are uncertain at present, further studies should 
be carried out that focus on the stability of the assay.

In conclusion, in this study, a porcine sapelovirus strain, 
SHPD202148, was isolated and identified as PSV by RT-PCR. The 
ELISA method using this PSV’s structural protein VP1 as antigen 
has good reproducibility and sensitivity and can be used as an 
alternative serological test for detecting antibodies against PSV in 
blood serum.
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I n t r o d u c t i o n
Urethral disorders secondary to trauma, stricture, congenital 

malformation, or neoplasia may require surgical reconstruction 
using compatible tissues (1). In humans, autologous intestinal seg-
ment grafts appear to be useful urethral substitutes with minimal 
complications (2). Such grafts possess their own blood supply (3) 
and have a mobile vascular pedicle, tubular shape, flexible walls, 

and adequate diameter for anastomosis to the urethra and mucosal 
lining (2).

In veterinary medicine, surgical techniques of urethrostomy for 
recurrent urethral obstruction have been described (4,5). In cases 
where the urethral length is insufficient for an ostomy without ure-
thral tension or torsion (6), however, it is necessary to develop and 
improve grafting techniques and materials that maintain urethral 
functions with a low rate of complications.

Neourethra creation using autologous vascularized intestinal graft in cats
Barbra G.O. de Faria, Vanessa M. da Silva, Jéssica A. Silva, Sheila C.A. Santos, Ana M. Quessada, 

Caterina Muramoto, João M. da Costa Neto

A b s t r a c t
The objective of this study was to assess the application of a urethrostomy technique that utilizes an autologous vascularized 
intestinal graft as a “neourethra” and to analyze its short- and long-term feasibilities. Six cats with urethral rupture and 8 cats 
with urethral stricture and a history of urethrostomy were included. The inclusion criteria were the indication for urethroplasty 
and limited urethral length for perineal urethrostomy. A segment of intestine was prepared as a graft for urethral repair. The 
diameter of the aboral end was adjusted to facilitate anastomosis with the urethra or neck of the urinary bladder. An ostomy was 
created in the prepubic region using the oral end. The postoperative follow-up period was at least 1 y. Restoration of urinary flow 
was successful in all cases immediately after surgery. During postoperative follow-up, minimal complications were observed, 
with urinary incontinence being one of the most frequent, occurring in 28.5% (4/14) of the cases. Urine culture, carried out at 
different times during the follow-up period, was positive in 72.7% (8/11) of the cats. The autologous graft from the vascularized 
intestinal segment was an appropriate urethral substitute and this urethroplasty technique therefore proved to be feasible in 
cats. The postoperative complications observed were not exclusive to this technique and generally could either be corrected 
or tolerated. Periodic clinical follow-up examinations are recommended. This procedure allows the reestablishment of urinary 
flow and should be considered a favorable option, particularly when there is insufficient urethral tissue to allow repair using 
conventional techniques.

R é s u m é
L’objectif de cette étude était d’évaluer l’application d’une technique d’urétrostomie qui utilise une greffe intestinale vascularisée 
autologue comme « néo-urètre » et d’analyser ses faisabilités à court et à long terme. Six chats avec rupture urétrale et huit 
chats avec rétrécissement urétral et antécédents d’urétrostomie ont été inclus. Les critères d’inclusion étaient l’indication 
d’urétroplastie et la longueur urétrale limitée pour l’urétrostomie périnéale. Un segment d’intestin a été préparé comme greffon 
pour la réparation urétrale. Le diamètre de l’extrémité aborale était ajusté pour faciliter l’anastomose avec l’urètre ou le col de 
la vessie. Une stomie a été créée dans la région prépubienne en utilisant l’extrémité orale. La période de suivi postopératoire 
était d’au moins 1 an. La restauration du flux urinaire a réussi dans tous les cas immédiatement après la chirurgie. Au cours 
du suivi postopératoire, des complications minimes ont été observées, l’incontinence urinaire étant l’une des plus fréquentes, 
survenant dans 28,5 % (4/14) des cas. La culture urinaire, réalisée à différents moments de la période de suivi, était positive chez 
72,7 % (8/11) des chats. La greffe autologue du segment intestinal vascularisé était un substitut urétral approprié et cette technique 
d’urétroplastie s’est donc avérée réalisable chez le chat. Les complications postopératoires observées n’étaient pas exclusives 
à cette technique et pouvaient généralement être soit corrigées soit tolérées. Des examens de suivi clinique périodiques sont 
recommandés. Cette procédure permet le rétablissement du flux urinaire et doit être considérée comme une option favorable, 
en particulier lorsque le tissu urétral est insuffisant pour permettre une réparation à l’aide de techniques conventionnelles.
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Based on the promising results achieved using the autologous 
vascularized intestinal segment for urethral replacement in dogs (7), 
humans (2,8,9), and 1 cat (10), we aimed to apply this urethroplasty 
technique in cats with limited urethral length that precludes the use 
of perineal urethrostomy and in which, for some reason, no other 
conventional urethrostomy technique can be used. We also aimed 
to analyze the short- and long-term feasibilities of this technique for 
functional urethral repair.

Due to the preliminary results our research group obtained after 
applying this technique to a cat (10), we hypothesized that this 
innovative technique is feasible in this species and is an appropriate 
option when additional tissue is required for urethral reconstruction 
and restoration of urinary flow. We also hypothesized that compli-
cations such as urethral tension and cicatricial stricture would be 
minimal with this technique.

M a t e r i a l s  a n d  m e t h o d s
This study was approved by the Ethics Committee on the Use of 

Animals of the Federal University of Bahia (CEUA-UFBA 19/2018). 
Owners signed an informed consent form agreeing to their cats’ 
participation in the study. Fourteen cats with urethral injury in 
which the location and/or extent of the lesion limited the options 
for reconstructive urethrostomy techniques were selected.

Anamnesis, physical examination, complementary blood tests 
(including serum urea and creatinine), and clinical stabilization were 
carried out on all animals preoperatively. Abdominal ultrasonogra-
phy was done in cases of suspected urethral rupture, allowing the 
identification of abdominal free fluid. Due to technical and financial 
constraints, contrast radiography was unavailable during the study 
period. Clinical signs and history of previous urethral procedures 
conducted in other hospitals were also considered for the diagnosis. 
In some cats, the location and extent of the urethral lesion was only 
diagnosed during the intraoperative period.

Fifteen minutes before surgery, all animals received cephalothin 
(Kefalomax; BioChimico, Itatiaia, Brazil), 30 mg/kg body weight 
(BW), IV and metronidazole (Flagyl; Sanofi-Aventis, São  Paulo, 
Brazil), 15 mg/kg BW. Subcutaneous meloxicam (Maxicam; 
Ourofino, Cravinhos, Brazil), 0.1 mg/kg BW, was also administered 
to non-azotemic animals.

Pre-anesthetic medication was administered based on the indi-
vidual requirements and American Society of Anesthesiologists 
(ASA) classification of each animal. Intravenous propofol (Propovan; 
Cristália, São Paulo, Brazil), 4 mg/kg BW, was used to induce 
anesthesia, which was maintained using isoflurane (Isoforine; 
Cristália) diluted in 100% medicinal oxygen. All cats received an 
epidural block with 2% lidocaine hydrochloride without vasocon-
strictor (Xylestesin; Cristália), 4 mg/kg BW, and morphine (Dimorf; 
Cristália), 0.1 mg/kg BW.

Cats were positioned in dorsal recumbency, and their abdominal 
and pelvic regions were prepared for aseptic surgery. A median 
celiotomy was carried out. The urethra was identified and carefully 
isolated, preserving the innervation and vascular supply whenever 
possible. The urethra was sectioned into the preprostatic segment 
in 12 cats. In 2 cats in which the original lesion was positioned more 
cranially, the urethra was sectioned close to the bladder neck.

Autologous vascularized intestinal segment grafts have been 
prepared for urological reconstruction in dogs and humans (7,8) and 
we adapted these techniques for cats. An enterectomy approximately 
7 cm long was carried out, preserving the mesenteric vascularization 
(Figure 1 A). The enterectomy site was defined as the first segment 
of the small intestine, orally/cranially from the cecum, irrigated by 
vessels from the same branch (usually at ileum or jejunum-ileum 
transition).

A simple interrupted suture pattern (4-0 poliglecaprone; Bioline, 
Anápolis-GO, Brazil) was used for termino-terminal anastomosis of 
the intestine. The associated mesentery was sutured using 4-0 poli-
glecaprone in a simple continuous pattern (Figure 1 B). Sodium 
chloride (0.9%) isotonic solution (Fisiológico; Eurofarma, Ribeirão 
Preto, Brazil) was injected into the lumen near the anastomosis to 
check for leakage.

The vascularized intestinal graft was isolated and washed with 
a warm solution of 0.9% sodium chloride to completely remove the 
luminal content. To avoid torsion of the graft mesenteric pedicle 
due to anatomical positioning, the aboral end of the graft was 
anastomosed to the urethra and the oral end was positioned in the 
ostomy region.

Subsequently, incisions were made in the abdominal muscula-
ture, subcutaneous tissue, and skin of the prepubic region through 
which the oral end of the graft was passed from the inside to the 
outside of the abdominal cavity. A Foley catheter (Well Lead Medical, 
Guangzhou, China) (sizes 6, 8, or 10, depending on the urethral 
thickness) was passed through the lumens of the graft and remain-
ing urethra (or bladder neck) until the urinary bladder was reached, 
where the cuff was inflated.

The diameter of the aboral end of the graft was reduced to match 
the diameter of the urethra. At the aboral end, a 0.5-cm wedge-
shaped segment of the wall was removed from the circumference 
(Figure 1 C) and a simple interrupted 4-0 poliglecaprone suture was 
applied (Figure 1 D). To carry out the graft-urethra anastomosis, 
stay sutures were placed around the entire circumference of both 
walls (Figure 1 E) and the knots were then tightened in a simple 
interrupted suture pattern. In cats in which the section occurred in 
the neck of the urinary bladder, anastomosis was conducted directly, 
without previous reduction in diameter.

Subsequently, the intestinal anastomosis region was omentalized 
and the abdominal wall was closed in the usual manner using an 
interrupted cruciate pattern of suture (2-0 Nylon; Bioline) to the 
musculature, an intradermal suture (2-0 Catgut Chrome; Bioline), 
and a simple interrupted pattern (3-0 Nylon; Bioline) to the skin.

A 1-cm longitudinal incision was made on the antimesenteric side 
of the exteriorized graft end to create the ostomy (11). This incision 
facilitated eversion of the end around its entire circumference, 
forming a “rosebud”-like shape. It was then sutured to the edges of 
the skin orifice in the prepubic region using 4-0 poliglecaprone in a 
simple interrupted pattern, transfixing all layers of the graft wall. 
Finally, the Foley catheter was attached to the skin using simple 
interrupted 3-0 surgical nylon sutures (Figure 1 F). A video of the 
surgical procedure can be accessed at https://www.youtube.com/
watch?v=uWdBXywQyKg

After 24 h of hospitalization, the animals were discharged with the 
following oral prescriptions: amoxicillin with potassium clavulanate 
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Figure 1. Photographs of urethroplasty using an autologous vascularized intestinal segment for urethral replacement preparation in cats. A — Identification 
of the intestinal segment with its vascular supply and mesenteric nerve for subsequent resection for grafting. B — Continuous suture of the mesentery 
and separation of the autologous vascularized intestinal segment graft. C — Removal of a wedge-shaped wall segment from the aboral end of the 
graft. D — Intestinal wall synthesis after removal of the wedge-shaped segment. E — Stay sutures passing through the walls of the urethra and graft. 
F — Immediate postoperative appearance of the ostomy and the Foley catheter fixed to the skin; the superimposed image shows the ostomy area on 
the 15th postoperative day after removing skin stitches and the Foley catheter.
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(Synulox; Zoetis, Campinas, Brazil), 15 mg/kg BW, q12h for 14 d; 
metronidazole (Flagyl; Sanofi-Aventis), 15 mg/kg BW q12h for 5 d; 
tramadol (Dorless; Agener-União, São Paulo, Brazil), 1 to 2 mg/kg 
BW q8h for 3 d; omeprazole (Gaviz V; Agener-União), 1 mg/kg BW 
q24h for 14 d; and meloxicam (for non-azotemic cats) (Flamavet; 
Agener-União), 0.05 mg/kg BW q24h for 2 d.

Other home care recommendations during surgical healing 
included the use of an Elizabethan collar, disposable diapers over 

the end of the Foley catheter, and cleaning the surgical wound 
with a chlorhexidine-based solution. After healing, 14 d follow-
ing surgery, the Foley catheter and external sutures were removed  
(Figure 1 F).

Postoperative clinical examinations were carried out at 5, 14, 30, 
60, 90, 180, and 360 d to assess the healing process and urination. 
Follow-up evaluations included anamnesis and conventional physi-
cal examination, along with inspection and cleaning of the incision 

Figure 2. Histopathological images of the hematoxylin and eosin (H&E)-stained samples obtained from the normal ileum segment in a cat (A) and 
autologous grafts obtained from the ileum of cats (B, C, and D). A — The ileal fragment that was extracted from the intestinal tract and used as a 
control sample (H&E, 1003). B — Autologous ileal graft at 6 mo after surgery shows a slight increase in goblet cells (arrows) and submucosal lym-
phoplasmacytic inflammation (*) (H&E, 2003). C — Autologous ileal graft at 12 mo after surgery shows a marked increase in goblet cells (arrows) and 
no inflammation (H&E, 1003). D — Histological section of the stenotic ostomy region. A reduction in the size of the lumen (black bars) and bilateral 
symmetrical fibrosis in the ostomy area (arrows) are seen (H&E, 503).
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and ostomy, with attention to urine release, the ostium of the ostomy, 
and surrounding skin conditions.

Serum biochemical tests were done 5 to 30 d after surgery, accord-
ing to the requirements of each cat and the availability of the cats’ 
owners. Ultrasonography (Logiq-e; GE Medical Systems, Wuxi, 
China) of the urinary tract and urine collection through aseptic cys-
tocentesis for urinalysis and culture were carried out at least once 
between 20 and 360 d after surgery.

Histopathological analysis of the graft was possible on 2 occa-
sions: from a cat euthanized for tracheal obstructive neoplasia 180 d 
postoperatively (in this case, a tissue sample of healthy ileum from 
the digestive tract was also obtained as a control) and from a cat 
that underwent revision surgery for ostomy stricture 1 y after the 
primary surgery (Figure 2 A to D).

Re s u l t s
Of the 14 selected cats, 8 had urethral strictures (in the ostium 

of previous urethrostomy or the path of the urethra) and 6 had 
urethral rupture. All cats were male, without a defined breed, from 
3 mo to 14 y old (mean 6 SD: 4.2 6 3.9 y), and weighed 1.2 to 6 kg 
(mean 6 SD: 3.8 6 1.4 kg).

The location, type, and cause of the urethral lesion, as well as 
clinical signs, are presented in Table I. In most cases, a combination 
of clinical signs was observed. The 8 cats with urethral strictures had 
a history of 1 to 4 previous perineal and/or prepubic urethrostomies 
(Table I). Urethral ruptures were iatrogenic in 3 cats, due to blunt 
force trauma/being hit by a car in 2 cats and of unknown cause in 
1 cat with signs of urethral obstruction for 3 d.

In 5 cats, the presence of abdominal free fluid, bladder reple-
tion, inability to urinate, and unsuccessful urethral catheterization 
allowed the diagnosis to be suspected preoperatively. Concomitant 
traumatic injuries (hematomas in the pelvic region and fracture of 
the right femur) were observed in 2 cats. In all cases, urethral cath-
eterization was unsuccessful, urethral lesions were extensive, and 
ruptures were confirmed intraoperatively (Table I). No complications 
occurred during any surgical or anesthetic procedures.

The proposed postoperative clinical follow-up was sufficient 
to assess the clinical condition of the cat, healing of the surgical 
wound, and integrity of the autologous graft, and allowed medical 
interventions when needed. In 7 cats (7/14; 50%), no complications 
were identifiable based on anamnesis and physical examination. In 
the other 7 cats, 1 or more complications occurred (total, 13) at dif-
ferent time periods and with different severities (Table II). Urinary 

Table I. Clinical signs and location, type, and cause of urethral 
lesions in cats.

Preoperative/ 
intraoperative  
information	 Description	 Number (%)
Location of 	 Postprostatic pelvic urethra	 9 (64.3) 
urethral lesion	 Preprostatic pelvic urethra	 3 (21.4)
	 Adjacent to the neck of the 	 2 (14.3) 
	   urinary bladder

Type and cause 	 Urethral stricture following	 8 (57.1) 
of urethral lesion	   previous urethrostomy
	 Extensive urethral rupture 	 4 (28.5) 
	   (iatrogenic/unknown cause)  
	   and unsuccessful urethral  
	   catheterization
	 Extensive rupture due to blunt 	 2 (14.3) 
	   force trauma/being hit by  
	   a car and unsuccessful  
	   urethral catheterization

Clinical signs	 Unable to urinate on their own	 13 (92.9)
	 Distended and firm urinary 	 8 (57.1) 
	   bladder
	 Free fluid in the abdominal 	 5 (35.7) 
	   cavity
	 Scrotal and preputial edema	 4 (28.6)
	 Unsuccessful urethral 	 2 (14.3) 
	   catheterization
	 Vocalization	 2 (14.3)
	 Stranguria	 1 (7.1)
	 Penile hemorrhage	 1 (7.1)
	 Pyuria	 1 (7.1)

Table II. Postoperative clinical signs and information obtained 
from anamnesis, physical examination, ultrasonography, and 
urine culture.

Postoperative clinical signs/information	 Number (%)
Anamnesis and physical examination
  No clinical complications	 6/14 (42.9)
  Irritation of the skin adjacent to the ostomy	 3/14 (21.4)
  Frequent licking of the ostomy region	 2/14 (14.3)
  Graft lumen stricture at the ostomy site	 2/14 (14.3)
  Marked urinary incontinence	 2/14 (14.3)
  Skin and subcutaneous incisional dehiscence	 1/14 (7.1)
  Omental evisceration secondary to body wall 	 1/14 (7.1) 
    dehiscence
  Mild and intermittent urinary incontinence	 1/14 (7.1)
  Moderate urinary incontinence	 1/14 (7.1)

Ultrasound examination
  Moderate amount of echogenic sediment 	 5/14 (35.7) 
    suspended in urine
  Small amount of echogenic sediment suspended 	 4/14 (28.6) 
    in urine
  Large amount of echogenic sediment suspended 	 3/14 (21.4) 
    in urine
  Thickening of the urinary bladder wall	 3/14 (21.4)
  Tiny calculi in the urinary bladder	 1/14 (7.1)
  Irregularity of the urinary bladder wall	 1/14 (7.1)

Urine culture
  Not possible to collect urine	 3/14 (21.4)
  Escherichia coli	 3/11 (27.3)
  No bacterial growth	 3/11 (27.3)
  Staphylococcus sp.	 2/11 (18.2)
  Staphylococcus epidermidis	 2/11 (18.2)
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incontinence was the most frequent complication (4/14; 28.5%). 
Periodic assessments allowed early detection and correction of stric-
ture in the ostomy region in 2 cats (2/14; 14.3%) 1 y after surgery in 
1 cat and 6 mo after surgery in the other (Table II).

Although serum biochemical tests could not always be completed 
on the desired dates, at least 1 blood sample was obtained from all 
cats within the first 30 d after surgery. Seven cats were azotemic 
preoperatively. The mean values of preoperative urea and creati-
nine levels (130.2 6 93.1 mg/dL and 3.8 6 3.7 mg/dL, respectively) 
decreased considerably (55.4 6 12 mg/dL and 1.3 6 0.4 mg/dL, 
respectively) within 30 d after surgery. Urine culture could be car-
ried out in 11 cats postoperatively [median (interquartile range): 
150 (90 to 195) d after surgery]. Gram-negative and Gram-positive 
bacteria were seen in 3 and 5 samples, respectively (Table II).

Postoperative ultrasonography allowed evaluation of the graft, 
urinary bladder, adjacent tissues, and other abdominal organs. It was 
possible to follow the entire path of the graft from the anastomosis 
to the ostomy. Typical parietal stratification and peristalsis, with 
different degrees of intensity, were present in all cats. There were no 
signs of luminal dilation and no or minimal amount of urine in the 
lumen. The urinary bladder was not distended in any cats. No free 
fluid or increased echogenicity of the tissues adjacent to the graft 
that could suggest local inflammation was detected. No relevant 
alterations were observed in the gastrointestinal tract.

Histopathological analysis of the graft of the euthanized cat (tra-
cheal neoplasia), carried out 6 mo after surgery, revealed a slight 
increase in goblet cells and submucosal lymphoplasmacytic inflam-
mation (Figure 2 B). In the sample obtained 12 mo after surgery dur-
ing the revision procedure for ostomy stricture, there was a marked 
increase in goblet cells and no signs of inflammation (Figure 2 C). 
These features were not observed in the control sample from the 
digestive tract (Figure 2 A).

D i s c u s s i o n
To the best of our knowledge, only 1 case report has described the 

use of urethroplasty with autologous intestinal graft in cats (10). This 
is the first study to describe and analyze the neourethra technique 
as a surgical treatment for cats in which urethral length restricted 
the use of other reconstructive techniques.

The preoperative clinical signs varied according to the cause, loca-
tion, extent, severity, and duration of injury and were characteristic 
of compromised urinary flow. All cases presenting with abdominal 
free fluid were associated with urethral rupture (12). Penile hemor-
rhage and scrotal and preputial edema were perhaps secondary 
to the attempted urethral catheterization during previous care at 
another veterinary center (13).

The Foley catheter is important for adequate healing, reducing the 
risk of strictures, and preventing urine leakage in the suture line (14). 
A significant decline in serum urea and creatinine concentrations 
was expected in the postoperative period after the urinary flow was 
restored and azotemia was corrected (15).

We observed positive urine cultures in 72.7% (8/11) of the cats; 
6 of them exhibited no clinical signs other than minor changes 
in complementary examinations, such as the presence of urinary 
sediment (6/6) and thickening (2/6) of the urinary bladder wall on 

ultrasonography. The other 2 cases with positive urine cultures were 
discovered in cats with incontinence. Periodic urinalysis by cysto-
centesis should be carried out for the early detection and treatment 
of urinary infections (4). The large diameter and different contrac-
tion pattern of the intestinal graft compared with a cat’s urethra are 
factors that may facilitate urinary infections. Urinary infection due 
to bacteria of the intestinal flora of the graft was considered very 
unlikely since antibiotics were used prophylactically, in addition to 
washing the graft lumen.

We believe that the cases of postoperative urinary incontinence 
were not related to the surgical procedure itself but rather to the 
location of the lesion (close to the bladder neck) or the involvement 
of innervation due to the original trauma. Maintaining the maxi-
mum possible length of the urethra and innervation of the bladder 
and urethra are important for maintaining urinary continence (6). 
Although the surgical procedure was carefully carried out, in both 
cases in which the anastomosis was done at the bladder neck, there 
was marked incontinence due to the complete absence of the urethra.

Furthermore, excessive urethral distension in cases of obstruc-
tion can compromise innervation and cause incontinence (16). This 
probably explains the incontinence in the cat that presented with 
a ruptured urethra after signs of urinary obstruction. The urinary 
incontinence of the cat that had been run over was possibly related 
to traumatic injury to the urethral innervation.

The characteristics of an autologous intestinal segment are ideal 
for grafting as it has no antigenic properties, maintains innervation 
and vascular supply, and its length is adjustable, which contributes 
to its healing and integration (2,8). The vascular pedicle showed suf-
ficient mobility to allow anastomosis with the urethra and ostomy 
site without tension (2). In addition, there were no complications or 
sequelae in the intestinal region from which the graft was obtained.

The ostomy strictures developed in 2 cats (2/14; 14%) could be 
correlated with excessive licking of the ostomy site. In both cases, 
the correction was possible by creating a new ostomy. A study 
related to conventional prepubic urethrostomy reported a higher 
rate of stricture of the urethrostomy site (4/16; 25%) at different 
postoperative periods and the correction was possible in only 1 case, 
with euthanasia indicated in the others (6). In the present study, the 
large diameter of the graft compared with the urethra of a normal 
cat may have contributed to the lower rate of ostomy stricture.

Leakage of urine is a common postoperative complication that is 
also observed with other urethrostomy techniques (16). Since there 
were only 4 cats with incontinence in our study, however, and the 
stricture in the ostomy region occurred precisely in the 2 cats that 
also showed excessive licking, licking was considered the most 
likely cause of the stricture and not contact with urine or the surgi-
cal technique itself.

Depending on the type and length of the intestinal segment used, 
long-term complications described in human medicine include 
metabolic imbalance, malabsorption of vitamins, cholelithiasis, and 
nephrolithiasis (17). These complications were not observed post-
operatively in our patients, probably because graft extracted from 
the digestive tract was not long enough to cause impairment of the 
remaining intestinal function.

In our study, histopathological analysis revealed an increase in the 
number of goblet cells, which has also been observed in ileal grafts 
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in humans (18). The histological changes, observed in both studies, 
can be considered a tissue adaptation related to the new function of 
the intestinal graft, which remains in chronic contact with urine. The 
possibility of adaptation to prevent urine reabsorption was discussed 
in another study (19).

Long-term follow-up studies and histopathological evaluations 
can provide more information regarding other changes that may 
occur over time in the cats included in the present study. The sample 
size and follow-up time were not sufficient to establish precise cor-
relations between postoperative findings and their causes. Owners 
of the cats should be aware that lifelong care will be required.

It is important to mention that other surgical techniques, such 
as transpelvic urethrostomy, would also be feasible for some of the 
cases included in this study. Due to the cat owner’s limited financial 
resources and the surgeon’s skill, however, the neourethra technique 
was the most viable alternative to euthanasia in these cases.

In conclusion, the applied urethroplasty technique proved to be 
feasible in cats. The ileal graft was a good urethral substitute, allow-
ing the reestablishment of urinary flow. It is a favorable alternative 
for cases in which there is insufficient urethral tissue to allow repair 
using conventional techniques. In the present study, the rate of post-
operative complications was low and not exclusive to the technique 
employed. In most cases, complications can be corrected or are well 
tolerated. Periodic clinical follow-up, including urinalysis and urine 
culture, are recommended at least every 6 mo.
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I n t r o d u c t i o n
Total hip replacement (THR) is a common surgical procedure in 

dogs and cats for the treatment of hip pathologies such as hip dys-
plasia, coxofemoral luxation, femoral head and neck fractures, and 
Legg-Calvé-Perthes disease (1–6).

Canine THR can either be performed with cemented or cementless 
components (7). BioMedtrix is one of the most commonly used THR 
systems (Biomedtrix; Boonton, New Jersey, USA) (8–10). The femoral 
components used with this system achieve stability through a cement 

mantle or through initial press-fit and subsequent osteointegration 
in the CFX and in the BFX models, respectively (9,11,12).

The implant size related to the femoral canal and implant coaxial 
alignment in both the sagittal and coronal planes are 2 important 
factors to evaluate adequate femoral component implantation in BFX 
THR models. The largest stem that can fit between the endosteal 
femoral surfaces with a minimum of 85% fill of the femoral canal 
was recommended in previous studies (9,13,14). However, canal 
fill under 85% was not associated with complications in a recent 
study (15), and the percentage of canal fill was considered a poor 

Relationship between the degree of stifle flexion and the proximal 
patellofemoral angle in the sagittal plane: A radiographic study

Juan José Camarasa, Rosario Vallefuoco, Felipe De Vicente

A b s t r a c t
The objective of this study was to evaluate the position of the patella in relation to the proximal femoral axis in the sagittal plane 
and to assess its reliability as a surgical landmark for femoral component placement in canine hip replacement. The relationship 
between the patella and the proximal femoral axis was assessed by defining the proximal patellofemoral angle in medio-lateral 
radiographic projections with 3 different stifle angles (full flexion, 90°, full extension) in medium to large breed skeletally mature 
dogs (N = 14). Proximal patellofemoral angle measurements were compared between the 3 different groups of stifle position 
using ANOVA for statistical analysis. The mean proximal patellofemoral angle measurements were 27.4° (6 1.3°) in the flexion 
group, 21.6° (6 1.5°) in the 90° group, and 2.1° (6 1.8°) in the extension group. Statistically significant differences were seen 
in the proximal patellofemoral angle between groups (P # 0.001). These results confirm that position of the patella related to 
the proximal femoral axis differs depending on the degree of stifle flexion. The degree of stifle flexion should be considered in 
the preoperative planning and intraoperatively when using the patella as a surgical landmark in the sagittal plane for femoral 
canal broaching in canine total hip replacement.

R é s u m é
L’objectif de cette étude était d’évaluer la position de la rotule par rapport à l’axe fémoral proximal dans le plan sagittal et d’évaluer 
sa fiabilité en tant que repère chirurgical pour le placement du composant fémoral dans le remplacement de la hanche canine. 
La relation entre la rotule et l’axe fémoral proximal a été évaluée en définissant l’angle fémoro-patellaire proximal dans des 
projections radiographiques médio-latérales avec trois angles de grasset différents (flexion complète, 90°, extension complète) 
chez des chiens de race moyenne à grande (N = 14). Les mesures de l’angle fémoro-patellaire proximal ont été comparées entre 
les trois groupes différents de position de grasset en utilisant l’ANOVA pour l’analyse statistique. Les mesures moyennes de 
l’angle fémoro-patellaire proximal étaient de 27,4° (6 1,3°) dans le groupe flexion, 21,6° (6 1,5°) dans le groupe 90° et 2,1° (6 1,8°) 
dans le groupe extension. Des différences statistiquement significatives ont été observées dans l’angle fémoro-patellaire proximal 
entre les groupes (P # 0,001). Ces résultats confirment que la position de la rotule par rapport à l’axe fémoral proximal diffère 
selon le degré de flexion du grasset. Le degré de flexion du grasset doit être pris en compte dans la planification préopératoire 
et peropératoire lors de l’utilisation de la rotule comme repère chirurgical dans le plan sagittal pour la présentation du canal 
fémoral dans le cadre d’une arthroplastie totale de hanche canine.

(Traduit par Docteur Serge Messier) 

Pride Veterinary Referrals, IVC Evidensia, Riverside Road, Derby, DE24 8HX United Kingdom (Camarasa, Vallefuoco); Veterios. 
C/ Arrastaria, 23. 28022. Madrid, Spain (De Vicente).

Address all correspondence to Dr. Juan José Camarasa; telephone: 1447568984120; email: juanjocamarasa@gmail.com

Author contributions: 
Camarasa JJ: Study design, acquisition of data, data analysis and interpretation, and drafted, revised, and approved the submitted manuscript; 
Vallefuoco R: data analysis and interpretation, and drafted, revised, and approved the submitted manuscript; De Vicente F: conception of study, 
study design, data analysis and interpretation, and drafted, revised, and approved the submitted manuscript.

Received July 18, 2022. Accepted November 20, 2022.

FOR PERSONAL USE ONLY



192 The Canadian Journal of Veterinary Research� 2000;64:0–00

indicator of optimal stem size (15). Because the femoral component 
relies on initial press-fit stability, precise femoral canal broaching is 
mandatory to achieve this stability. Femoral component alignment 
in the femoral canal should be coaxial, matching the long axis of the 
femur in both the sagittal and coronal planes (4,14). Malalignment 
during femoral canal preparation may have detrimental biome-
chanical consequences and can lead to intra-surgical complications 
such as femoral fissures or fractures (4,15–18). The position of the 
patella has been proposed as an valuable intraoperative landmark 
for femoral canal broaching in order to achieve an adequate stem 
alignment in the proximal femoral axis (4,19). During surgery, the 
broaching angle and alignment could be determined using the 
cranial or proximal patella as an orientation landmark (4,9,14). The 
position of the patella and its relation to the femoral axis, as well 
as the distal femoral conformation must be assessed in the lateral 
radiographic views during preoperative planning (4,9,14). Because 
the patella kinematics are related to the femoral-tibial flexion angle, 
the patella is more proximal in the femoral trochlea when the stifle is 
fully extended and it translates caudally and distally when the stifle 
is flexed (20,21). Therefore, using the patella as an intraoperative 
orientation landmark during femoral canal preparation could be 
misleading if the stifle angle is obviated, as patellar position varies 
depending on the degree of joint flexion.

The objective of this study was to evaluate the relationship 
between the position of the patella and the proximal femoral axis 
in the sagittal plane during stifle range of motion, to assess the 
suitability of the patella as surgical landmark in dogs without 
anatomical variations in the femur. Our hypothesis was that there 
would be a significant variation in the position of the patella related 
to the proximal femoral long axis during stifle range of motion so 
that the degree of stifle flexion should be taken into consideration 
when using the patella as a reference for femoral canal broaching 
in the sagittal plane.

M a t e r i a l s  a n d  m e t h o d s

Study design
A prospective clinical study was performed once ethical approval 

had been obtained at the authors’ institution. Inclusion criteria were 
medium to large breed skeletally mature dogs (weighing over 15 kg) 
which underwent pelvic limb radiographs as part of their lameness 
investigations, with additional radiographs performed for the pur-
pose of this study. Mediolateral open leg radiographic views of the 
femur and tibia were obtained in 3 different positions: maximum 
stifle flexion, maximum stifle extension, and 90° of stifle flexion. 
The correct positioning of the stifle joint at 90° of stifle flexion was 
determined by using an orthopedic goniometer and measured values 
of 90° 6 5° were considered acceptable (22). Specific stifle angles 
were not pursued in the maximum stifle flexion and maximum stifle 
extension radiographic views; these were taken with the maximum 
degree of stifle flexion and extension that the patient could have 
under sedation. The full length of the femur and tibia were included 
in each radiographic view by including the coxofemoral and the talo-
crural joints. Radiographic positioning was considered satisfactory 
if both femoral condyles were superimposed (23). Only dogs with 

grossly normal femoral anatomy were included based on measure-
ments of the mechanical caudal distal femoral angle (24). Dogs with 
severe stifle osteoarthritis and dogs with femoral-tibial subluxation 
due to cranial cruciate ligament disease were excluded from the 
study. In addition, condrodystrophic breeds and dogs with femoral 
or tibial angular limb deformities were also excluded from the study.

Measurement technique
All measurements were performed using digital image software 

(OsiriX MD; Pixmeo, Bernex, Switzerland) on the 3 different medio-
lateral radiographic views (Figure 1). The proximal femoral axis 
(PFA) in the sagittal plane was calculated as previously described 
by drawing a line bisecting the femoral diaphysis at 50% and the 
proximal 25% of the total femoral length (25). The intersection of 
the PFA with the radiopaque line that delineates the intertrochan-
teric fossa, from the greater trochanter to the third trochanter, was 
considered the vertex point from which all angles would be deter-
mined. A second line was drawn between this vertex point and the 
cranial aspect of the patella, which was named the “patellofemoral 
orientation line” (PFOL). The exact ending point of the PFOL in the 
cranial aspect of the patella was defined by tracing a line from the 
proximal to the distal edge of the patella at its maximum length. 
A second perpendicular line at the 50% of the maximum patellar 
proximal-distal length was traced. The cranial end of this line at the 
patella was considered the landmark for the PFOL.

The angle created between the PFA and the PFOL was considered 
the proximal patellofemoral angle (PPFA). The PPFA was calculated 
in the 3 radiographic views for every animal included in this study 
(Figure 1). The PPFA was considered positive when the position of 
the patella was cranial to the PFA and negative when the position of 
the patella was caudal to the PFA. Proximal patellofemoral angles 
were measured 5 times by the same investigator for each radiograph 
and measurements were recorded for statistical analysis.

Statistical analysis
Intraclass correlation coefficient was calculated to assess PPFA 

measurements repeatability. Descriptive statistics were calculated 
for continuous variables. Normality of the data was evaluated by 
using the Shapiro-Wilk test and results were reported as mean and 
standard deviation (SD). A Kruskal-Wallis analysis of variance 
(ANOVA) on ranks was used to compare PPFA between groups. 
A  Spearman’s rho correlation coefficient was performed on the 
interpolated patellofemoral and femoral-tibial data to determine the 
extent of a linear relationship between stifle angle and PPFA. The 
data was considered as strongly correlated if the r . 0.8 and weakly 
correlated in r , 0.3. For all statistical analyses performed, P , 0.05 
was considered statistically significant.

Re s u l t s
Fourteen animals were included in the study. Dogs included in 

the study belonged to the following breeds: Staffordshire bull terrier 
(n = 3), Labrador retriever (n = 3), golden retriever (n = 2), German 
shepherd (n = 1), Rottweiler (n = 1), springer spaniel (n = 1), cocker 
spaniel (n = 1), whippet (n = 1), and a cross breed (n = 1). The mean 
age of dogs included in the study was 5.5 y (6 3.5 y), and the mean 
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weight was 27.2 kg (6 9.8 kg). The mean stifle positioning angles 
in the flexion, 90° and extension groups were 44.3° (6 4.2°), 89.7° 
(6 2.7°), and 130° (6 11.2°), respectively (Table I).

In total, 14 stifles and 42 radiographs were assessed. The mean 
measurements of PPFA were 27.4° (6 1.3°) for the full stifle flexion 
group, 21.6° (6 1.5°) for the 90° group, and 2.1° degrees (6 1.8°) for 
the full stifle extension group. There was a mean variation in PPFA 
angle during full stifle range of movement of 9.5° (6 1.5°). Although 
there was a smaller variation in PPFA between stifle extension and 
stifle 90° positions, with a difference of 3.8° (6 1.0°), there was a 
more pronounced difference between the 90° and flexion position 
with a difference of 5.8° (6 0.9°). Intra-class correlation coefficient 
(ICC = 0.893) indicated good agreement of the measurements within 
the groups.

Statistically significant differences were determined between the 
PPFA in flexion and 90° position (P # 0.001), flexion and extension 
(P # 0.001), and 90° and extension (P # 0.001). Total stifle angle mea-
surements were linearly strongly correlated with PPFA (Spearman’s 
rho correlation coefficient = 0.904, P , 0.01, 95% CI).

D i s c u s s i o n
Results from this study have shown that the relation between the 

patella position and the PFA in the sagittal plane, measured by the 
PPFA, is dependent on the degree of extension-flexion of the stifle, 
and that the difference in the PPFA between the stifle angles evalu-

ated in this study was statistically significant. The stifle angle and 
PPFA correlation coefficient indicated a strong linear association.

To the authors’ knowledge, this is the first study that has inves-
tigated the relationship of the position of the patella related to 
the PFA in the sagittal plane during stifle range of motion. Moore 
et al (21) investigated the normal in vivo sagittal plane patellofemoral 
kinematics in dogs during daily activities using horizontal-beam 
flat-panel imaging. The results of these investigations concluded that 
patellofemoral alignment in the sagittal plane was correlated with 
the femoral-tibial flexion angle. Similar conclusions were drawn by 
Pozzi et al (26) in a cadaveric model, in which passive patellofemoral 
joint motion was described over a smaller range of femoral-tibial 
motion. Both studies demonstrated a relation of the proximal-distal 
position of the patella in relation to the stifle flexion angle. In our 
study, we identified this movement of the patella in the trochlear 
groove during stifle range of motion as previously described, but 
this was not further analyzed as this was beyond the scope of  
this study.

Achieving coaxial alignment is one of the goals when placing the 
femoral component in a BFX THR procedure. A misalignment in 
femoral canal preparation can lead to intraoperative complications 
during femoral broaching or can potentially lead to postsurgical 
complications due to stem malalignment (4). During femoral canal 
preparation for THR, forces resulting from impaction of the broach 
are distributed uniformly outward provided the broach is aligned 
parallel with the femoral long axis and enters the canal over the 
central axis (17). Misdirected forces and encroachment of the broach 
on the bone generate a consequent increase in bone strain that may 
result in a fissure or fracture (4,15). Femoral fissures that are not 
identified intraoperatively may propagate and manifest later as a 
complete femoral fracture during the terminal stages of broaching 
or stem insertion (27). In human medicine, Sakai et al (28) postulated 
that imperceptible microfractures occur during femoral canal prepa-
ration prior to noticeable intraoperative fracture, which highlights 
the significance of minimizing energy transmission in undesirable 
directions during femoral canal preparation.

It has been suggested that malalignment during femoral canal 
broaching in the sagittal plane could be prevented by aiming the 

Figure 1. Example of proximal patellofemoral angle (PPFA) in 3 different stifle positions. 
(PFOL: patellofemoral orientation line).

Table I. Results of PPFA in the different stifle angle 
positions.

	 Full		  Full
	 flexion	 90°	 extension
Stifle angle	 44.3 (6 4.2)	 89.7 (6 2.7)	 130 (6 11.2)

Proximal	 27.4 (6 1.3)	 21.6 (6 1.5)	 2.1 (6 1.8)
patellofemoral
angle (PPFA)
Note: Values are expressed as mean degrees 6 standard deviation.
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instruments just proximal to the patella, and cranial to it when there 
is caudal angulation of the femoral shaft (4). However, references 
regarding the degree of stifle flexion during femoral preparation 
for THR are lacking.

Our study has shown a statistical difference between the PPFA at 
3 determined positions of stifle flexion. Due to the large proximal 
femoral fill required for the femoral component in press-fit with 
THR systems, it seems logical to assume that small variations in 
PPFA when broaching the femoral canal can have a clinical conse-
quence. Although full stifle flexion during femoral canal broaching 
is unlikely in the clinical scenario, it is possible to position the stifle 
in any degree of extension between 90° and full extension, with a 
PPFA difference between these 2 stifle positions of 3.8° (6 1.0°). 
Therefore, neglecting the degree of stifle flexion during femoral canal 
preparation may result in broaching malalignment and, depending 
on the desired femoral canal stem filling, may result in encroach-
ment which could increase the risk of intraoperative complications. 
The results from this study translate also to the clinical scenario 
and the average 3.8° increases in PPFA between the 90° and flexed 
stifle positions, and the 9.5° difference seen in PPFA in stifle range 
of motion could be clinically relevant. Consequently, the exactitude 
of the patella as anatomic reference during the surgical procedure 
should be assessed for every individual by measuring the PPFA 
during radiographic preoperative planning. Considering the degree 
of stifle flexion when using the patella as an intra-surgical land-
mark in femoral canal preparation should lead to a more accurate 
coaxial stem placement. Information related to the effect of the stem 
malalignment in the perioperative period has conflicting results. 
One study has shown that dogs with varus angulation of the stem 
$ 5° on postoperative radiographs were 12.5 times more likely to 
have concurrent intraoperative fissures, whereas malalignment of 
the stem in other orientations, including craniocaudal tipping, was 
not associated with fissure or fracture formation (15). Other stud-
ies have failed to associate stem positioning with risk of femoral 
fractures (29–31). In the long-term, misalignment of the prosthetic 
stem may result in an unnatural load transfer pattern, also defined 
as “stress shielding” that may lead to periprosthetic fractures, pros-
thetic loosening, and pain due to postoperative bone atrophy and 
resorptive bone remodelling (17,32).

Femoral fractures following THR have been reported in up to 13% 
of patients, but more recent reports have indicated an incidence of 
6.8% (30,31). The authors from the later study suggested that their 
femoral preparation technique with improved femoral component 
coaxial alignment might be the reason for this lower complication 
rate. Stems placed in a neutral position allow the most even distribu-
tion of strain to provide the initial stability necessary to achieve bone 
osseointegration and consequently long-term stability (15,16,33,34).

Limitations to this study include the relatively small population 
of dogs and the potential anatomical differences among the breeds. 
Although sufficient statistical power was achieved, the different 
anatomy and size between individuals along with the small sample 
size may be a limitation and PPFA values may be different in a 
more homogeneous sample of dogs. The results of this study are 
based entirely on radiograph observations but results from the test 
of repeatability suggest that the method of measurement of PPFA is 
reliable given the high level of correlation.

As a final potential limitation, animals included in this study were 
presented for investigation of lameness and some had suspected 
partial cranial cruciate ligament rupture. In a recent study, the patella 
was noted to be more distal and positioned in greater flexion relative 
to the femoral trochlear in dogs with cranial cruciate ligament com-
plete rupture during kinematic analyses (34). In a cadaveric experi-
ment, cranial cruciate ligament transection resulted in a proximal 
shift of the patellofemoral joint contact area (35). In our population 
of dogs, it is unlikely that the presence of cranial cruciate rupture 
in some animals could have altered the patellofemoral position, as 
those patients with a positive cranial drawer test or with femoral-
tibial subluxation were excluded from this study.

In summary, results from this study have confirmed our hypoth-
esis, proving a significant difference in PPFA with different degrees 
of stifle flexion. Not considering this variability when using the 
patella position as a surgical guideline for femoral canal preparation 
might predispose to intra-surgical or postsurgical complications 
during THR due to broaching technique or stem malalignment. 
Performing preoperative mediolateral radiographs with the degree of 
stifle flexion which will be expected during surgery is recommended 
during surgical planning to achieve a correct stem alignment in 
the sagittal plane when using the patella position as intra-surgical 
landmark for THR.
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Iliopsoas strain demographics, concurrent injuries, and grade determined 
by musculoskeletal ultrasound in 72 agility dogs

Danny Sack, Debra Canapp, Sherman Canapp, Stephanie Majeski, Jeff Curry, Angela Sutton,  
Robert Cullen

A b s t r a c t
The objective of this study was to describe patient demographics associated with iliopsoas strains, frequency of common 
concurrent injuries, and associated strain grades based on musculoskeletal ultrasound.

The medical records of 72 client-owned agility dogs that had an iliopsoas musculoskeletal ultrasound (MSK-US) between 2009 
and 2015 were retrospectively reviewed. Analyses included patient signalment, physical examination, and diagnostic findings.

Twenty-four breeds of canine athletes from 1.5 to 10 y old (median: 5 y, SD: 2.2 y) were included in the study. Of the 72 records 
reviewed, border collies were the most common breed (27.8%, 20/72) reported. Isolated iliopsoas strains occurred in 26.4% (19/72) 
of cases. Concurrent pathology was noted in 73.6% (53/72) of cases. Cranial cruciate ligament (CCL) instability was the most 
common concurrent pathology, representing 27.8% (20/72) of all cases, with hip (8.3%, 6/72), lumbosacral (23.6%, 17/72), other 
non-CCL hind limb (6.9%, 5/72), and forelimb (6.9%, 5/72) pathologies making up the remainder of cases with concurrent 
pathology. In patients with a concurrent hind limb injury, 96.7% (30/31) of dogs had their most severe iliopsoas strain grade 
on the same limb.

MSK-US revealed Grade I strains in 54.2%, Grade II strains in 22.2%, Grade III strains in 5.2%, and chronic changes in 18.1% 
of cases. There were no statistically significant associations between iliopsoas strain grade and age, body weight, sex, breed, 
concurrent pathology, anatomic location of concurrent pathology, or sidedness of concurrent pathology.

Iliopsoas strains are one of the most common agility dog injuries; however, patient demographics, prevalence of concurrent 
injury and correlation with MSK-US findings have not been previously reported. To the authors’ knowledge, this is the first 
retrospective analysis reporting iliopsoas strain demographics, concurrent injury frequency and correlation with MSK-US 
evaluation in agility dogs. Although 26.4% of iliopsoas strains occurred as isolated injuries, 73.6% had concurrent injuries, with 
CCL instability present most commonly, occurring in 27.8% of cases.

Dogs should be thoroughly evaluated for concurrent injuries when presenting with an iliopsoas strain.

R é s u m é
L’objectif était de décrire les données démographiques des patients associées aux douleurs de l’iliopsoas, la fréquence des 
blessures concomitantes courantes et les degrés de douleur associés sur la base d’une échographie musculosquelettique.

Les dossiers médicaux de 72 chiens d’agilité appartenant à des clients qui ont subi une échographie musculosquelettique de 
l’iliopsoas (MSK-US) entre 2009 et 2015 ont été examinés rétrospectivement. L’analyse comprenait le signalement du patient, 
l’examen physique et les résultats de diagnostic.

Vingt-quatre races d’athlètes canins âgés de 1,5 à 10 ans (médiane 5, SD 2,2) ont été incluses dans l’étude. Sur les 
72 enregistrements examinés, les border collies étaient la race la plus fréquemment signalée (27,8 %, 20/72). Des douleurs isolées 
du psoas iliaque sont survenues dans 26,4 % (19/72) des cas. Une pathologie concomitante était notée dans 73,6 % (53/72) des 
cas. L’instabilité du ligament croisé crânien (CCL) était la pathologie concomitante la plus fréquente, représentant 27,8 % (20/72) 
de tous les cas, avec hanche (8,3 %, 6/72), lombo-sacrée (23,6 %, 17/72), autres pathologies des membres postérieurs du CCL 
(6,9 %, 5/72) et des membres antérieurs (6,9 %, 5/72) constituent le reste des cas avec une pathologie concomitante. Chez les 
patients présentant une lésion concomitante du membre postérieur, 96,7 % (30/31) des chiens présentaient leur degré de douleur 
de l’iliopsoas le plus grave sur le même membre. MSK-US a révélé des douleurs de grade I dans 54,2 %, des douleurs de grade II 
dans 22,2 %, des douleurs de grade III dans 5,2 % et des modifications chroniques dans 18,1 % des cas. Aucune association 
statistiquement significative n’a été trouvée entre le degré de douleur de l’iliopsoas et l’âge, le poids corporel, le sexe, la race, 
la pathologie concomitante, la localisation anatomique de la pathologie concomitante ou le caractère latéral de la pathologie  
concomitante.
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I n t r o d u c t i o n
Iliopsoas injury is a common cause of hind limb lameness in 

dogs and has been investigated at an increased frequency in recent 
years (1–4). In a study by Nielson and Pluhar (3), the iliopsoas 
muscle was the most common hind limb muscle strain, primarily 
affecting 32% of cases. In addition, in that study, 95% of all hind limb 
muscle strains were localized to the hip adductor muscle group, 
comprised of iliopsoas and/or pectineus muscles, and dogs were 
markedly uncomfortable on simultaneous hind limb extension and 
internal rotation (but with pain unable to be isolated to either the 
iliopsoas or pectineus muscles). In a more recent study by Markley 
et al (5) that surveyed 4197 agility dog owners, iliopsoas strain was 
the second most often reported condition, occurring in 19.4% of the 
1958 canine athletes included.

The iliopsoas muscle is comprised of the iliacus and psoas major 
muscles. The psoas major originates from the transverse processes 
of lumbar vertebrae 2 and 3, with additional connections to lumbar 
vertebrae 3 through 7 via an aponeurosis with the quadratus lum-
borum muscle. The iliacus muscle arises from the ventral ilium. The 
2 muscles course caudoventrally with a conjoined insertion on the 
lesser trochanter of the femur. The major function of the iliopsoas is 
hip flexion. In addition, the iliopsoas aids in hip joint and vertebral 
column stabilization, flexion of the vertebral column when the femur 
is in a fixed position and produces adduction and external rotation 
of the femur (6,7).

The frequency of muscle injury in dogs is presumed to be under-
diagnosed due to the often self-limiting nature of the injury and the 
patient not being presented to a veterinarian (2,3,6,8). Likewise, an 
iliopsoas strain may also act as a “red herring,” and be implicated as 
the suspected primary cause of discomfort, when comorbidities may 
be present, such as a cranial cruciate ligament rupture, underlying 
hip dysplasia, or lumbosacral pathology. Orthopedic or neurologic 
causes of lameness, such as cranial cruciate ligament injury (CCL), 
hip dysplasia (HD), lumbosacral (LS) disease, or spinal myelopa-
thy, may confound the diagnosis and occur concurrently with an 
iliopsoas strain (1,3,9,10).

Acute iliopsoas strains occur when external forces applied to 
the muscle overload its contractile force during eccentric contrac-
tion (3,4,8,11,12). Strains commonly occur at the muscle-tendon 
junction as this is the weakest portion of the myotendinous unit. 
This results in muscle fiber disruption and loss of continuity, disrup-
tion in vascular supply, and subsequent interstitial hemorrhage and 
inflammation (3,13). Patients with acute iliopsoas injury may have 
an identifiable preceding traumatic event such as jumping, slipping 
into a splay-legged position in the hind limbs, or strenuous hiking, 
and are often associated with athletic events such as agility (1). 

Chronically affected patients typically have a history of recurrent 
or progressive hind limb lameness (2). Furthermore, a patient with 
iliopsoas injury may ambulate with a shortened stride length and 
decreased hip extension (2). Agility dogs may exhibit decreased hind 
limb extension when jumping, decreased drive in their hind limbs 
when weaving, and decreased weight bearing in the affected limb. 
Pain and/or spasm may be appreciated on palpation of the lumbar 
muscles, ventromedial to the ilium at the lesser trochanter, and on 
transrectal palpation of the pubic rim in small dogs. They also may 
be resistant to hip extension with simultaneous internal rotation 
(iliopsoas muscle maneuver test), or hip abduction (1,3,4).

The structures evaluated during musculoskeletal ultrasound 
(MSK-US) of the iliopsoas include the region of insertion on the 
lesser trochanter and its associated bursa, the muscle belly, and 
muscle origins. Examination allows for grading of the strain and 
subsequent categorization, according to a 3-tiered grading system 
based on structural abnormalities and strain severity (4,14,15). 
Muscle and tendon injury are graded according to the same scheme.

Ultrasonographically, acute strains appear as hypoechoic lesions 
within the belly of the muscle, or within the tendon, and there is 
evidence of fiber disruption. Chronic strains appear hyperechoic, 
indicative of fibrosis or scar tissue, presumably a consequence of 
a historic acute strain, acute on chronic injury or repetitive micro-
trauma (4). Grade I strains have focal edema or hemorrhage with 
, 5% muscle or tendon involvement. Grade II strains have increased 
muscle and tendon involvement, with mild disruption of muscle 
fibers, and increased presence of edema and/or hemorrhage. In 
Grade III strains, there is marked fascial tearing, muscle and tendon 
fiber rupture, edema and/or hemorrhage. In instances of chronic 
injury, similar degrees of fiber disruption and muscle involvement 
are present as seen in Grade II strains, but with hyperechoic fiber 
changes within the muscle/tendon and/or fibrous change/debris 
within the iliopsoas bursa (4,12,16). Dogs with injuries contain-
ing properties of 2 grades are given an intermediate grade (i.e., 
Grade I–II or II–III) (4).

Iliopsoas strains are a common injury in agility dogs, yet there 
is a paucity of literature on the topic. The goals of this study were 
to describe the demographics and frequency of concurrent injuries 
with iliopsoas strains in agility dogs. We hypothesized that dogs 
with iliopsoas strains have concurrent musculoskeletal pathology 
in . 50% of cases.

M a t e r i a l s  a n d  m e t h o d s
Medical records of 72 agility dogs that were presented to 

Veterinary Orthopedic and Sports Medicine Group between 01/2009 
and 7/2015 with pain on iliopsoas palpation, iliopsoas stretch 

Les douleurs d’iliopsoas sont l’une des blessures les plus courantes chez les chiens d’agilité; cependant, la démographie des 
patients, la prévalence des blessures concomitantes et la corrélation avec les résultats MSK-US n’ont pas été rapportées auparavant. 
À la connaissance de l’auteur, il s’agit de la première analyse rétrospective faisant état de la démographie de la douleur de 
l’iliopsoas, de la fréquence des blessures concomitantes et de la corrélation avec l’évaluation MSK-US chez les chiens d’agilité. 
Bien que 26,4 % des douleurs de l’iliopsoas se soient produites sous forme de blessures isolées, 73,6 % avaient des blessures 
concomitantes. L’instabilité du CCL était présente le plus souvent, survenant dans 27,8 % des cas.

Les chiens doivent être soigneusement évalués pour les blessures concomitantes lorsqu’ils présentent une douleur de l’iliopsoas.
(Traduit par les auteurs)
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(i.e., hip extension with internal rotation) and a confirmed iliopsoas 
strain based on MSK-US were reviewed. The present study is a 
follow-up to a study performed by Cullen et al (4) that used the same 
patient population and described the ultrasound findings in agility 
dogs with iliopsoas strains and proposed a 3-tier grading scheme 
for iliopsoas strain characterization based on MSK-US findings. The 
owner of 1 of the initial 73 patients included in the initial study had 
requested to be excluded in subsequent research studies; the remain-
ing 72 patients were included in the present report. Items reviewed 
included patient demographics, concurrent musculoskeletal condi-
tions noted on physical examination, as well as diagnostics pursued 
based on examination findings. Concurrent injuries were categorized 
based on physical examination and diagnostic imaging findings. All 
patients were sedated for MSK-US evaluation with a combination 
of butorphanol 0.2 mg/kg and dexmedetomidine 3 mg/kg IV or IM. 
All ultrasound examinations were performed by a single observer 
(Debra Canapp ‘DC’). MSK-US findings were used to grade ilio-
psoas strains into 4 categories (I, II, III, and chronic) as previously 
described, and are summarized in Table I (10). Iliopsoas strains with 
characteristics overlapping 2 grade categories (i.e., Grade I–II strain) 
were rounded to the nearest grade (i.e., a Grade II–III rounded to a 
Grade III lesion) based on discussion with the ultrasonographer (DC) 
to facilitate analysis. Patients were allocated into 6 categories: no con-
current injury (isolated iliopsoas strain), concurrent CCL instability, 
hip pathology, LS disease, forelimb pathology, and other non-CCL 
hind limb injury. Cranial cruciate ligament pathology was diagnosed 
on physical examination based on palpable tibial thrust or cranial 
drawer, or via arthroscopy. Hip pathology was diagnosed based on 
laxity appreciated while performing an ortolani maneuver, or if there 
was a radiographic diagnosis of hip dysplasia with concurrent pain 
on hip extension. Lumbosacral pathology was suspected when there 
was significant discomfort appreciated on palpation of the LS junc-
tion on physical examination. Magnetic resonance imaging reports 
from patients that had undegone LS imaging were reviewed to 
determine if LS discomfort was a result of spinal cord compression, 
nerve compression, or referred pain from the iliopsoas origin along 
the lumbar vertebrae. All patients received a static position MRI.

Statistical analyses were used to identify potential relationships 
between selected parameters and iliopsoas injury grade. Categorical 
data including sex, breed, concurrent injury diagnosis, anatomic 
location of concurrent injury (i.e., hind limb, forelimb, or LS), and 
sidedness of concurrent injury diagnosis, compared to the iliopsoas 
injury, were evaluated using a Pearson’s Chi square. Continuous 
data (age and body weight) were assessed using Pearson’s cor-
relation. Statistical significance was set at P # 0.05 for all analyses. 
Analyses were performed using NCSS 2022, v22.0.3 (NCSS 2022 
Statistical Software (2022). NCSS, LLC. Kaysville, Utah, USA, 
ncss.com/software/ncss).

Re s u l t s
All canine athletes were from 1.5 to 10 y old, with a mean age of 

5.0 y (SD = 2.2 y). Twenty-four dog breeds were represented. The 
border collie was the most common purebred dog (n = 20), followed 
by the Australian shepherd (n = 8), Shetland sheepdog (n = 5), and 
golden retriever, Labrador retriever, and the Welsh corgi (n = 4 

each) with various other purebred dogs reported in fewer numbers 
(, 4 individuals each). The average dog weight was 20.2 kg, with 
56 patients weighing from 10 to 30 kg (78%). Spayed females were 
most common in this group representing 32 of 72 (44.4%) partici-
pants. Neutered males accounted for 18 (25%) dogs, and there were 
8 intact females (11%) and 14 intact males (19.4%).

Of the 72 patients examined, a concurrent, non-iliopsoas injury 
was diagnosed in 53 dogs. Distributions of the suspected concurrent 
musculoskeletal conditions based on physical examination are sum-
marized in Table II. In 19 (26.4%) dogs, the only source of discomfort 
was pain on palpation of the iliopsoas insertion. In all 19 cases, 
the iliopsoas strain was confirmed to be the only musculoskeletal 
pathology, and therefore determined to be a primary iliopsoas strain. 
Cranial cruciate ligament instability was present in 20 dogs (27.8% 
of cases). Lumbosacral discomfort was noted on palpation in 
22 patients but was considered the primary source of pain based on 
reactivity during lumbosacral palpation in 17 patients (23.6% of all 
cases). Magnetic resonance imaging of the LS spine was performed 
in 14 of the 17 patients in which the LS region was localized as the 
primary source of pain. Of the 14 patients, MRI revealed LS pathol-
ogy in 5 patients and was normal in 6 patients. Reports were unavail-
able in 3 patients at the time of the present study. The distribution 
of confirmed injuries (n = 66), considering MRI findings, is shown 
in Figure 1. In this subset of data, dogs with a normal LS scan were 
considered to have a primary iliopsoas strain, except for 1 dog with 
very mild concurrent CCL pathology (but no appreciated instability), 
with significant lumbosacral pain on initial physical examination. 
Dogs with significant LS discomfort without an MRI performed, 
or dogs with unavailable MRI reports, were not included in this 
data subset. Radiographically diagnosed hip pathology and pain 
and/or instability was noted in 6 dogs (8.3% cases). An injury to the 
forelimb was noted in 5 dogs (6.9% of cases), and a non-CCL injury 
to the hind limb was diagnosed in 5 dogs (6.9% of cases). Forelimb 
injuries consisted of medial shoulder instability (n = 2), supraspi-
natus and biceps tendinopathy (n = 2), and fragmented medial 
coronoid process (n = 1). Non-CCL hind limb injuries included a 
sartorius strain (n = 1), and medial patellar luxation with marked 
stifle osteoarthritis (n = 4).

In all patients, MSK-US of the iliopsoas was performed bilat-
erally. Distribution of all iliopsoas strain grades is illustrated in 

Table I. Musculotendinous grading scheme for dogs.

Grade	 Description
I	� “Mild strain,” , 5% muscle involvement, focal edema/

hemorrhage

II	� “Moderate strain,” . 5% muscle involvement, mild fiber 
tearing, increased edema/hemorrhage

III	� “Severe strain,” significant fascial tearing, marked 
to complete muscle fiber disruption, marked edema/
hemorrhage

Chronic	� Hyperechoic fiber pattern, hyperechoic changes and/or 
debris within bursa, . 5% muscle involvement, mild fiber 
tearing
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Figure 2. MSK-US examination of the iliopsoas revealed Grade I 
strains most often in 39 cases (54.2%). Grade II strains were present 
in 16 cases (22.2%), Grade III strains in 4 cases (5.6%), and chronic 
changes in 13 cases (18.1%). Bilateral ultrasonographic iliopsoas 
changes were noted in 52/72 (72.2%) of dogs. Although frequently 
occurring, contralateral ultrasonographic findings in unilaterally 
lame dogs were thought to be less significant and were considered 
a compensatory, non-clinical finding. In dogs with concurrent 
pathology, the most significant iliopsoas injury, determined by both 
reactivity on physical examination and MSK-US findings, occurred 
on the same hind limb as the concurrent pathology most seen in 
30 cases (41.7%). The concurrent pathology occurred in the contra-
lateral hind limb in 1 (1.4%) case, the ipsilateral forelimb in 3 (4.2%) 
cases, and the contralateral forelimb in 2 cases (2.8%), as illustrated 
in Figure 3. In 17 cases (23.6%), pain was localized to the LS region 
on spinal palpation, and therefore was not a lateralizing physical 
examination finding. Of the 31 patients in which the primary injury 
was localized to the hind limb, 30 (96.8%) of patients had their most 
significant iliopsoas strain on the same limb of their concurrent 
injury. Of the 14 patients that had an MRI of the LS spine, 11 reports 
were available for review. The primary source of LS pain was attrib-
uted to an isolated iliopsoas strain in 6/11 cases (54.5%) as no nerve 
or spinal cord compression was noted. In the 5 (45.5%) remaining 
MRI cases, iliopsoas pain was deemed secondary to underlying 
intervertebral disc disease or nerve impingement.

Grade I iliopsoas strains were most common in patients with 
isolated iliopsoas strains, and concurrent CCL, hip, LS pathology, or 
other non-CCL hind limb injuries. In the studied sample population, 
Grade I strains were equally as frequent in those with concurrent fore-
limb pathology as Grade II strains. Grade II strains were diagnosed in 
16 dogs, with 7/16 (43.8%) occurring in dogs with isolated iliopsoas 
strains. Grade III strains were the least frequently confirmed strain 
in all categories. Chronic changes to the iliopsoas occurred most 
frequently in dogs with concurrent CCL instability 4/13 (30.8%). 
These findings are summarized in Table III and illustrated in Figure 4.

There were no significant differences amongst sex, breed, or con-
current injury type, anatomic location of concurrent injury, or sided-
ness of concurrent injury between the 4 iliopsoas injury categories in 
this dataset. Likewise, there were no significant correlations between 
age or body weight, and any of the 4 iliopsoas injury categories, or 
between sidedness of iliopsoas injury and concurrent injuries in cases 
in which those were present.

Table II. Anatomic distribution of injury based on physical 
examination (n = 72).

Anatomic location
Iliopsoas insertion	 19 (26.4%)

Iliopsoas plus:
  CCL	 20 (27.8%)
  Hip	 6 (8.3%)
  Lumbosacral	 17 (23.6%)
  Forelimb	 5 (6.9%)
  Non-CCL hind limb	 5 (6.9%)

Figure 1. Distribution of confirmed primary injuries (n = 66). Note, 
6 cases were removed due to no MRI report (n = 3) or not pursuing MRI 
(n = 3) despite LS pain on physical examination.

Figure 2. Distribution of all iliopsoas pathology noted on musculoskeletal 
ultrasound (n = 72).

I

II

III

Figure 3. Sidedness of concurrent injury relative to the primary iliopsoas 
strain (n = 72).
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D i s c u s s i o n
Results of this study confirmed that most agility dogs with ilio-

psoas strains had concurrent injuries. Of the concurrent injuries 
noted on physical examination, CCL injury was the most common, 
closely followed by LS disease. Pathology associated with the hip, 
forelimbs and other hind limb and non-CCL injuries were also 
reported, but less frequently. Notably, LS pain was reported in 
17 cases; however, in only 5 cases of the 14 that received an MRI, was 
pathology of the spine or nerves diagnosed. This is likely underdiag-
nosed in the studied population as an LS MRI was not performed in 
all patients and is a limitation of this study. In addition, all patients 
received a static MRI. Perhaps subclinical lumbosacral pathology 
was present in some dogs whose lumbosacral region was deemed 
normal on MRI, whereas pathology may have been diagnosed had a 
dynamic MRI been performed (17). Further research is warranted to 
evaluate the frequency of these 2 concurrent pathologies due to the 
overlap in physical examination findings and relatively low number 
of cases for these injuries.

Consistent with previous studies and breed popularity in agil-
ity, the border collie was the most common purebred dog in this 
study (5,18,19). The 2021 report by Markley et al (5) highlighted the 
iliopsoas muscle as a common injury amongst agility dogs. In that 
study, the iliopsoas was the second most frequently reported injury, 
behind shoulder injury, accounting for 19.4% of injuries sustained. In 
a report by Nielsen et al (3), the iliopsoas was the most common pel-
vic limb muscle strain location. Iliopsoas strains had been reported to 

occur concurrently with other concurrent orthopedic and neurologic 
diseases (1,3), and as reported in a study by Ragetly et al (8). Despite 
the common nature of this disease in agility dogs, there is a dearth 
of studies investigating iliopsoas strains. To the authors’ knowledge, 
this is the first report investigating the frequency of iliopsoas strains 
as either an isolated or concurrent injury in canine athletes, as well 
as the distribution of iliopsoas strain grades relative to concurrent 
injury, or lack thereof.

Treatment and recovery of iliopsoas strains was outside the scope 
of this report due to the frequency of concurrent injury and frequent 
loss of follow-up after diagnosis of a concurrent injury. Treatment 
and management of iliopsoas strains is variable, based on both strain 
grade and clinician preference, and the timeline to recovery is often 
confounded by concurrent injuries. Accordingly, further research is 
warranted regarding the ideal treatment for this condition.

A limitation of the present study was the retrospective nature 
and reliance on accuracy and completeness of medical records. Data 
included in this study was between 7 and 13 y old at the time of this 
report; therefore, diagnostic techniques and interpretation may have 
been altered based on continued clinical experience, advancements 
in research, and diagnostic technologies. Additional limitations 
included lack of blinding, randomization, control group, and MRI 
verification of iliopsoas strain diagnosis. In addition, there is risk of 
bias as data were collected by the principal investigator, who was 
not the same investigator who obtained all ultrasound images. For 
the purposes of this study, injury grades were divided into 4 cat-
egories (I, II, III, and chronic). As previously reported, intermediate 
grades (i.e., I–II) for iliopsoas strains have historically been assigned 
to facilitate analysis with the selected population (4). To facilitate 
statistical analysis, grades were rounded up to the nearest grade 
(i.e., a Grade II–III rounded to a Grade III lesion) for all injuries 
originally classified as an intermediate grade, based on discussion 
with the ultrasonographer (DC). Therefore, the resulting grades in 
this study were slightly more severe from what truly occurred in the 
studied population. Classification of strain chronicity was based on 
ultrasonographic appearance, correlated with clinical experience and 
previous retrospective studies, including timeline of injury, muscle/
tendon fiber pattern, and presence of edema on ultrasound. No 
histologic testing was performed to corroborate MSK-US findings. 
All these factors could have contributed to the lack of statistically 
significant associations between iliopsoas injury grade and the 
parameters examined in this dataset, although it is also important 
to note that some of the comparisons made were underpowered. 
Additional work in larger groups of dogs is needed to confidently 
determine if any of these parameters are significantly associated 

Table III. Distribution of iliopsoas strain grade based on primary injury on physical examination 
(n = 72 dogs).

						      Other 
	 Isolated					     non-CCL 
	 iliopsoas	 CCL	 Hip	 Lumbosacral	 Forelimb	 hind limb
I	 8	 13	 4	 9	 2	 3
II	 7	 2	 0	 4	 2	 1
III	 1	 1	 1	 1	 0	 0
Chronic	 3	 4	 1	 3	 1	 1

Figure 4. Distribution of iliopsoas strain grade based on isolated or 
concurrent injury on physical examination (n = 72).

I	 II	 III

Iliopsoas strain grade
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with grade of iliopsoas strain in the dog, and whether any of these 
relationships are clinically relevant.

Another significant limitation to this study was case selection. 
Despite no available data on the overall percentages of iliopsoas 
strain grades in companion animals, there may be an increased 
frequency of high-grade strains in canine athletes due to frequent 
microtrauma related to their high activity. All cases were obtained 
from a single facility; therefore, most cases were from a relatively 
similar geographic region within the United States. As described 
by Markley et al (5), iliopsoas injury is significantly more common 
in the US and Canada than in dogs of the UK, Ireland, and conti-
nental Europe. This may have further implications in distribution 
of iliopsoas strain severity and correlation with concurrent injuries. 
In addition, the reported concurrent injuries are not isolated to only 
those participating in agility. Data are lacking in the reported injury 
rates within the overall canine population. The present study did 
not compare the frequency of concurrent injuries as related to that 
of the general population.

Findings of this study highlighted the complicated nature of 
diagnosing iliopsoas strains on physical examination only, and 
the importance of utilizing advanced imaging techniques such as 
MSK-US to confirm and grade an iliopsoas strain. In addition, the 
high frequency of concurrent injuries indicated the importance of 
screening for other concurrent pathology when iliopsoas pain is 
noted on physical examination.
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Long-term outcomes after arthroscopic treatment of dogs affected by 
osteochondrosis dissecans of the humeral trochlea, with or without 

medial coronoid disease: 23 cases (2012–2020)
Joachim Lahiani, Antoine Dunié-Mérigot, Alexandre Caron, Kevin Le Boedec, Guillaume Ragetly

A b s t r a c t
The objective of this study was to report long-term clinical and radiographic outcomes following arthroscopic reparative 
treatment — flap removal, curettage, and osteostixis of subchondral bone — in dogs with humeral trochlea osteochondritis 
dissecans (OCD). Dogs were included in this retrospective multicenter case series if they had a computed tomography diagnostic 
of humeral trochlear OCD, with or without medial coronoid disease, that was treated by arthroscopic reparative technique, 
and a detailed follow-up at least 6 mo postoperatively. The latter included a clinical examination, assessment of lameness, 
measurement of the brachial circumference and elbow amplitude, International Elbow Working Group (IEWG) radiographic 
score, owner-completed canine brief pain inventory (CBPI) score, and visual analogue scale (VAS) rating. A generalized linear 
model and tests for symmetry and marginal homogeneity were used to compare data. Twenty-three dogs (30 affected elbows) 
were included. Long-term (median: 22 mo; range: 6 to 98 mo) postoperative lameness, CBPI, VAS, joint distension, and pain 
scores were significantly improved compared with the preoperative values. Long-term postoperative range of motion and 
brachial circumference did not reveal any significant difference between OCD-affected and unaffected elbows. Long-term IEWG 
scores were similar to preoperative values in 56% of elbows and had progressed by 1 grade in 44%. Long-term complications 
included persistent Grade-1 lameness and occurred in 23% of dogs. Long-term outcomes based on lameness and CBPI scores 
were considered excellent in 67% of dogs, good in 27%, and intermediate in 6%. Arthroscopic treatment is thus a suitable surgical 
procedure for OCD of the humeral trochlea in dogs and provides good long-term results.

R é s u m é
Cette étude rapporte les résultats cliniques et radiographiques à long terme après un traitement arthroscopique chez des chiens 
atteints d’ostéochondrite disséquante (OCD) de la trochlée humérale. Les chiens inclus ont reçu un diagnostic d’OCD de la 
trochlée humérale par tomographie, un traitement réparateur par arthroscopie et un suivi post-opératoire d’au moins 6 mois. 
Ce dernier comprenant un examen clinique et orthopédique, la mesure de la circonférence brachiale et de l’amplitude du coude, 
le score radiographique de l’International Elbow Working Group (IEWG), le score Canine Brief Pain Inventory (CBPI) et l’échelle 
visuelle analogique (EVA). Un modèle linéaire généralisé et des tests de symétrie et d’homogénéité marginale ont permis de 
comparer les données. Vingt-trois chiens (30 coudes affectés) ont été inclus. Les scores postopératoires à long terme (médiane, 
22 mois), de boiterie, de CBPI, d’EVA, de distension articulaire et de douleur étaient significativement améliorés. L’amplitude de 
mouvement et la circonférence brachiale postopératoires à long terme entre les coudes affectés et non affectés n’ont pas révélé 
de différence significative. Les scores IEWG à long terme étaient similaires aux valeurs préopératoires dans 56 % des coudes 
et avaient progressé d’un grade dans 44 %. Les résultats à long terme basés sur la boiterie et les scores CBPI ont été considérés 
comme excellents chez 67 % des chiens, bons chez 27 % et intermédiaires chez 6 %. Le traitement arthroscopique est donc une 
procédure chirurgicale appropriée pour l’OCD de la trochlée humérale chez le chien et donne de bons résultats à long terme.
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I n t r o d u c t i o n
Osteochondrosis dissecans (OCD) of the humeral trochlea affects 

mostly young dogs of medium to large breeds (1). Several treatments 
have been suggested. Initially, reparative techniques were carried 
out by arthrotomy, which consisted of excision of the cartilage flap 
with or without underlying bone marrow stimulation (2). These 
initial open approaches have not shown better results than conser-
vative management, based on exercise restriction for 6 wk with or 
without injection of pentosan polysulfate once a week for 4 wk (3,4). 
Arthroscopic reparative techniques have later been described, includ-
ing flap removal, curettage of any diseased cartilage surrounding 
the defect, and subchondral osteostixis to promote fibrocartilage 
growth (5).

Osteochondral autograft transplants (OAT) have more recently 
been described for treating humeral trochlear OCD lesions in 
dogs (6,7). Although technically feasible, this restorative technique 
has raised some major concerns, including donor site morbidity, 
invasiveness, significant revision challenges after graft or implant 
failure, quality of the grafted material, difficulty in restoring elbow 
congruity, and lack of described long-term follow-up (6,8). Synthetic 
osteochondral resurfacing, allografts, and xenografts have been 
mentioned to mitigate some of these concerns but have not been 
described in the canine elbow. In human orthopedics, despite 
many advanced reparative techniques, debridement and micro-
fracture remain a gold standard in the surgical treatment of elbow 
OCD (9,10).

We are not aware of any study evaluating dogs with OCD of the 
humeral trochlea, including a long-term standardized postoperative 
assessment of this arthroscopic reparative technique based on clini-
cal, radiographic, and owner-questionnaire scorings. The objective 
of this study was to determine whether arthroscopic debridement 
and microfracture is a suitable treatment for humeral trochlear 
OCD. Our hypothesis was that this minimally invasive technique 
allows long-term clinical improvement in canine patients, despite 
the development of osteoarthritis over time.

M a t e r i a l s  a n d  m e t h o d s
This retrospective multicenter case series included dogs from 

3 veterinary referral hospitals that were operated on by 3 experi-
enced arthroscopic, Board-certified surgeons from 2012 to 2020. 
Data for each case, collected during preoperative and postopera-
tive assessment, are listed in Table I. The inclusion criteria were the 
presence of a humeral trochlear OCD, among other elbow dysplasia 
components, diagnosed by computed tomography and treated by 
arthroscopic reparative technique, as well as a detailed long-term 
follow-up at least 6 mo after the surgery.

Follow-up included a clinical examination, assessment of lame-
ness, measurement of the brachial circumference and maximal elbow 
range of motion, International Elbow Working Group (IEWG) radio-
graphic score, owner-completed canine brief pain inventory (CBPI) 
score, and visual analogue scale (VAS) score.

A complete orthopedic examination was carried out on each dog 
and no other abnormalities of the forelimb were identified. Dogs 
with other concurrent components of elbow dysplasia were not 

excluded from the study. Elbow incongruity was diagnosed when 
greater than 2 mm. For each dog, the breed, sex, age, and duration 
of lameness were recorded. All dogs were in good health overall. 
A client consent form was signed by each owner prior to enrolment 
in the study. Surgery and postoperative follow-up were carried out 
by the same surgeon.

A preoperative clinical assessment was carried out in all dogs, 
including a lameness score, as described in Table II (11), search for 
palpable subjective elbow distension and pain in maximal flexion or 
extension, and evaluation of the presence of pain on pronation and 
flexion. The same clinical assessment was repeated at a long-term 
postoperative evaluation at least 6 mo after surgery, in addition to 
an evaluation of brachial circumference and maximal elbow range 
of motion measurements. The brachial circumference was measured 
halfway between the acromion and the lateral humeral epicondyle 
using a calibrated spring tension Gulick II measuring tape, with the 
dog awake and in the standing position. This process was repeated 
3 times by the same surgeon on both front limbs and the mean of 
the 3 values was retained.

The maximal elbow range of motion was measured in maxi-
mum flexion and extension of the elbow using a universal plastic 
goniometer. With the dog awake and in lateral recumbency, the 
pivot point of the goniometer was placed over the lateral humeral 
epicondyle and the goniometer’s arms were aligned with the long 
axis of the humerus and radius. In the unilaterally affected dogs, 
the same data were recorded for the unaffected elbow. The body 
condition score (BCS) ranged from 1 to 9 and weight was recorded 
at admission.

Preoperative calibrated radiographs of the affected elbow were 
collected in standard craniocaudal and mediolateral views when 
available. All dogs underwent a preoperative computed tomogra-
phy  (CT) examination (16-slices, 0.625-mm thickness, Optima CT 
Scanner; General Electric, Coventry, England) of both elbows under 

Table I. Summary of data collected during preoperative and 
postoperative assessment.

Preoperative assessment	 •	�Breed, sex, age, BCS, weight, and 
duration of lameness

	 •	�Clinical and orthopedic examination, 
lameness score, search for palpable 
elbow distension and pain in flexion, 
extension, pronation, or supination

	 •	�Preoperative elbow radiographs and 
IEWG score when available

Long-term follow-up	 Same clinical assessment as in
(At least 6 mo 	 preoperative, in addition to:
postoperatively)	 •	�brachial circumference and elbow 

range of motion measurement;
	 •	�postoperative elbow radiographs and 

IEWG score; and
	 •	�owner-completed CBPI and VAS 

scores. 
BCS — Body condition score; IEWG — International Elbow Working 
Group; CBPI — Canine brief pain inventory; VAS — Visual analogue 
scale.
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general anesthesia. A long-term postoperative radiographic assess-
ment was carried out on each dog, under sedation. Radiographic 
evidence of elbow dysplasia was recorded, including disruption of 
subchondral bone, flattening or concavity of the bone contour, scle-
rotic margins, presence of an articular bone fragment, irregularity 
of the medial coronoid process, articular incongruity greater than 
2 mm or anconeal process fracture. Radiographic periarticular elbow 
osteophytosis was scored using the IEWG scoring system outlined 
in Table III (12).

The following protocol was used for anesthesia: premedication 
with morphine (Lavoisier, Paris, France) or methadone (Dechra, 
Bladel, Netherlands), 0.2 to 0.3 mg/kg body weight (BW), intra-
venously (IV), followed by induction for endotracheal intubation 
with either propofol (Fresenius Kabi, Uppsala, Sweden) IV to 
effect or alfaxalone (Jurox, Worcestershire, UK), 2 mg/kg BW IV, 
and midazolam (Roche, Bale, Switzerland) or diazepam (Roche, 
Boulogne Billancourt, France), 0.2 mg/kg BW, IV. Anesthesia was 
maintained using isoflurane (Virbac, Carros, France) in oxygen. 
Lactated Ringer’s solution at 5 mL/kg BW per hour was admin-
istered IV for the duration of the surgery. The dogs were placed 
in lateral or dorsal recumbency and routinely prepared for aseptic 
elbow surgery by clipping and disinfecting the skin area extending 
from the shoulder to the carpus.

An arthroscopic exploration was carried out using a 30° 2.7-mm 
arthroscope in standard medial portal placement (13). The presence 
of an OCD lesion and evidence of concomitant elbow joint pathol-
ogy, such as medial coronoid process disease (MCD), was assessed. 
The modified Outerbridge classification, as outlined in Table IV, 
was used to grade articular cartilage lesions in the humeral trochlea, 
radius, and ulna (14).

The OCD flap was removed using arthroscopic grasping forceps 
and the cartilage bed was gently debrided with a curette or shaver. 
The edges of the lesion were palpated using a right-angle probe 
or a small curette to remove any remaining diseased cartilage and 
create edges that were relatively perpendicular to the joint surface. 
To promote cartilage growth, osteostixis of the subchondral bone 
was carried out using an 18-gauge, 1.5-inch needle until subchon-
dral bone bleeding was observed. When a concomitant fissured or 
fragmented medial coronoid process was identified, it was treated 
by arthroscopic removal of the fragment or partial or subtotal coro-
noidectomy. The joint was lavaged and the portal incisions were 
closed (13).

Postoperative analgesia was titrated to the individual dog’s 
requirements with morphine (Lavoisier), 0.2 mg/kg BW, IV every 
4 to 6 h, or buprenorphine (Virbac), 0.02 mg/kg BW, IV every 6 to 8 h 

for the first 24 h. Non-steroidal anti-inflammatory medication with 
meloxicam (Boehringer Ingelheim, Ingelheim Am Rhein, Germany), 
0.02 mg/kg BW, was administered IV at the induction of anesthesia 
and was subsequently administered at 0.1 mg/kg BW, PO, q24h 
for 20 d.

Strict rest was recommended for 4 wk, followed by a gradual 
increase in the duration of leash-only walking for 4 wk. Omega-3 
fatty acids and chondroitin sulfate were prescribed for life.

Owner appreciation was quantified using the CBPI and VAS 
scores before surgery and at the time of the postoperative long-term 
evaluation (15). To complete the VAS score, owners were presented 
with a 10-cm line, one end of which corresponded to a healthy dog 
with no lameness and the other to a dog with constant non-weight-
bearing lameness.

Surgical outcomes were considered excellent in dogs with no 
lameness at the long-term postoperative examination and a CBPI 
score of # 20. The outcome was considered good when Grade-1 
lameness persisted or when the CBPI score was 20 to 30 and inter-
mediate when Grade-2 lameness persisted or when the CBPI score 
was 30 to 50. Poor outcome was defined as Grades 3 to 5 persistent 
lameness or a CBPI score of . 50.

The following outcome variables were compared before and after 
surgical treatment: lameness score, subjective presence of joint dis-
tension, presence of pain on pronation and flexion, presence of pain 
at maximal elbow flexion and extension, radiographic IEWG score, 
CBPI score, and VAS score.

A 2-level, random intercept, mixed-effects generalized linear 
model (GLM) was used to consider the repeated measures for each 
dog: linear regression for CBPI and VAS values (continuous vari-
ables), logistic regression for pain at elbow maximal flexion and 
extension (binary variable), and ordered logistic regression for the 
IEWG score (ordinal variable). For each model, the independent 
fixed-effects variables included the evaluation time (i.e., pre- versus 
postoperative), age, body weight, BCS, lameness duration, follow-
up duration, bilateral elbow involvement, IEWG score, presence of 

Table II. Subjective numeric lameness scoring system at 
walk (11).

Lameness grade	 Description
0	 Normal
I	 Slightly noticeable, intermittent lameness
II	 Obvious weight-bearing lameness
III	 Severe weight-bearing lameness
IV	 Intermittent non-weight-bearing lameness
V	 Continuous non-weight-bearing lameness

Table III. Classification of elbow arthrosis according to the 
International Elbow Working Group (IEWG) (12).

Degree	 Definition
0	 Normal elbow joint
	 No evidence of incongruence, sclerosis, or arthrosis

1	 Presence of osteophytes , 2 mm high
	 Subtrochlear sclerosis, but trabecular pattern still visible

2	 Presence of osteophytes 2 to 5 mm high
	 Obvious subtrochlear sclerosis (no trabecular pattern)
	 Radioulnar step of 3 to 5 mm
	� Indirect signs of a primary lesion (OCD, MCD, ununited  

  anconeal process)

3	 Presence of osteophytes . 5 mm high
	 Radioulnar step of . 5 mm
	� Obvious presence of a primary lesion (OCD, MCD,  

  ununited anconeal process)
OCD — Osteochondrosis dissecans; MCD — Medial coronoid 
process disease.
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concurrent MCD, and radial and ulnar modified Outerbridge score. 
The random-effects variable was the individual dog.

When it was not possible to use the generalized linear model 
(GLM) for variables that were often 0, the results of symmetry and 
marginal homogeneity tests were compared. For maximal flexion 
and extension angles and the brachial circumference, a 2-level, ran-
dom intercept, mixed-effects regression model was used to consider 
the lack of independence of the 2 elbows in the same dog. For each 
model, the independent fixed-effects variables included the elbow 
(i.e., affected or unaffected) and the same potential confounding 
variables as previously mentioned. The random effects variable was 
the individual dog.

For regression models, assumptions of Gaussianity and homosce-
dasticity of the fixed residuals were checked graphically and by the 
Shapiro-Wilk and Breusch-Pagan and Cook-Weisberg tests, respec-
tively. The goodness-of-fit of the logistic regressions was assessed 
using the Hosmer–Lemeshow test. All analyses were conducted 
using STATA, version 14.2 software (StataCorp, College Station, 
Texas, USA). The level of significance was set at P , 0.05.

Re s u l t s
Twenty-three dogs (30 elbows) were included in the study. Seven 

had bilateral humeral trochlear OCD. The breeds included Australian 
shepherds (n = 5), Labrador retrievers (n = 5), golden retrievers 
(n = 3), Dogues de Bordeaux (n = 3), Newfoundland dogs (n = 2), 
and 1 each of chow chow, Shar pei, American Staffordshire terrier, 
American Akita, and crossbreed. The male:female ratio was 4.75:1. 
The median age at admission was 8 mo (range: 6 to 47 mo) and 
the median age at lameness onset was 5 mo (range: 3 to 41 mo). 
The median duration of preoperative lameness was 3 mo (range: 
1 to 9 mo). The median body weight was 28 kg (range: 16 to 68 kg) 
and the median BCS was 6 (range: 4 to 7).

Preoperative and long-term (median: 22 mo) postoperative out-
comes are listed in Table V and Table VI. A comparison of long-term 
postoperative outcome measurements between the OCD-affected 
and unaffected elbows is presented in Table VII. The range of elbow 
motion was not significantly associated with the IEWG score. At 
long-term postoperative follow-up, 70% of operated elbows had a 
normal extension angle and 43% had a normal flexion angle.

Preoperative radiographs were obtained for 18 affected elbows, 
93% of which had preoperative radiographic evidence of humeral 
trochlear OCD. Based on the findings of the computed tomogra-
phy examination, 90% of the elbows had a concomitant MCD and 

30% had a subjective articular incongruity, either humeroradial or 
humeroulnar, none of which was . 2 mm, and 10% had evidence 
of ulnar panosteitis.

The preoperative and long-term postoperative radiographic 
IEWG scores are listed in Table V. These scores were stable in 56% of 
elbows and had progressed by 1 grade in 44% of the others; none had 
progressed by . 1 grade. IEWG scores were significantly positively 
associated with body weight (P = 0.02), the duration of lameness 
(P , 0.01), and bilateral elbow involvement (P = 0.05).

In all cases, arthroscopy confirmed the presence of humeral 
trochlear OCD lesions. All humeral trochlear modified Outerbridge 
scores were 5; the median radial score was 0.5 (range: 0 to 3) and 
ulnar score was 3.5 (range: 0 to 5). Ninety percent of the elbows had 
a concomitant MCD. None of the patients showed evidence of joint 
incongruity or ununited anconeal process. In all cases, arthroscopy 
allowed for reparative treatment of the OCD lesion.

No difficulties were experienced in flap removal, curettage of the 
cartilage bed, or osteostixis of the subchondral bone (Figure 1). Of 
the 30 operated elbows, none developed short-term complications 
from the procedure, except for lameness. Long-term complications 
consisted of persistent Grade-1 lameness and occurred in 23% of 
dogs (n = 5).

As shown in Table V, postoperative CBPI and VAS scores were 
significantly lower than preoperative scores (P , 0.01) and were 
not significantly affected by the IEWG score, body weight, dura-
tion of lameness, or bilateral involvement. Based on the previously 
mentioned classification, long-term clinical outcomes were rated as 
excellent in 67% of the dogs, good in 27%, and intermediate in 6%. 
No outcome was classified as poor.

D i s c u s s i o n
The main finding of this study was that long-term outcomes after 

arthroscopic reparative treatment of humeral trochlear OCD were 
good to excellent in most dogs. There were no short- or long-term 

Table IV. Modified-Outerbridge classification (14).

Grade	 Description
0	 Normal cartilage
1	 Chondromalacia (evaluated using an arthroscopic probe)
2	 Partial-thickness fibrillation
3	 Deep fibrillation/incomplete cartilage loss (subchondral  
	   bone still covered)
4	 Penetrating, full-thickness cartilage fissure (subchondral  
	   bone visible)
5	 Eburnated subchondral bone

Table V. Preoperative and long-term postoperative values of 
continuous outcome variables.

	 Preoperative	 Postoperative
	 Median	 Range	 Median	 Range	 P-value
Lameness score	 3	 1 to 4	 0	 0 to 1	 , 0.01
CBPI score	 61	 28 to 84	 15	 10 to 49	 , 0.01
VAS	 68.5	 20 to 87	 10	 0 to 60	 , 0.01
IEWG score	 1	 0 to 2	 2	 0 to 3	 0.03
CBPI — Canine brief pain inventory; VAS — Visual analogue scale; 
IEWG — International Elbow Working Group.

Table VI. Preoperative and long-term postoperative values of 
binary outcome variables.

	 Preoperative	 Postoperative	 P-value
Presence of joint distension	 100% (30/30)	 23% (7/30)	 , 0.01
Pain on pronation and flexion	 100% (30/30)	 17% (5/30)	 , 0.01
Pain on maximal flexion	 93% (28/30)	 10% (3/30)	 0.01
Pain on maximal extension	 90% (27/30)	 7% (2/30)	 0.02
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complications as a result of this treatment, except for mild persistent 
lameness in a minority of cases. Based on postoperative lameness 
and CBPI scores, arthroscopic reparative treatment of OCD led to 
good to excellent clinical results in 94% of dogs at a median of 22 mo.

The results of the CBPI scores showed that the owners perceived 
an improvement in the quality of life of their dogs. The CBPI score 
is a validated outcome measurement that provides evidence of 
the actual positive impact perceived by owners after reparative 
arthroscopic treatment (16). It is not known whether the dogs would 
have improved without surgery, however, and this could only have 
been determined by adding a control group to the study.

The 47-month-old dog included in the study had an early diagno-
sis of bilateral OCD that resulted in unilateral lameness and led to 
unilateral surgery at 13 mo of age. In this case, the second elbow did 
not show clinical signs until almost 3 y later and was then operated 
on and included in this study.

The 2 main studies available that include cases of humeral troch-
lear OCD treated arthroscopically revealed good results in all 8 dogs 
and in 71% of 38 elbows with long-term follow-up (5,17). Both stud-
ies lacked detailed outcomes and quantified evaluation criteria. The 
results of the present study reinforce the findings of these studies.

Dogs with higher body weight, longer duration of lameness, or 
bilateral OCD had significantly higher IEWG scores than their coun-
terparts, although these parameters did not significantly affect the 
CBPI and VAS scores. Similarly, there was no significant association 
between range of motion and the IEWG score. Despite these results, 
it seems advisable to operate on OCD lesions as early as possible 
since the absence of a correlation between the IEWG score, which 
is greater for dogs undergoing surgical treatment later in life, and 
clinical outcome could be related to a Type-II error.

Most dog breeds affected by OCD of the humeral trochlea 
included in this study have already been reported in the literature, 
except for the Australian shepherd and Dogue de Bordeaux (18,19). 
The Australian shepherd, which has recently become a very popular 
breed, has only been officially recognized since 2007, which may 
explain its absence in previous reports. It was the most affected breed 
in this study, accounting for 22% of all cases.

All but one of the dogs included in this study had a concomitant 
disease in addition to OCD, most often an MCD, which is a limitation 
of this study. This limitation is inherent in the frequent association 
between these 2 diseases. The high incidence of their co-occurrence 
supports the hypothesis that the aetiopathogenesis of OCD includes 
dynamic incongruity. The complexity of these lesions and their fre-
quent association is an additional argument in favor of arthroscopy 
to treat elbow OCD, as OCD and MCD lesions can be accurately 
evaluated and treated using the same minimally invasive approach. 

This limitation may play a confounding role in the interpretation of 
our results, but it also represents the complex pathology of these 
dogs and their response to treatment.

Although quantifiable, some evaluation criteria used in this study 
were subjective. The CBPI score has been validated by gait analysis 
and has been shown to reliably quantify the owner’s assessment 
of chronic pain in dogs in their usual environment over a 1-week 
period (16). The VAS has also been shown to be repeatable, valid, and 
efficient in measuring pain and assessing lameness in dogs (20,21). 
Among the various methods used to objectively assess elbow func-
tion, goniometric assessment of range of motion has been proven 
reliable in both sedated and awake dogs (22).

The bilateral condition of the dogs included in this study may also 
have influenced the scoring of their lameness, resulting in difficulty 
in correctly assessing lameness in their forelimbs. Finally, as the same 
investigator carried out the surgery and measured the outcome, this 
person was not blinded to the severity of the disease identified on 
arthroscopy, which could have biased the results. Force plate gait 
analysis would have been a useful tool to objectively quantify post-
operative outcomes at a given time.

The impact of the retrospective multicenter nature of this study 
was probably limited, given the similar level of experience of the 

Table VII. Comparison of long-term postoperative evaluation criteria between affected 
and unaffected elbows (n = 16 dogs).

	 Unaffected limb	 Affected limb
	 Median	 Range	 Median	 Range	 P-value
Brachial circumference (cm)	 26.3	 20 to 35	 25.8	 20 to 38	 0.18
Maximal flexion angle (°)	 45	 20 to 100	 50	 20 to 95	 0.07
Maximal extension angle (°)	 160	 140 to 170	 160	 140 to 170	 0.75

Figure 1. Intraoperative photographs of arthroscopic treatment based 
on flap removal for humeral trochlear osteochondrosis dissecans (OCD). 
A — OCD flap. B — Grasping forceps removing the flap. C-Underlying 
subchondral bone after curettage of the OCD bed. D — Underlying sub-
chondral bone after osteostixis of the OCD bed.
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surgeons and the similar operating conditions in the veterinary 
hospitals participating in this study. A larger number of cases could 
have allowed the subgrouping of concomitant diseases or preopera-
tive clinical or radiographic status.

Furthermore, a controlled study would have permitted a better 
investigation of the therapeutic benefits of arthroscopic treatment 
for OCD of the humeral trochlea, compared with medically man-
aged dogs and dogs undergoing treatment with alternative surgical 
techniques. Given the low prevalence of the disease, however, it may 
be difficult to conduct such a study (1).

In conclusion, arthroscopic treatment of humeral trochlear OCD 
provided good long-term results in the 23 dogs included in this 
study. This outcome was mainly characterized by a good to excellent 
return to function perceived by the owners and the veterinarians 
and a low evolution of periarticular osteophytosis. Owing to its 
low complication rate, especially compared to more advanced but 
invasive procedures such as resurfacing techniques, arthroscopic 
reparative techniques remain an appropriate approach for the treat-
ment of elbow OCD.
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Comparison of rostral spread of lumbosacral epidural volume calculated 
by body weight or length of the vertebral column in small-sized 

anesthetized dogs
Flavio A.V. Freitag, Alexander Valverde, Monica Jensen, Andrea Sanchez, Diego E. Gomez, Craig Bailey

A b s t r a c t
The first objective of this prospective, randomized, crossover experimental trial was to compare the rostral spread of lumbosacral 
epidural volume calculated by body weight (BW) or vertebral column length (LE) in 6 small, isoflurane-anesthetized female 
beagle dogs (BW: 7.5 to 10.2 kg; LE measured from the occipital crest to the sacrococcygeal space: 46 to 56 cm). The second 
objective was to assess the response to a noxious stimulus once the dogs recovered from anesthesia and to determine the effects 
of the injection on cardiopulmonary variables. While in sternal position, dogs were injected through an epidural catheter 
with a volume mixture of bupivacaine 0.25% and iopamidol 15% based on BW: 0.2 mL/kg or LE: 0.05 mL/cm (, 50 cm) or 
0.07 mL/cm (50 to , 70 cm). Rostral spread was determined by counting the number of vertebrae reached by iopamidol using 
computed tomography. After anesthesia, cardiopulmonary variables, motor function, and responses to nociceptive stimuli were 
evaluated. Comparisons were completed with mixed linear models and 2-way analysis of variance (ANOVA) (P , 0.05). The 
volume of injectate (3.29 6 0.74 versus 1.81 6 0.21 mL; mean 6 SD) and the number of vertebrae (22 6 2 versus 19 6 2 vertebrae) 
reached by iopamidol were significantly greater for LE than for BW. Response to nociception, time to return of pain sensation, 
motor function, and cardiopulmonary variables were similar between groups. In conclusion, dosing based on LE resulted in 
larger rostral spread than when based on BW in dogs of small size.

R é s u m é
Le premier objectif de cet essai expérimental croisé prospectif randomisé était de comparer la propagation rostrale du volume 
épidural lombo-sacré calculé en fonction du poids corporel (PC) ou de la longueur de la colonne vertébrale (LE) chez 6 petites 
chiennes beagle anesthésiées à l’isoflurane (PC : 7,5 à 10,2 kg; LE mesuré de la crête occipitale à l’espace sacro-coccygien : 
46 à 56  cm). Le deuxième objectif était d’évaluer la réponse à un stimulus nocif une fois que les chiens se sont remis de 
l’anesthésie et de déterminer les effets de l’injection sur les variables cardiopulmonaires. En position sternale, les chiens ont 
reçu une injection via un cathéter péridural d’un mélange volumique de bupivacaïne à 0,25 % et d’iopamidol à 15 % basé 
sur le poids corporel : 0,2 mL/kg ou LE : 0,05 mL/cm (, 50 cm) ou 0,07 mL/cm (50 à , 70 cm). La propagation rostrale a été 
déterminée en comptant le nombre de vertèbres atteintes par l’iopamidol en utilisant la tomodensitométrie. Après l’anesthésie, 
les variables cardiopulmonaires, la fonction motrice et les réponses aux stimuli nociceptifs ont été évaluées. Les comparaisons 
ont été complétées avec des modèles linéaires mixtes et une analyse de variance à 2 facteurs (ANOVA) (P , 0,05). Le volume 
d’injectat (3,29 6 0,74 versus 1,81 6 0,21 mL; moyenne 6 SD) et le nombre de vertèbres (22 6 2 versus 19 6 2 vertèbres) atteints 
par l’iopamidol étaient significativement plus élevés pour LE que pour BW. La réponse à la nociception, le temps de retour de la 
sensation de douleur, la fonction motrice et les variables cardiopulmonaires étaient similaires entre les groupes. En conclusion, le 
dosage basé sur LE a entraîné une plus grande propagation rostrale que lorsqu’il était basé sur BW chez les chiens de petite taille.
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I n t r o d u c t i o n
Epidural lumbosacral (LS) injection of a local anesthetic with or 

without an opioid is one of the most common regional techniques 
used in dogs in clinical practice to provide anesthesia and/or anal-
gesia to the pelvic limb, pelvic area, and abdomen (1–3). The rostral 
spread of a local anesthetic drug injected into the LS space allows 
the drug to interact with the spinal cord and emerging spinal nerves 
in order to exert its analgesic/anesthetic effects (4–7).

For a local anesthetic, the relationship between volume of injec-
tate and rostral spread is linear (8–11) and determines the extent of 
blockade. A small volume of injectate at the LS space acts close to 
the site of injection and may only involve sensory blockade of the 
pelvic area, whereas a larger volume of injectate can be adjusted to 
reach higher lumbar and lower thoracic segments of the spinal cord 
to include the abdomen (8,11,12).

In addition to volume of injectate, the degree of epidural rostral 
spread is influenced by two physical factors: gravity and friction (13). 
Gravity and friction forces in the epidural space are influenced by 
inherent factors of the animal, such as body condition score (BCS) 
and size, position at the time of injection and thereafter, injection at 
the site of entry of the needle or in a more rostral position with an 
epidural catheter, and whether the animal is conscious, sedated, or 
under general anesthesia (8,10–12,14–16).

The epidural volume of injectate can be calculated by two meth-
ods, either using body weight (BW; mL/kg) or length of the vertebral 
column (LE; mL/cm) from the occipital crest to the sacrococcygeal 
space (8–11,13–16). It has not yet been determined in live dogs 
whether these methods are interchangeable.

In a recent study, the comparison of both methods of calculation in 
a hypothetical situation determined that they are not interchangeable 
in small- and medium-sized dogs (, 25 kg) since larger calculated 
volumes were obtained based on LE when compared to BW. This 
difference tended to disappear or revert as size increased ($ 25 kg) 
and with higher BCS (obesity) (13). It has not yet been determined 
whether the methods of calculation result in different volumes of 
injectate, which could in turn result in different analgesic and car-
diopulmonary effects from epidural spread.

Therefore, the objectives of this study were i) to compare in small, 
anesthetized dogs (# 10 kg) the rostral spread of an LS epidural injec-
tion volume of bupivacaine–contrast medium calculated by LE or BW 
using computerized tomography (CT); and ii) to assess the response to 
a noxious stimulus once the dogs recovered from anesthesia as well as 
to determine the effects of the injection on cardiopulmonary variables.

We hypothesized that epidural volume calculated using recom-
mended doses based on LE would be greater than that based on BW 
in small-sized dogs and result in higher rostral spread and desensiti-
zation of a greater number of dermatomes, but that cardiopulmonary 
variables would remain similar in both groups.

M a t e r i a l s  a n d  m e t h o d s

Animals
A total of 6 purpose-bred research, ovariohysterectomized female 

beagle dogs, aged 5.3 to 8.3 y and weighing 7.5 to 10.2 kg, with the 

same BCS (3 of 5 = moderate) (17) were studied and considered 
healthy based on physical examination, complete blood (cell) count, 
and biochemistry profile. The study was carried out in accordance 
with the guidelines of the Canadian Council on Animal Care and 
was approved by the Institutional Animal Care Committee at the 
University of Guelph (AUP #4347).

Study
Dogs were used in a prospective, randomized, crossover study 

design, in which each received two treatments, with a washout 
period of at least 5 d between treatments. On the first occasion, 
3 dogs received Treatment 1 (epidural volume based on LE) and 
the other 3 dogs received Treatment 2 (epidural volume based 
on BW), followed by the reversed order on the second occasion 
(http://www.random.org).

Volumes of injectate for the epidural injection consisted of 
0.2 mL/kg calculated according to BW and 0.05 mL/cm (, 50 cm) 
or 0.07 mL/cm (50 to , 70 cm) according to LE (13). On each occa-
sion, the dogs were fasted for 12 h for food, but water was available. 
Body weight was recorded each day before the experiment and LE 
was recorded under anesthesia while dogs were in sternal recum-
bency and with pelvic limbs extended caudally, using a metric tape, 
during the first occasion.

Epidural injection and evaluation
General anesthesia was induced on the CT table by delivering 

5% isoflurane (Aerrane; Baxter Corporation, Mississauga, Ontario) 
in oxygen at 4 to 5 L/min via facemask with a circle system. The 
trachea was intubated and dogs were connected to an electronically 
controlled, volume-cycled ventilator (S/5 Aespire 7900 Ventilator; 
GE Healthcare, Madison, Wisconsin, USA) at a rate of 10 breaths/
min, a tidal volume of 15 mL/kg, and an inspiration-to-expiration 
ratio of 1:3.

The dogs were positioned in sternal recumbency with the pelvic 
limbs extended caudally and anesthesia maintained with isoflurane 
in . 95% oxygen with a fresh gas flow of 1 to 2 L/min at an initial 
end-tidal isoflurane concentration (Fe9Iso) of 1.5%; adjusted accord-
ingly for depth during placement of the epidural catheter. The Fe9Iso 
was measured from the connection of the endotracheal tube with 
the circle system using a multiparameter monitor (Datex-Ohmeda 
S/5 Anesthesia Monitor; GE Healthcare Finland, Helsinki, Finland), 
calibrated before each experiment with a standardized calibration 
gas mixture designed for the analyzer (755571-HEL, Calibration gas 
mixture; GE Healthcare Finland).

In addition, dogs were instrumented for non-invasive oscillometric 
arterial blood pressure using a cuff width size of approximately 40% 
of the limb circumference above the tarsal joint on the right pelvic 
limb (Size 2), rectal thermometer, capnography, pulse oximetry, and 
side-stream end-tidal CO2 (Pe9CO2). These variables were recorded 
at 5 to 10 min intervals throughout anesthesia during the CT.

A 5- 3 5-cm area over the LS space was clipped and asepti-
cally prepared. A stab incision was made over the LS space and 
a 24-gauge, 25-cm epidural catheter was advanced through a 
20-gauge, 4.5-cm Tuohy needle (Epidural Pain Management Kit; 
MILA, Florence, Kentucky, USA), 1 to 2 cm into the epidural space 
from the tip of the needle.
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The Tuohy needle was left in place and the catheter flushed 
with 0.1 mL of sterile saline, followed by injection of a test dose of 
a 1:1 mixture of preservative-free bupivacaine 0.5% (Bupivacaine 
Injection BP; SteriMax, Oakville, Ontario) and iopamidol contrast 
medium (IsoVue–300; Bracco Imaging, Anjou, Quebec), 0.2 to 0.3 mL, 
resulting in a solution of bupivacaine 0.25% and iopamidol 15%.

An initial CT scan (16-slice detector, BrightSpeed CT Scanner; 
GE Healthcare, USA) was conducted to confirm the correct placement 
of the epidural catheter and presence of the iopamidol. The remaining 
final volume was then injected by hand over 20 s and a CT scan of the 
entire spine was completed within 5 min of the injection.

Images from the CT were acquired and evaluated from the cranial 
aspect of the cervical spine to just caudal to the LS space, in both soft 
tissue (standard) and bone windows, by a Board-certified radiologist 
(MJ) who was unaware of the treatment. Assessment included the 
most cranial spread of positive contrast medium to determine the 
number of vertebrae reached by the iopamidol from the LS space. 
A maximum of 27 vertebrae was possible (7 lumbar 1 13 thoracic 1 
7 cervical) and was always inclusive of the vertebra the iopamidol 
reached, regardless of being whole or a fraction of it (Figure 1).

Following the CT, the epidural catheter and needle were removed, 
isoflurane administration was discontinued, and dogs were trans-
ported to a different room and maintained in the same sternal posi-
tion during recovery until full display of normal conscious behavior. 
Dogs were extubated when spontaneous breathing returned.

Total anesthesia time, from intubation to extubation, was recorded. 
During recovery, dogs were assessed for 30 min for post-anesthesia 
sedation by a blinded investigator (FF) using a recovery score of 
0  to  3, with 0 indicating no sedation and 3 indicating profound 
sedation (see Appendix A) (18). Heart rate, assessed by auscultation, 
oscillometric blood pressure (Cardell Veterinary Vital Signs Monitor, 
Model 9403; Midmark Corporation, Versailles, Ohio, USA), and rectal 
temperature were measured at 10 and 30 min during this period.

At 30, 45, and 60 min post-extubation and every 30 min thereafter, 
dogs were assessed for ambulation by the same blinded investigator 
using a score from 0 to 3, with 0 indicating normal ambulation and 
3 indicating unable to stand and/or ambulate (see Appendix B), 
until a score of 0 was achieved. Time to full recovery was recorded 
as time from extubation to a score of 0 for both the sedation and 
ambulation scores.

Analgesia assessments were aimed at detecting the return of pain 
and were completed by the same blinded investigator and started 
when the post-anesthesia sedation score was 0, but not before 30 min 
post-extubation. The assessment consisted of applying a noxious 
stimulus to 11 dermatomes, starting at the tail and moving cranially 

to the thoracic limb paw. These included the base of the tail (AN1), 
the pelvic limb paw (AN2), the area surrounding the iliac crest 
(AN3), the inguinal area near the femoral nerve (AN4), the area close 
to the transverse process of L3 and flank (AN5), the paramedian 
area next to the umbilicus (AN6), along the thirteenth rib (AN7), the 
paramedian area to the xyphoid (AN8), along the ninth rib (AN9), 
along the second rib (AN10), and the thoracic limb paw (AN11).

Noxious stimulation consisted of clamping the tail or paws with 
24-cm sponge forceps with protective plastic tubing on each jaw 
(Robbins Instruments, Deptford, New Jersey, USA) or the use of a 
12.5-cm hemostat for the remaining dermatomes. The anatomical 
region was clamped with the instrument, without reaching the first 
notch, for a period of , 3 s. A positive response to pain consisted of 
gross purposeful movement or a vocal response elicited during the 
period of stimulation.

If the evaluator was uncertain of the response, electrical current 
was applied using alligator clips 5 cm apart in the anatomical area 
tested with the surgical instrument and consisted of 1 to 3 single 
stimuli of 30 to 40 volts at 50 cycles/s for 10 ms (S48 Stimulator; 
Astro-Med, West Warwick, Rhode Island, USA). If gross purpose-
ful movement or a vocal response was elicited before the cycle was 
completed, the electrical stimulus was discontinued immediately 
and the response assessed as positive.

A second positive response obtained in the following assessment 
time indicated complete sensory recovery and the time to a positive 
response to noxious stimulation was recorded as the time when the 
first assessment was completed. All dermatomes were assessed until 
2 consecutive positive responses were obtained and were no longer 
stimulated subsequently.

Dogs were administered meloxicam (Metacam; Boehringer 
Ingelheim Canada, Burlington, Ontario), 0.1 mg/kg subcutaneously 
(SC), at the end of each experiment and were monitored for normal 
behavior. Dogs were returned to the supplier when the last dog had 
completed the study.

Statistical analysis
All data were tested for normality using Shapiro-Wilk, 

Kolmogorov-Smirnov, Cramer-von Mises, and Anderson-Darlin 
procedures. UNIVARIATE and PLOT procedures were used to detect 
unequal variances, outliers, and other non-random patterns within 
the data for each group (SAS Version 9.4; SAS Institute, Cary, North 
Carolina, USA).

A mixed model of residual maximum likelihood was used to com-
pare the effect of the method (LE versus BW dosing) and the period 
of administration (first and second time) on the number of vertebrae 

Figure 1. Diagram used to determine the number of vertebrae reached by iopamidol after lumbosacral epidural injection. A maximum of 27 vertebrae 
was possible (7 lumbar 1 13 thoracic 1 7 cervical).
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reached by iopamidol. Presence of pain was analyzed with a mixed 
model of residual maximum likelihood that considered the method 
and dermatome, with time as the independent variable.

The error structure was selected based on the Akaike Information 
Criteria among structures offered by SAS using a random effect for 
each treatment. Cardiopulmonary and temperature variables and 
sedation and ambulation scores for both methods were analyzed 
with a mixed model if there were missing values or a 2-way analy-
sis of variance (ANOVA) with repeated measures when all values 
were recorded and multiple comparisons within treatments were 
carried out with a Šidák test (GraphPad, Version 9.3.1 for MacOS; 
GraphPad Software, San Diego, California, USA). Significance was 
set at P , 0.05.

The sample size was calculated based on the mathematical model 
for the different methods of calculating the epidural volume (13), 
using the small-sized (, 10 kg) dog category data. Therefore, to com-
pare the mean volume of injection of 2.2 mL (LE dose) and 1.1 mL 
(BW dose) with a standard deviation of 0.5, a power of 0.8 (Type-II 
error) and alpha of 0.05 (Type I-error) required at least 5 dogs.

Re s u l t s
All 6 dogs completed the study without complication (Table I). 

One of the dogs weighed 10.2 kg but was kept in the study because 
the data from this dog was consistent with dogs , 10 kg. Total anes-
thesia time from intubation until extubation was 24.2 6 2.1 min in 
the LE group and 23.7 6 6.5 min in the BW group.

During the epidural injection and CT under anesthesia, as well as 
during the assessment of the presence of pain after anesthesia, car-
diopulmonary values and rectal temperature were not significantly 
different between groups (Figure 2).

Epidural volume and rostral spread
The volume of injectate was significantly greater for LE than 

for BW (3.29 6 0.74 mL versus 1.81 6 0.21 mL; P = 0.0012), which 
resulted in a significantly larger (P = 0.0488) rostral spread for 
LE [22 6 2 vertebrae; 20, 24 (95% confidence intervals)] than for 
BW (19 6 2; 17, 21) (Figure 3). The range of vertebrae reached with 
the LE dose was C4 to T1 and with the BW dose was C5 to T5.

Response to noxious stimulation
Sedation scores of 0 (no sedation) were present in all dogs at 

30 min post-extubation and were not significantly different between 
groups (P = 0.8833). Ambulation scores were not significantly differ-
ent between groups at any of the periods of assessment (P = 0.4582) 
and times for a score of 0 for both sedation and ambulation scales 
were 48.2 6 18.8 min in the LE group and 35.5 6 28.6 min in the 
BW group (P = 0.2904).

The time from recovery until the first assessment for the presence 
of pain was 36.3 6 0.8 min in the LE group and 37.7 6 1.9 min in the 
BW group and not significantly different (P = 0.2065). Time to posi-
tive response to the presence of pain was similar between individual 
dermatomes and groups (P = 0.1440) and overall time to the presence 
of pain (37.7 6 20.4 min for LE and 49.0 6 20.4 min for BW) was also 
similar (P = 0.3591). The times for detection to positive response to 
nociception for each dermatome are shown in Table II.

D i s c u s s i o n
The rostral spread of an LS injectate volume based on LE or BW 

was successfully determined in small-sized dogs (# 10.2 kg). The 
doses used for LE and BW resulted in a volume of epidural injectate 
1.82-fold greater for LE than for BW, which resulted in a larger rostral 
spread for LE (22 6 2 vertebrae versus 19 6 2 vertebrae, respectively).

A greater volume for LE than BW was also determined in another 
study in small- (, 10 kg) and medium-sized (10 to , 25 kg) dogs 
with a body condition score (BCS) of 2 to 5 in a mathematical 
model and the difference for the small-dog category in that study 
was 2.18-fold (13). The dose for LE and BW should therefore not be 
considered interchangeable in small-sized dogs.

The rostral spread of any substance in the epidural space is the 
result of dynamic forces that affect cerebral spinal fluid (CSF) motion 
and pressures in that space. These forces include compliance of the 
spinal canal; physical activity and position of the individual; the car-
diovascular system (blood pressure, cardiac output, and heart rate); 
the respiratory system (rate and effort of breathing); and systemic 
absorption of the substance (16,19,20).

Several studies have determined a time-dependent behavior of 
rostral epidural spread of contrast medium for up to 45 min using 

Table I. Demographic data of female beagle dogs after a lumbosacral epidural injection of 0.2 mL/kg body weight (BW) and 
0.05 mL/cm (,, 50 cm) or 0.07 mL/cm (50 to ,, 70 cm) based on length of the vertebral column (LE) in a randomized crossover 
fashion of a volume mixture of bupivacaine 0.25% and iopamidol 15%.

Dog		  Age				    Volume for	 Volume for
number	 FT	 (years)	 LE (cm)	 BW1 (kg)	 BW2 (kg)	 BW (mL)	 LE (mL)
1	 LE	 5.3	 52	 10.2	 10.2	 2.04	 3.64
2	 BW	 7.1	 52	 9.6	 9.5	 1.92	 3.64
3	 LE	 5.3	 46	 7.5	 7.5	 1.50	 2.30
4	 LE	 5.3	 48	 7.6	 8	 1.60	 2.40
5	 BW	 8.3	 55	 9.6	 9.6	 1.92	 3.85
6	 BW	 5.3	 56	 9.4	 9.4	 1.88	 3.92

Mean 6 SD		  6.1 6 1.30	 51.5 6 3.9	 9.0 6 1.1	 9.0 6 1.0	 1.81 6 0.21	 3.29* 6 0.74
FT — First assigned treatment; BW1 — First occasion; BW2 — Second occasion.
*	Significantly different than volume for BW (P = 0.0012).
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Figure 2. a — Heart rate (HR); b — Respiratory rate (ƒR); c — Systolic arterial pressure (SAP); d — Diastolic arterial pressure (DAP); e — Mean arte-
rial pressure (MAP); f — Rectal temperature (TEMP); g — End-tidal CO2 (Pe9CO2); and h — End-tidal isoflurane concentration (Fe9Iso) in 6 dogs initially 
under general anesthesia (GA) for placement of an epidural lumbosacral catheter and injection of a volume mixture of bupivacaine 0.25% and iopamidol 
15% and after anesthesia (RE). The injection consisted of 0.2 mL/kg based on body weight (BW; solid black square) on one occasion or 0.05 mL/cm 
(,, 50 cm) or 0.07 mL/cm (50 to ,, 70 cm) based on length of the vertebral column (LE; open circle) on a different occasion in a randomized crossover 
fashion. Data are presented as mean 6 standard deviation.
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radiographic imaging (16) or for up to 20 to 30 min using CT (15,21). 
The number of vertebrae reached gradually increases in the first 
20 to 30 min post-injection (15,16,21) and then decreases 30 min after 
injection due to systemic absorption of the contrast medium (16).

The LE doses used in this study were based on studies in pigs 
and dogs in which a linear regression equation was generated by 
injecting the contrast diatrizoate mixed with lidocaine 2% in 2-mL 
increments at the LS to determine the rostral spread radiographically 
immediately after the injection to help predict the volume of injectate 
needed to reach T10 (vertebra 11) (8), which represents dermatomes 
that include abdominal analgesia/anesthesia in addition to the pelvis 
and pelvic limb.

In contrast, for pelvis and pelvic limb, the inclusion of up to L3 
(vertebra 5) is all that is required (22). In the present study, in both 
the LE and BW groups, the iopamidol spread exceeded the predicted 
site (T10) by reaching C4 to T1 with the LE dose and C5 to T5 with 
the BW dose. This extent of rostral spread did not correspond to the 
sensory block elicited by bupivacaine 0.25% in this study.

This study demonstrated similar rostral spread to that obtained 
in medium-sized dogs injected with 0.2 mL/kg of contrast medium 
in other studies, 12.8 kg (10 to 15 kg) (15) and 12.0 kg (10.9 to 
14.0 kg) (21), but less rostral spread than that obtained in small-sized 
dogs of 7.6 6 1.1 kg in another study (16). It is difficult to draw 
comparisons between studies as different methodologies are used to 
determine the speed of injection, time to imaging, use or not of epi-
dural catheter, and the method for counting the number of vertebrae.

In the present study, dogs were injected faster (over 20 s) using an 
epidural catheter and assessed sooner (within 5 min) than in other 

studies (0.6 to 1.0 mL/min for injection and imaging at 20 to 45 min). 
In addition, only one other study used an epidural catheter (21) and 
different methods for counting the number of vertebrae reached were 
used in all studies (15,16,21).

The epidural distribution of the indicator (contrast medium 
or dye) is not always uniform around the spinal cord. In some 
studies, including this one, the number of vertebrae reached was 
based on the presence of the indicator without regard for uniform 
spread (14,15). In other studies, this was calculated as the mean 
of the dorsal and ventral spread (10,16) or by approximating the 
number to the nearest half vertebral body (21,23), the number cor-
responding to the ventral column (8), or the number according to 
a set percentage of coverage around the spinal cord, e.g., 90% (11).

In the present study, 11 dermatomes were used to assess the 
analgesic effects of epidural bupivacaine. The methods for assessing 
analgesia used herein have also been used in other studies (10,24). 
In certain dermatomes, it was easier to use electrical current to 
interpret when responses to the mechanical stimulation were not 
definitive. This occurred in very few instances and in anatomical 
areas that were more diffusely innervated, such as the flank and 
the inguinal area.

The main difference in assessment of the response to nociception 
in this study and in other studies was that the observer was blinded 
to the treatments, and it was an all-or-none response, which is more 

Figure 3. Comparison of number of vertebrae reached by a volume mix-
ture of bupivacaine 0.25% and iopamidol 15% in 6 dogs administered a 
lumbosacral epidural injection of 0.2 mL/kg based on body weight (BW) 
and 0.05 mL/cm (,, 50 cm) or 0.07 mL/cm (50 to ,, 70 cm) based on 
length of the vertebral column (LE) in a randomized crossover fashion. 
Each violin plot depicts the frequency distribution of the data, with 
lines at the median (dashed line) and quartiles (smaller dotted lines) 
for each group (LE, BW). The larger dotted lines across both violin 
plots indicate the mean of each group and the difference between the 
2 means, and standard deviation is depicted with solid lines on the right 
axis (3 6 3.6 vertebrae).
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P = 0.0488 Table II. Time to presence of a positive response to noxious 
stimulation of different dermatomes starting from caudal to 
cranial in 6 female beagle dogs that received a lumbosacral 
epidural injection of 0.2 mL/kg based on body weight (BW) and 
0.05 mL/cm (,, 50 cm) or 0.07 mL/cm (50 to ,, 70 cm) based 
on the length of the vertebral column (LE) in a randomized 
crossover fashion of a volume mixture of bupivacaine 0.25% 
and iopamidol 15%.

	 Time to presence of pain (min)
Dermatome	 LE	 BW
AN1	 46.3 6 23.4	 55.2 6 23.4
AN2	 38.8 6 23.4	 52.7 6 23.4
AN3	 38.8 6 23.4	 52.7 6 23.4
AN4	 36.3 6 23.4	 52.7 6 23.4
AN5	 36.3 6 23.4	 52.7 6 23.4
AN6	 36.3 6 23.4	 52.7 6 23.4
AN7	 36.3 6 23.4	 52.7 6 23.4
AN8	 36.3 6 23.4	 52.7 6 23.4
AN9	 36.3 6 23.4	 40.2 6 23.4
AN10	 36.3 6 23.4	 37.7 6 23.4
AN11	 36.3 6 23.4	 37.7 6 23.4

Mean 6 SD	 37.7 6 20.4	 49.0 6 20.4
AN1 — Base of the tail; AN2 — Pelvic limb paw; AN3 — Area 
surrounding the iliac crest; AN4 — Inguinal area near the femoral 
nerve; AN5 — Area surrounding the transverse process of L3 and 
flank; AN6 — Paramedian area next to the umbilicus; AN7 — Along 
the 13th rib; AN8 — Paramedian area to the xyphoid; AN9 — Along 
the 9th rib; AN10 — Along the 2nd rib; AN11 — Thoracic limb paw.
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representative of detecting the presence of pain perception than the 
degree of analgesia.

Depending on the type of indicator used, it has been shown that 
the number of analgesic dermatomes did not correspond to the 
rostral spread of that indicator (10,16). A 1:1 mixture of bupivacaine 
0.5% with methylene blue 1% dosed at 0.2, 0.4, 0.6, and 0.8 mL/kg 
resulted in a larger rostral spread of dye of 18 6 7 (T3), 22 6 2 (C6), 
26 6 2 (C2), and 26 6 1 (C2) vertebrae, respectively, than for anal-
gesia, which was assessed for 30 min post-injection and resulted in 
a maximum of 5.0 6 3.3 vertebrae (L3), 14.2 6 4.2 (T7), 20.2 6 1.3 
(T1), and 21.0 6 0 (C7), respectively (10).

The need to dilute the bupivacaine 0.5% by adding an equal vol-
ume of the contrast medium and the resulting reduction in concen-
tration to 0.25% was a limitation of this study and of other studies. 
It is most likely associated with the incomplete and short-lasting 
sensory block, despite the extensive rostral spread of iopamidol with 
doses calculated based on both LE and BW. In humans, the contrast 
medium used was highly correlated (r = 0.97) with analgesic spread 
when effective concentrations of local anesthetic were used (25).

The effectiveness of sensory and motor block with an LS epidural 
local anesthetic depends on both volume and concentration of the 
anesthetic. Although volumes of 0.2, 0.4, and 0.6 mL/kg of bupi-
vacaine 0.25% resulted in more rostral sensory blockade, sensory 
responses to noxious stimulation were never absent due to the 
diluted form of the bupivacaine (10).

Increasing concentrations from 0.25% to 0.5% and 0.75% resulted 
in faster onset and duration, as well as a higher degree of sensory 
and motor block (24,26), which demonstrates that bupivacaine 0.25% 
does not cause a complete sensory block. Epidural bupivacaine 0.25% 
is commonly administered to women to provide analgesia during 
labor, although frequent top-ups are required to maintain the degree 
of analgesia (27), whereas epidural bupivacaine 0.5% can be used 
alone to provide anesthesia for caesarean section (28).

Bupivacaine concentrations of at least 0.5% result in effective 
motor and sensory block (24,29). Motor block assessed in humans 
by a quantitative method using isometric measurements of force of 
extension and flexion of the leg joints to 90% of the control value 
(before epidural) demonstrated no difference in the return to sensory 
and motor function for bupivacaine (29).

In the present study, the duration of block with bupivacaine 0.25% 
was determined by the return of complete motor function (score of 0 
for ambulation). During the recovery phase in our study, the effects 
of isoflurane anesthesia could have influenced the coordination 
of the dogs and prolonged the duration of motor block. Times of 
motor block in this study, however, were shorter than those in other 
studies using the same dose and bupivacaine concentration (10,24). 
Differences in these times are also due to the endpoints for assessing 
motor block in those other studies in which ataxia was considered 

part of the motor block versus complete inability to ambulate as was 
used in the present study.

Dogs were fully ambulatory at 48.2 6 18.8 min in the LE group 
and 35.5 6 28.6 min in the BW group post-extubation. Although not 
significant, this difference was most likely related to the higher vol-
ume of bupivacaine administered in the LE group. In another study, 
0.2 mL/kg of bupivacaine 0.25% caused complete motor block in 
only 33% of the dogs at 10 min post-injection and the duration of the 
motor block (from ataxia to complete paralysis) was 72 6 55 min (24).

In the present study, the use of general anesthesia to facilitate 
placement of the epidural catheter and carry out CT scanning was 
a major limitation to our objective of determining cardiopulmonary 
effects and the degree of motor and sensory block. This meant that 
the immediate post-injection assessments had to be delayed until the 
dog had fully recovered. As a result, analgesia was assessed approxi-
mately 35 min post-extubation in both the LE and BW group, which 
meant not earlier than 40 min after the epidural injection of bupiva-
caine 0.25%. Due to the design of the present study, the onset and 
immediate effects on sensory and motor function post-extubation 
were missed since positive responses to nociceptive stimulation 
were already present at 37.7 6 20.4 min for LE and 49.0 6 20.4 min 
for BW post-extubation.

Despite a high rostral spread with either dosing method, cardio-
pulmonary variables and rectal temperature values were within 
acceptable limits (30,31) and were similar in both groups. In one 
study, rectal temperature was lower in a group of conscious dogs 
dosed based on LE than in dogs dosed based on BW, although rectal 
temperature was still $ 37°C, which was assumed to be the result 
of sympathetic block and vasodilation (32). In dogs (18.9 6 3.3 kg) 
administered LS bupivacaine 0.25% at 0.2 or 0.4 mL/kg under iso-
flurane anesthesia, mean arterial pressure and cardiac output values 
were acceptable with both doses for up to 60 min (33).

In this study, pulmonary function was only assessed by respira-
tory rate and none of the dogs appeared to have negative effects 
of the rostral spread of bupivacaine 0.25%. This was most likely 
because, at this concentration and these doses (BW: 0.2 mL/kg, 
LE: 0.37 mL/kg), the effect on motor fibers to the respiratory muscles 
is minimal (10,33).

In conclusion, this study demonstrated that volumes of epidural 
injectate in small-sized dogs were greater when doses are calcu-
lated based on LE than when based on BW. As this results in more 
rostral spread of the anesthesia, the methods cannot be considered 
interchangeable. Cardiopulmonary function was similar regardless 
of the method used to calculate epidural volume. Due to the design 
of this study, however, it was not possible to demonstrate whether 
the difference in epidural volume had an impact on the immediate 
assessment of analgesia because recovery from anesthesia delayed 
the start of this assessment.
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Appendix A. Sedation recovery score used during the first 
30  min (recovery period) after epidural injection in dogs 
anesthetized with isoflurane.

Sedation score
0	 Bright and alert, no apparent sedation

1	� Calm, minimal sedation (quiet but still alert and aware 
of surroundings, mild resistance to restraint for lateral 
recumbency, moderate response to voices and touch)

2	� Very calm, with moderate sedation (quiet, relaxed, minimal 
restraint required for lateral recumbency, mild response to 
voices or touch)

3	� Profound sedation (quiet, very relaxed, no restraint necessary 
for lateral recumbency, does not respond to voices or touch)

Modified from Skelding et al (18).

Appendix B. Ambulation score used at the end of recovery 
period (30 min) after epidural injection in dogs anesthetized 
with isoflurane.

Ambulation score
0	 Normal ambulation

1	� Able to walk but shows ataxia and mild proprioceptive deficit 
of hind limbs

2	� Drags one or both hind limbs when walking; marked 
proprioceptive deficit

3	 Unable to stand and/or ambulate
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Rostral spread of lumbosacral epidural volumes of dye and contrast 
medium calculated using body weight or length of the vertebral 

column in dog cadavers
Flavio A.V. Freitag, Alexander Valverde, Monica Jensen, Andrea Sanchez, Diego E. Gomez, Craig Bailey

A b s t r a c t
The objective of this study was to compare the rostral spread of lumbosacral epidural volumes of a mixture of dye and contrast 
medium, calculated using body weight (BW) or vertebral column length (LE), in 22 dog cadavers. The dogs weighed 4.6 to 52.0 kg. 
Dogs were paired within a , 10% difference for BW and LE and with the same body condition score (BCS). Pairs of dogs were 
injected while in sternal recumbency through an epidural catheter with a volume mixture of iopamidol and dye, calculated based 
on BW: 0.2 mL/kg in one of the cadavers and based on LE: 0.05 mL/cm (, 50 cm), 0.07 mL/cm (50 to , 70 cm), 0.08 mL/cm 
(70 to , 80 cm), and 0.11 mL/cm ($ 80 cm) in the other cadaver. The extent of rostral spread was determined using computed 
tomography for iopamidol and anatomical dissection for dye. Comparisons for dye and iopamidol within each dog, and for 
BW and LE within matched pairs, were completed with mixed linear models (P , 0.05). The number of vertebrae reached by 
dye was greater than the number reached by iopamidol in both BW and LE, but the rostral spread was not significantly different 
between BW and LE for all pairs. In conclusion, dye tends to spread further than iopamidol and therefore, these two methods 
should not be considered interchangeable when used in research studies.

R é s u m é
L’objectif de cette étude était de comparer l’étalement rostral des volumes épiduraux lombo-sacrés d’un mélange de colorant et 
de produit de contraste, calculé en utilisant le poids corporel (PC) ou la longueur de la colonne vertébrale (LE), chez 22 cadavres 
de chiens. Les chiens pesaient de 4,6 à 52,0 kg. Les chiens ont été appariés avec une différence , 10 % pour PC et LE et avec le 
même score d’état corporel (PCS). Des paires de chiens ont reçu une injection alors qu’ils étaient en décubitus sternal à travers 
un cathéter péridural avec un mélange volumique d’iopamidol et de colorant, calculé sur la base du poids corporel : 0,2 mL/kg 
dans l’un des cadavres et sur la base de la LE : 0,05 mL/cm (, 50 cm), 0,07 mL/cm (50 à , 70 cm), 0,08 mL/cm (70 à , 80 cm) et 
0,11 mL/cm ($ 80 cm) dans l’autre cadavre. L’étendue de la propagation rostrale a été déterminée par tomodensitométrie pour 
l’iopamidol et dissection anatomique pour le colorant. Les comparaisons pour le colorant et l’iopamidol au sein de chaque chien, 
et pour PC et LE au sein de paires appariées, ont été complétées avec des modèles linéaires mixtes (P , 0,05). Le nombre de 
vertèbres atteintes par le colorant était supérieur au nombre atteint par l’iopamidol dans PC et LE, mais la propagation rostrale 
n’était pas significativement différente entre PC et LE pour toutes les paires. En conclusion, le colorant a tendance à se propager 
plus loin que l’iopamidol et, par conséquent, ces deux méthodes ne doivent pas être considérées comme interchangeables 
lorsqu’elles sont utilisées dans des études de recherche.
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I n t r o d u c t i o n
Lumbosacral (LS) epidural injections with local anesthetics result 

in a blockade of all types of nerve fibers, including nociceptive 
fibers. The extent of sensory block depends on the rostral spread 
and contact time of the anesthetic with dural cuffs surrounding the 
nerve roots of spinal nerves, as well as with nociceptive fibers within 
the spinal cord, in the epidural space (1–3). A linear relationship has 
been established between the LS epidural volume of local anesthet-
ics and the extent of rostral spread (4–8). Therefore, the higher the 
volume, the more dermatomes a local anesthetic can block due to 
its greater rostral spread.

The degree of rostral spread is influenced by gravity and fric-
tion (9). Studies assessing the rostral spread of local anesthetics have 
used different methodologies and lack uniformity for factors that can 
influence forces of gravity and friction. These factors include body 
condition score (BCS) of the sample population; position of the dog 
during the epidural injection; advancing an epidural catheter or 
use of a needle; conscious state (awake, sedation, anesthesia); use 
of cadavers or live dogs; and use of dye or contrast medium or local 
anesthetic and their combinations (1,4,7,8,10–13).

The combination of a dye or contrast medium with a local anes-
thetic has been used in different studies to visualize the extent of 
rostral spread using necropsy dissection for dye or computed tomog-
raphy (CT) or radiographs for contrast medium. These findings are 
then correlated with the sensory block from the local anesthetic. 
This correlation is not always accurate, however, and often results in 
discrepancies between the extent of rostral spread of the substances 
and the method of visualization. For example, rostral spread of dye 
was of greater magnitude than contrast medium in one study (12) 
and did not match the degree of sensory block by bupivacaine in 
other studies (7,14).

This study compares the rostral spread of LS epidural volumes 
of a mixture of dye and contrast medium, calculated based on body 
weight (BW) and vertebral column length (LE; from the sacrococ-
cygeal space to the occipital crest) in pairs of similarly matched 
dog cadavers. These are the 2 common methods used to calculate 
epidural volumes in dogs.

Assessments were completed with computed tomography for 
contrast medium and necropsy dissections for dye in order to deter-
mine whether rostral spread is similar for both methods of volume 
calculation. We hypothesized that rostral spread of dye would be 
greater than that of contrast medium, regardless of the method used 
to calculate epidural volume.

M a t e r i a l s  a n d  m e t h o d s

Animals
A total of 22 dog cadavers were used (6 mixed breeds, 4 hounds, 

3  German shepherds, 2 poodles, 2 Shih tzus, and 1 each of 
Chihuahua, beagle, Rottweiler, mastiff, and Great Dane). The dogs 
were clinical cases that were euthanized and donated for teaching 
laboratories. The dogs were divided into 11 pairs according to body 
weight: small (, 10 kg; 4 pairs), medium (10 to , 25 kg; 3 pairs), 
large (25 to , 45 kg; 3 pairs), and giant ($ 45 kg; 1 pair). All cadav-

ers were kept frozen until the day before the study. The approval of 
the institutional Animal Care Committee was not required for use 
of the cadavers.

Within each body weight category, cadavers were paired accord-
ing to BW (kg) and LE measured in centimeters using a metric tape. 
Both cadavers in a pair were within , 10% difference for BW and 
LE and with the same BCS (1 to 5) in which 1 = emaciated; 2 = thin; 
3 = moderate; 4 = stout; and 5 = obese (15). Each matched pair within 
each category was then randomized (http://www.random.org) for 
an epidural injection calculated according to BW (0.2 mL/kg) in 
one of the cadavers or according to LE [0.05 mL/cm (, 50 cm), 
0.07 mL/cm (50 to , 70 cm), 0.08 mL/cm (70 to , 80 cm), and 
0.11 mL/cm ($ 80 cm)] in the other cadaver (9).

Epidural injection and evaluation
Matched pairs of cadavers were thawed completely prior to the 

day of the experiment. With the cadaver in sternal recumbency with 
the pelvic limbs extended caudally, a Tuohy needle was inserted at 
the LS space and an epidural catheter advanced rostrally into the 
epidural space beyond the tip of the needle 1 cm for , 10 kg, 2 cm 
for 10  to , 25 kg, 3 cm for 25 to , 45 kg, and 4 cm for $ 45 kg. 
Verification consisted of ease of advancement of the catheter and 
later identification in the epidural space with computed tomogra-
phy (CT).

The epidural catheter used for dogs of , 10 kg in the BW cat-
egory consisted of a 24-gauge, 25-cm catheter advanced through 
a 20-gauge, 4.5-cm Tuohy needle (Epidural Pain Management Kit; 
MILA, Florence, Kentucky, USA). A 19-gauge, 90-cm catheter and 
17-gauge, 8.9-cm Tuohy needle were used in the other 3 BW catego-
ries (FlexTip Plus Epidural Catheter; Arrow International, Reading, 
Pennsylvania, USA). Once the epidural catheter was in place, the 
Tuohy needle was removed, and the catheter was flushed with 
0.1 to 0.2 mL of saline and secured in place with squared gauze fixed 
to the skin with a towel clamp.

Cadavers remained in sternal recumbency for the CT (16-slice 
detector, Brightspeed CT Scanner; GE Healthcare, Madison, 
Wisconsin, USA). The injection consisted of a solution of iopamidol 
contrast medium (IsoVue–300; Bracco Imaging, Anjou, Quebec), 
300 mg/mL, diluted to a final concentration of 240 mg/mL (5:1) by 
adding yellow tissue-marking dye (Cancer Diagnostics Inc, Durham, 
North Carolina, USA).

To prime the catheter, the injectate volume included an additional 
0.1 mL of the solution for small epidural catheters and 0.2 mL for 
large epidural catheters. An initial test injection of 0.3 mL of the 
solution was scanned to confirm correct placement of the epidural 
catheter. After confirmation, the remaining volume of solution was 
injected by hand over 20 s and CT images of the entire spine were 
acquired within 5 min of the injection and assessed from the cranial 
aspect of the cervical spine to just caudal to the LS space, in both soft 
tissue (standard) and bone windows, by a Board-certified radiologist 
(MJ) who was unaware of the treatment.

The number of vertebrae and the distance (measured in centi-
meters) reached by iopamidol was determined as the most cranial 
spread from the LS space and was always inclusive of the vertebra 
it reached, regardless of whether the whole vertebra had been 
reached or only a fraction of it. The distance was obtained after 
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the transverse images had been reconstructed into a sagittal plane 
using multiplanar reformatting to make the spine as straight as  
possible.

Following the CT scan, cadavers were kept in sternal position 
and transferred immediately to the necropsy room and dissected 
in this position, avoiding changes in the horizontal position during 
this phase. A longitudinal skin incision was made along the spinous 
processes of the vertebral column and all anatomical layers above 
the spinous processes were reflected on each side until the vertebrae 
were exposed below the vertebral arches.

A laminectomy was carried out by removing each arch from the 
C1 vertebra to the sacrum, until the entire extent of the spinal cord 
was exposed. The most cranial spread of dye was also assessed 
by recording the number of vertebrae and the distance to each 
specific vertebra from the LS space using a metric measuring tape. 
Necropsies were completed within 60 min of the CT assessments.

Statistical analysis
All data were tested for normality using Shapiro-Wilk, 

Kolmogorov-Smirnov, Cramer-von Mises, and Anderson-Darlin 
procedures. UNIVARIATE and PLOT procedures were used to detect 

unequal variances, outliers, and other non-random patterns within 
the data for each group (SAS Version 9.4; SAS Institute, Cary, North 
Carolina, USA).

A mixed model of residual maximum likelihood was used for 
comparisons between pairs of dogs (LE versus BW dosing) for each 
weight category for the use of contrast (CT) and dye (necropsy) and 
the number of vertebrae reached by each substance. When appropri-
ate, multiple pairwise comparisons in the mixed model were done by 
use of the Tukey-Kramer test. Comparisons between the number of 
vertebrae reached by the contrast and dye in all dogs were completed 
with an unpaired t-test and correlations were determined between 
contrast and dye with the number of vertebrae or distance reached 
by them (GraphPad Software, Version 9.3.1 for MacOS; GraphPad, 
San Diego, California, USA).

Re s u l t s
Demographic data for the dog cadavers and the volume of injec-

tate administered are provided in Table I. All pairs were within the 
established limits of , 10% difference in BW and LE and both dogs 
had the same BCS.

Table I. Demographic data for 22 dog cadavers divided into pairs matched by ,, 10% difference in body weight (BW) and length 
of the vertebral column (LE) and with the same body condition score (BCS), in which one cadaver received an epidural injection 
of 0.2 mL/kg for BW and the other cadaver received 0.05 mL/cm (,, 50 cm), 0.07 mL/cm (50 to ,, 70 cm), 0.08 mL/cm 
(70 to ,, 80 cm), or 0.11 mL/cm ($$ 80 cm mL/cm) for LE of a 5:1 volume mixture of iopamidol 30% and yellow tissue-marking 
dye, respectively.

							       Volume 
Size	 Pair	 Treatment	 Breed	 BW (kg)	 LE (cm)	 BCS	 (mL)
Small	 1	 BW	 Mixed breed	 4.6	 39	 3/5	 0.92
(, 10 kg)		  LE	 Mixed breed	 4.6	 39	 3/5	 1.95

	 2	 BW	 Chihuahua	 4.8	 42	 3/5	 0.96
		  LE	 Mixed breed	 4.6	 41	 3/5	 2.05

	 3	 BW	 Poodle	 6.8	 46	 2/5	 1.40
		  LE	 Poodle	 6.7	 48	 2/5	 2.40

	 4	 BW	 Shih tzu	 8.0	 46	 5/5	 1.60
		  LE	 Shih tzu	 8.0	 44	 5/5	 2.20

Medium	 1	 BW	 Mixed breed	 11.0	 51	 3/5	 2.20
(10 to , 25 kg)		  LE	 Beagle	 11.5	 55	 3/5	 3.85

	 2	 BW	 Hound	 19.5	 70	 3/5	 3.90
		  LE	 Hound	 20.5	 73	 3/5	 5.84

	 3	 BW	 Hound	 23.5	 71	 3/5	 4.70
		  LE	 Hound	 21.5	 73	 3/5	 5.84

Large	 1	 BW	 German shepherd	 25.0	 75	 3/5	 5.00
(25 to , 45 kg)		  LE	 German shepherd	 25.1	 79	 3/5	 6.32

	 2	 BW	 Mixed breed	 33.0	 79	 3/5	 6.60
		  LE	 Mixed breed	 34.0	 80	 3/5	 8.80

	 3	 BW	 Rottweiler	 40.0	 91	 3/5	 8.00
		  LE	 German shepherd	 37.0	 91	 3/5	 10.01

Giant	 1	 BW	 Mastiff	 52.0	 90	 3/5	 10.40
(. 45 kg)		  LE	 Great Dane	 48.0	 99	 3/5	 10.89
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For all 11 pairs of dogs, the volume of injectate was always greater 
for LE than for BW, but not significantly different (5.47 6 3.30 mL 
versus 4.15 6 3.16 mL, respectively; mean 6 standard deviation; 
P = 0.3495) (Figure 1). For each contrast medium and dye, there was 
no difference in the number of vertebrae or distance reached by the 
indicator between LE and BW for all size categories included. There 
was a trend for small- and medium-sized dogs to have more rostral 
spread with LE than with BW (Table II).

There were strong correlations between volume of injectate 
and distance reached by iopamidol and dye for all dog categories 
included and in both the LE and BW groups (r values $ 0.92, 
P , 0.0001 for each comparison) (Figure 2 A). This correlation was 
weaker between the volume of injectate and the number of vertebrae 
(iopamidol and LE: r = 0.48, P = 0.1335; iopamidol and BW: r = 0.83, 
P = 0.0014; dye and LE: r = 0.48, P = 0.1366; dye and BW: r = 0.71, 
P = 0.0136) (Figure 2 B).

The maximum possible number of vertebrae reached by dye or 
contrast medium was 27 = 7 lumbar 1 13 thoracic 1 7 cervical. 
The number of vertebrae reached by dye (22 6 6) was greater than 
for contrast medium (19 6 5) (P = 0.0597), but this data had to be 
transformed to accept normality, which resulted in a significant 
difference (P = 0.0041).

The distance reached by dye (51.8 6 23.6 cm) was not significantly 
greater than for contrast medium (40.0 6 18.6 cm). There was a 
strong correlation between dye and contrast medium for all dogs in 
both the LE and BW groups for the number of vertebrae (r = 0.92; 
P , 0.0001) and for distance (r = 0.99; P , 0.0001) reached by the 
indicators (Figure 3).

D i s c u s s i o n
In this study, epidural volumes were calculated based on LE 

or BW, which are the two reported methods used in this tech-
nique (4,6,9,12,14,16). The volume of injectate based on LE was 
greater than for BW, but the two methods did not differ significantly 
for the range in weight of all 11 pairs of dogs (4.6 to 52 kg). This 
difference has been shown to be significant in smaller sized dogs 
(# 25 kg), however, and the two methods of volume calculation 
are therefore not considered to be interchangeable for all sizes of 
dogs (9,14).

The volume of injectate was strongly correlated with the extent of 
rostral spread with both the dye and iopamidol, but had a weaker 
correlation with the number of vertebrae, which is a logical outcome 
due to the variation in size of vertebrae among the range of body 
weights and sizes of the dogs in this study. From a clinical point of 
view, it would be preferable if there was agreement between the vol-
ume of injectate and the number of vertebrae in order to accurately 
predict the dermatomes blocked by the epidural injection.

The most relevant finding of this study was that the number of 
vertebrae reached by dye was significantly greater than the num-
ber reached by iopamidol (22 6 6 versus 19 6 5), regardless of the 
method used to calculate volume. Although not significant (14.0 6 
5.4 vertebrae for dye and of 12.7 6 5.7 vertebrae for iohexol), similar 
findings of greater rostral spread with methylene blue 1% than with 
iohexol 30% were obtained in another study in anesthetized small 
dogs (7.6 6 1.1 kg) that were also injected with 0.2 mL/kg of the 
combination (12). Dogs were also injected at the LS space in sternal 
position, but assessed for 45 min radiographically to determine the 
spread of iohexol, and then bled out from the carotid artery before 
euthanasia and necropsy to assess the spread of dye (12). As nec-
ropsies were completed within 60 min of the CT assessments in our 
study, the times for dye assessments were probably similar in both 
studies, but earlier for contrast medium in our study.

In studies in both live and cadaver dogs, dye attaches to the sur-
face of the spinal cord membranes and continues to spread due to 
delayed assessment until the time of necropsy (7,12). For this reason, 
it is likely that the degree of rostral spread was overestimated when 
dye was injected. In one study, the rostral spread of bupivacaine 
was assessed by pinching the skin over the spinous processes of 
vertebrae in conscious dogs (9.9 6 1.9 kg) 30 min after volumes of 
0.2, 0.4, 0.6, and 0.8 mL/kg of a 1:1 mixture of bupivacaine 0.5% and 
methylene blue 1% were injected through an epidural LS catheter 
advanced 5 cm into the epidural space (7). Analgesia had spread to 
vertebrae L3, T7, T1, and C7, respectively, for each volume, whereas 
it was determined during necropsy of these dogs that the dye was 
present at T3, C6, C2, and C2, respectively (7). This discrepancy is 
also partially due to the form of the diluted bupivacaine (0.25%) 
that results from the mixture, which has been shown to result in 
incomplete sensory blockade (7,17).

The dye and iopamidol were not distributed uniformly around the 
spinal cord in dog cadavers in the present study. This finding empha-
sizes the idiosyncrasy of the epidural space and factors that interfere 
with the spread of any substance, including anatomical structures, 
such as meningovertebral ligaments, epidural fat, presence of inter-
vertebral foramens, differences in diameter along the spinal canal, 

Figure 1. Volume of lumbosacral epidural injectate in 22 dog cadavers 
matched by ,, 10% difference in body weight (BW) and length of the 
vertebral column (LE) and with the same body condition score, in which 
one cadaver received an epidural injection of 0.2 mL/kg based on BW 
and the paired cadaver received 0.05 mL/cm (,, 50 cm), 0.07 mL/cm 
(50 to ,, 70 cm), 0.08 mL/cm (70 to ,, 80 cm), or 0.11 mL/cm ($$ 80 cm) 
based on LE, of a 5:1 volume mixture of iopamidol 30% and yellow tissue-
marking dye. Each violin plot depicts the frequency distribution of the 
data with lines at the median (dashed line) and quartiles (smaller dotted 
lines) for each group (LE, BW). The larger dotted lines across both violin 
plots indicate the mean of each group and the difference between the 
two means and standard deviation is depicted with solid lines on the 
right axis (1.32 6 1.38 mL).
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Table II. Rostral spread measured by number of vertebrae and distance (cm) from the lumbosacral space (LS) of an LS epidural 
dose calculated using body weight (BW; 0.2 mL/kg) or length of the vertebral column [LE; 0.05 mL/cm (,, 50 cm), 0.07 mL/cm 
(50 to ,, 70 cm), 0.08 mL/cm (70 to ,, 80 cm), or 0.11 mL/cm ($$ 80 cm)] of a 5:1 volume mixture of iopamidol 30% and yellow 
tissue-marking dye, respectively, in pairs of dog cadavers matched according to ,, 10% difference in BW and LE and with the 
same body condition score. Spread of iopamidol was determined by CT imaging and spread of dye by necropsy of the spinal cord.

	 Number of vertebrae	 Distance from LS (cm)
Size	 Pair	 Treatment	 CT	 Necropsy	 CT	 Necropsy
Small	 1	 BW	 14	 21	 19.4	 28
(, 10 kg)		  LE	 21	 27	 29.8	 36

	 2	 BW	 16	 19	 19.7	 25
		  LE	 23	 26	 28.9	 33

	 3	 BW	 11	 10	 16.9	 19
		  LE	 10	 17	 16.9	 27

	 4	 BW	 10	 12	 15.3	 22
		  LE	 19	 23	 25.4	 37.4

Mean 6 SD		  BW	 13 6 5	 16 6 7	 17.8 6 2.1	 23.5 6 3.9
(range)			   (T5 to T11)	 (C7 to T11)

		  LE	 18 6 5	 24 6 7	 25.3 6 5.9	 33.4 6 4.6
			   (C5 to T11)	 (C1 to T4)

Medium	 1	 BW	 9	 8	 15.5	 18
(10 to , 25 kg)		  LE	 22	 23	 38.8	 47

	 2	 BW	 20	 23	 36.8	 56.6
		  LE	 22	 26	 48.2	 68.5

	 3	 BW	 20	 22	 43.6	 55
		  LE	 20	 23	 43.5	 57

Mean 6 SD		  BW	 16 6 5	 18 6 7	 32.0 6 14.7	 43.2 6 21.8
(range)			   (T1 to T12)	 (C6 to T13)

		  LE	 21 6 5	 24 6 7	 43.5 6 4.7	 57.5 6 10.8
			   (C6 to T1)	 (C2 to C5)

Large	 1	 BW	 22	 24	 52.3	 66
(25 to , 45 kg)		  LE	 23	 27	 56.1	 73

	 2	 BW	 21	 27	 52.7	 71
		  LE	 24	 26	 55.9	 70.3

	 3	 BW	 23	 24	 59.7	 68
		  LE	 24	 27	 69.6	 87.5

Mean 6 SD		  BW	 22 6 5	 25 6 7	 54.9 6 4.2	 68.3 6 2.5
			   (C5 to C7)	 (C1 to C4)

		  LE	 24 6 5	 27 6 7	 60.5 6 7.9	 76.9 6 9.3
			   (C4 to C5)	 (C1 to C2)

Giant	 1	 BW	 24	 27	 63.7	 81
($ 45 kg)		  LE	 22	 27	 70.4	 94

Overall mean 6 SD		  BW & LE	 19 6 5	 22 6 6*	 40.0 6 18.6	 51.8 6 23.6
*	Significantly different than CT scan (P = 0.0041).
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and differences in the diameter of the spinal cord (18–20). The use 
of cadavers prevented other factors, such as systemic absorption 
and motion, which may interfere with or contribute, respectively, 
to rostral spread of epidural substances (12,21,22).

Rostral spread of an epidural volume of injectate dose based on 
LE has not been extensively studied. In one study, rostral spread 
was assessed radiographically 10 min after LS injection of contrast 
medium in sedated dogs (14.9 6 5.2 kg) at 0.05, 0.1, or 0.15 mL/cm 
of iopamidol combined with ropivacaine 0.2% or 0.5% to determine 
the percentage of the total length of the vertebral column reached 

by the contrast medium (23). Unfortunately, these results cannot be 
compared to our study because the number of vertebrae or length 
of the vertebral column of the dogs were not reported.

The LE doses used in this study ranged from 0.05 to 0.11 mL/cm, 
according to the increase in vertebral length from , 50 to $ 80 cm 
as body weight (BW) increases. These doses are based on the linear 
relationship between the LS epidural volume and the extent of ros-
tral spread determined in pigs and dogs to help predict the volume 
of injectate to reach T10 (vertebra 11) (4). In cadavers used in the 
present study, LE doses spread the iopamidol contrast beyond T10 

Figure 2. Correlations between distance (cm) (A) or number of vertebrae (B) reached by a volume of injectate of a 5:1 mixture of iopamidol 30% and 
yellow tissue-marking dye in 22 cadavers matched by ,, 10% difference in body weight (BW) and length of the vertebral column (LE) and with the 
same body condition score, in which one cadaver received a lumbosacral epidural injection of 0.2 mL/kg of the mixture for BW and the paired cadaver 
received 0.05 mL/cm (,, 50 cm), 0.07 mL/cm (50 to ,, 70 cm), 0.08 mL/cm (70 to ,, 80 cm), or 0.11 mL/cm ($$ 80 cm) for LE.

Figure 3. Correlation between distance (cm) (A) and number of vertebrae (B) reached by a volume of injectate of a 5:1 mixture of iopamidol 30% and 
yellow tissue-marking dye in 22 cadavers matched by ,, 10% difference in body weight (BW) and length of the vertebral column (LE) and with the 
same body condition score, in which one cadaver received a lumbosacral epidural injection of 0.2 mL/kg of the mixture for BW and the paired cadaver 
received 0.05 mL/cm (,, 50 cm), 0.07 mL/cm (50 to ,, 70 cm), 0.08 mL/cm (70 to ,, 80 cm), or 0.11 mL/cm ($$ 80 cm) for LE.
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in 10/11 pairs of dogs and from C4 to T1 and to T11 in the other pair 
of dogs. Interestingly, despite a lower volume of injectate, the spread 
of iopamidol in dogs given doses based on BW was also beyond 
vertebra T10 in 9/11 pairs of dogs and from C4 to T5 and to T11 and 
T12 in the other 2 pairs of dogs.

This study demonstrated that volumes of epidural injectate calcu-
lated over a wide range of body weights is not significantly different 
for BW and LE, despite a trend for a greater volume using LE. The 
number of vertebrae reached by the dye was significantly greater 
than the number reached by iopamidol, regardless of the method 
of volume calculation. Therefore, the results from studies using dye 
cannot be considered interchangeable with the results of studies 
using contrast medium.
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Comparison of two ratios of xylazine:ketamine for the anesthesia 
of free-ranging North American beavers (Castor canadensis)  

in a remote setting
Stéphane Lair, Gregory Bourguelat, Gaétan Fournier

A b s t r a c t
The objective of this study was to evaluate and compare 2 different xylazine:ketamine combination anesthetic protocols in free-
ranging beavers (Castor canadensis). Twenty-two beavers (weighing 2.5 to 18.5 kg) were equally assigned to one of the following 
protocols: 1:10 xylazine:ketamine ratio and 3:10 xylazine:ketamine ratio. Using standard metabolic scaling, the following ranges 
of dosages were calculated and used:
•	 for the 1:10 xylazine:ketamine group 1.08 to 2.25 mg/kg (median = 1.2 mg/kg) of xylazine 1 10.8 to 22.5 mg/kg 

(median = 12 mg/kg) of ketamine IM; and
•	for the 3:10 xylazine:ketamine group 2.04 to 3.67 mg/kg (median = 2.7 mg/kg) of xylazine 1 6.81 to 12.25 mg/kg 

(median = 8.8 mg/kg) ketamine IM.
Measured cardiorespiratory parameters and anesthetic event intervals were compared between protocols. Both protocols 
rapidly induced levels of anesthesia adequate for minimally invasive procedures of short duration. Durations of immobility 
ranged from 15 to 35 min and were not significantly different between the protocols (P = 0.64). Recovery phases, following the 
IM administration of 0.2 mg/kg of atipamezole 30 to 65 min post-induction, were usually faster with the 3:10 xylazine:ketamine 
protocol, but this was not statistically significant (P = 0.40). Heart rates were significantly lower with the 3:10 xylazine:ketamine 
protocol (P = 0.0002). PETCO2 values, measured with a nasal cannula, were similar between protocols and suggestive of 
hypoventilation. Despite the fact that the 3:10 xylazine:ketamine protocol was associated with a greater cardiac depression, the 
apparent, even if not statistically significant, faster recovery time with that protocol is definitively an asset for projects occurring 
in remote locations relying on helicopter transportation.

R é s u m é
Le but de cette étude était d’évaluer et de comparer 2 protocoles anesthétiques différents combinant xylazine et kétamine chez 
des castors sauvages (Castor canadensis). Vingt-deux castors (2,5-18,5 kg) ont été assignés de manière égale à l’un des protocoles 
suivants : xylazine:kétamine à un ratio de 1:10 et xylazine:kétamine à un ratio de 3:10. À l’aide d’une échelle métabolique standard, 
les dosages calculés et utilisés ont été les suivants : 
•	1,08 à 2,25 (médiane = 1,2) mg/kg de xylazine 1 10,8 à 22,5 (médiane = 12) mg/kg de kétamine IM pour le groupe 

xylazine:kétamine à un ratio de 1:10; et 
•	2,04 à 3,67 (médiane = 2,7) mg/kg de xylazine 1 6,81 à 12,25 (médiane = 8,8) mg/kg de kétamine IM pour le groupe 

xylazine:kétamine à un ratio de 3:10. 
Les paramètres cardiorespiratoires et les intervalles anesthésiques mesurés ont été comparés entre les protocoles. Les deux protocoles 
ont permis d’induire rapidement tous les castors à un niveau d’anesthésie adéquat pour une procédure minimalement invasive de 
courte durée. Les durées d’immobilité variaient de 15 à 35 minutes et n’étaient pas significativement différentes entre les protocoles 
(P = 0,64). Les phases de récupération, après l’administration IM de 0,2 mg/kg d’atipamézole 30 à 65 minutes après l’induction, étaient 
généralement plus rapides avec le protocole xylazine:kétamine à un ratio de 3:10, mais cela n’était pas statistiquement significatif 
(P = 0,40). Les fréquences cardiaques étaient significativement plus basses avec le protocole xylazine:kétamine à un ratio de 3:10 
(P = 0,0002). Les valeurs de PETCO2, mesurées avec une canule nasale, étaient similaires entre les protocoles et suggéraient une 
hypoventilation. Malgré le fait que le protocole xylazine:kétamine à un ratio de 3:10 était associé à une dépression cardiaque plus 
importante, le temps de récupération apparemment plus rapide, même si ce n’était pas statistiquement significatif, avec ce protocole 
est définitivement un atout pour les projets se déroulant dans des endroits éloignés accessibles uniquement par hélicoptère.
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I n t r o d u c t i o n
Due to the high demand for its pelt, the North American beaver 

(Castor canadensis), a key species in the Canadian boreal ecosystem, 
had been a driving factor in the early establishment of European 
settlements in North America (1). This Canadian iconic species is 
also a strong cultural and spiritual figure for members of the North 
American First Nations and remains a source of revenue for trap-
pers (1,2).

Research and management activities on this large semi-aquatic 
rodent often involve procedures that require chemical immobiliza-
tion (3). Different protocols to anesthetize beavers in field settings 
involving either injectable drugs (4–10), or volatile anesthetics (11), 
have been described over the last 40 y. The choice of protocol is 
guided by the invasiveness and length of the procedure performed, 
and by logistical and economic factors. Protocols allowing for fast 
recovery and that do not require bulky equipment are preferred 
for projects taking place in locations only accessible by helicopter.

Anesthetic protocols combining IM injection of ketamine with 
a-2 adrenergic receptor agonists often meet the above criteria and 
are frequently used in wild mammals including rodents (12–14). 
The reversibility of the a-2 adrenergic receptor agonists represents 
a significant advantage for field procedures for which short recov-
ery times are critical (13). The dosage regimens proposed usually 
involve a ketamine:a-2 adrenergic ratio which facilitates the use of 
this combination of drugs in the field since it is possible to premix 
the drugs together in a single vial.

The goal of this project was to recommend an anesthetic protocol 
that could be used in free-ranging beavers in remote locations only 
accessible by helicopter. Based on personal experience with beaver 
anesthesia in captive settings, it was decided to use a combination 
of xylazine and ketamine. This combination of drugs has been previ-
ously described in free-ranging beavers, but the exact dosage ratio 
used, and the details of the procedures were not described, and no 
attempts were made to antagonize the xylazine (7).

The primary objective of the current study was to evaluate and 
compare 2 dosage regimens of xylazine and ketamine followed 
by reversal with atipamezole for short-term anesthesia of beavers 
requiring telemetric implantation in a remote setting. A secondary 
objective was to evaluate the usefulness of metabolic scaling and 
its application in extrapolating dosages to fit a wide range of body 
masses observed in this species. Our hypothesis was that dosage 
regimens based on metabolic scaling instead of body mass would 
result in homogenous anesthetic effects for the protocols used in 
this study.

M a t e r i a l s  a n d  m e t h o d s
This study was performed during a field project on post-

translocation survival and dispersal of beavers in the Northern 
part of the boreal forest. These animals were translocated to adja-
cent territories from an area designated to be flooded following the 
development of a hydroelectric power plant reservoir. All procedures 
were approved by the Faculté de médecine vétérinaire Animal 
Care and Use Committee, which operates under the auspices of 
the Canadian Council on Animal Care (project number 03-00-13). 

Twenty-two beavers ranging in weight from 2.5 to 18.5 kg were live 
captured in August 2003 near Eastmain River, James Bay, Québec, 
Canada (between N52°109 W76°059 and N52°119 W74°389, altitude 
300 m) (Table I). These beavers were captured using either Hancock 
traps (Fil-Brown, Sherbrooke, Québec J1L 1M9, Canada) or Ezee Set 
Live Catch Beaver traps (Les Entreprises Makwa, Wendake, Québec 
G0A 4V0, Canada) baited with scent lures containing beaver glands 
extracts and essential oils. Traps were visually inspected daily, within 
24 h of their deployments. Following capture, the trap was covered 
with a thin fabric to minimize visual stress. Tentative weights were 
obtained on captured animals while still confined to the previously 
weighed traps. These weights were used to determine the volume to 
be injected. Anesthetized beavers were re-weighed to obtain accurate 
weights, which were retrospectively used to calculate the mg/kg of 
ketamine and xylazine given.

Two different mixtures of xylazine/ketamine were tested. The first 
mixture (1:10 xylazine:ketamine ratio) was obtained by mixing 2 mL 
of xylazine hydrochloride (Rompun, 100 mg/mL; Bayer, Toronto, 
Ontario) with 20 mL of ketamine hydrochloride (Vetalar, 100 mg/mL; 
Bioniche Animal Health Canada, Belleville, Ontario), rendering final 
concentrations in solution of 9.1 mg/mL of xylazine and 91 mg/mL 
of ketamine. For the second mixture (3:10 xylazine:ketamine ratio), 
3.96 mL of 100 mg/mL xylazine, 13.2 mL of 100 mg/mL ketamine 
and 4.84 mL of sterile water were mixed to obtain a final solution of 
18 mg/mL of xylazine and 60 mg/mL of ketamine.

Beavers were assigned sequentially to each protocol following 
control for age group. Each animal was assigned to 1 of the following 
age classes based on body mass: 0- to 12-month-old kits (, 6.8 kg), 
13 to 24 month-old yearlings (6.8 to 10.8 kg), 25 to 36 month-old 
subadults (10.9 to 16.0 kg), and $ 37 month-old adults (. 16 kg) (15).

Eleven of the captured beavers received the 1:10 xylazine:ketamine 
protocols. The dosage to be given to each animal was calculated 
using metabolic scaling. Based on clinical experience, the reference 
dose was set to a total of 7.5 mg of xylazine and 75 mg of ketamine 
for a 5 kg beaver (equivalent to 1.5 mg/kg of xylazine and 15 mg/kg 
of ketamine). This reference dose was then transformed to a mg/kcal 
dosage by dividing the total dose by the theoretical minimum energy 
cost of a 5 kg beaver using the following equation (16):

MEC = 70 (M)0.75

where: MEC is the minimal energy cost in kcal for a 24-hour 
period, and M is the tentative weight of the animal in kg. The 
total dose to be administered to each animal was then calculated 
by multiplying the MEC of each beaver by the mg/kcal dosages 
obtained (0.032 mg/kcal of xylazine and 0.320 mg/kcal of ketamine). 
The 3:10 xylazine:ketamine protocol was used on the second group 
of 11 beavers. For this group, the reference dose for a 5 kg beaver 
was set to 15 mg of xylazine and 50 mg of ketamine (3 mg/kg of 
xylazine and 10 mg/kg of ketamine), which is equivalent to a dos-
age of 0.064 mg/kcal of xylazine and 0.213 mg/kcal of ketamine. 
Similarly, total doses to be administered were calculated for each 
beaver by multiplying their MEC by the mg/kcal dosages. Assessors 
were blinded to the anesthetic mixture received by each animal.

Drug mixtures were injected IM in the epaxial muscles using 
a 21G  butterfly needle. The volume injected ranged from 0.49 to 
2.30 mL. This injection was easily given without restraint while 
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maintaining the fabric over the trap. Once the relaxed animal showed 
no reactivity to tactile stimulations, the beaver was removed from 
the trap and placed in sternal recumbency. A physical examination, 
including thoracic auscultation, was performed. Morphometric 
measurements were taken, and sex was determined by palpation for 
a bacula (17). Subsequently, a radio transmitter was fixed to the tail 
using a technique previously described (3). Briefly, the anchoring site 
on the tail was transmurally infiltrated with 0.3 mL of Bupivacaine 
0.5% (Marcaïne; Abbott Laboratories, St. Laurent, Québec). A 5-mm 
diameter hole was then drilled into the skin, connective and adi-
pose tissues of the tail using a sterilized bit. The radio transmitter 
(Modèle: M3530. Advanced Telemetry System; Isanti, Minnesota, 
USA), which is fixed on a modified livestock ear tag, was then 
anchored to the tail.

Heart rates, respiratory rates, oxygen saturation, and end-tidal 
partial pressure of carbon dioxide (PETCO2) were recorded every 
5 min during the procedure using a combination of side-stream 
end-tidal CO2 analyzer and pulse oximeter (NPB-75; Nellcor Puritan 
Bennett, Pleasanton, California, USA). The PETCO2 sensor was con-
nected to a nasal cannula and the SpO2 probe placed on the tongue. 
Cloacal temperature was taken opportunistically with a pediatric 
digital thermometer.

Following completion of the procedure, the xylazine was antago-
nized with 0.2 mg/kg of atipamezole (Antisedan 5 mg/mL; Novartis 
Santé Animale Canada, Mississauga, Ontario) IM. The animals were 
then transferred to a fully covered Havahart cage (Woodstream 
Corporation, Lancaster, Pennsylvania, USA) and transported to a 
retention pen at relocation sites by helicopter.

The following time periods were recorded during the anesthesia:

•	 induction time, defined as the time from the xylazine:ketamine 
injection to the absence of reaction to tactile stimuli;

•	 duration of immobility, defined as the time from the absence of 
reaction to tactile stimuli to the return of movement;

•	 recovery time, defined as the time from the injection of the reversal 
(atipamezole) to a level of alertness and coordination judged by 
1 observer (SL) to enable a safe release.

Total anesthesia duration was defined as the time from the 
xylazine:ketamine injection to a level of alertness and coordination 
sufficient to allow a safe release.

Analysis of covariance (ANCOVA), with protocol as the indepen-
dent variable, body mass as a cofactor and the interaction between 
protocol and body mass, was used to examine the relationship 
between treatment and various time periods and cardiorespiratory 

Table I. Demographic data (sex and age class), weights, and calculated anesthetic dosages received of 22 beavers (Castor 
canadensis) anesthetized using 2 different ratios of xylazine:ketamine combination, a 1:10 xylazine:ketamine ratio containing 
9.1 mg/mL of xylazine and 91 mg/mL of ketamine, and a 3:10 xylazine:ketamine ratio containing 18 mg/mL of xylazine and 
60 mg/mL of ketamine.

	 Protocol used
	 Xylazine	 Ketamine
Beaver #	 Sex	 Age classa	 Weight (kg)	 Ratio	 mg/kg	 mg/kcal	 mg/kg	 mg/kcal
	 1	 Male	 Subadult	 12.5	 1:10	 1.2	 0.03	 12	 0.32
	 3	 Male	 Yearling	 9.5	 1:10	 1.3	 0.03	 13.4	 0.34
	 5b	 Male	 Kit	 3.4	 1:10	 2.3	 0.04	 22.5	 0.44
	 7	 Male	 Kit	 2.8	 1:10	 1.7	 0.03	 16.5	 0.30
	 9	 Male	 Kit	 3.9	 1:10	 1.2	 0.02	 11.7	 0.23
	11	 Male	 Yearling	 8.1	 1:10	 1.4	 0.03	 13.6	 0.33
	12	 Male	 Subadult	 12.5	 1:10	 1.2	 0.03	 11.6	 0.31
	14	 Female	 Subadult	 13	 1:10	 1.1	 0.03	 11.2	 0.30
	16	 Male	 Adult	 18.5	 1:10	 1.1	 0.03	 10.8	 0.32
	19	 Female	 Adult	 18.5	 1:10	 1.1	 0.03	 11.3	 0.33
	22	 Female	 Kit	 4.1	 1:10	 1.7	 0.03	 17.1	 0.35
	 2	 Male	 Yearling	 9.5	 3:10	 2.7	 0.07	 8.8	 0.22
	 4	 Female	 Subadult	 13	 3:10	 2.2	 0.06	 7.4	 0.20
	 6	 Female	 Adult	 17	 3:10	 2.1	 0.06	 7.1	 0.20
	 8	 Female	 Kit	 2.9	 3:10	 3.1	 0.06	 10.3	 0.19
	10	 Male	 Yearling	 7.7	 3:10	 2.8	 0.07	 9.4	 0.22
	13	 Male	 Kit	 2.5	 3:10	 3.7	 0.07	 12.2	 0.22
	15	 Male	 Adult	 18.5	 3:10	 2	 0.06	 6.8	 0.20
	17	 Female	 Kit	 2.5	 3:10	 3.5	 0.06	 11.8	 0.21
	18	 Female	 Adult	 18.5	 3:10	 2.1	 0.06	 7.1	 0.21
	20	 Male	 Subadult	 16	 3:10	 2.4	 0.07	 7.9	 0.23
	21	 Male	 Kit	 4.3	 3:10	 3.2	 0.07	 10.7	 0.22
a	0- to 12-month-old kits (, 6.8 kg), 13- to 24-month-old yearlings (6.8 to 10.8 kg), 25- to 36-month-old subadults (10.9 to 16.0 kg), and 
$ 37 month-old adults (. 16 kg) (21).
b	The weight of this individual could not be determined accurately prior to the anesthesia and was overestimated.
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parameters controlling for age. Statistical analyses were carried out 
with SAS v. 9.2 (SAS Institute, Cary, North Carolina, USA). A P-value 
of , 0.05 was considered statistically significant.

Re s u l t s
All captured beavers appeared to be in good physical health. 

Tentative weights were obtained prior to the induction on all 
but 1  beaver (#5). The median weight (9.5 kg) was the same in 
both groups. The 1:10 xylazine:ketamine group was composed 
of 4 kits, 2 yearlings, 3 subadults, and 2 adults, whereas the 3:10 
xylazine:ketamine group included 4 kits, 2 yearlings, 2 subadults, 
and 3 adults. The following ranges of dosages were used:

•	 for the 1:10 xylazine:ketamine group: 1.08 to 2.25 mg/kg 
(median = 1.2 mg/kg, mean = 1.4 mg/kg) mg/kg of xylazine 1 
10.8 to 22.5 mg/kg (median = 12 mg/kg, mean = 13.8 mg/kg) of 
ketamine IM, and

•	 for the 3:10 xylazine:ketamine group: 2.04 to 3.67 mg/kg (median 
and mean = 2.7 mg/kg) of xylazine 1 6.81 to 12.25 mg/kg 
(median = 8.8 mg/kg, mean = 9.1 mg/kg) of ketamine IM.

All the beavers survived the procedures and recovered well. The 
level of anesthesia was sufficient for the handling and minor surgical 
procedure and the recoveries were uneventful. Induction was smooth 
and varied in time from 1.5 to 5.0 min [mean = 3.5 min (6 1.0 min)] 
and 2.0 to 7.0 min [mean = 4.0 min (6 2.0 min)] for the 1:10 and 
3:10 xylazine:ketamine protocols, respectively. A greater variability 
in induction time was present with the 3:10 xylazine:ketamine pro-
tocol (Figure 1 A), but no significant difference in induction time was 
detected between the 2 protocols (P = 0.07). A significant association 
was observed between induction times and body mass, induction 
being usually faster in small beavers than for large ones in both 
protocols (P , 0.0001). This association between body mass and 
induction time was greater for the 3:10 xylazine:ketamine protocol 
than for the 1:10 xylazine:ketamine protocols (P = 0.008). The actual 
hands-on procedures (physical examination, sex determination, 
morphologic measurements, and tail-mounted radio transmitter 
placement) lasted from 9.0 to 22.0 min [mean = 14.0 min (6 3.5 min)] 
and 11.0 to 22.0 [mean = 16.7 min (6  3.5 min)] for the 1:10 and 
3:10 xylazine:ketamine protocols, respectively. Immobility lasted 
from 15.0 to 35.2 min [mean: 22.3 min (6 7.0 min)] and 19.7 to 31.0 

Figure 1. Anesthesia of 22 beavers (Castor canadensis) using 2 mixtures of xylazine:ketamine. Plots comparing the 1:10 and the 3:10 xylazine:ketamine 
ratio protocols for the induction time (A), the duration of immobility (B), the recovery time (C), and the total anesthesia duration (D). Horizontal lines 
in the boxes represent median values, boxes represent percentiles 25 to 75%, whiskers indicate the lowest and highest data within 1.5 percentiles 
25 to 75%, asterisks are the mean and points represent mild outliers. P-values are presented for each comparison on the graph (P-value of ,, 0.05 
was considered statistically significant).

Figure 2. Monitoring during anesthesia of 22 beavers (Castor canadensis) using 2 mixtures of xylazine:ketamine. Plots comparing the 1:10 and the 
3:10 xylazine:ketamine ratio protocols for average heart rate (A), average respiratory rate (B), and average PETCO2 (C). Horizontal lines in the boxes 
represent median values, boxes represent percentiles 25 to 75%, whiskers indicate the lowest and highest data within 1.5 percentiles 25 to 75%, 
asterisks are the mean and points represent mild outliers. P-values are presented for each comparison on the graph (P-value of ,, 0.05 was 
considered statistically significant).
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[mean = 25.6 min (6 4.1 min)] for the 1:10 and 3:10 xylazine:ketamine 
protocols, respectively (Figure 1 B). Statistically significant dif-
ferences were not detected between the 2 protocols (P = 0.64), 
and there were no significant associations between immobility 
duration and the body mass (P = 0.15). Xylazine was antagonized 
[30.0 to 65.2 min mean = 36.1 min (6 12.7 min)] and 30.0  to 56.4 
[mean = 34.5 min (6 9.3 min)] post-induction for the 1:10  and 
3:10 xylazine:ketamine protocols, respectively. Recovery time 
after the reversal with atipamezole ranged from 10.6 to 70.0 min 
[mean = 45.6 min (6 18.7 min) in the 1:10 xylazine:ketamine group 
and from 6.6 to 59.0 min [mean = 26.9 min (6 17.3 min)] in the 
3:10 xylazine:ketamine group. Beavers in the 3:10 xylazine:ketamine 
group recovered, on average, approximately 2 times faster than 
beavers in the 1:10 xylazine:ketamine group (Figure 1 C). However, 
this difference was not statistically significant (P = 0.40). Recovery 
time was not associated with body mass (P = 0.54). A moderate 
level of excitement following the injection of atipamezole was 
seen in 2 of the beavers from the 1:10 xylazine:ketamine group. 
Total anesthesia duration was, on average, 25% shorter for beavers 
from the 3:10 xylazine:ketamine protocol group, ranging from 
42.0  to 89.0 min [mean = 61.4 min (6 14.3 min)], compared to 
the 1:10  xylazine:ketamine protocol group, ranging from 56.0 to 
105.0 min [mean = 81.6 min (6 16.6 min)] (Figure 1 D). However, 
this difference was not statistically significant (P = 0.31).

Both anesthetic protocols were associated with a progres-
sive decline in heart rates. Mean heart rates of beavers in the 
3:10  xylazine:ketamine group (56 bpm) were significantly lower 
than those evaluated for the 1:10 xylazine:ketamine group (71 bpm) 
(P = 0.0002) (Figure 2 A). No statistical differences were seen between 
groups upon investigation of the average respiratory rates (P = 0.62), 
which were 36 and 34 for the 1:10 xylazine:ketamine group and the 
3:10 xylazine:ketamine group, respectively (Figure 2 B). Elevated 
PETCO2 was recorded during the anesthesia of all 22 beavers with 
averages of 58 and 56 mmHg for the 1:10 xylazine:ketamine group 
and the 3:10 xylazine:ketamine group, respectively (Figure 2 C). No 
statistical difference was detected between the groups for the average 
PETCO2 (P = 0.59) and no association between the level of PETCO2 
measured and the body mass was identified (P = 0.95). Inconsistent 
measurements obtained with the pulse oximeter; they ranged from 
40 to 95% and could be obtained in only 15 of the animals. Cloacal 
temperatures measured varied from 32.5 to 39.4°C and neither 
decreased over time, nor differed between the 2 groups (P . 0.05).

D i s c u s s i o n
Both protocols used in this study were associated with eventless 

relatively predictable anesthesia characterized by smooth and rapid 
inductions, stable levels of anesthesia and, in almost all cases, calm 
recoveries. The depth of anesthesia was sufficient for the minimally 
invasive procedures performed but would not have been adequate 
for invasive surgical procedures such as an intra-abdominal implan-
tation of radio-transmitters. Since clinical experience has shown 
that dosages for most injectable anesthetic agents are not directly 
(linearly) proportional to the body mass of the subjects (18), it would 
have been unsound to use the same dosages of ketamine/xylazine in 
a group of beavers having such a wide range of weights. Therefore, 

instead of using the standard mg/kg dosage regime, the individual 
doses were calculated on a kcal basis. Although the metabolic scal-
ing of drugs is controversial and has not been validated for xylazine 
or ketamine, this approach could be more appropriate in beavers 
because it is a better reflection of the relationship between drug 
potency and body mass than the extrapolation of a single mg/kg 
dosage to be used on all subjects (18). Interestingly, apart from the 
induction time, the weight of the animals had no influence on the dif-
ferent anesthetic parameters measured. This suggests, at least in this 
study, that the xylazine:ketamine dosages derived from metabolic 
scaling had similar effects when applied to a wide range of weights 
in beavers. Therefore, metabolic scaling seems to be a useful tool for 
determining dosage regimens in beaver and might also be of interest 
for other species with a wide range of weight.

The 2 different xylazine:ketamine ratios provided comparable 
induction time and duration of immobility. Recovery was usually 
slower in the group having received the higher ketamine dosage 
(median dosage of 12 mg/kg for the 1:10 ratio group compared to 
8.8 mg/kg for the 3:10 ratio group), which is expected since ket-
amine is not antagonizable. The absence of statistical significance 
for this parameter might be due to the small sampling size. The 
faster recovery in the 3:10 xylazine:ketamine group is a definitive 
advantage when working in remote settings and needing costly 
helicopter support.

The levels of PETCO2 measured using a nasal cannula were ele-
vated compared to the 30 to 40 mmHg that would be expected in a 
well-ventilated mammal (19). If the assumption that the relationship 
between the PaCO2 and the PETCO2 measured by means of a nasal 
cannula in beavers is comparable to what has been described in dogs 
is made (20), the results obtained herein would indicate that both 
protocols were associated with hypercapnia. This hypercapnic state 
is a common manifestation in animals anesthetized with respiratory 
depressants such as xylazine and ketamine (21). Measurements of the 
SpO2 with the sensor clip were inconsistent and poorly repeatable, 
likely due to the pigmented extremities, and small poorly mobile 
fleshy tongue. The low reading values of SpO2 could also reflect 
true hypoxemia, which likely occurred given the cardiorespiratory 
depressant effect of the drug combinations used.

With a few exceptions, the cloacal temperatures measured were 
lower than what should be expected in a mammal. This suggests that 
the temperature measured in the cloaca is an underestimation of the 
body temperature in this species. Nevertheless, if we assumed that 
the cloacal temperature is correlated to the core body temperature, 
the absence of decrease in temperature during the procedures sug-
gests that the protocols used were not associated with overt hypo-
thermia. Except for one animal, in which the cloacal temperature 
rose from 36.8 to 39.4°C, no sign of hyperthermia was documented.

The health implication of cardiorespiratory depression is difficult 
to quantify. The short anesthetic duration possibly minimized overt 
complications related to observed physiologic changes (hypoxemia, 
hypercapnia, bradycardia), but animals were not available for long-
term follow-up. Based on these and previous results and given the 
challenges of intubation and manual ventilation in field conditions, 
supplemental oxygen via facemask or nasal canula is strongly recom-
mended for such field anesthesia to minimize the risks of hypoxemic 
events. When the use of pressurized oxygen cylinders in the field is 
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not practical, portable oxygen concentrators should be considered. In 
addition, the monitoring of blood gases during the anesthesia should 
also be considered to assess the physiological effects of hypoventila-
tion and to document the relationship between PaCO2 and PETCO2 
in an obligate nasal breather like the beavers.

The dosages of xylazine and ketamine used for yearlings and 
subadults with the 1:10 xylazine:ketamine protocol (xylazine 1.12 to 
1.36 mg/kg 1 ketamine 11.2 to 13.6 mg/kg) are in the higher range 
of dosages that have been previously reported for the same age 
classes (xylazine 0 to 1.25 mg/kg 1 ketamine 6 to 12 mg/kg) (7), 
whereas the dosages of ketamine used in the 3:10 ratio protocol 
(ketamine 7.4 to 9.3 mg/kg) are similar, but with a higher dosage 
of xylazine (xylazine 2.2 to 2.8 mg/kg). The most reported inject-
able anesthetic protocol for free-ranging beavers is a combination 
of ketamine (10 to 13 mg/kg) and acepromazine (2.5 mg) (4,5,6,10). 
Koenen et  al (5) reported a mean total anesthesia duration (from 
induction to full recovery) of 94 min with such a combination, which 
is a few minutes longer than the mean total anesthesia duration of 
the 1:10 xylazine:ketamine protocol (82 min) and approximately 50% 
longer than the 3:10 xylazine:ketamine protocol (61 min).

A combination of nalbuphine-medetomidine-azaperone (8), and 
of butorphanol-azaperone-medetomidine (9) have been tried in 
American beavers for tail transmitter placement, but the level of 
sedation achieved was insufficient in a large proportion of animals 
and required supplemental isoflurane.

Field anesthesia for surgical implantation of abdominal transmit-
ters, using medetomidine, ketamine, butorphanol, and midazolam, 
has been reported in European beavers (Castor fiber) (22). Reported 
induction times and bradycardia were similar to what was observed 
in the present study.

Other successful anesthetic protocols described for beavers, either 
by combining injectable drugs (mainly ketamine) and volatile agents 
(halothane, isoflurane, or sevoflurane), or by isoflurane or sevoflu-
rane induction and maintenance, have been described in both free-
ranging and/or captive settings (11,23–25). The main advantages in 
using gaseous anesthesia include the possibility to rapidly adjust 
anesthetic levels and to deliver supplemental oxygen to alleviate 
hypoxemia resulting from hypoventilation (11,23). Beavers induced 
and maintained with isoflurane or sevoflurane displayed a decrease 
in heart rate comparable to that observed in the current study (11). 
Although SpO2 was maintained within normal levels in that study 
with oxygen being supplemented through the anesthetic carrying gas, 
the high PaCO2 measured were also indicative of hypercapnia (11).

In conclusion, both protocols described in this study rapidly 
induced levels of anesthesia adequate for minimally invasive pro-
cedures of short duration in beavers of various weights, in remote 
settings. Oxygen supplementation is highly recommended since both 
protocols were associated with hypoventilation. Even if statistical 
significance could not be demonstrated, the mixture containing a 
3:10  xylazine:ketamine ratio at the dosage used appears to have 
a shorter recovery time and was characterized by less agitation 
compared to the 1:10 xylazine:ketamine protocol. This, therefore, 
is the protocol recommended for the anesthesia of beavers requir-
ing minimally invasive procedures, especially in remote settings. 
Nevertheless, it is recommended that a protocol with the same 
dosage of ketamine with a lower dosage of xylazine be evaluated.
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The mammary gland is a skin gland unique to the class Mammalia 
that is assumed to function as a part of the mucosal immune system 
against infection by pathogens. There are somatic cells in the milk 
of cows composed of various types of immune cells, such as macro-
phages, granulocytes, lymphocytes, and mammary epithelial cells. 
Neutrophils and macrophages participate directly in the clearance 
of invasive foreign pathogens and harmful endogenous materials 
in the mammary glands. A study demonstrated that neutrophils are 
involved in the activation, regulation, and effector functions of innate 
and adaptive immunity (1). Macrophages are the predominant cells 
in bovine milk during a healthy lactation period. Milk macrophages 
are important phagocytic cells; however, their phagocytic capacity 
is weaker compared with blood monocytes (2). Milk macrophages 
also participate in the functional regulation of T- and B-cells, as well 
as in the secretion of immunoregulatory factors. Thus, macrophages 

in bovine milk are likely to be more important as immune regulators 
than as phagocytic cells.

Upon pathogen detection, immune cells produce cytokines and 
chemokines, which recruit phagocytes to the site of infection and 
begin to recruit additional effector cells to enhance the immune 
response (3). After arriving in the vasculature near the site of 
inflammation, monocytes begin a process of rolling adhesion fol-
lowing a variety of chemokine gradients (4,5). In a severe infection, 
macrophages first exhibit the M1 phenotype to release inflammatory 
cytokines, such as tumor necrosis factor (TNF)-a, interleukin (IL)-1b, 
IL-6, and IL-8, upon stimulation. The M2 phenotype macrophages 
secrete IL-10 and transforming growth factor (TGF)-b to suppress 
inflammation and contribute to tissue repair. In a previous report 
on humans, although proinflammatory cytokines IL-1b, IL-6, and 
TNF-a were only seen in some of healthy mothers’ milk samples, the 

mRNA expression of immune factors by milk somatic cells  
from healthy Holstein lactating cows

Kenji Murakami, Tomochika Fukuhara, Shunsuke Kure, Takaaki Shimosakai, Ayano Sato,  
Ryo Murata, Keigo Kosenda, Hiromichi Ohtsuka

A b s t r a c t
This study investigated the mRNA of immune factors expressed by milk somatic cells from 72 healthy lactating Holstein cows on 
1 farm. Milk samples were collected aseptically from the right front mammary gland before milking. The milk samples that had 
a negative reaction to the California mastitis test were used to analyze the mRNA of immune factors. Cows were divided into 
2 groups based on the detection of bacteria in milk samples: positive group (n = 22 cows), which showed bacteria in cultures, and 
negative group (n = 50 cows), which did not show bacteria in cultures. There were significant positive correlations among the 
relative mRNA levels of interleukin (IL)-6, IL-8, arginase 1, chemokine (C-C motif) ligand (CCL) 1, and chemokine (C-X-C motif) 
ligand (CXCL) 13, as well as among the relative mRNA levels of IL-10, pentraxin 3, CCL5, and CCL14. Significantly high levels 
of IL-1b, IL-6, IL-8, arginase 1, Batf, CCL1, CXCL14, and toll-like receptor 4 in the positive group were discovered compared to 
the negative group. These results suggest that the presence of bacteria in lactating healthy dairy cows may affect mRNA levels 
of inflammatory mediators expressed by somatic cells.

R é s u m é
Cette étude a examiné l’ARNm des facteurs immunitaires exprimés par les cellules somatiques du lait de 72 vaches Holstein 
en lactation en bonne santé dans une ferme. Des échantillons de lait ont été prélevés aseptiquement du quartier avant droit de 
la glande mammaire avant la traite. Les échantillons de lait ayant eu une réaction négative au test de mammite de Californie 
ont été utilisés pour analyser l’ARNm des facteurs immunitaires. Les vaches ont été divisées en deux groupes sur la base de la 
détection de bactéries dans les échantillons de lait : groupe positif (n = 22 vaches), qui a montré la présence de bactéries lors des 
cultures, et groupe négatif (n = 50 vaches), qui n’a pas montré de bactéries lors des cultures. Il y avait des corrélations positives 
significatives entre les niveaux relatifs d’ARNm de l’interleukine (IL)-6, de l’IL-8, de l’arginase 1, du ligand de chimiokine 
(motif C-C) (CCL) 1 et du ligand de chimiokine (motif C-X-C) (CXCL) 13, ainsi que parmi les niveaux relatifs d’ARNm d’IL-10, 
de pentraxine 3, de CCL5 et de CCL14. Des niveaux significativement élevés d’IL-1b, d’IL-6, d’IL-8, d’arginase 1, de Batf, de 
CCL1, de CXCL14 et de récepteur de type Toll 4 dans le groupe positif ont été découverts par rapport au groupe négatif. Ces 
résultats suggèrent que la présence de bactéries chez des vaches laitières saines en lactation peut affecter les niveaux d’ARNm 
des médiateurs inflammatoires exprimés par les cellules somatiques.
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anti-inflammatory cytokine TGF-b was present in substantial quanti-
ties during 3 mo of lactation (6,7). But it is not known whether the 
M1 and M2 paradigm has different roles in the immune responses 
of lactating cows. The existence of non-pathogenic bacteria in 
human milk has been acknowledged (8). Similarly, microbiota have 
been reported in milk specimens from healthy cows (9). Although 
increased IL has been reported in somatic cells of cows with natu-
rally occurring mastitis (10,11), little is known about the character-
istics of immune factors, especially macrophage-related factors, in 
somatic cells, and their association with the presence of bacteria in 
normal milk from lactating dairy cows. The objective of this study 
was to investigate the association between bacteria and immune 

factors in normal milk. Seventy-two clinically healthy Holstein 
cows on 1  farm were used for this study. The cows were divided 
into 2 groups based on the detection of bacteria in culture: positive 
group (n = 22 animals), which showed bacterial growth, and negative 
group (n = 50 animals), which showed no bacterial growth. The par-
ity and days after calving [reported as mean 6 standard error of the 
mean (SEM)] were 3.45 6 0.27 and 131.09 6 19.77 d in the positive 
group and 3.28 6 0.21 and 200.26 6 20.40 d in the negative group, 
respectively. Milk samples (50 mL each) were collected aseptically 
from the teat cistern of the right front quarter using a cannula after 
disinfection of the teat end prior to the evening milking. We analyzed 
milk samples with negative California mastitis test (CMT) scores that 

Table I. Primers used for real-time polymerase chain reaction.

	 Accession	 Product	 Primer 
Gene	 number	 length	 designation	 Sequence (59-39)
b-actin	 NM_173979.3	 76	 Forward	 CCCAGATCATGTTCGAGACC
			   Reverse	 GAGGCATACAGGGACAGCAC

IL-1b	 NM_174093.1	 85	 Forward	 CCTCCGACGAGTTTCTGTGT
			   Reverse	 GCCAGCACCAGGGATTTTTG

IL-6	 NM_173923.2	 102	 Forward	 AGATCCTGAAGCAAAAGATCGC
			   Reverse	 TTGCGTTCTTTACCCACTCGT

IL-8	 NM_173925.2	 150	 Forward	 GTGAAGAGAGCTGAGAAGCAAG
			   Reverse	 CACCAGACCCACACAGAACA

IL-10	 NM_174088.1	 150	 Forward	 TGTATCCACTTGCCAACCAG
			   Reverse	 ACCCAGGTAACCCTTAAAGTCA

TGF-b	 NM_001166068.1	 140	 Forward	 TGACCCGCAGAGAGGAAATAG
			   Reverse	 GTTCATGCCGTGAATGGTG

Arginase 1	 NM_001046154.1	 170	 Forward	 TATCAATTCCCTCTTGGTGTGAAAT
			   Reverse	 TGTTGGGGCTGATAAAAGTGTTT

Batf2	 XM_005227105.4	 106	 Forward	 TCACAATCTGCTCCTCCTTCTCC
			   Reverse	 CACTCCCAGCACTTAAACCTCTCA

PTX3	 NM_001076259.2	 86	 Forward	 GCCACAGGTCATGTTGTTCC
			   Reverse	 TCATCAAAGCCACCACCCAC

CCL1	 XM_002695632.2	 102	 Forward	 CCCTTGCTGTGAGGTCTGAG
			   Reverse	 GCGTCCACATCCTGTAACCA

CCL5	 NM_175827.2	 136	 Forward	 TTTGCCTATATCTCCCGCCC
			   Reverse	 ACTTCTTCTCTGGGTTGGCG

CCL14	 NM_001110018.1	 143	 Forward	 GCCACATCTAACATCCCTGCT
			   Reverse	 GCCAGGACCATCCATAGACA

CXCL13	 NM_001015576.2	 82	 Forward	 TCCACCTTGAGGCAGAATGAG
			   Reverse	 ATGGACAGGAGAGAGGCTGAA

TLR2	 NM_174197.2	 87	 Forward	 AAATTCTGCTGCGTTGGTTTG
			   Reverse	 CAGTGATTTGACCTCCACTCTCA

TLR4	 NM_174198.6	 143	 Forward	 CTTTCACAGAGCCACTTCTGG
			   Reverse	 GTTAGGAACAACCTGTACGCAAG
IL — Interleukin; TGF — Transforming growth factor; PTX — Pentraxin; CCL — Chemokine (C-C motif) ligand; 
CXCL — Chemokine (C-X-C motif) ligand; TLR — Toll-like receptor.
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did not show signs of mastitis, such as flakes or clots. Samples were 
cultured for detecting bacteria and analyzed for mRNA of immune 
factors expressed by somatic cells. The procedures used in the pres-
ent study were in accordance with the principles and guidelines 
for animal use set by the Animal Experiment and Care Committee 
of Rakuno Gakuen University, Ebetsu, Japan. The determination of 
somatic cell count (SCC), the isolation of total RNA molecules, and 
the real-time polymerase chain reaction (PCR) of milk cells were 
carried out using previously reported methods (12,13). Milk samples 
were centrifuged at 400 3 g for 10 min at room temperature. After 
centrifugation, the supernatant was removed and sedimented milk 
somatic cells were washed twice by mixing with phosphate-buffered 
saline and centrifuged at 400 3 g for 5 min. For total RNA isolation 
and cDNA synthesis, SuperPrep cell lysis & RT kit for qPCR (Toyobo, 
Osaka, Japan) was used. Each sample with 2 3 106 cells was mixed 
with 50 mL of cell lysis mixture (including gDNA remover) for 5 min 
before adding the stop solution. Then 8 mL each of mRNA solutions 
extracted from the 8 mL of RT Master Mix and 24 mL of nuclease-free 
water were added. cDNA was synthesized using PCR. Real-time 
PCR was conducted via the use of the SYBR Green master mix with 
ROX as a reference dye (THUNDERBIRD SYBR qPCR Mix, Toyobo) 
on an ABI prism 7300 Sequence Detector (Applied Biosystems, 
Waltham, Massachusetts, USA). Primers designed using the publicly 
available web-based Primer3 program are listed in Table I. The fol-
lowing genes were selected: b-actin, IL-1b, IL-6, IL-8, IL-10, TGF-b, 
arginase 1, Batf2, pentraxin (PTX) 3, chemokine (C-C motif) ligand 
(CCL) 1, CCL5, CCL14, chemokine (C-X-C motif) ligand (CXCL) 13, 
toll-like receptor (TLR) 2, and TLR4.

The cycle threshold (i.e., Ct value) determined the number of 
cycles needed to detect amplified products and real-time PCR reac-
tions were run in duplicate. The final quantification of mRNA of 
immune-related molecules was carried out using the comparative 
Ct method. This previously described method (14) was used after a 
validation experiment and demonstrated that the efficiencies of the 
target and reference genes were approximately equal. Expression 
levels were normalized to b-actin levels and reported as a relative 
fold difference compared to the calibrator, which was the lowest 
amount of mRNA for each target factor gene from all the samples.
For detecting bacteria, milk samples were plated onto trypticase soy 
agar plates supplemented with 5% sheep blood. Plates were incu-
bated aerobically in the presence of 5% CO2 for 24 h or anaerobically 
in AnaeroPack (Mitsubishi Gas Chemical, Tokyo, Japan) for 48 h.

Statistical analysis
Correlations among genes in parameters of each 2 groups were 

analyzed using Spearman’s rank correlation test. A statistical analysis 
was performed for each parameter using a Mann-Whitney U-test to 
determine the difference between 2 groups at the same sampling 
time. Data were expressed as mean 6 SEM. All statistical analyses 
were conducted using Excel TOKEI. The differences were consid-
ered significant at P , 0.05. Among the Gram-positive bacteria 
isolated from the 22 milk samples from cows in the positive group, 
Staphylococcus haemolyticus (n = 9 samples) was the predominant 
coagulase-negative Staphylococcus species, followed by S. chromo-
genes (n = 3 samples) and S. equorum (n = 1 sample). Staphylococcus 
aureus was isolated from 1 milk sample. Of the 22 samples, 3 kinds of 

isolated bacteria were Corynebacterium bovis C. freneyi, and C. xerosis 
was 1 sample. Three of the 22 samples in this study contained 
Corynebacterium spp. (Table II). In the positive group, there was no 
significant correlation between colony-forming unit and immune 
factors or SCC.

Correlations among all variables of immune factors are shown 
in Table III. There were positive correlations among the levels of 
IL-1b, IL-6, IL-8, arginase 1, Batf2 and PTX3, and CCL1 and CXCL13, 
in both groups. There was a significant correlation between IL-1b 
and TLR4 in the positive group. Results also included positive cor-
relations among levels of IL-10, TGF-b, CCL5, CCL14, and TLR2 in 
both groups. In the negative group, significantly positive correla-
tions among IL-6, IL-8 and TGF-b, and IL-10 and CCL14, as well 
as significantly negative correlations between TGF-b and Batf2, 
and PTX3 and CCL1, were detected. But there were no significant 
correlations among immune factors, SCC, parity, and days after 
calving (data not shown).The average values of immune factors and 
SCC in the milk from the 2 groups are shown in Table IV. We found 
significantly higher levels of IL-1b, IL-6, IL-8, arginase 1, Batf2, 
PTX3, CCL1, CXCL13, and TLR4 in the positive group compared 
to those in the negative group (P , 0.05). The other factors did 
not show significant differences between the 2 groups. This study 
observed positive correlations among levels of IL-1, IL-6, and IL-8 
and significantly positive correlations between levels of IL-10 and 
TGF-b. In response to various stimulation, macrophages could be 
differentiated into distinct functional subsets, such as M1-type 
macrophages induced by Th1 cytokines (IL-6, IL-8, IFN-g, and 

Table II. Colony-forming unit (CFU) and somatic cell count (SCC) 
in the positive group.

Sample		  CFU	 SCC 
number	 Bacteria	 (per mL)	 (3 103/mL)
	 1	 Staphylococcus haemolyticus	 3680	 1.1
	 2	 S. haemolyticus	 220	 1.3
	 3	 S. haemolyticus	 120	 1.1
	 4	 S. haemolyticus	 13 840	 6
	 5	 S. haemolyticus	 3680	 0.5
	 6	 S. haemolyticus	 480	 6.5
	 7	 S. haemolyticus	 280	 2
	 8	 S. haemolyticus	 900	 2.4
	 9	 Staphylococcus chromogenes	 1200	 30.9
	10	 S. haemolyticus	 12 320	 3.1
	11	 S. chromogenes	 10 800	 19.2
	12	 S. chromogenes	 1280	 9.6
	13	 S. equorum	 100	 0.9
	14	 S. aureus	 1460	 171.1
	15	 Corynebacterium bovis	 1360	 1.5
	16	 C. bovis	 32 080	 0.9
	17	 C. bovis	 1720	 2.3
	18	 C. freneyi	 100	 2.4
	19	 C. xerosis	 100	 3.4
	20	 C. spp.	 180	 3.1
	21	 C. spp.	 740	 4.3
	22	 C. spp.	 1000	 7.3
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TNF-a) and M2-type macrophages induced by Th2 cytokines (IL-4, 
IL-10, and TGF-b1) (15). Therefore, the results of this study suggest 
that the examined cytokines expressed by somatic cells are catego-
rized as M1/Th1 or M2/Th2. Immune factors other than cytokines 
could be classified into 2 markers: M1/Th1-type (Batf2, PTX3, and 
CCL5) or M2/Th2-type (arginase 1, CCL1, CCL14, and CXCL13) 
in humans (16,17,18). In this study, we found positive correlations 
between arginase 1 and Batf2, PTX3, CCL1, and CXCL13, as well 
as among inflammatory cytokines, such as IL-1, IL-6, and IL-8. The 
expression of arginase 1, CCL1, and CXCL13 in somatic cells of cows 
was not in agreement with the previous study, since these mRNA 
expressions are related to M1/Th1-type markers. The peculiar-
ity of phenotyping these immune factors of SCC in cows remains 
unknown. Rapid host defense initiated by signals transduced by 
TLRs induces the subsequent acquired immune responses that regu-
late the activation of T-cells and macrophages (19,20). Macrophages 
are categorized as M1 or M2, mirroring T-cell classification. The 
M1 macrophages express specific phenotype markers, including 
TLR2 and TLR4, and trigger inflammation or tissue damage (21). In 
this study, levels of TLR2 mRNA were correlated with IL-8, IL-10, 
TGF-b, CCL14, and CXCL13 and positive correlations between 
mRNA levels of TLR4 and IL-8 were seen. In particular, a strong 
positive correlation was determined between TLR2 and TGF-b. 
This result may indicate that TLR2 in somatic cells in cows is more 
likely associated with anti-inflammatory mediators in M2 phenotype 
macrophages through the Th2 pathway than through the Th1 inflam-
matory pathway. Generally, TLR2 is known as a sensor of immune 
cells for detecting Gram-positive bacterial cell wall components (22). 
It has been reported that TLR2 activation impairs anti-inflammatory 
activity of M2 macrophages (7), stimulation with IL-1b, TNF-a, or 
a TLR2-ligand stimulated IL-6, and IL-8 production, which was 

inhibited by TLR2 neutralizing antibodies against TLR2-ligand (23). 
In this study, the TLR2 level was correlated with TGF-b. It is possible 
that TLR2 in somatic cells does not always reflect the inflammatory 
response. However, it remains unclear whether TLR2 is related to 
anti-inflammatory mediators; thus, further research is needed.

We reported a significantly higher level of TLR4 in the positive 
group, but the physiological or pathogenic factors that increase 
TLR4 expression were less apparent. Since it was reported that TLR4 
expression in monocytes of humans is positively correlated with the 
plasma concentrations of inflammatory cytokines (24), one indication 
of TLR4 signaling upregulation might be induced by IL-1b process-
ing in response to bacteria in milk. A positive reaction with CMT was 
not observed in milk samples examined in the positive group. But 
there were significantly higher mRNA levels of inflammatory cyto-
kines and immune factors that correlated with each other. This result 
resembles that of a previous study on cytokines in inflammatory 
secretions in bovine mammary gland (25,26). According to another 
study, higher expression of IL-8 mRNA was observed in the bovine 
mammary gland parenchyma of cows infected with Gram-positive 
bacteria (27). Lee et al (10) reported that mRNA expression of inflam-
matory cytokine genes in milk somatic cells were upregulated after 
challenge with S. aureus. They suggested that bacteria in the milk 
induced the expression of mRNA of proinflammatory cytokines in 
the positive group. Although somatic cells were activated to produce 
immune factors of M1 and Th1 with the presence of bacteria, these 
factors did not produce a serious inflammatory response in this 
study, as indicated by the negative results for CMT. The M2 mac-
rophages participate in tissue repairing through activities, includ-
ing phagocytic debris clearance in the mammary glands (28,29). 
Therefore, immune-related gene expression of M2 macrophages, such 
as cytokines and chemokines, may increase in the absence of inflam-
matory reactions during the lactating period. In the samples positive 
for bacteria, arginase 1, CCL1, and CXCL13, which are considered 
immune factors related to M2/Th2 in mice, showed high levels 
with increased M1/Th1 mediators (30,31). Since these factors have 
a positive correlation with M1 markers such as IL-1, IL-6, and IL-8, 
it is unclear whether these factors belong to M2/Th2-type in cows. 
Further investigations are needed to elucidate the cellular origin of 
the cytokine mRNA as well as the roles of M1/Th1 type immune 
cells and M2/Th2 type immune cells under the non-inflammatory 
status with the presence of bacteria in the mammary glands of cows.
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Young calves receiving inactivated Histophilus somni, Pasteurella 
multocida, and Mannheimia haemolytica vaccine have been reported 
to exhibit increased antibody titers and a lower bovine respiratory 
disease (BRD) incidence (1,2). Furthermore, early vaccination has 
shown the ability to overcome maternal antibodies and may not be 
inhibited by the antibodies (1,3). However, vaccination occasion-
ally resulted in a negative vaccine response owing to the fact that 
the young calves’ immune system is undeveloped (1,3,4). Japanese 
Black (JB) calves have also been suggested to have weaker immune 
systems and are more susceptible to infectious diseases compared 
to Holstein calves (5). Nevertheless, few approaches have been 
reported to improve the immune response to early vaccination with 
the inactivated bacterial vaccine in young JB calves.

Saccharomyces boulardii is among the most studied probiotic for its 
immunomodulation properties (6). Roos et al (7) reported that sup-

plementation with S. boulardii in 5-month-old lambs improved the 
vaccine immune response to bovine herpesvirus type 5 and interleu-
kin (IL)4, IL10, IL17, and interferon-gamma (IFNg) mRNA transcription 
levels in the immune splenocytes isolated from the spleen removed 
after euthanasia. Kayser et al (8) also reported that supplementation 
with S. boulardii CNCM I-1079 strain minimally altered the impact 
of the M.  haemolytica challenge on the physiological and behav-
ioral responses in crossbred Angus steers. We hypothesized from 
these findings that S. boulardii supplementation improves antibody 
responses to the inactivated vaccine for BRD pathogenic bacteria 
and upregulates mRNA transcription of cytokines in young calves.

Herein, we report the effects of S. boulardii CNCM I-1079 strain 
supplementation to young JB calves on the antibody response to an 
inactivated H. somni, P. multocida, and M. haemolytica vaccine and 
mRNA cytokine transcription in peripheral blood mononuclear cells 

Effect of supplementation with Saccharomyces boulardii CNCM I-1079 
on vaccine response to an inactivated bacterial vaccine in young 

Japanese Black calves: A field trial
Kazusa Mori, Asato Uchiumi, Kai Yamamoto, Yuki Shimizu, Risa Ueda, Keigo Kosenda,  

Tomochika Fukuhara, Syunsuke Kure, Hiroyuki Fukazawa, Hiromichi Ohtsuka

A b s t r a c t
Saccharomyces boulardii group (SB group) calves were fed 2.0 3 1010 CFU/day of S. boulardii in milk replacer after 2 wk of age. 
All calves received inactivated vaccine for Histophilus somni, Pasteurella multocida, and Mannheimia haemolytica at 3 wk of age 
and 3 wk later. After vaccination, the SB group calves showed significantly higher (mean difference: 1.56-fold) antibody titer 
against H. somni than the control group. The number of calves with the antibody titer above the cut-off value for M. haemolytica 
of the SB group was significantly higher than that of the control, and the percentage was twice as high. In addition, the mRNA 
transcription of IL4 and IL10 in peripheral blood mononuclear cells at the booster of the SB group was significantly higher than 
those of the control. In conclusion, S. boulardii may have positively affected immune responses to the inactivated multi-bacterial 
vaccine in young calves in the field.

R é s u m é
Les veaux du groupe Saccharomyces boulardii (groupe SB) ont reçu 2,0 3 1010 UFC/jour de S. boulardii dans du lait de remplacement 
après l’âge de 2 semaines. Tous les veaux ont reçu un vaccin inactivé contre Histophilus somni, Pasteurella multocida et Mannheimia 
haemolytica à l’âge de 3 semaines et 3 semaines plus tard. Après vaccination, les veaux du groupe SB ont montré un titre d’anticorps 
contre H. somni significativement plus élevé (différence moyenne : 1,56 fois) que le groupe témoin. Le nombre de veaux avec 
un titre d’anticorps supérieur à la valeur seuil pour M. haemolytica du groupe SB était significativement plus élevé que celui 
du groupe témoin, et le pourcentage était deux fois plus élevé. De plus, la transcription de l’ARNm de l’IL4 et de l’IL10 dans 
les cellules mononucléaires du sang périphérique lors du rappel du groupe SB était significativement plus élevée que celles du 
groupe témoin. En conclusion, S. boulardii peut avoir affecté positivement les réponses immunitaires au vaccin multibactérien 
inactivé chez les jeunes veaux au champ.
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(PBMCs). The main objective of this study was to investigate whether 
the S. boulardii CNCM I-1079 strain affects the vaccine response to 
the inactivated bacterial vaccine in young calves.

We included 33 JB calves born on a commercial farm in this study. 
All procedures were undertaken following the owner’s informed 
consent. All calves were grown with their dams from birth to 2 wk of 
age. After separation of the calf from the dam, the S. boulardii group 
(SB group) calves (n = 17) were fed 2.0 3 1010 CFU/day of S. boulardii 
CNCM I-1079 strain (ProTernative; Lallemand-Biotech, Tokyo, 
Japan) mixed with milk replacer (Everymilk; Nosan Corporation, 
Yokohama, Japan). The control group calves (n = 16) were fed the 
milk replacer without S. boulardii. The CFU feed of the S. boulardii 
was based on a report by Lee et al (9). Calves determined by farm-
ers or veterinarians to be unhealthy between birth and 9 wk of 
age were excluded from the evaluation. Therefore, 2 calves in the 
SB group and 6 calves in the control group were excluded. The vac-
cine contained inactivated whole bacterial bodies of H. somni and 
P. multocida grown in artificial culture medium, centrifugal super-
natant of M.  haemolytica grown in artificial culture medium, and 
10 mg aluminum chloride hexahydrate adjuvant per mL (strain # 
34-1, Kyoto Biken Laboratories, Uji, Japan). All calves received 1 mL 
of this vaccine intramuscularly, at the age of 3 wk, as a primary vac-
cination and a 1 mL booster vaccination 3 wk after that.

Blood was drawn at each vaccination and 3 wk later. Blood 
samples were collected in the plain vacutainer tubes (Neotube 
NP-SP1019; Nipro Corporation, Osaka, Japan) and centrifuged at 
a maximum radius of 13.8 cm and 3500 rpm for 8 min to isolate 
the serum, which was stored at −30°C until analysis. Antibodies 
against H.  somni, P.  multocida, and M.  haemolytica were detected 
using enzyme-linked immunosorbent assay (ELISA), as previously 
described (10). The antibody titer for P. multocida and M. haemolytica 
detected with less than 100-fold dilution was calculated as a 50-fold 
dilution.

Blood was also collected in EDTA-2 potassium-containing tubes 
(NeotubeA NP-EK0205, Nipro Corporation). The PBMCs mRNA 

transcription was determined as previously reported by Ohtsuka 
et al (11). The following genes were selected for analysis: IL4, IL10, 
IL12, IL17A, IFNg, and b-actin mRNA transcription. The primers 
designed using the publicly available web-based Primer3 program 
are shown in Table I.

Calves were classified as positive for H.  somni, P.  multocida, or 
M. haemolytica if their antibody titers were above the manufacturer 
setting cut-off value (H. somni: 0.604, P. multocida: 100, M. haemolytica: 
200) at the final blood sampling (1,3,12). The number of positive and 
negative samples was compared between the SB group and control 
calves for each bacterium.

Data were expressed as the geometric mean 6 standard error. All 
analyses were conducted using XLSTAT 2021.4.1 (Addinsoft, Paris, 
France). Differences in antibody titers between the 2 groups were 
examined using the Kolmogorov–Smirnov test. The Chi-squared test 
was used to examine the differences in the number of positive and 
negative samples. In addition, the differences in cytokine mRNA 
transcription in PBMCs were studied using the Mann–Whitney 
U-test. Furthermore, the Friedman and Nemenyi tests were adopted 
to examine the difference between primary vaccination, booster, and 
3 wk following booster. A P-value , 0.05 was considered statistically 
significant.

Figure 1 shows antibody titers for H.  somni, P.  multocida, and 
M.  haemolytica. For only H.  somni, significant increased antibody 
titers were exhibited in both groups and no significant increased 
or decreased antibody titer was exhibited for P.  multocida, and 
M.  haemolytica. At 3 wk after booster vaccination, the SB group 
calves had significantly higher antibody titers for H.  somni than 
the control group, and a better response was a mean increase of 
1.56-fold. Furthermore, the titers for P. multocida and M. haemolytica 
of the SB group calves tended to be higher (P = 0.787, 292; Figure 1).

Table II shows the number of calves classified as positive or 
negative for each bacterium according to the antibody titer after 
vaccination. The number of positive samples for M.  haemolytica 
in the SB group was significantly higher than that in the control 

Table I. Primers used for real-time polymerase chain reaction transcription.

		  Product	 Primer 
Gene	 Accession number	 length	 designation	 Sequence (59–39)
IL4	 NM_173921.2	 73	 Forward	 GGCGGACTTGACAGGAATCT
			   Reverse	 TTGTGCTCGTCTTGGCTTCA

IL10	 NM_174088.1	 150	 Forward	 TGTATCCACTTGCCAACCAG
			   Reverse	 ACCCAGGTAACCCTTAAAGTCA

IL12	 NM_174356.1	 101	 Forward	 CACCCCGCATTCCTACTTCT
			   Reverse	 TGACTTTGGCTGAGGTTTGG

IL17A	 NM_001008412.2	 138	 Forward	 ATCTCACAGCGAGCACAAGT
			   Reverse	 GTGGGATGATGACTCCTGCC

IFNg	 NM_174086.1	 140	 Forward	 GCAAGAATCTGTGGGTTGTGC
			   Reverse	 TGCTGTCTGACATGCCATCAA

b-actin	 NM_173979.3	 76	 Forward	 CCCAGATCATGTTCGAGACC
			   Reverse	 GAGGCATACAGGGACAGCAC
IL — Interleukin; IFN — Interferon.
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group (P , 0.05), and the proportion of the positive samples in 
the SB group was twice as high as the control. Positive samples for 
H.  somni were present only in the SB group, and no calves in the 
control group had antibody titers above the H. somni cut-off value. 
The number of positive in the SB group calves tended to be higher 
than that in the control calves for P. multocida (P = 0.188; Table II).

Table III shows the cytokine mRNA transcription in PBMCs. The 
mRNA transcription of IL4 and IL10 at the time of booster vaccina-
tion of the SB group calves was significantly higher than that in the 

control group (P , 0.05). However, no significant difference existed 
between the two groups in IL12, IL17, and IFNg. Similarly, slight 
differences were seen in every cytokine among 3, 6, and 9 wk of 
age (Table III).

The results of this study showed that young calves supplemented 
with S. boulardii CNCM I-1079 strain had higher antibody titer for 
H.  somni and that the number of calves with the antibody titer 
for M.  haemolytica above the cut-off value was higher. Probiotic 
strains with immunostimulatory effects have been established to be 

Figure 1. Each individual calf’s antibody titers for H. somni, P. multocida, and M. haemolytica as mean 6 standard error. Calves were vaccinated at 
3 and 6 wk of age. SB group — S. boulardii group; A–B — P ,, 0.01; x–y — P ,, 0.05.

CC
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promising as vaccine immunomodulators as they can increase the 
specific immune responses to antigens (13). Saccharomyces boulardii 
was also reported to have elevated IgG titers in sheep receiving an 
inactivated vaccine for Clostridium chauvoei or lamb receiving inac-
tivated bovine herpesvirus type 5 vaccine (7,14). The present study 
proposes that S. boulardii CNCM I-1079 strain supplementation in 
young JB calves may have positively affected vaccine responses.

Outcomes of the present study also demonstrated that young 
JB  calves had higher IL4 and IL10 transcription in PBMCs when 
supplemented with the S. boulardii CNCM I-1079 strain at 6 weeks 
of age. Fidan et al (15) reported that higher IL4 and IL10 levels deter-
mined by ELISA were seen in intraepithelial lymphocytes infected 
with Escherichia coli and incubated with S.  boulardii. IL4 and IL10 
are cytokines that modulate adaptive immune responses (16,17). 
Therefore, higher mRNA transcription of IL4 and IL10 at 6 wk 
of age was presumed to be positively correlated with S.  boulardii 

CNCM I-1079 strain probiotic supplementation and that this higher 
transcription was probably linked with a different vaccine response.

IL4 is a cytokine produced by Th2 cells (17). Rogers and Croft (18) 
reported that the cell differentiation secreting Th2 cytokines is 
enhanced by a signaling at the naïve stage according to the antigen 
dose and its TCR affinity. Furthermore, IL10 production has been 
reported to be promoted by aluminum adjuvant, included in the 
vaccine used in this study (19). For those reasons, we propose that 
higher IL4 and IL10 mRNA transcription in the SB group calves at the 
booster vaccination may have resulted from the primary vaccination 
response in addition to the supplementation.

Although antibody titer for P. multocida tended to be higher in the 
SB group in this study, the difference in the vaccine response was not 
significant. The presumed reason might be that the young calves in 
this study had a lower P. multocida maternal antibody titer, unlike 
the other 2 bacteria, compared to previous reports that measured 
antibody titers using the same method and the same antigen (1,2). 

Table II. The number of calves positive and negative for each bacterium.

	 H. somni	 P. multocida	 M. haemolytica
	 Positive	 Negative	 Positive	 Negative	 Positive	 Negative
SB group	 2	 13	 10	 5	 12	 3
	 (13.3%)	 (86.7%)	 (66.7%)	 (33.3%)	 (80.0%)	 (20.0%)

Control group	 0	 10	 4	 6	 4	 6
	 (0.0%)	 (100.0%)	 (40.0%)	 (60.0%)	 (40.0%)	 (60.0%)

P-value	 0.229	 0.188	 0.041*
Calves with antibody titers above the cut-off value (H. somni: 0.604; P. multocida: 100; M. haemolytica: 200) at 
the final blood sampling were classified as positive. SB group: S. boulardii group.
*	P , 0.05.

Table III. Cytokine mRNA transcription in peripheral blood mononuclear cells.

	 Weeks 
Cytokines	 of age	 Vaccination	 SB group	 Control group	 P-value
IL4	 3	 Primary	 10.79 6 1.26	 9.89 6 0.86	 0.849
	 6	 Booster	 12.58 6 1.08	 7.97 6 1.24	 0.019*
	 9	 Blood sampling only	 9.62 6 0.77	 9.22 6 1.10	 0.683

IL10	 3	 Primary	 8.17 6 1.08	 9.43 6 0.94	 0.238
	 6	 Booster	 10.27 6 0.87	 6.84 6 1.24	 0.023*
	 9	 Blood sampling only	 8.20 6 0.77	 8.63 6 1.47	 0.935

IL12	 3	 Primary	 10.26 6 1.20	 13.37 6 1.91	 0.115
	 6	 Booster	 11.59 6 0.98	 9.6 6 1.03	 0.238
	 9	 Blood sampling only	 10.63 6 0.72	 10.35 6 0.95	 0.605

IL17	 3	 Primary	 8.75 6 1.01	 9.23 6 0.91	 0.567
	 6	 Booster	 10.67 6 1.03	 7.74 6 0.99	 0.177
	 9	 Blood sampling only	 8.83 6 0.57	 8.42 6 0.88	 0.428

IFNg	 3	 Primary	 7.38 6 0.59	 7.22 6 0.77	 0.935
	 6	 Booster	 7.53 6 0.28	 7.81 6 0.60	 0.397
	 9	 Blood sampling only	 7.68 6 0.45	 7.56 6 0.49	 0.807
Calves received the inactivated bacterial vaccine at 3 and 6 weeks of age. SB group: S. boulardii group; IL: 
interleukin; IFN: interferon.
*	P , 0.05.
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A previous study (3) has reported that elevated maternal antibody 
titer at the time of primary vaccination may be a positive factor for 
successful early vaccination in the field. In addition, it is well-known 
that BRD pathogenic bacteria, including H. somni, P. multocida, and 
M. haemolytica, are part of the normal intranasal flora, and young 
calves are protected from those pathogenic bacteria by maternal 
antibodies (4,20). Thus, unlike the other 2 bacterial antigens, calves 
might have had a weaker ability to respond to the inactivated 
P. multocida antigen in this field trial. Furthermore, the P. multocida 
antibody titer may have been more likely to be elevated by nasal 
bacterial antigenic stimulation compared with the other 2 bacteria, 
which may have contributed to the slight difference in the anti-
body for P. multocida. It may also be possible that antigenic differ-
ences might account for the slight differences in antibody response 
against P.  multocida. Additional studies are needed to determine 
if supplementation with S. boulardii can affect P. multocida vaccine  
response.

In summary, probiotic supplementation of S.  boulardii CNCM 
I-1079 strain may have positively affected the vaccine response to 
the inactivated bacterial vaccine with increased PBMCs mRNA tran-
scription of IL4 and IL10 in young JB calves in the field. The findings 
from this study propose that S. boulardii might provide a promising 
means of heightening the efficacy of early vaccination.

Animal rights statement. All procedures provided in this study 
were in accordance with guidelines approved by the Rakuno Gakuen 
University Animal Experiment and Care Committee with the own-
er’s informed consent. The Committee omits the assignment of 
approval numbers in field trials. The calves that the farmers deter-
mined needed veterinary care were excluded from this study and 
were treated by a third-party veterinarian.
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