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O
bjetivos: Evaluar una técnica 
de ovariohisterectomía mo-
dificada (OHE) realizada por 
una sola persona y comparar-
la con el método convencional 

en función de la eficiencia del tiempo, el 
trauma y el dolor postoperatorio.

Métodos: En un estudio prospectivo, 
aleatorizado y experimental, 18 pe-
rras sanas, grandes, de pecho profundo 
y mestizas intactas fueron asignadas 
aleatoriamente a los grupos convencio-
nales (n = 9) y asistidos por vástagos 
instrumentales (n = 9). Sobre la base de 
grabaciones de vídeo, se analizaron las 
distintas duraciones de los pasos qui-
rúrgicos: tiempo total de cirugía (TST), 
tiempo de intervención pedicular, tiempo 
de liberación suspensoria (SRT), tiempo 
de vástago (ShT), tiempo de pinzamiento 
(ClpT), tiempo de ligadura (LigT) y tiempo 
de cierre (TC). Para medir el dolor se uti-
lizaron la escala de dolor compuesta de 
Glasgow (GCMPS-SF), la escala de dolor 
de la Universidad de Melbourne (UMPS) 
y las escalas analógicas visuales (EVA). 
También se investigó la fluctuación de la 
proteína C reactiva (PCR). Estas evalua-
ciones se realizaron antes y 6, 24, 48 y 72 
h después de la operación.

O
bjectives: To evaluate a modi-
fied ovariohysterectomy (OHE) 
technique performed by a 
single person and compare it 
with the conventional meth-

od based on time efficiency, trauma, 
and postoperative pain.

Methods: In a prospective, random-
ized, experimental study, 18 healthy, 
large, deep-chested, mixed-breed in-
tact female dogs were randomly allo-
cated to conventional (n = 9) and instru-
ment shank-assisted (n = 9) groups. 
On the basis of video recordings, the 
various surgical step durations were 
analyzed: total surgery time (TST), 
pedicle intervention time (PIT), sus-
pensory release time (SRT), shanking 
time (ShT), clamping time (ClpT), ligat-
ing time (LigT), and closure time (CT). 
The Glasgow composite pain scale 
short-form (GCMPS-SF), university of 
Melbourne pain scale (UMPS), and Vi-
sual Analogue Scales (VAS) were used 
to measure pain. C-reactive protein 
(CRP) fluctuation was also investigat-
ed. These evaluations were completed 
before and 6, 24, 48, and 72 h postop-
eratively.

Results: Instrument shank-assist-
ed OHE was less time-consuming 
than conventional OHE (p = 0.005), 
improved PIT by 30.7% (6.44 min for 
both pedicles, p = 0.014), and cor-
related strongly with TST (ρ = 0.862, 
p = 0.003 and ρ = 0.955, p = 0.000, 

respectively). The two method’s 
surgical step durations were also 
TST = 47.40 ± 9.9 vs. 34.70 ± 6.7 min, 
PIT = 20.96 ± 5.78 vs. 14.52 ± 3.73 min, 
SRT = 78.97 ± 69.10 vs. ShT = 20.39 ± 
8.18 s (p = 0.035), ClpT = 50.66 ± 45.04 
vs. 63.55 ± 37.15 s (p = 0.662), 
LigT = 12.82 ± 3.37 vs. 8.02 ± 3.11 min 
(p = 0.005), and CT = 16.40 ± 4.5 vs. 
11.60 ± 2.5 min (p = 0.013), respec-
tively. While both techniques inflict-
ed pain on the animals, the novel ap-
proach resulted in a reduction of pain 
at T6 (GCMPS-SF, p = 0.015 and VAS, 
p = 0.002), T24 (UMPS, p = 0.003), and 
T48 (GCMPS-SF, p = 0.015 and UMPS, 
p = 0.050). Both methods exhibited a 
peak in CRP level after 24 h, which 
subsequently returned to baseline 
after 48 h. However, the shank-as-
sisted method demonstrated a sig-
nificantly lower reduction in CRP lev-
el at the 48-h compared to the other 
group (p = 0.032).

Conclusion: Instrument shank-assist-
ed technique permitted ovarian remov-
al without an assistant, less damage 
to animals and reducing its time when 
compared to a conventional technique, 
and resulting in an alternative that 
causes less surgical stress and fatigue. 
Further research with a larger popula-
tion size is required to determine the 
serum CRP levels as an alternative pain 
biomarker.
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1. Introduction
Elective ovariohysterectomy (OHE) is 
one of the most common surgeries 
done on dogs and cats (1). However, 
there are still problems with this tech-
nique, despite how common it is. Prior 
to the start of the operation, inexperi-
enced graduates are anxious about 
how to do OHE on their own, and after 
the procedure is finished, they are con-
cerned with the reliability of ligatures. 
As they consider how to do this pro-
cedure at an acceptable speed, their 
anxiety will increase. When a surgeon 
acquires experience, new issues devel-
op, such as how to properly perform a 
high-risk, quick surgery with several 
implications, such as hemorrhage (2, 
3), surgical trauma, organ manipula-
tion, inflammation (4, 5), surgical stress 
(6), wound healing, and acute pain. The 
frequency of ovarian remnant syn-
drome was increasing mostly among 
young surgeons because of a concern 
about vascular rupture while breaking 
the suspensory ligament and exposing 
the ovaries inadequately, particularly in 
patients with obesity or other comor-
bidities (7–9). According to Berzon’s 
study, 1% of bitches experienced re-
current estrus following OHE by fourth-
year veterinary students (2). However, 
the overall frequency of complications 
by final-year veterinary students was 
found to be as high as 29 (20.6%) out 
of 141 bitches, with 1 (5%) out of 20 ex-

periencing post-surgical pseudopreg-
nancy (7). As experience grows, less 
consideration is given to this problem. 
To achieve the aforementioned results, 
the surgeon may be skilled in ruptur-
ing the suspensory ligament to expose 
the ovaries and make their pedicle ac-
cessible for ligature placement (10). 
The success of the operation hinges 
on the surgeon’s willingness to pull, 
compress, strumming, tear, or sever 
the suspensory ligament (11), which is 
accompanied by extensive tissue dam-
age. Drastic tissue damage and the 
time-consuming nature of its execution 
have made it the leader in painful sur-
geries in veterinary medicine, particu-
larly for inexperienced surgeons. The 
experts, anesthesiologists, surgeons, 
and experienced researchers have ad-
opted OHE as the acute surgical pain 
model because of the intensity of the 
pain caused by an experienced sur-
geon’s OHE (12–14). Acute postopera-
tive pain has long been a problem for 
surgeons. Inadequate management of 
postoperative pain can result in a num-
ber of undesirable outcomes, including 
(1) physiological changes comprising 
tachycardia, hypertension (due to pe-
ripheral vasoconstriction, increased 
myocardial contractility, and systemic 
vascular resistance), cardiac arrhyth-
mias, tachypnea, superficial respirato-
ry pattern, pale mucous membranes, 
mydriasis, sialorrhea, and hyperglyce-

mia (2), behavioral changes compris-
ing vocalization (such as cries, whim-
pers, and growls), looking and licking 
the affected area, alteration of the fa-
cial expression (submissive attitude), 
self-mutilation, muscle stiffness or 
weakness, restlessness and anxiety, 
apathy and inactivity, aggression, fear, 
and depression, stereotypes, anorexia 
or hyporexia, reduction of grooming, 
prayer posture, sleep disorders, and (3) 
changes in biochemical parameters by 
the decrease of PaO2, PaCO2, HCO3, and 
an increase of H+, cortisol, lactate, and 
glucose (15–20), prolonging the recov-
ery of patients (17, 21, 22). Despite these 
hazards, OHE is considered to be a very 
straightforward procedure, and numer-
ous dog owners visit a veterinary clin-
ic every day to have their pets spayed. 
Hence, the incidence of problems jus-
tifies the adoption of procedures, such 
as instrument shank-assisted OHE, as 
well as the many theories pertaining to 
surgical duration, pain, and trauma.

The length of surgery is a primary fac-
tor of the severity of postoperative is-
sues, and it is inversely related to the 
surgeon’s skills and expertise (13). Skill 
is considered in two fields: non-techni-
cal skills (e.g., knowledge, situational 
awareness, decision-making, consci-
entiousness, intraoperative commu-
nication, teamwork, and leadership) 
(23–25) and technical skills (psycho-
motor actions). The latter would be 
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gained and empowered via an edu-
cational program known as Objective 
Structured Assessment of Technical 
Skills (OSATS), which has been thor-
oughly introduced and verified (26, 27). 
Besides these abilities, some surgical 
procedures, such as minimally invasive 
procedures, are time-consuming and 
instrument-dependent (28, 29), which 
may not be an option for some animals. 
Naturally, each operation consists of a 
succession of procedures with varying 
durations, since some are simpler than 
others, such as entering the abdominal 
cavity through the linea alba, while oth-
ers, such as the anatomical access to 
the ovaries, provide challenges. Under-
standing the elements that determine 
the duration of surgical steps as well 
as the total duration makes it simpler 
and more objective to estimate its suffi-
ciency and leads to a more trustworthy 
conclusion.

Animal pain is hard to judge because it 
depends on many things, such as the 
amount of pain, the type of injury, and 
the animal’s own characteristics. As 
a result of the intricate nature of pain 
perception, several multidimension-
al questionnaires for qualitative pain 
assessment and validated behavioral 
scales have been developed to assess 
pain intensity in dogs (30, 31). Each of 
these methodologies assigns a differ-
ent number of points to certain animal 
behavioral changes. The sum of the 

points indicates the observed pain lev-
el of the animal. Commonly used pain 
scales include the Glasgow compos-
ite measure pain scale (GCMPS-SF), 
the University of Melbourne pain scale 
(UMPS), and the Visual Analogue Scale 
(VAS), with corresponding ranges of 
0–28, 0–24, and 0–10. Each of these 
solutions seems capable of filling some 
of the gaps left by the others, since they 
possess almost separate criteria with 
little overlap (32).

It is considered that the pain will al-
ways correspond to specific parame-
ters that changed when the discom-
fort began or emerged. Clinical studies 
may describe a vast array of biomarker 
variations. Some parameters represent 
a range of events, but others may be 
directly triggered by the existing pain. 
The inflammatory response to surgi-
cal trauma or stress (33) activates the 
hypothalamus, causing it to release 
corticotropin-releasing hormone and 
arginine vasopressin, both of which 
stimulate anterior pituitary adrenocor-
ticotropic hormone production, which 
in turn stimulates cortisol secretion by 
the adrenal cortex (19). Cortisol levels 
vary based on the severity or grade 
of surgery. The surgical interventions 
were categorized based on the mod-
ified Johns Hopkins surgical criteria, 
which delineate three levels of inva-
siveness: grade I, indicating minimally 
invasive procedures; grade II, indicating 

moderately invasive procedures; and 
grade III, indicating highly invasive pro-
cedures (34). When comparing grade 
2 and grade 3 operations to grade 1, 
these differences may be identified, 
but they cannot be separated. Cortisol 
is a commonly utilized measurement 
for assessing stress levels and has 
demonstrated efficacy in evaluating 
intraoperative noxious stimuli. How-
ever, its sensitivity may be inadequate 
for capturing the variations that arise 
from repeated intraoperative noxious 
stimuli in a single animal (35). Cortisol 
levels seem to fluctuate with age, gen-
der, disease, and the degree of surgical 
or anesthetic invasiveness. As a result, 
based on the research conducted so far, 
it is difficult to determine which is the 
primary cause of the alterations (36). 
Glucose is another biochemical param-
eter that surgery affects, and its clinical 
monitoring appears straightforward. 
Growth hormone (somatotrophin) lev-
els increase in response to surgery and 
trauma; their release from the anterior 
pituitary is promoted by hypothalamic 
growth hormone-releasing factor (37, 
38), which has an anti-insulin effect by 
inhibiting glucose uptake and utiliza-
tion by cells. However, glucose utiliza-
tion by cells is limited during surgery 
due to high cortisol levels (39). As a 
consequence, blood glucose levels rise. 
Furthermore, cortisol and catechol-
amines promote glucose production. 

• 1. Introduction
• 2.  Materials and 

methods
• 3. Results
• 4. Discussion
• 5. Conclusion
• 6.  Limitations and 

future research
• Data availability 

statement
• Ethics statement
• Author contributions
• Funding
• Acknowledgments
• Conflict of interest
• Publisher’s note
• Supplementary material
• References



7 de 957 de 95

(R
)ev

ol
ut

io
n

S
U

M
A

R
IO

A N I M A L E S
P E Q U E Ñ O S

(R) evolution

▶	Tabla de contenido:

In addition, a hyperglycemic response 
may result from a drop in insulin con-
centration during induction of anes-
thesia and during surgery, resulting in 
insulin secretion failure. Ultimately, the 
surgical invasion causes an increase 
in blood glucose content (40). Regard-
less of the causes of elevated glucose 
levels, the amount of rise in simple 
operations is negligible (19). Immuno-
logical mediators such as cytokines or 
interleukins (ILs) such as IL-1, IL-6, and 
tumor necrosis factor-alpha (TNF-α) 
mediate the rapid activation of the im-
mune system following surgery. The 
presence of IL-6 depends on the extent 
of the surgical tissue damage (20). De-
spite the fact that the plasma level of 
IL-6 molecules with a short half-life in-
creases within 30–60 min and becomes 
substantial after 2–4 h with quick re-
turns to baseline, the maximum level 
may be attained 24 h after major opera-
tions, which may be prolonged 48–72 h 
postoperatively (19, 41). IL-6 stimulates 
the release of proteins, especially C-re-
active protein (CRP), from the liver to 
commence the “acute phase response,” 
which comprises a variety of changes 
(19, 42). Based on a comparable study 
design (42), the postoperative CRP con-
centration increased more slowly and 
reached its peak after 48 h. After that, 
it went down at a slower rate, with a 
mean half-life of 62 h compared to 15 h 
for IL-6 (43). This might make it a valu-

able and accurate marker for regular 
diagnostics of systemic inflammation 
in dogs (44, 45) and a predictor of sur-
gical trauma severity (46).

Therefore, one of the most difficult 
things for surgeons to do is choose 
a technique that will cause the least 
amount of damage, cause the least 
amount of pain after the surgery, and 
take the least amount of time. These 
are a trio of the key challenges for sur-
geons. The development or modifica-
tion of minimally invasive techniques 
has only been able to improve the first 
two of these aspects, but with signifi-
cant limitations (47). The aim of this 
study is to compare a modified OHE 
procedure that only needs one person 
to do it with the standard procedure in 
terms of time, trauma, and pain after 
the surgery. This will help research-
ers come up with a way to reduce the 
length of surgery, the amount of trau-
ma, and immediate postoperative pain.

2. Materials and methods
2.1. Animals and study design

This research was authorized by the Ira-
nian biomedical research ethics com-
mittee [IR.IAU.BABOL.REC.1399.004 (48), 
IR.IAU.BABOL.REC.1399.015 (49) and 
IR.IAU.BABOL.REC.1399.093 (50)] and 
conducted at the Babol branch of Azad 
University.

In a randomized controlled trial, 18 
healthy, large, deep-chested intact fe-
male mixed-breed dogs were included. 
Animals were divided into two equal 
groups randomly by coin flipping, using 
a sterile suture sachet (51–53) (NZD) 
after inducing anesthesia and draping 
the surgical area. The sample size was 
evaluated using the software GPower 
3.1.9.7. The presence of 9 dogs in each 
group resulted in a power of 0.9 (Pow-
er = 1 − β = 0.9) for TST with effect size 
d > 1.50 at a significance level of = 0.05.

Shelter dogs with ASA I (the American 
Society of Anesthesiologists) physical 
status enrolled in the study (54). The 
physical exam checked the patient’s 
heart rate (HR), breathing rate (RR), and 
rectal temperature (RT). It also checked 
for internal and external parasites, did 
a complete blood count, and looked at 
the Hb, PCV, CRP, and glucose levels in 
the blood. The study was conducted on 
bitches in diestrus, based on vaginal 
smear cytology. Animals with a body 
condition score between 4 and 6 out of 9 
were chosen. Animals under 1 year old, 
in estrus, pregnant, or lactating, with a 
weak or no response to painful stimuli 
(a needlestick in the lower abdomen), 
with a history of physical or behavioral 
issues, or with abnormal vaginal secre-
tions were excluded.

Each dog scheduled for surgery on a 
particular day spent 3 days before and 
3 days after the surgery in a separate 
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cage with free access to food and wa-
ter. Ten days after surgery, the sutures 
were removed.

2.2. Anesthesia

The animal’s resting vital parame-
ters (HR, RR, and RT) were record-
ed before anesthesia. Anesthesia 
and analgesia were provided by ace-
promazine (10 mg mL−1, Neurotranq; 
Alfasan, Woerden, Holland), midazol-
am (5 mg mL−1, Midazolam; Caspian, 
Rasht, Iran), pethidine (100 mg 2 mL−1, 
Petholan; Adeka, İstanbul, Turkey), me-
detomidine (1,000 mcg mL−1, Dorbene 
Vet; Syva, León, Spain) and ketamine 
(50 mg mL−1, Ketamine HCl Inj.; Ro-
texmedica GmbH, Trittau, Germany), 
and ketorolac (30 mg mL−1, Ketoro-
lac; Alborz Darou, Tehran, Iran). A 19G 
catheter was placed aseptically in the 
cephalic vein for a given lactated Ring-
er’s solution (250 mL, lactated Ringer’s 
solution; Shahid Ghazi, Tabriz, Iran) at a 
rate of 5 mL kg−1 h−1.

The animals were premedicated by ace-
promazine at 0.02 mg kg−1, midazolam 
at 0.5 mg kg−1, meperidine at 2 mg kg−1, 
medetomidine at 20 mcg kg−1, and ket-
amine at 4 mg kg−1 IM. They received 
ketorolac at 1 mg kg−1 immediately be-
fore surgical asepsis. The maintenance 
of anesthesia was achieved by admin-
istering a consistent anesthetic mixture 
(ketamine at 4 mg kg−1 and midazolam 
at 0.27 mg kg−1) at a variable rate of 

0.2–0.5 mg kg−1, depending on the ket-
amine levels present in the mixture. 
The administration of the anesthetic 
was monitored through the use of sev-
eral parameters, including SpO2, ECG, 
non-invasive blood pressure measured 
through a blood pressure cuff (size #4) 
placed proximal to the carpus over the 
radial artery at five-minute intervals, 
and respiration. The surgical procedure 
and manipulation were also taken into 
account during the administration of 
anesthesia. The Pm-7000vet, manufac-
tured by Wuhan Zoncare Bio-medical 
Electronics Co., Ltd., was used to mon-
itor animals. The animals’ cardiorespi-
ratory parameters were monitored un-
til they demonstrated full recovery.

A nociceptive response was defined 
as a 20% or more rise in heart rate 
over the base rate, accompanied with 
an increase in breathing frequency 
and blood pressure proportionate to a 
painful surgical procedure (20, 55, 56). 
Ketamine at 0.5 mg kg−1 was used for 
rescue analgesia during surgery. The 
timeline details of measures were pro-
vided in Table 1.

2.3. Surgery

2.3.1. The surgeon and surgical team

Two months after graduation, a female 
doctor of veterinary medicine (DVM) 
with minimum experience (according 
to the veterinary training course) in 

the conventional approach and no ex-
pertise with the new methodology has 
been selected as the surgeon (NNM). 
The selected surgeon and surgical team 
underwent a one-week training course 
for each surgery 10 days prior to the 
start of the study. During the training 
course, one surgery was done on each 
technique by the advisor, and then the 
techniques were randomly performed 
on 12 dogs (6 dogs each technique) by 
the surgeon conducting the study. The 
random approach has been a coin toss 
(51–53); thus, the first-day method was 
determined by tossing a coin, and the 
next day the opposite technique must 
be followed. The study surgeries were 
performed by the same team under the 
supervision of the dissertation adviser 
(NZD).

2.3.2. Aseptic surgical preparation

In dorsal recumbency, the ventral ab-
domen was aseptically prepped after 
hair removal from mid-chest to the 
end of the pelvic symphysis and the in-
ner thigh. During pre-surgical aseptic 
preparation, the skin was alternately 
scrubbed three times with 7.5% povi-
done-iodine and 70% ethyl alcohol. Af-
ter the final povidone-iodine scrub is 
complete, a 10% povidone-iodine solu-
tion is applied to the surgical field (1).
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2.3.3. Approach and incision length

A ventral midline celiotomy was per-
formed immediately caudal to the 
umbilicus and extending one-third of 
the way to the pubic rim (11) for both 
methods, in order to achieve the same 
incision length (57, 58).

2.3.4. Surgical methods

2.3.4.1.  Conventional (triple hemostatic) 
OHE

In the control group, the triple-clamp 
OHE (1) was done after entrance into 
the abdominal cavity and control of 
the uterine horn without a spay hook. 
During this method, the surgeon’s 
dominant index finger is used to grab 
the left horn of the uterus. For organ 
manipulation, rat-toothed Crile forceps 
secured to the proper ligament were 
utilized. The suspensory ligament was 
strummed and released manually in 
the caudomedial direction. After cre-
ating a mesovarium window, two sim-
ple ligatures were placed on top of one 
another in the first clamp crush near 
the kidney. One transfixation ligature 
was then tightened in lieu of the middle 
clamp near the ovary [Polydioxanone 
(PDS II), 2–0]. The pedicle was transect-
ed and inspected for hemorrhage. The 
same techniques were then conducted 
on the contralateral pedicle. Separately, 
the cervix and uterine arteries were li-
gated (PDS II 2–0). Linea alba (PDS II 0), 
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Frontiers in Veterinary Science 04 frontiersin.org

mcg kg−1, and ketamine at 4 mg kg−1 IM. They received ketorolac at 
1 mg kg−1 immediately before surgical asepsis. The maintenance of 
anesthesia was achieved by administering a consistent anesthetic mixture 
(ketamine at 4 mg kg−1 and midazolam at 0.27 mg kg−1) at a variable rate 
of 0.2–0.5 mg kg−1, depending on the ketamine levels present in the 
mixture. The administration of the anesthetic was monitored through the 
use of several parameters, including SpO2, ECG, non-invasive blood 
pressure measured through a blood pressure cuff (size #4) placed 
proximal to the carpus over the radial artery at five-minute intervals, and 
respiration. The surgical procedure and manipulation were also taken 
into account during the administration of anesthesia. The Pm-7000vet, 
manufactured by Wuhan Zoncare Bio-medical Electronics Co., Ltd., was 
used to monitor animals. The animals’ cardiorespiratory parameters were 
monitored until they demonstrated full recovery.

A nociceptive response was defined as a 20% or more rise in heart 
rate over the base rate, accompanied with an increase in breathing 
frequency and blood pressure proportionate to a painful surgical 
procedure (20, 55, 56). Ketamine at 0.5 mg kg−1 was used for rescue 
analgesia during surgery. The timeline details of measures were provided 
in Table 1.

2.3. Surgery

2.3.1. The surgeon and surgical team
Two months after graduation, a female doctor of veterinary 

medicine (DVM) with minimum experience (according to the 
veterinary training course) in the conventional approach and no 

TABLE 1 The measures carried out during the conventional (n  =  9) and Instrument Shank-assisted ovariohysterectomy (n  =  9).

Steps Time (min) Medicines/Dose/Application Rout/Location/Area

Anesthesia, Premedication1st 0 (Start) Acepromazine (10 mg mL−1), 0.02 mg kg−1 IM

Midazolam (5 mg mL−1), 0.5 mg kg−1

Meperidine (50 mg mL−1), 2 mg kg−1

Vital parameters monitor

− Electrocardiograph 1–2 min after laying down Lead II On the elbows and knees

− Blood pressure Neo #4 On the carpus over radial artery

− Pulse oximeter Veterinary SPO2 transducer On the ear until induction, then on the 

tongue

IV catheterization 10 19G Cephalic vein

Preventive antibiotic Cefazolin (1 g vial−1), 22 mg kg−1 IV

Fluid therapy Lactated Ringer’s solution, 5 mL kg−1 h−1 IV

Hair clip No 40 Mid-chest to mid-thigh

Anesthesia, Premedication2nd 15 Medetomidine (1,000 mcg mL−1), 20 mcg kg−1 IM

Ketorolac (30 mg mL−1), 1 mg kg−1 SC

Aseptic preparation 17 Povidone Iodine scrub (7.5%) and 70° ethyl alcohol, 

three times consecutively; then Povidone Iodine 

solution (10%) was applied

Anesthesia, Induction 20–25 Ketamine (50 mg mL−1), 4 mg kg−1 IV, Anesthetic mixture

Midazolam (5 mg mL−1), 0.27 mg kg−1

Endotracheal intubation Immediately after induction A maximum size based on the rough estimation using 

the √ (Body weight×5)

Intraoral, mid-trachea

Anesthesia, Maintenance As needed Induction anesthetic mixture, 0.2–0.5 mg kg−1 based on 

the ketamine

IV, Anesthetic mixture

Intraoperative rescue analgesia As needed Ketamine, 0.5 mg kg−1 during surgery based on HR and RR and 

surgical manipulation

End of surgery (the last skin suture)

− Conventional

− Instrument Shank-assisted

67–72

55–60

Postoperative antibiotic Every 8 h Cefazolin (1 g vial−1), 22 mg kg−1 IM, for 3 days

Postoperative rescue analgesia Every day Ketoprofen, 2 mg kg−1 IM, as needed, at cefazolin injection time 

evaluation as needed

IM, intramuscular; IV, intravenous; SC, subcutaneous; HR, heart rate; RR, respiratory rate. 
1st: administration of the first part of pre-anesthetic drugs, which included Acepromazine, Midazolam, and Meperidine; 2nd: Administration of the second part of pre-anesthetic drugs which 
included Medetomidine and Ketorolac.

Table 1. The measures carried out during the conventional (n = 9) and Instrument Shank-assisted 
ovariohysterectomy (n = 9).
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subcutaneous tissue (PDS II 2–0), and 
skin (monofilament Polyamide 0) were 
routinely closed. A stent bandage was 
then placed over the suture line.

2.3.4.2.  Modified instrument shank-
assisted OHE

After accessing the visceral organs, first 
the left uterine horn and ovary were 
seized. A hemostat forceps was placed 
on the proper ligament to manipulate the 
ovary and its pedicle (Figure 1A). Then 
a window was created in the broad 
ligament (Figure 1B), and one of the 
handles of a Mayo-Hegar needle hold-
er was passed through this window 
(Figure 1C), then secured (Figure 1D). 
After securing the ratchets, the needle 
holder was positioned over the surgical 
incision on the abdomen (Figure 1D). 
While pulling the first hemostat (on the 
proper ligament), the second hemostat 
was put on the ovarian pedicle, as far 
away from the ovary as possible (be-
tween the ovary and the needle hold-
er’s locked handles) (Figure 1E). While 
doing this, with the second hemostat, 
the needle holder shanks were pushed 
along the suspensory ligament toward 
the viscera to attain the appropriate 
distance. After securing the second he-
mostat, it was placed crosswise on the 
needle holder’s shanks so that it would 
not be dragged into the abdominal cavi-
ty and would stay visible to the surgeon 
outside the abdomen at all times (Fig-
ure 1F). The third and fourth hemostats 

were then inserted between the ovary 
and the second forceps (Figure 1F). 
These forceps have crushed the tissues 
in preparation for the installation of the 
ligature. After crushing the pedicle, the 
forceps were removed, and circumfer-
ential and transfixation ligatures were 
applied to the pedicle in the formed 
groove. The ovarian pedicle was sharp-
ly transected using a scalpel immedi-
ately after the transfixation ligature, 
while it was protected by a hemostat. 
Throughout the application of these 
steps, the second forceps remained 
firmly on the ovarian pedicle, prevent-
ing it from being dragged within. The 
needle holder was put down after be-
ing released (Figure 1G). After gen-
tly grasping the corner of the ovarian 
pedicle with tissue forceps, the second 
forceps was released. The ovarian ped-
icle was inspected for hemorrhage and 
then released. The procedures were re-
peated for the contralateral ovary. The 
remainder of the procedure up to the 
final skin gap suture was routinely per-
formed (same as the triple hemostatic 
method).

2.3.5. Surgical time intervals

All surgeries were video captured, and 
the time intervals between each step 
were retrieved. The initiation of the in-
cision and the final abdominal closure 
suture were considered the beginning 
and finish of the surgical procedure, re-

spectively. These are the defined time 
intervals:

Total surgery time (TST): From the ini-
tial skin incision to the last skin suture 
of an abdominal incision.

Pedicle intervention time (PIT): From 
placing a hemostat on the proper liga-
ment of the left ovary through cutting the 
right pedicle following the installation of 
its ligature; incorporating SRT, ShT, ClpT, 
and LigT for the left and right pedicles.

Suspensory release time (SRT): Digital 
strumming of the suspensory ligament.

Shanking time (ShT): From the end of 
windowing (the process of creating a 
window in the broad ligament) until the 
start of anchoring clamp placement. An 
anchoring clamp is a hemostatic clamp 
placed on the ovarian pedicle as far 
away from the ovary as possible to pre-
vent dragging into the abdominal cavity.

Clamping time (ClpT): From the place-
ment of the anchoring clamp to the 
completion of the last ligating clamp, 
near the ovary. The ligating clamp is a 
hemostatic forceps that is used to crush 
the ovarian pedicle and create a groove 
for the installation of the ligature. After 
the anchoring clamp, these forceps are 
secured to the pedicle on the ovary side.

Ligating time (LigT): From the begin-
ning of the first simple ligature until the 
finish of the trans-fixing ligature of both 
pedicles.
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this study, postoperative pain was measured using the Glasgow 
composite pain scale short form (GCMPS-SF) (60), the University 
of Melbourne pain scale (UMPS) (61), and visual analogue scales 
(VAS) (62). A trained, male examiner (AB) who was single-blinded 
measured the post-surgical pain (30, 31). He became acquainted 

with the dogs the day before surgery. Moreover, the similar 
abdominal closure and the bandage have prevented the procedure 
from being identified. Multidimensional pain assessments were 
carried out 1 h before surgery (0) and 6-, 24-, 48-, and 72-h 
following skin suturing.

FIGURE 1

Schematic steps of the modified Instrument shank-assisted ovariohysterectomy. Most steps in this method are similar to the triple-clamp technique. 
Wherein the pedicle is retained outside the abdomen by a straight Ochsner hemostat placed on the shanks of a needle-holder crossly. (A) Proper 
ligament clamping: After identifying the uterine horn, the rat-toothed Crile forceps are placed on the proper ligament to manipulate the ovary and its 
pedicle. (B) Windowing: A window is created in the mesovarium with an index finger. (C) Shanking (needle holder’s shank insertion): The needle 
holder’s shank is passed through the created window in the previous step, and the ratchets are locked, so the ovarian pedicle locates between the 
shanks. (D) Shank-IN: The shanks are oriented crossly to the incision on the abdomen. (E) Applying the “Anchoring clamp” (The ovarian pedicle’s 1st 
clamp): Holding the proper ligament forceps with one hand, push the anchoring clamp (first clamp), which is on the needle holder’s shank, toward the 
viscera, and lock it on a suitable level of the ovarian pedicle. (F) Triple hemostatic: The “ligating clamps” were secured between the Anchoring clamp 
and the ovary out of the abdominal cavity to crush the tissue for ligature placement. (G) Ligation and shank-OUT: Apply two simple ligatures and one 
transfixing ligature close to the ovary in the crushed groove created in the previous step.

Figure 1. Schematic steps of the modified 
Instrument shank-assisted ovariohysterectomy. 
Most steps in this method are similar to the 
triple-clamp technique. Wherein the pedicle 
is retained outside the abdomen by a straight 
Ochsner hemostat placed on the shanks of 
a needle-holder crossly. (A) Proper ligament 
clamping: After identifying the uterine horn, 
the rat-toothed Crile forceps are placed on the 
proper ligament to manipulate the ovary and 
its pedicle. (B) Windowing: A window is created 
in the mesovarium with an index finger. (C) 
Shanking (needle holder’s shank insertion): 
The needle holder’s shank is passed through 
the created window in the previous step, and 
the ratchets are locked, so the ovarian pedicle 
locates between the shanks. (D) Shank-IN: The 
shanks are oriented crossly to the incision on 
the abdomen. (E) Applying the “Anchoring clamp” 
(The ovarian pedicle’s 1st clamp): Holding the 
proper ligament forceps with one hand, push the 
anchoring clamp (first clamp), which is on the 
needle holder’s shank, toward the viscera, and 
lock it on a suitable level of the ovarian pedicle. 
(F) Triple hemostatic: The “ligating clamps” were 
secured between the Anchoring clamp and the 
ovary out of the abdominal cavity to crush the 
tissue for ligature placement. (G) Ligation and 
shank-OUT: Apply two simple ligatures and one 
transfixing ligature close to the ovary in the 
crushed groove created in the previous step.
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Other surgical procedures time (OSPT): All 
surgical procedures, except PIT and CT.

Closure time (CT): Closure time starts 
from the linea alba to the last skin su-
ture tying.

2.4. Pain assessments

There are many different kinds of subjec-
tive scoring systems, and some of them 
have been used in veterinary medicine 
(59). In this study, postoperative pain 
was measured using the Glasgow com-
posite pain scale short form (GCMPS-SF) 
(60), the University of Melbourne pain 
scale (UMPS) (61), and visual analogue 
scales (VAS) (62). A trained, male exam-
iner (AB) who was single-blinded mea-
sured the post-surgical pain (30, 31). He 
became acquainted with the dogs the 
day before surgery. Moreover, the simi-
lar abdominal closure and the bandage 
have prevented the procedure from be-
ing identified. Multidimensional pain as-
sessments were carried out 1 h before 
surgery (0) and 6-, 24-, 48-, and 72-h fol-
lowing skin suturing.

2.5. CRP

Five milliliters of blood were drawn 
from the lateral saphenous vein after 
the same pain evaluation times. The 
samples were kept at the temperature 
of the operation room for 20–25 min 
before being transported to the labo-
ratory. The serum separated by cen-

trifuging at 3,000 rpm for 15 min was 
stored in a microtube at −20°C until the 
research ended. CRP levels (mg L−1) 
were determined using the CRP latex 
agglutination technique using the CRP-
LIA kit, Bionik in the laboratory of the 
faculty (4, 33).

2.6. Postoperative medications

Antimicrobial therapy (63) was started 
intravenously (IV) during premedication 
and maintained intramuscularly (IM) 
every 8 h for 3 days following surgery 
at 22 mg kg−1 of cefazolin (Exir, Tehran, 
Iran) in both groups. Ketoprofen (Ke-
tomax; Rooyandarou, Tehran, Iran) at 
2 mg kg−1 IM was given to animals hav-
ing a GCMPS-SF score of 6 or higher out 
of 24 (45); throughout the examination, 
the UMPS and VAS ratings were also 
examined as supplementary criteria for 
determining a ketoprofen prescription.

2.7. Statistical analysis

The SPSS program (IBM SPSS Statis-
tics for Windows, version 26, IBM Corp., 
Armonk, NY, United States) was used to 
look at the data. Along with normality 
confirmation using the Shapiro–Wilk 
test (except LigT), the study recruited 
the suspicious non-normal paramet-
ric data (PID, SRT, ShT, ClpT, LigT, and 
OSPT) after normalization based on the 
concordance of skewness and kurtosis 
coupled with stem-and-leaf plots. The 
duration of surgical steps was analyzed 

using a T-test. The Pearson correlation 
coefficient was used to determine the 
relationship between PIT and TST.

The Friedman test analyzes the pro-
gression of pain changes. Using Re-
lated-Samples Friedman’s Two-Way 
ANOVA by Ranks, we compared pain 
levels between evaluating time inter-
vals throughout each surgical process. 
Using Kruskal-Wallis H tests on mean, 
a comparison of pain levels at assess-
ing time intervals between two sur-
gical techniques has been conducted. 
On the median, Independent-Samples 
Kruskal-Wallis H followed by Indepen-
dent-Samples Fisher Exact Sig. (2-sid-
ed test, for samples less than 10) has 
been implemented on the information 
obtained from three behavioral pain as-
sessment methods.

Variations in CRP were evaluated using 
repeated measures ANOVA, indepen-
dent samples t-test, and general linear 
model-univariate tests.

The correlation between CRP and age, 
weight, HR, RR, and RT was shown us-
ing Pearson’s correlation coefficient. 
The partial eta squared was used to fig-
ure out how CRP and the body condition 
score (BCS) are related. Spearman’s 
rho correlation coefficient was used to 
determine the relation between surgi-
cal time intervals and pain (based on 
GCMPS-SF). The statistical significance 
level was set at p < 0.05.
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2.7.1. Data availability statement

All relevant data is contained within the 
article: The original contributions pre-
sented in the study are included in the 
article, further inquiries can be directed 
to the corresponding author.

3. Results

3.1.  Participants’ signalment and 
vital sign

There were no significant differences 
in the distribution of dogs by weight 
(p = 0.726) or age (p = 0.598) between 
the two groups. The mean and SD of 
age, weight, vital parameters (HR, RR, 
and RT), and BCS are shown in Table 2.

3.2. Surgical time analysis

Instrument shank-assisted OHE dis-
played shorter TSTs than the con-
ventional method (34.70 ± 6.7 and 
47.40 ± 9.9 min respectively, p = 0.005). 
Table 3 provides a comparison of the 
methods’ time intervals. According to 
the new method, SRT is identical to 
ShT. ShT required 74% less time than 
SRT (p = 0.009), and moreover, LigT im-
proved by 37% (p = 0.005) with the novel 
approach. Additionally, the OSPT and CT 
got 26 and 29% shorter, respectively.

Figure 2 shows how time intervals have 
changed, and Table 3 gives a statistical 
analysis of the changes. In each com-
partment of this figure, the difference 
favors the Instrument shank-assisted 
method.

According to the comparable correla-
tion pattern (64) between TST and 
PIT based on ρ = 0.952, p = 0.0001 and 
ρ = 0.862, p = 0.003 for conventional 
and instrument shank-assisted OHE, 
respectively, PIT plays a crucial role 
in TST during ovariohysterectomy. The 
correlation analysis of TST and ShT re-
vealed that, from a temporal perspec-
tive, ShT alone did not significantly re-
duce TST (ρ = 0.097, p = 0.804).

During the conventional OHE, a single 
intraoperative hemorrhage in the ovar-
ian pedicle was managed. The dog was 
excluded from the study. None of the 
dogs in either group had problems af-
ter surgery.

3.3. Pain

Using the Friedman test, pain score 
changes (Δ Pain in GCMPS-SF, UMPS, 
and VAS; Table 3) were statistically sig-
nificant in both groups. The majority of 
the time, the data showed that the new 
method was associated with much less 
pain (Table 4 and Figures 3–5).

Ziaei Darounkolaei et al. 10.3389/fvets.2023.1210089
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2.5. CRP

Five milliliters of blood were drawn from the lateral saphenous 
vein after the same pain evaluation times. The samples were kept at 
the temperature of the operation room for 20–25 min before being 
transported to the laboratory. The serum separated by centrifuging at 
3,000 rpm for 15 min was stored in a microtube at −20°C until the 
research ended. CRP levels (mg L−1) were determined using the CRP 
latex agglutination technique using the CRP-LIA kit, Bionik in the 
laboratory of the faculty (4, 33).

2.6. Postoperative medications

Antimicrobial therapy (63) was started intravenously (IV) during 
premedication and maintained intramuscularly (IM) every 8 h for 
3 days following surgery at 22 mg kg−1 of cefazolin (Exir, Tehran, Iran) 
in both groups. Ketoprofen (Ketomax; Rooyandarou, Tehran, Iran) at 
2 mg kg−1 IM was given to animals having a GCMPS-SF score of 6 or 
higher out of 24 (45); throughout the examination, the UMPS and 
VAS ratings were also examined as supplementary criteria for 
determining a ketoprofen prescription.

2.7. Statistical analysis

The SPSS program (IBM SPSS Statistics for Windows, version 26, 
IBM Corp., Armonk, NY, United States) was used to look at the data. 
Along with normality confirmation using the Shapiro–Wilk test 
(except LigT), the study recruited the suspicious non-normal 
parametric data (PID, SRT, ShT, ClpT, LigT, and OSPT) after 
normalization based on the concordance of skewness and kurtosis 
coupled with stem-and-leaf plots. The duration of surgical steps was 
analyzed using a T-test. The Pearson correlation coefficient was used 
to determine the relationship between PIT and TST.

The Friedman test analyzes the progression of pain changes. Using 
Related-Samples Friedman’s Two-Way ANOVA by Ranks, we compared 
pain levels between evaluating time intervals throughout each surgical 
process. Using Kruskal-Wallis H tests on mean, a comparison of pain 
levels at assessing time intervals between two surgical techniques has 
been conducted. On the median, Independent-Samples Kruskal-Wallis 
H followed by Independent-Samples Fisher Exact Sig. (2-sided test, for 
samples less than 10) has been implemented on the information obtained 
from three behavioral pain assessment methods.

Variations in CRP were evaluated using repeated measures 
ANOVA, independent samples t-test, and general linear model-
univariate tests.

The correlation between CRP and age, weight, HR, RR, and RT 
was shown using Pearson’s correlation coefficient. The partial eta 
squared was used to figure out how CRP and the body condition score 
(BCS) are related. Spearman’s rho correlation coefficient was used to 
determine the relation between surgical time intervals and pain (based 
on GCMPS-SF). The statistical significance level was set at p < 0.05.

2.7.1. Data availability statement
All relevant data is contained within the article: The original 

contributions presented in the study are included in the article, further 
inquiries can be directed to the corresponding author.

3. Results

3.1. Participants’ signalment and vital sign

There were no significant differences in the distribution of dogs 
by weight (p = 0.726) or age (p = 0.598) between the two groups. The 
mean and SD of age, weight, vital parameters (HR, RR, and RT), and 
BCS are shown in Table 2.

3.2. Surgical time analysis

Instrument shank-assisted OHE displayed shorter TSTs than 
the conventional method (34.70 ± 6.7 and 47.40 ± 9.9 min 
respectively, p = 0.005). Table  3 provides a comparison of the 
methods’ time intervals. According to the new method, SRT is 
identical to ShT. ShT required 74% less time than SRT (p = 0.009), 
and moreover, LigT improved by 37% (p = 0.005) with the novel 
approach. Additionally, the OSPT and CT got 26 and 29% shorter, 
respectively.

Figure 2 shows how time intervals have changed, and Table 3 
gives a statistical analysis of the changes. In each compartment of 
this figure, the difference favors the Instrument shank-
assisted method.

According to the comparable correlation pattern (64) between 
TST and PIT based on ρ = 0.952, p = 0.0001 and ρ = 0.862, p = 0.003 for 
conventional and instrument shank-assisted OHE, respectively, PIT 
plays a crucial role in TST during ovariohysterectomy. The correlation 
analysis of TST and ShT revealed that, from a temporal perspective, 
ShT alone did not significantly reduce TST (ρ = 0.097, p = 0.804).

During the conventional OHE, a single intraoperative hemorrhage 
in the ovarian pedicle was managed. The dog was excluded from the 
study. None of the dogs in either group had problems after surgery.

3.3. Pain

Using the Friedman test, pain score changes (Δ Pain in GCMPS-
SF, UMPS, and VAS; Table 3) were statistically significant in both 
groups. The majority of the time, the data showed that the new 
method was associated with much less pain (Table 4 and Figures 3–5).

TABLE 2 Mean  ±  SD of age, weight, BCS, and preoperative vital 
parameters before anesthesia for the conventional (n  =  9) and Instrument 
Shank-assisted ovariohysterectomy (n  =  9).

Parameters Conventional Shank-
assisted

p-value

Age 3.0 ± 1.9 2.6 ± 1.0 0.821

Weight 22.6 ± 4.3 21.8 ± 4.5 0.798

RT 38.7 ± 0.6 38.7 ± 0.3 0.877

HR 103.2 ± 25.0 106.0 ± 34.1 0.948

RR 29.3 ± 9.4 25.6 ± 5.0 0.622

BCS 4.7 ± 0.9 4.6 ± 0.9 0.422

BCS, body condition scoring; RT, rectal temperature; HR, heart rate; RR, respiratory rate. 
The significance level was set at 0.05.Table 2. Mean ± SD of age, weight, BCS, and preoperative vital parameters 
before anesthesia for the conventional (n = 9) and Instrument Shank-
assisted ovariohysterectomy (n = 9).
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3.3.1. Rescue analgesia
After the surgery, 36 pain assessments have been done in each 

group, ranging from T6 to T72. These pain assessments have been 
carried out at 6-, 24-, 48-, and 72-h following surgery on nine animals 
in each group. The animals were injected with rescue analgesics 13 
times (T6: 6, T24: 3, T48: 3, and T72: 1 dog) in the conventional 
group and twice (T24: 1 and T72: 1, both for one dog) in the novel 
group. Using the conventional methods, 8 dogs were injected with 
rescue analgesic, whereas just 1 dog received it using the 
alternative method.

3.4. CRP

After 24 h, the highest serum CRP levels were observed in both 
groups. Figure 6 demonstrates that the conventional group’s rate of 
rise accelerated more rapidly during the initial 6 h following surgery. 
The slope of the graph is determined to be y = 24.328x − 18.072 for 
traditional OHE and y = 4.9556x − 1.5667 for instrument shank-
assisted OHE within the first 6 h. The traditional group observed a 
4.9-fold increase in CRP acceleration on this basis. After 48 h, the 
Instrument shank-assisted OHE showed a significant decrease to 
baseline levels (p = 0.032; see Tables 5, 6). In contrast, although CRP 
levels decreased in the conventional group, they were not significantly 
different from their peak levels.

3.5. Correlations

The relationship between pain (as measured by GCMPS-SF, 
UMPS, and VAS), surgical time parameters, CRP, vital signs, age, 
weight, and BCS has been studied.

3.5.1. Surgical time intervals with pain
Spearman’s rho correlation coefficient has studied the relationship 

between the overall surgical duration and the duration of the distinct 
phases. The analysis is described in full in Table 6, which is stated 
separately below.

Only pain in the conventional OHE exhibits a significant positive 
correlation with LigT at T72, according to GCMPS-SF.

Using the novel method, UMPS found significant negative 
relationships between pain and TST at T24 and T48. This study 
indicated that PIT has a vital function in lowering pain in T24.

The VAS has found a greater correlation between specific surgical 
stages and pain. GCMPS-SF, UMPS, and VAS were able to identify 1, 
3, and 7 correlations, respectively, in this regard. In the new method, 
VAS identified an association between ClpT and less pain at T6 and 
T24, and between ClpT and OSPT at T48. This assessment method 
revealed that PIT, LigT, and most notably OSPT have a substantial 
effect on the incidence of pain on the third day following surgery in 
the conventional group (see Table 6).

3.5.2. CRP with pain
Using Spearman’s rho correlation coefficient, CRP levels and pain 

were only shown to have significant moderate-to-strong negative 
relationships in five measurement points of total samples (two groups 
in total). These associations were detected at T24 (UMPS) and T72 
(GCMPS-SF) in the conventional group and at T6 (VAS) and T48 

TABLE 3 Mean  ±  SD of different surgical steps time intervals recorded in 
the conventional (n  =  9) and Instrument Shank-assisted 
ovariohysterectomy (n  =  9) and correlation of surgical time intervals with 
total surgery time in deep-chested dogs.

Data Units Conventional Shank-
assisted

p-value

Time intervals

TST min 47.40 ± 9.9 34.70 ± 6.7 0.005

PIT min 20.96 ± 5.78 14.52 ± 3.73 0.014

SRT s 78.97 ± 69.10
}0.035

ShT s 20.39 ± 8.18

ClpT s 50.66 ± 45.04 63.55 ± 37.15 0.662

LigT min 12.82 ± 3.37 8.02 ± 3.11 0.005

OSPT min 31.00 ± 7.0 23.00 ± 4.8 0.013

CT min 16.40 ± 4.5 11.60 ± 2.5 0.013

Correlation*

ρ p-value ρ p-value

TST vs. 

PIT

0.952**** 0.000 0.862*** 0.003

SRT 0.494 0.176

ShT 0.097 0.804

ClpT 0.683** 0.043 0.754*** 0.019

LigT 0.836*** 0.010 0.618 0.076

TST vs. 

CT

0.768*** 0.016 0.818*** 0.007

TST, total surgery time; PIT, pedicle intervention time; SRT, suspensory release time; ShT, 
shanking time; ClpT, clamping time; LigT, ligating time; OSPT, other surgical procedures 
time; CT, closure time. *Pearson correlation stratification (very strong, strong, moderate, 
weak, and negligible): ****very strong, ***strong, **moderate. The significance level was 
set at 0.05.

FIGURE 2

Comparison of the time spent performing different steps in the 
conventional method (n  =  9) and new modified Instrument shank-
assisted method of ovariohysterectomy (n  =  9) in deep chested-
dogs. OSPT, Other surgical procedures time, which consist of all 
surgical steps, except PIT and CT; PIT, Pedicle intervention time, 
which is from placing a hemostat on the proper ligament of the left 
ovary to cutting the right pedicle after placement of its ligatures; CT, 
Closure time, from the linea alba to the last skin suture tying.

Table 3. Mean ± SD of different surgical steps time intervals recorded in 
the conventional (n = 9) and Instrument Shank-assisted ovariohysterectomy 
(n = 9) and correlation of surgical time intervals with total surgery time in 
deep-chested dogs.
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group and twice (T24: 1 and T72: 1, both for one dog) in the novel 
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assisted OHE within the first 6 h. The traditional group observed a 
4.9-fold increase in CRP acceleration on this basis. After 48 h, the 
Instrument shank-assisted OHE showed a significant decrease to 
baseline levels (p = 0.032; see Tables 5, 6). In contrast, although CRP 
levels decreased in the conventional group, they were not significantly 
different from their peak levels.

3.5. Correlations

The relationship between pain (as measured by GCMPS-SF, 
UMPS, and VAS), surgical time parameters, CRP, vital signs, age, 
weight, and BCS has been studied.

3.5.1. Surgical time intervals with pain
Spearman’s rho correlation coefficient has studied the relationship 

between the overall surgical duration and the duration of the distinct 
phases. The analysis is described in full in Table 6, which is stated 
separately below.

Only pain in the conventional OHE exhibits a significant positive 
correlation with LigT at T72, according to GCMPS-SF.

Using the novel method, UMPS found significant negative 
relationships between pain and TST at T24 and T48. This study 
indicated that PIT has a vital function in lowering pain in T24.

The VAS has found a greater correlation between specific surgical 
stages and pain. GCMPS-SF, UMPS, and VAS were able to identify 1, 
3, and 7 correlations, respectively, in this regard. In the new method, 
VAS identified an association between ClpT and less pain at T6 and 
T24, and between ClpT and OSPT at T48. This assessment method 
revealed that PIT, LigT, and most notably OSPT have a substantial 
effect on the incidence of pain on the third day following surgery in 
the conventional group (see Table 6).

3.5.2. CRP with pain
Using Spearman’s rho correlation coefficient, CRP levels and pain 

were only shown to have significant moderate-to-strong negative 
relationships in five measurement points of total samples (two groups 
in total). These associations were detected at T24 (UMPS) and T72 
(GCMPS-SF) in the conventional group and at T6 (VAS) and T48 
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the conventional (n  =  9) and Instrument Shank-assisted 
ovariohysterectomy (n  =  9) and correlation of surgical time intervals with 
total surgery time in deep-chested dogs.

Data Units Conventional Shank-
assisted

p-value

Time intervals

TST min 47.40 ± 9.9 34.70 ± 6.7 0.005

PIT min 20.96 ± 5.78 14.52 ± 3.73 0.014

SRT s 78.97 ± 69.10
}0.035

ShT s 20.39 ± 8.18

ClpT s 50.66 ± 45.04 63.55 ± 37.15 0.662

LigT min 12.82 ± 3.37 8.02 ± 3.11 0.005

OSPT min 31.00 ± 7.0 23.00 ± 4.8 0.013
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ClpT 0.683** 0.043 0.754*** 0.019

LigT 0.836*** 0.010 0.618 0.076
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TST, total surgery time; PIT, pedicle intervention time; SRT, suspensory release time; ShT, 
shanking time; ClpT, clamping time; LigT, ligating time; OSPT, other surgical procedures 
time; CT, closure time. *Pearson correlation stratification (very strong, strong, moderate, 
weak, and negligible): ****very strong, ***strong, **moderate. The significance level was 
set at 0.05.
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Comparison of the time spent performing different steps in the 
conventional method (n  =  9) and new modified Instrument shank-
assisted method of ovariohysterectomy (n  =  9) in deep chested-
dogs. OSPT, Other surgical procedures time, which consist of all 
surgical steps, except PIT and CT; PIT, Pedicle intervention time, 
which is from placing a hemostat on the proper ligament of the left 
ovary to cutting the right pedicle after placement of its ligatures; CT, 
Closure time, from the linea alba to the last skin suture tying.

Figure 2. Comparison of the time spent performing different steps in the 
conventional method (n = 9) and new modified Instrument shank-assisted 
method of ovariohysterectomy (n = 9) in deep chested-dogs. OSPT, Other 
surgical procedures time, which consist of all surgical steps, except PIT 
and CT; PIT, Pedicle intervention time, which is from placing a hemostat 
on the proper ligament of the left ovary to cutting the right pedicle after 
placement of its ligatures; CT, Closure time, from the linea alba to the 
last skin suture tying.
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(GCMPS-SF and VAS) in the instrument shank-assisted group, as 
shown in Table 7.

3.5.3. CRP with age, weight, vital signs, and BCS
Pearson’s correlation coefficient indicated that there was no 

association between CRP changes and age, weight, HR, RR, and RT in 
both groups (p > 0.05). Partial eta squared (η P  2) was unable to 
identify a significant association between CRP and BCS using any of 
the two techniques.

4. Discussion

According to the present results, when implementing OHE with 
instrumental shank assisted technique, the surgery can be performed 
by one person with lesser surgical trauma. With the current solutions, 
digital strumming or sharp tearing of the suspensory ligament in 
deep-chested dogs has not only been a time-consuming process, but 
it has also failed to shorten the length of surgery and pain afterward 
(11). According to current research, a decrease of over 12 min in an 
alumnus surgeon’s overall surgery length is a positive improvement 
(57). The reduction in surgical trauma has resulted in a slower increase 
in CRP levels and a shorter peak. These gains were made using the 

TABLE 4 Median (Min–Max) of pain scores and Δ Pain0–72 based on Glasgow composite pain scale short-form (GCMPS-SF), university of Melbourne pain 
scale (UMPS), and visual analogue scales (VAS) scales in the conventional (n  =  9) and Instrument Shank-assisted ovariohysterectomy (n  =  9) in deep-
chested dogs.

T0 T6 T24 T48 T72 p-value† (Δ 
Pain0–72)

GCMPS-SF

Conventional 0 (0–0) (9) 6 (2–14) (9) 5 (3–10) (8) 5 (2–8) (9) 3 (1–12) (6) 0.002

Shank-assisted 0 (0–0) (9) 3 (2–5) (9) 2 (0–6) (9) 2 (0–4) (9) 1 (0–7) (9) 0.000

p-value Mean K-W* 1.000 0.012 0.037 0.006 0.167

Median K-W** 0.004 0.486 0.004 0.264

Fisher# 0.015 0.637 0.015 0.329

UMPS

Conventional 0 (0–0) (9) 5 (2–8) (9) 5 (3–10) (8) 5 (0–7) (9) 3 (1–10) (6) 0.003

Shank-assisted 0 (0–0) (9) 4 (1–6) (9) 2 (1–4) (9) 1 (0–4) (9) 2 (0–5) (9) 0.000

p-value Mean K-W* 1.000 0.099 0.002 0.018 1.000

Median K-W** 0.058 0.002 0.016 0.264

Fisher 0.153 0.003 0.050 0.329

VAS

Conventional 0 (0–0) (9) 3 (1–5) (9) 3 (1–6) (9) 2 (0–3) (9) 1 (0–6) (6) 0.002

Shank-assisted 0 (0–0) (9) 1 (1–2) (9) 1 (0–4) (9) 1 (0–2) (9) 0 (0–5) (9) 0.001

p-value Mean K-W* 1.000 0.003 0.074 0.024 1.000

Median K-W** 0.001 0.147 0.018 1.000

Fisher 0.002 0.335 0.057 1.000

T0, before surgery; T6, 6 h after surgery; T24, 24 h after surgery; T48, 48 h after surgery; T72, 72 h after surgery; eGCMPS-SF, the short form of the Glasgow composite measure pain scale; 
UMPS, university of Melbourne pain scale; VAS, visual analogue scale. The bolded items show a statistically significant difference in a pain score between the two surgical procedures in each 
evaluating time intervals using the Kruskal-Wallis H analysis; Lowercase letters indicate statistical comparison of pain recorded at different assessment times in the same group using Related-
Samples Friedman’s Two-Way ANOVA by Ranks. †Friedman Test. *Independent-Samples Kruskal-Wallis H on mean. **Independent-Samples Kruskal-Wallis H on median. #Independent-
Samples Fisher Exact Sig. (2-sided test) on Median (for samples less than 10). The significance level was set at 0.05.

FIGURE 3

Comparing postoperative pain scores using the Glasgow composite 
pain scale short-form (GCMPS-SF) in the conventional method 
(n  =  9) and new modified Instrument shank-assisted method (n  =  9) 
of ovariohysterectomy in deep chested-dogs. The p-value was 
calculated using an Independent-Samples Kruskal-Wallis H on 
median followed by Independent-Samples Fisher Exact Sig. (2-sided 
test) on Median shows the statistical difference in sampling times 
between two groups.

Table 4. Median (Min–Max) of pain scores and Δ Pain0–72 based on Glasgow composite pain scale 
short-form (GCMPS-SF), university of Melbourne pain scale (UMPS), and visual analogue scales (VAS) 
scales in the conventional (n = 9) and Instrument Shank-assisted ovariohysterectomy (n = 9) in deep-
chested dogs.
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(GCMPS-SF and VAS) in the instrument shank-assisted group, as 
shown in Table 7.

3.5.3. CRP with age, weight, vital signs, and BCS
Pearson’s correlation coefficient indicated that there was no 

association between CRP changes and age, weight, HR, RR, and RT in 
both groups (p > 0.05). Partial eta squared (η P  2) was unable to 
identify a significant association between CRP and BCS using any of 
the two techniques.

4. Discussion

According to the present results, when implementing OHE with 
instrumental shank assisted technique, the surgery can be performed 
by one person with lesser surgical trauma. With the current solutions, 
digital strumming or sharp tearing of the suspensory ligament in 
deep-chested dogs has not only been a time-consuming process, but 
it has also failed to shorten the length of surgery and pain afterward 
(11). According to current research, a decrease of over 12 min in an 
alumnus surgeon’s overall surgery length is a positive improvement 
(57). The reduction in surgical trauma has resulted in a slower increase 
in CRP levels and a shorter peak. These gains were made using the 

TABLE 4 Median (Min–Max) of pain scores and Δ Pain0–72 based on Glasgow composite pain scale short-form (GCMPS-SF), university of Melbourne pain 
scale (UMPS), and visual analogue scales (VAS) scales in the conventional (n  =  9) and Instrument Shank-assisted ovariohysterectomy (n  =  9) in deep-
chested dogs.

T0 T6 T24 T48 T72 p-value† (Δ 
Pain0–72)

GCMPS-SF

Conventional 0 (0–0) (9) 6 (2–14) (9) 5 (3–10) (8) 5 (2–8) (9) 3 (1–12) (6) 0.002

Shank-assisted 0 (0–0) (9) 3 (2–5) (9) 2 (0–6) (9) 2 (0–4) (9) 1 (0–7) (9) 0.000

p-value Mean K-W* 1.000 0.012 0.037 0.006 0.167

Median K-W** 0.004 0.486 0.004 0.264

Fisher# 0.015 0.637 0.015 0.329

UMPS

Conventional 0 (0–0) (9) 5 (2–8) (9) 5 (3–10) (8) 5 (0–7) (9) 3 (1–10) (6) 0.003

Shank-assisted 0 (0–0) (9) 4 (1–6) (9) 2 (1–4) (9) 1 (0–4) (9) 2 (0–5) (9) 0.000

p-value Mean K-W* 1.000 0.099 0.002 0.018 1.000

Median K-W** 0.058 0.002 0.016 0.264

Fisher 0.153 0.003 0.050 0.329

VAS

Conventional 0 (0–0) (9) 3 (1–5) (9) 3 (1–6) (9) 2 (0–3) (9) 1 (0–6) (6) 0.002

Shank-assisted 0 (0–0) (9) 1 (1–2) (9) 1 (0–4) (9) 1 (0–2) (9) 0 (0–5) (9) 0.001

p-value Mean K-W* 1.000 0.003 0.074 0.024 1.000

Median K-W** 0.001 0.147 0.018 1.000

Fisher 0.002 0.335 0.057 1.000

T0, before surgery; T6, 6 h after surgery; T24, 24 h after surgery; T48, 48 h after surgery; T72, 72 h after surgery; eGCMPS-SF, the short form of the Glasgow composite measure pain scale; 
UMPS, university of Melbourne pain scale; VAS, visual analogue scale. The bolded items show a statistically significant difference in a pain score between the two surgical procedures in each 
evaluating time intervals using the Kruskal-Wallis H analysis; Lowercase letters indicate statistical comparison of pain recorded at different assessment times in the same group using Related-
Samples Friedman’s Two-Way ANOVA by Ranks. †Friedman Test. *Independent-Samples Kruskal-Wallis H on mean. **Independent-Samples Kruskal-Wallis H on median. #Independent-
Samples Fisher Exact Sig. (2-sided test) on Median (for samples less than 10). The significance level was set at 0.05.

FIGURE 3

Comparing postoperative pain scores using the Glasgow composite 
pain scale short-form (GCMPS-SF) in the conventional method 
(n  =  9) and new modified Instrument shank-assisted method (n  =  9) 
of ovariohysterectomy in deep chested-dogs. The p-value was 
calculated using an Independent-Samples Kruskal-Wallis H on 
median followed by Independent-Samples Fisher Exact Sig. (2-sided 
test) on Median shows the statistical difference in sampling times 
between two groups.
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same equipment and facilities at no additional expense due to a 
modest modification in the surgical approach.

4.1. Surgical perspectives

OHE, like many other surgical procedures, seems to get more 
challenging as the size and weight of the animal increase. As body 
mass increases, the chest sinks deeper, and it becomes more difficult 

to reach and release the suspensory ligament (11). In the present study, 
the same higher body weight range enhanced the ovarian exposure 
challenge, allowing the method to be generalized to various sizes of 
dogs and cats; however, it may be accompanied by fewer problems in 
smaller animals.

Insufficient exposure during OHE leads to incorrect technique 
execution and raises the risk of ovarian remnant syndrome (2). The 
instrument shank-assisted OHE keeps the ovary outside of the 
abdomen without an assistant while maintaining the suspensory 
ligament. In obese and deep-chested dogs, as well as for unskilled 
surgeons who require a longer incision, the surgical assistant is 
essential (1, 2). So, a small incision without tearing the ligament is 
another achievement of the modified method, which led to limited 
surgical complications including incisional swelling, seroma, 
infection, delayed healing, ventral body wall dehiscence, self-inflicted 
trauma, pain (65), and hemorrhaging (66).

During a suspensory ligament release (66), an inexperienced 
surgeon is more likely to break the blood vessel and induce 

FIGURE 4

Comparing postoperative pain scores using the university of 
Melbourne pain scale (UMPS) in the conventional method (n  =  9) and 
new modified Instrument shank-assisted method (n  =  9) of 
ovariohysterectomy in deep chested-dogs. The p-value was 
calculated using an Independent-Samples Kruskal-Wallis H on 
median followed by Independent-Samples Fisher Exact Sig. (2-sided 
test) on Median shows the statistical difference in sampling times 
between two groups.

FIGURE 5

Comparing postoperative pain scores using the visual analogue 
scales (VAS) in the conventional method (n  =  9) and new modified 
Instrument shank-assisted method (n  =  9) of ovariohysterectomy in 
deep chested-dogs. The p-value was calculated using an 
Independent-Samples Kruskal-Wallis H on median followed by 
Independent-Samples Fisher Exact Sig. (2-sided test) on Median 
shows the statistical difference in sampling times between two 
groups.

FIGURE 6

Comparing postoperative serum C-reactive protein levels following 
the conventional method (n  =  9) and new modified Instrument 
shank-assisted method (n  =  9) of ovariohysterectomy in deep 
chested-dogs. The p-value was calculated using an independent 
samples T-test shows the statistical difference in sampling times 
between two groups.

TABLE 5 Mean  ±  SD of the serum CRP concentration (mg  L−1) following 
the conventional (n  =  9) and Instrument Shank-assisted 
ovariohysterectomy (n  =  9) in deep-chested dogs.

Sampling 
time

Groups p-value

Conventional Instrument 
shank-
assisted

T 0 6.3 ± 4.6b 3.4 ± 3.8b 0.166

T 6 30.6 ± 31.9ab 8.3 ± 10.7b 0.076

T 24 54.7 ± 49.6a 30.9 ± 33.7a 0.251

T 48 33.2 ± 32.7ab 5.0 ± 4.4b 0.032

T 72 23.4 ± 28.2ab 4.4 ± 5.0b 0.078

Small letters indicate statistical comparisons in a group between different sampling times. The 
p-value shows the comparison of two groups at each sampling time. T 0, before surgery; T 6, 6 h 
after surgery; T 24, 24 h after surgery; T 48, 48 h after surgery; T 72, 72 h after surgery. The 
significance level was set at 0.05. p, p-value, the bolded text shows a significant correlation.
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same equipment and facilities at no additional expense due to a 
modest modification in the surgical approach.

4.1. Surgical perspectives

OHE, like many other surgical procedures, seems to get more 
challenging as the size and weight of the animal increase. As body 
mass increases, the chest sinks deeper, and it becomes more difficult 

to reach and release the suspensory ligament (11). In the present study, 
the same higher body weight range enhanced the ovarian exposure 
challenge, allowing the method to be generalized to various sizes of 
dogs and cats; however, it may be accompanied by fewer problems in 
smaller animals.

Insufficient exposure during OHE leads to incorrect technique 
execution and raises the risk of ovarian remnant syndrome (2). The 
instrument shank-assisted OHE keeps the ovary outside of the 
abdomen without an assistant while maintaining the suspensory 
ligament. In obese and deep-chested dogs, as well as for unskilled 
surgeons who require a longer incision, the surgical assistant is 
essential (1, 2). So, a small incision without tearing the ligament is 
another achievement of the modified method, which led to limited 
surgical complications including incisional swelling, seroma, 
infection, delayed healing, ventral body wall dehiscence, self-inflicted 
trauma, pain (65), and hemorrhaging (66).

During a suspensory ligament release (66), an inexperienced 
surgeon is more likely to break the blood vessel and induce 

FIGURE 4

Comparing postoperative pain scores using the university of 
Melbourne pain scale (UMPS) in the conventional method (n  =  9) and 
new modified Instrument shank-assisted method (n  =  9) of 
ovariohysterectomy in deep chested-dogs. The p-value was 
calculated using an Independent-Samples Kruskal-Wallis H on 
median followed by Independent-Samples Fisher Exact Sig. (2-sided 
test) on Median shows the statistical difference in sampling times 
between two groups.

FIGURE 5

Comparing postoperative pain scores using the visual analogue 
scales (VAS) in the conventional method (n  =  9) and new modified 
Instrument shank-assisted method (n  =  9) of ovariohysterectomy in 
deep chested-dogs. The p-value was calculated using an 
Independent-Samples Kruskal-Wallis H on median followed by 
Independent-Samples Fisher Exact Sig. (2-sided test) on Median 
shows the statistical difference in sampling times between two 
groups.

FIGURE 6

Comparing postoperative serum C-reactive protein levels following 
the conventional method (n  =  9) and new modified Instrument 
shank-assisted method (n  =  9) of ovariohysterectomy in deep 
chested-dogs. The p-value was calculated using an independent 
samples T-test shows the statistical difference in sampling times 
between two groups.

TABLE 5 Mean  ±  SD of the serum CRP concentration (mg  L−1) following 
the conventional (n  =  9) and Instrument Shank-assisted 
ovariohysterectomy (n  =  9) in deep-chested dogs.

Sampling 
time

Groups p-value

Conventional Instrument 
shank-
assisted

T 0 6.3 ± 4.6b 3.4 ± 3.8b 0.166

T 6 30.6 ± 31.9ab 8.3 ± 10.7b 0.076

T 24 54.7 ± 49.6a 30.9 ± 33.7a 0.251

T 48 33.2 ± 32.7ab 5.0 ± 4.4b 0.032

T 72 23.4 ± 28.2ab 4.4 ± 5.0b 0.078

Small letters indicate statistical comparisons in a group between different sampling times. The 
p-value shows the comparison of two groups at each sampling time. T 0, before surgery; T 6, 6 h 
after surgery; T 24, 24 h after surgery; T 48, 48 h after surgery; T 72, 72 h after surgery. The 
significance level was set at 0.05. p, p-value, the bolded text shows a significant correlation.

Figure 3. Comparing postoperative pain scores 
using the Glasgow composite pain scale short-
form (GCMPS-SF) in the conventional method 
(n = 9) and new modified Instrument shank-
assisted method (n = 9) of ovariohysterectomy in 
deep chested-dogs. The p-value was calculated 
using an Independent-Samples Kruskal-Wallis 
H on median followed by Independent-Samples 
Fisher Exact Sig. (2-sided test) on Median shows 
the statistical difference in sampling times 
between two groups.

Figure 4. Comparing postoperative 
pain scores using the university of 
Melbourne pain scale (UMPS) in the 
conventional method (n = 9) and new 
modified Instrument shank-assisted 
method (n = 9) of ovariohysterectomy 
in deep chested-dogs. The p-value 
was calculated using an Independent-
Samples Kruskal-Wallis H on median 
followed by Independent-Samples 
Fisher Exact Sig. (2-sided test) on 
Median shows the statistical difference 
in sampling times between two groups.

Figure 5. Comparing postoperative 
pain scores using the visual analogue 
scales (VAS) in the conventional method 
(n = 9) and new modified Instrument 
shank-assisted method (n = 9) of 
ovariohysterectomy in deep chested-
dogs. The p-value was calculated 
using an Independent-Samples 
Kruskal-Wallis H on median followed 
by Independent-Samples Fisher Exact 
Sig. (2-sided test) on Median shows the 
statistical difference in sampling times 
between two groups.
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3.3.1. Rescue analgesia

After the surgery, 36 pain assessments 
have been done in each group, ranging 
from T6 to T72. These pain assessments 
have been carried out at 6-, 24-, 48-, and 
72-h following surgery on nine animals 
in each group. The animals were inject-
ed with rescue analgesics 13 times (T6: 
6, T24: 3, T48: 3, and T72: 1 dog) in the 
conventional group and twice (T24: 1 
and T72: 1, both for one dog) in the novel 
group. Using the conventional methods, 
8 dogs were injected with rescue anal-
gesic, whereas just 1 dog received it us-
ing the alternative method.

3.4. CRP

After 24 h, the highest serum CRP levels 
were observed in both groups. Figure 
6 demonstrates that the convention-
al group’s rate of rise accelerated more 
rapidly during the initial 6 h following sur-
gery. The slope of the graph is determined 
to be y = 24.328x − 18.072 for traditional 
OHE and y = 4.9556x − 1.5667 for instru-
ment shank-assisted OHE within the 
first 6 h. The traditional group observed 
a 4.9-fold increase in CRP acceleration 
on this basis. After 48 h, the Instrument 
shank-assisted OHE showed a significant 
decrease to baseline levels (p = 0.032; 
see Tables 5, 6). In contrast, although 
CRP levels decreased in the conventional 
group, they were not significantly differ-
ent from their peak levels.
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same equipment and facilities at no additional expense due to a 
modest modification in the surgical approach.

4.1. Surgical perspectives

OHE, like many other surgical procedures, seems to get more 
challenging as the size and weight of the animal increase. As body 
mass increases, the chest sinks deeper, and it becomes more difficult 

to reach and release the suspensory ligament (11). In the present study, 
the same higher body weight range enhanced the ovarian exposure 
challenge, allowing the method to be generalized to various sizes of 
dogs and cats; however, it may be accompanied by fewer problems in 
smaller animals.

Insufficient exposure during OHE leads to incorrect technique 
execution and raises the risk of ovarian remnant syndrome (2). The 
instrument shank-assisted OHE keeps the ovary outside of the 
abdomen without an assistant while maintaining the suspensory 
ligament. In obese and deep-chested dogs, as well as for unskilled 
surgeons who require a longer incision, the surgical assistant is 
essential (1, 2). So, a small incision without tearing the ligament is 
another achievement of the modified method, which led to limited 
surgical complications including incisional swelling, seroma, 
infection, delayed healing, ventral body wall dehiscence, self-inflicted 
trauma, pain (65), and hemorrhaging (66).

During a suspensory ligament release (66), an inexperienced 
surgeon is more likely to break the blood vessel and induce 

FIGURE 4

Comparing postoperative pain scores using the university of 
Melbourne pain scale (UMPS) in the conventional method (n  =  9) and 
new modified Instrument shank-assisted method (n  =  9) of 
ovariohysterectomy in deep chested-dogs. The p-value was 
calculated using an Independent-Samples Kruskal-Wallis H on 
median followed by Independent-Samples Fisher Exact Sig. (2-sided 
test) on Median shows the statistical difference in sampling times 
between two groups.

FIGURE 5

Comparing postoperative pain scores using the visual analogue 
scales (VAS) in the conventional method (n  =  9) and new modified 
Instrument shank-assisted method (n  =  9) of ovariohysterectomy in 
deep chested-dogs. The p-value was calculated using an 
Independent-Samples Kruskal-Wallis H on median followed by 
Independent-Samples Fisher Exact Sig. (2-sided test) on Median 
shows the statistical difference in sampling times between two 
groups.

FIGURE 6

Comparing postoperative serum C-reactive protein levels following 
the conventional method (n  =  9) and new modified Instrument 
shank-assisted method (n  =  9) of ovariohysterectomy in deep 
chested-dogs. The p-value was calculated using an independent 
samples T-test shows the statistical difference in sampling times 
between two groups.

TABLE 5 Mean  ±  SD of the serum CRP concentration (mg  L−1) following 
the conventional (n  =  9) and Instrument Shank-assisted 
ovariohysterectomy (n  =  9) in deep-chested dogs.

Sampling 
time

Groups p-value

Conventional Instrument 
shank-
assisted

T 0 6.3 ± 4.6b 3.4 ± 3.8b 0.166

T 6 30.6 ± 31.9ab 8.3 ± 10.7b 0.076

T 24 54.7 ± 49.6a 30.9 ± 33.7a 0.251

T 48 33.2 ± 32.7ab 5.0 ± 4.4b 0.032

T 72 23.4 ± 28.2ab 4.4 ± 5.0b 0.078

Small letters indicate statistical comparisons in a group between different sampling times. The 
p-value shows the comparison of two groups at each sampling time. T 0, before surgery; T 6, 6 h 
after surgery; T 24, 24 h after surgery; T 48, 48 h after surgery; T 72, 72 h after surgery. The 
significance level was set at 0.05. p, p-value, the bolded text shows a significant correlation.
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same equipment and facilities at no additional expense due to a 
modest modification in the surgical approach.

4.1. Surgical perspectives

OHE, like many other surgical procedures, seems to get more 
challenging as the size and weight of the animal increase. As body 
mass increases, the chest sinks deeper, and it becomes more difficult 

to reach and release the suspensory ligament (11). In the present study, 
the same higher body weight range enhanced the ovarian exposure 
challenge, allowing the method to be generalized to various sizes of 
dogs and cats; however, it may be accompanied by fewer problems in 
smaller animals.

Insufficient exposure during OHE leads to incorrect technique 
execution and raises the risk of ovarian remnant syndrome (2). The 
instrument shank-assisted OHE keeps the ovary outside of the 
abdomen without an assistant while maintaining the suspensory 
ligament. In obese and deep-chested dogs, as well as for unskilled 
surgeons who require a longer incision, the surgical assistant is 
essential (1, 2). So, a small incision without tearing the ligament is 
another achievement of the modified method, which led to limited 
surgical complications including incisional swelling, seroma, 
infection, delayed healing, ventral body wall dehiscence, self-inflicted 
trauma, pain (65), and hemorrhaging (66).

During a suspensory ligament release (66), an inexperienced 
surgeon is more likely to break the blood vessel and induce 

FIGURE 4

Comparing postoperative pain scores using the university of 
Melbourne pain scale (UMPS) in the conventional method (n  =  9) and 
new modified Instrument shank-assisted method (n  =  9) of 
ovariohysterectomy in deep chested-dogs. The p-value was 
calculated using an Independent-Samples Kruskal-Wallis H on 
median followed by Independent-Samples Fisher Exact Sig. (2-sided 
test) on Median shows the statistical difference in sampling times 
between two groups.

FIGURE 5

Comparing postoperative pain scores using the visual analogue 
scales (VAS) in the conventional method (n  =  9) and new modified 
Instrument shank-assisted method (n  =  9) of ovariohysterectomy in 
deep chested-dogs. The p-value was calculated using an 
Independent-Samples Kruskal-Wallis H on median followed by 
Independent-Samples Fisher Exact Sig. (2-sided test) on Median 
shows the statistical difference in sampling times between two 
groups.

FIGURE 6

Comparing postoperative serum C-reactive protein levels following 
the conventional method (n  =  9) and new modified Instrument 
shank-assisted method (n  =  9) of ovariohysterectomy in deep 
chested-dogs. The p-value was calculated using an independent 
samples T-test shows the statistical difference in sampling times 
between two groups.

TABLE 5 Mean  ±  SD of the serum CRP concentration (mg  L−1) following 
the conventional (n  =  9) and Instrument Shank-assisted 
ovariohysterectomy (n  =  9) in deep-chested dogs.

Sampling 
time

Groups p-value

Conventional Instrument 
shank-
assisted

T 0 6.3 ± 4.6b 3.4 ± 3.8b 0.166

T 6 30.6 ± 31.9ab 8.3 ± 10.7b 0.076

T 24 54.7 ± 49.6a 30.9 ± 33.7a 0.251

T 48 33.2 ± 32.7ab 5.0 ± 4.4b 0.032

T 72 23.4 ± 28.2ab 4.4 ± 5.0b 0.078

Small letters indicate statistical comparisons in a group between different sampling times. The 
p-value shows the comparison of two groups at each sampling time. T 0, before surgery; T 6, 6 h 
after surgery; T 24, 24 h after surgery; T 48, 48 h after surgery; T 72, 72 h after surgery. The 
significance level was set at 0.05. p, p-value, the bolded text shows a significant correlation.

Figure 6. Comparing postoperative 
serum C-reactive protein levels 
following the conventional method 
(n = 9) and new modified Instrument 
shank-assisted method (n = 9) of 
ovariohysterectomy in deep chested-
dogs. The p-value was calculated using 
an independent samples T-test shows 
the statistical difference in sampling 
times between two groups.

Table 5. Mean ± SD of the serum CRP concentration (mg L−1) 
following the conventional (n = 9) and Instrument Shank-assisted 
ovariohysterectomy (n = 9) in deep-chested dogs.
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3.5. Correlations

The relationship between pain (as mea-
sured by GCMPS-SF, UMPS, and VAS), 
surgical time parameters, CRP, vital signs, 
age, weight, and BCS has been studied.

3.5.1. Surgical time intervals with pain

Spearman’s rho correlation coefficient 
has studied the relationship between 
the overall surgical duration and the 
duration of the distinct phases. The 
analysis is described in full in Table 6, 
which is stated separately below.

Only pain in the conventional OHE exhib-
its a significant positive correlation with 
LigT at T72, according to GCMPS-SF.

Using the novel method, UMPS found 
significant negative relationships be-
tween pain and TST at T24 and T48. 
This study indicated that PIT has a vital 
function in lowering pain in T24.

The VAS has found a greater correlation 
between specific surgical stages and 
pain. GCMPS-SF, UMPS, and VAS were 
able to identify 1, 3, and 7 correlations, 
respectively, in this regard. In the new 
method, VAS identified an association 
between ClpT and less pain at T6 and 
T24, and between ClpT and OSPT at T48. 
This assessment method revealed that 
PIT, LigT, and most notably OSPT have 
a substantial effect on the incidence of 
pain on the third day following surgery 
in the conventional group (see Table 6).

3.5.2. CRP with pain

Using Spearman’s rho correlation co-
efficient, CRP levels and pain were 
only shown to have significant moder-
ate-to-strong negative relationships in 
five measurement points of total sam-
ples (two groups in total). These asso-
ciations were detected at T24 (UMPS) 
and T72 (GCMPS-SF) in the conven-
tional group and at T6 (VAS) and T48 
(GCMPS-SF and VAS) in the instrument 
shank-assisted group, as shown in Ta-
ble 7.

3.5.3.  CRP with age, weight, vital 
signs, and BCS

Pearson’s correlation coefficient in-
dicated that there was no association 
between CRP changes and age, weight, 
HR, RR, and RT in both groups (p > 0.05). 
Partial eta squared (η P 2) was unable 
to identify a significant association be-
tween CRP and BCS using any of the 
two techniques.

4. Discussion
According to the present results, when 
implementing OHE with instrumental 
shank assisted technique, the surgery 
can be performed by one person with 
lesser surgical trauma. With the current 
solutions, digital strumming or sharp 
tearing of the suspensory ligament in 
deep-chested dogs has not only been 
a time-consuming process, but it has 

also failed to shorten the length of sur-
gery and pain afterward (11). Accord-
ing to current research, a decrease of 
over 12 min in an alumnus surgeon’s 
overall surgery length is a positive im-
provement (57). The reduction in sur-
gical trauma has resulted in a slower 
increase in CRP levels and a shorter 
peak. These gains were made using the 
same equipment and facilities at no ad-
ditional expense due to a modest modi-
fication in the surgical approach.

4.1. Surgical perspectives

OHE, like many other surgical proce-
dures, seems to get more challenging 
as the size and weight of the animal 
increase. As body mass increases, the 
chest sinks deeper, and it becomes 
more difficult to reach and release the 
suspensory ligament (11). In the pres-
ent study, the same higher body weight 
range enhanced the ovarian exposure 
challenge, allowing the method to be 
generalized to various sizes of dogs and 
cats; however, it may be accompanied 
by fewer problems in smaller animals.

Insufficient exposure during OHE leads 
to incorrect technique execution and 
raises the risk of ovarian remnant syn-
drome (2). The instrument shank-as-
sisted OHE keeps the ovary outside 
of the abdomen without an assistant 
while maintaining the suspensory liga-
ment. In obese and deep-chested dogs, 
as well as for unskilled surgeons who 
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TABLE 6 The correlation of surgical time intervals with post-surgical pain, which was evaluated using GCMPS-SF, UMPS, and VAS behavioral pain scales, after the conventional (n  =  9) and Instrument Shank-
assisted ovariohysterectomy (n  =  9) in deep-chested mixed-breed dogs.

Pain 
scales

Surgical 
time 
intervals

Methods

Conventional Instrument shank-assisted

Pain 6 Pain 24 Pain 48 Pain 72 Pain 6 Pain 24 Pain 48 Pain 72

ρ p ρ p ρ p ρ p ρ p ρ p ρ p ρ p

GCMPS-SF TST 0.254 0.509 0.268 0.520 0.246 0.524 0.754 0.084 0.039 0.920 −0.343 0.366 −0.489 0.181 −0.309 0.418

PIT 0.085 0.828 0.024 0.954 0.246 0.524 0.638 0.173 −0.208 0.591 −0.270 0.482 −0.282 0.462 −0.162 0.676

SRT/ShT 0.356 0.347 0.098 0.818 0.042 0.914 0.116 0.827 0.321 0.400 0.405 0.279 0.068 0.861 0.359 0.343

ClpT −0.254 0.509 −0.073 0.863 0.314 0.411 0.493 0.321 −0.009 0.982 −0.555 0.121 −0.622 0.073 −0.373 0.322

LigT −0.034 0.931 0.073 0.863 0.610 0.081 0.899* 0.015 −0.303 0.428 −0.523 0.148 −0.316 0.407 −0.368 0.330

CT 0.237 0.539 0.464 0.247 0.398 0.288 0.725 0.103 0.390 0.300 −0.093 0.812 −0.385 0.307 −0.111 0.776

OSPT 0.254 0.509 0.293 0.482 0.271 0.480 0.754 0.084 −0.091 0.815 −0.449 0.225 −0.541 0.133 −0.352 0.353

UMPS TST 0.118 0.762 0.393 0.336 0.220 0.569 0.348 0.499 −0.521 0.150 −0.705* 0.034 −0.670* 0.048 −0.336 0.376

PIT −0.068 0.863 0.417 0.304 0.458 0.215 0.522 0.288 −0.434 0.243 −0.685* 0.042 −0.385 0.307 −0.180 0.642

SRT/ShT 0.135 0.729 0.528 0.179 0.441 0.235 0.319 0.538 −0.230 0.552 0.035 0.929 0.034 0.930 0.395 0.293

ClpT −0.051 0.897 0.246 0.558 0.186 0.631 0.319 0.538 −0.427 0.251 −0.557 0.119 −0.588 0.096 −0.220 0.570

LigT 0.152 0.696 0.442 0.273 0.576 0.104 0.696 0.125 −0.085 0.828 −0.416 0.266 −0.299 0.434 −0.335 0.378

CT 0.397 0.291 0.466 0.244 0.203 0.600 0.377 0.461 −0.655 0.055 −0.503 0.168 −0.590 0.094 −0.129 0.741

OSPT −0.034 0.931 0.405 0.319 0.407 0.277 0.638 0.173 −0.402 0.284 −0.613 0.079 −0.644 0.061 −0.323 0.396

VAS TST 0.254 0.510 0.368 0.330 −0.059 0.879 0.638 0.173 −0.522 0.150 −0.422 0.258 −0.622 0.074 −0.193 0.618

PIT −0.009 0.982 0.368 0.330 0.218 0.573 0.880* 0.021 −0.433 0.244 −0.329 0.388 −0.472 0.199 −0.110 0.778

SRT/ShT 0.289 0.451 0.564 0.113 0.564 0.113 0.698 0.123 −0.173 0.656 0.310 0.416 −0.027 0.946 0.578 0.103

ClpT 0.149 0.703 0.197 0.612 0.149 0.703 0.395 0.439 −0.696* 0.037 −0.688* 0.041 −0.751* 0.020 −0.484 0.187

LigT 0.035 0.929 0.291 0.448 0.287 0.454 0.820* 0.046 −0.346 0.361 −0.566 0.112 −0.330 0.386 −0.523 0.149

CT 0.455 0.219 0.197 0.612 0.010 0.980 0.577 0.231 −0.520 0.152 −0.402 0.284 −0.508 0.163 0.000 1.000

OSPT 0.009 0.982 0.616 0.078 0.149 0.703 0.941** 0.005 −0.435 0.242 −0.394 0.294 −0.720* 0.029 −0.304 0.426

ρ, Spearman’s rho correlation coefficient; p, p-value, the bolded text shows a significant correlation; Pain 6, pain assessment 6 h after surgery; Pain 24, pain assessment 24 h after surgery; Pain 48, pain assessment 48 h after surgery; Pain 72, pain assessment 72 h after 
surgery; GCMPS-SF, the short form of the Glasgow composite measure pain scale; UMPS, university of Melbourne pain scale; VAS, visual analogue scale; TST, total surgery time; PIT, pedicle intervention time; SRT, suspensory release time; ShT, shanking time; ClpT, 
clamping time; LigT, ligating time; OSPT, other surgical procedures time; CT, closure time. *Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed).

Table 6. The correlation of surgical time intervals with post-surgical pain, which was evaluated using GCMPS-SF, UMPS, and VAS behavioral pain scales, after 
the conventional (n = 9) and Instrument Shank-assisted ovariohysterectomy (n = 9) in deep-chested mixed-breed dogs.
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require a longer incision, the surgical 
assistant is essential (1, 2). So, a small 
incision without tearing the ligament 
is another achievement of the modi-
fied method, which led to limited sur-
gical complications including incision-
al swelling, seroma, infection, delayed 
healing, ventral body wall dehiscence, 
self-inflicted trauma, pain (65), and 
hemorrhaging (66).

During a suspensory ligament release 
(66), an inexperienced surgeon is more 
likely to break the blood vessel and in-
duce hemorrhage, which prompts the 
hurried application of surgical spong-

es. Stress has a negative impact on the 
non-technical skills of surgeons (67), 
leading Rodriguez et al. to conclude 
that intraoperative hemorrhage from 
an ovarian pedicle probably increased 
the retention of surgical sponges in vet-
erinary patients (68). Therefore, remov-
ing ligament release from the surgical 
steps would likely reduce the frequency 
of hemorrhage and sponge retention; 
however, more research is required be-
fore a conclusion can be reached.

Hilgard’s learning theory suggests that 
experience is a crucial component of 
the learning process (69). For unbi-

ased comparisons, the study surgeries 
must be performed by a surgeon with 
no or equivalent prior experience in 
both methods. A minimum of surgeon 
experience in our study to the level of 
the veterinary training program ac-
cording to conventional method seems 
to impose an inevitable minimal bias. 
However, the presence of an inexperi-
enced surgeon could be a limitation of 
the present study. Given the possibility 
that a surgeon’s lack of expertise might 
exacerbate surgical stress to the point 
where the impact of the technique is 
nullified, a week of training for each 
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TABLE 7 The correlation of serum c-reactive protein levels with post-surgical pain, which was evaluated using GCMPS-SF, UMPS, and VAS behavioral pain scales, after the conventional (n  =  9) and Instrument 
Shank-assisted ovariohysterectomy (n  =  9) in deep-chested mixed-breed dogs.

Pain 
scales

CRP 
sampling 
times

Methods

Conventional Instrument shank-assisted

Pain 6 Pain 24 Pain 48 Pain 72 Pain 6 Pain 24 Pain 48 Pain 72

ρ p ρ p ρ p ρ p ρ p ρ p ρ p ρ p

GCMPS-SF CRP 6 0.593 0.092 0.475 0.197 0.458 0.215 0.407 0.277 −0.182 0.639 −0.459 0.214 −0.130 0.739 −0.303 0.428

CRP 24 −0.049 0.909 0.146 0.729 −0.195 0.643 −0.122 0.774 −0.498 0.173 −0.034 0.931 0.143 0.713 0.143 0.713

CRP 48 −0.576 0.104 −0.280 0.466 −0.509 0.162 −0.492 0.179 −0.718* 0.029 −0.085 0.827 −0.051 0.896 0.043 0.913

CRP 72 −0.551 0.257 −0.493 0.321 −0.638 0.173 −0.812* 0.050 −0.462 0.211 0.000 1.000 0.188 0.628 0.248 0.520

UMPS CRP 6 0.245 0.526 0.304 0.427 0.321 0.400 0.152 0.696 −0.511 0.160 −0.034 0.931 −0.085 0.828 −0.111 0.777

CRP 24 −0.626 0.097 −0.356 0.387 −0.638 0.089 −0.724* 0.042 −0.373 0.323 0.121 0.756 −0.243 0.529 −0.225 0.560

CRP 48 −0.441 0.235 −0.153 0.695 −0.356 0.347 −0.356 0.347 −0.616 0.078 −0.068 0.861 −0.103 0.793 0.009 0.983

CRP 72 −0.522 0.288 0.145 0.784 0.029 0.957 −0.058 0.913 −0.326 0.391 −0.034 0.930 0.198 0.610 0.240 0.533

VAS CRP 6 0.140 0.720 0.009 0.982 0.114 0.771 −0.035 0.929 −0.779* 0.013 0.000 1.000 −0.087 0.825 −0.087 0.825

CRP 24 −0.231 0.550 −0.043 0.913 −0.316 0.407 −0.162 0.676 −0.256 0.507 0.402 0.284 0.383 0.308 0.347 0.360

CRP 48 −0.337 0.376 0.050 0.899 −0.069 0.859 −0.139 0.722 −0.713* 0.031 −0.160 0.680 −0.267 0.487 −0.205 0.597

CRP 72 −0.577 0.231 −0.152 0.774 −0.213 0.686 −0.334 0.518 −0.220 0.569 0.303 0.428 0.440 0.235 0.468 0.204

ρ, Spearman’s rho correlation coefficient; p, p-value, the bolded text shows a significant correlation; CRP, c-reactive protein; CRP 6, CRP sampling 6 h after surgery; CRP 24, CRP sampling 24 h after surgery; CRP 48, CRP sampling 48 h after surgery; CRP 72, CRP 
sampling 72 h after surgery; Pain 6, pain assessment 6 h after surgery; Pain 24, pain assessment 24 h after surgery; Pain 48, pain assessment 48 h after surgery; Pain 72, pain assessment 72 h after surgery; GCMPS-SF, the short form of the Glasgow composite measure pain 
scale; UMPS, university of Melbourne pain scale; VAS, visual analogue scale. *Correlation is significant at the 0.05 level (2-tailed).

Table 7. The correlation of serum c-reactive protein levels with post-surgical pain, which was evaluated using GCMPS-SF, UMPS, and VAS behavioral pain 
scales, after the conventional (n = 9) and Instrument Shank-assisted ovariohysterectomy (n = 9) in deep-chested mixed-breed dogs.
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method prior to the research allowed 
the current study to reveal the small-
est difference between the procedures. 
TST has been reported to take between 
55 and 130 min for inexperienced sur-
geons (70, 71). Freeman et al. estab-
lished an optimal duration of 45 min for 
inexperienced surgeons after six sur-
geries (70). In this study, an average of 
almost 40 min TST demonstrated that 
the surgeon’s skill is enhanced by train-
ing before to the start of main opera-
tions, and demonstrating our surgeons’ 
experience (71) made the findings 
more realistic (11, 13, 70). Alternatively, 
previous research on pilots has yielded 
five levels of skill acquisition, including 
novice, advanced beginner, competent, 
proficient, and expert (25); If each 10-
min improvement for OHE correspond-
ed to one level of improvement for the 
surgeon’s expert, then our surgeon’s 
12.7 min reduction in surgical duration 
using the instrument shank-assisted 
technique would theoretically qualify 
her as “competent.”

Surgical experience makes sick ani-
mals healthier (72). Sir Francis Galton 
thought that talent was completely in-
nate (73), but experience is a learning 
growth (25). Yet, from a different per-
spective, the surgeon’s experience may 
provide no more than a 25% health im-
provement (72). On the other hand, OHE 
is still known as a model of acute pain 
in research studies. So, when animal 

pain after a technique is still a prob-
lem even after experienced surgeons 
have used it, it is important to look at 
the technique itself instead of just how 
it is taught. Consequently, both correct 
training and the training of correct tech-
niques are emphasized in the surgical 
training curriculum, and the new meth-
od may contribute to the promotion of 
the latter, as indicated by the high effect 
sizes reported in the present study.

The type of operation is a stressor for 
the surgeon (74). Mental (75) and muscle 
(76) fatigue can delay an operation. Aside 
from the fact that the stress was not di-
rectly evaluated in our study, time as a 
major component in calculating surgical 
stress (74, 77) has been meticulously 
recorded and analyzed. Controversial is 
the scenario in which the total surgery 
time is reduced beyond the time spent 
on the ovarian pedicle. The technical dif-
ference between the two methods was 
SRT and ShT only had a time difference 
of 58.58 s in favor of the modified meth-
od, but TST was improved by 12.7 min. 
Non-correlation of these variables with 
TST indicates they did not directly con-
tribute to the difference in TST, while 
ovarian exposure caused roughly 63% 
quicker application of ligatures (4.8 min 
improvement). The remainder of the 
improved duration was divided into two 
parts: (1) 3.1 min from the major proce-
dures in OSPT, which include the sep-
aration of the broad ligament on both 

sides, the second ovary access, uterine 
arteries ligature placement, and uter-
ine body close and cut; and (2) 4.8 min 
from CT. The procedures conducted in 
OSPT and CT were comparable among 
techniques, although the Instrument 
shank-assisted OHE required signifi-
cantly less time. When we were nearing 
the end of the surgery, or, in other words, 
when the surgeon had reached extreme 
fatigue, 4.8 min more time was required 
to close the abdominal wall using the 
conventional technique. Therefore, sig-
nificant time reduction in the mentioned 
two parts could be related to less fatigue 
and stress, which was paved through 
the shorter LigT in the new method. 
Peeters and Kirpensteijn’s unsuccessful 
attempt to reduce surgical time by uti-
lizing ovariectomy (OVE) instead of OHE 
(58) is another example of the surgeon’s 
mental and physical strain at this time, 
as they did not eliminate digital strum-
ming. Due to the strong correlation be-
tween TST and LigT in the present study, 
it is evident that the modified instrument 
shank-assisted technique can reduce 
the impact of the time required to install 
the ligatures, which was the primary 
factor in the significantly longer surgical 
time when the previous technique was 
used. Additionally, the small standard 
deviation (78) in these two portions may 
indicate the surgeon’s optimal state of 
stability and fewer technical obstacles 
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during instrument shank-assisted OHE, 
which may require further investigation.

According to research findings, the sur-
geon’s stress level may be enhanced 
due to a lack of familiarity with the 
members of the surgical team (67). 
While the present study did not mea-
sure the stress level of the surgeon, ef-
forts were made to mitigate concerns 
regarding the presence of new team 
members. This was achieved through 
measures such as facilitating famil-
iarity and collaboration among team 
members during the pre-study training 
course as well as maintaining a consis-
tent surgical team.

Surgical supervisor changes compli-
cate student-led surgical procedures 
(57). This study’s experienced academ-
ic surgeon continuously supervised the 
surgical procedures, eliminating the 
possibility of this error, as observed in 
Harris’s study due to a change in su-
pervisor.

The time interval proportion found in 
this study could be used in general, 
even though an experienced surgeon 
could cut the total time needed for sur-
gery. Hence, based on Shivley’s yearly 
savings of 73.3 h (11), a 26.7% decrease 
in TST in instrument shank-assisted 
OHE could save 195.7 h (>2.5 times).

In concluding, as ovarian manipulation 
and pedicle ligatures were identified as 
the most essential procedures of OHE 

in a previous study (79), these findings 
have been meticulously confirmed in 
the present study. In the instrument 
shank-assisted OHE, a more accessible 
ovarian pedicle facilitated all subse-
quent steps of the surgery.

Due to the surgical discussion’s focus 
on inexperienced surgeons, it is rea-
sonable to assume that the significance 
of this technique will change as the 
surgeon’s experience grows, where-
as the pain-related advantages of this 
surgical technique will be discussed in 
a separate chapter, considering all sur-
geons to be subject to the implementa-
tion of this technique.

4.2. Pain perspective

The current study confirmed that, com-
pared to instrument shank-assisted 
OHE, digital strumming of the ovarian 
pedicle during conventional OHE makes 
ligature placement more challenging, 
possibly due to unwanted visceral in-
terferences or manipulations, prolongs 
the duration of surgery, and increases 
pain. Digital strumming is an unpleas-
ant surgical procedure followed by con-
siderable surgical trauma. Thereby, it is 
anticipated that modifying traditionally 
invasive procedures would improve pa-
tients’ recoveries and well-being.

Subjective pain scales (44, 80) and, 
controversially, CRP have been used to 
measure pain since vital signs are not 

sensitive enough (81) and animals can-
not communicate verbally (47). Several 
multidimensional structured behavior 
scales have been adapted for use in 
veterinary medicine (59), and the mul-
tidimensional GCMPS-SF for acute pain 
has been authorized for use in dogs (45, 
60) with more sensitive and consistent 
results (82). The UMPS (which compris-
es six categories of physiological data) 
and VAS (with more flexibility) were 
used to compensate for the insufficien-
cy of the GCMPS-SF and reduce the se-
crecy of the pain.

The results of pain assessments vary 
based on the experience and knowl-
edge of the veterinarians, which are 
affected by age, gender, and time since 
graduation (31, 83). It was anticipated 
that using a trained, blinded assessor 
(30), a wound dressing, and three dis-
tinct pain scales would reduce the in-
fluence of qualitative variable bias in 
the current study. On the other hand, 
demographic data and dog acclimation 
before surgery suggest that individual 
pain tolerance, species, age, body con-
dition, and environmental factors that 
can change or mask pain intensity are 
not confounding variables.

Since severe pain after surgery is of-
ten underestimated (84), it needs to be 
measured in a new surgical procedure 
(85). The perception of postoperative 
pain is dependent not only on surgical 
duration and technique (86), but also on 
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analgesic type (87), dose, multimodality 
(88–90), the use of preventative analge-
sia (91), route of administration, and the 
pharmacokinetics of medications (92). 
Pain can result in delayed wound heal-
ing and surgical site infection (93), and 
bandages may not be adequate for pre-
venting suture line contamination (94). 
So, surgeons prefer to modify surgical 
procedures to reduce postoperative 
pain (47). This was one of the most im-
portant goals of instrument shank-as-
sisted OHE, which had an effect size d 
of >1.27, > 1.32, and > 1.77 and a power 
of 0.811, 0.836, and 0.968 at T6, T24, 
and T48, respectively, based on provid-
ed GCMPS-SF pain measurements.

Sampling time is essential for accu-
rately determining pain on time. In this 
study, sampling times were adjusted 
according to four theoretical elements: 
(1) the clinical duration of action of the 
analgesic agent (meperidine, medeto-
midine, and ketorolac), which may pro-
vide enough pain relief; (2) the plasma 
half-life of the anesthetic selected for 
premedication, induction, and main-
tenance of anesthesia (acepromazine, 
midazolam, and ketamine), which may 
change the responses given for pain 
evaluation; (3) the minimum estimated 
duration for pain onset, peak, and sub-
sidence; and (4) the pathophysiology of 
CRP turnover. By giving dogs nonsteroi-
dal anti-inflammatory drugs (NSAIDs) 
before surgery to help with pain after 

surgery (95, 96), it was thought that 
ketorolac might be enough for the first 
few hours after surgery. However, the 
results have only shown that this is 
true for the new technique. It was antic-
ipated that the pharmacologic effects 
of the long-half-life (t½) drugs ace-
promazine (97), ketorolac (98, 99), and 
ketamine (nor-ketamine) (100) with re-
sidual effects of 7.1, 4.5 (or 10 based on 
relevant reference), and 6.2 h, respec-
tively, would be felt from premedication 
until endotracheal extubation. Because 
sedatives, analgesics, and injectable 
dissociative anesthetics can change re-
sponses like facial expression, saliva-
tion, mydriasis, and cardiorespiratory 
parameters, which were evaluated in 
the GCMPS-SF, UMPS, and VAS, early 
pain assessment (<6 h) was not consid-
ered in this study.

The requirement of rescue analgesia 
may be regarded as a reliable indica-
tor of the surgical technique’s incom-
petence. According to a previous report 
in humans (101), after hip and knee ar-
throplasty, ketoprofen had the same an-
algesic effect as extradural morphine. 
Mathews et al. find that ketoprofen has 
a comparable impact to meloxicam and 
conclude that it could be a useful way 
for controlling postoperative pain (102). 
Similar to carprofen, meloxicam, and 
tolfenamic acid, ketoprofen produced 
excellent postoperative analgesia in 
cats, but with a lesser effect on tender-

ness (103). In the meantime, more re-
cent studies indicate the administration 
of NSAIDs is superior to opioids due 
to faster recovery of normal functions 
and greater satisfaction with postop-
erative well-being (104). Nevertheless, 
these findings should be taken with 
care when applied to OHE in veterinary 
medicine. In the present study, animals 
that got rescue analgesia were not ex-
cluded, and 8 dogs in the conventional 
group who received rescue analgesia 
at 13 evaluation times were included 
for analysis. If getting rescue analge-
sics improved outcomes, the dogs in 
the first group were unable to demon-
strate superior outcomes despite re-
ceiving frequent pain treatment. The 
number of animals administered res-
cue analgesics may be a reflection of 
the severity of surgical trauma and the 
invasiveness of the conventional tech-
nique. Receiving rescue analgesics in 1 
dog out of 2 evaluation times can be at-
tributed to greater well-being using the 
modified method and can be interpret-
ed in two aspects: first, a standard pro-
tocol of analgesics is still recommend-
ed after surgery, and second, it may be 
useful in shelter or stray dogs that may 
not receive proper follow-up treatment, 
for example.

At 6 h postoperatively, eight out of nine 
dogs treated with the conventional 
method received rescue analgesia. This 
demonstrates at least two important 
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points: (1) ketorolac provides inade-
quate postoperative analgesia for the 
conventional OHE performed by an inex-
perienced surgeon, although it has been 
used in humans to control moderate to 
severe post-operative pain, and it may 
be effective in dogs (105), as effective as 
flunixin, and more effective than butor-
phanol or a low dose of oxymorphone 
(106), by affecting opioid receptors cen-
trally with comparable efficacy to mor-
phine (99), and (2) the current modifica-
tion has decreased postoperative pain to 
the point that ketorolac could control it, 
so that none of the dogs in the second 
group required T6 rescue analgesia.

Our “competent” surgeon has made the 
surgery quick and competitive in terms 
of time (see “Surgical perspective”). 
Since the new method causes less pain 
and this surgery is still done to create 
a model of acute pain for research, it is 
safe to assume that this surgical meth-
od is not limited to a certain group of 
surgeons, no matter how much experi-
ence they have, and that it is better to 
make it more general.

In addition to the psychological burden 
experienced by the surgeon, contem-
porary approaches have been devel-
oped to assess the degree of pain and 
surgical stress imposed on the patient. 
While certain methods, including pupil-
lometry, surgical pleth index (SPI), skin 
conductance, cardiovascular, and car-
diorespiratory indices, require further 

advancements in sensor technology 
and interpretation algorithms to inves-
tigate animal responses to anesthesia 
and surgery, their applicability has not 
yet been confirmed. In the field of vet-
erinary medicine, additional quantita-
tive techniques have been introduced 
for animal assessment. These include 
the parasympathetic tone activity in-
dex (PTA index), which analyzes heart 
rate variability, and the bispectral index 
(BIS), which analyzes electroencepha-
lography, with the potential for animal 
interpretation. Despite ongoing debates 
regarding the universal implementa-
tion of their use in all treatment proce-
dures and drug protocols (107), the ac-
cessibility of these remedies may not 
always be assured. It is worth noting 
that the application of PTA as a means 
of assessing pain in conscious animals 
within the field of veterinary medicine is 
challenging. This is primarily due to the 
presence of unwanted movements by 
the animal, which directly impact heart 
rate variability. Consequently, alterna-
tive models capable of detecting these 
fluctuations should be employed (20, 32, 
107, 108). The use of more recent med-
ications, and therefore the recording of 
the quantity of anesthetics used (55) and 
the vital parameters throughout the op-
eration, seems to be a large issue that 
would need review in separate research, 
other than that this technology was not 
available for the current study.

A number of different physiological pa-
rameters, such as plasma vasopressin, 
urine noradrenaline, and creatinine 
concentrations, have been suggested to 
assess the degree of irritation and pain 
caused by a surgical method. It appears 
that documenting additional facts and 
aiding in the final assessment of the ef-
fectiveness of the presented technique 
may be accomplished by comparing the 
changes in these parameters during 
anesthesia between the two methods. 
The conventional OHE involves apply-
ing extremely stretching stress to dig-
itally strumming the suspensory liga-
ment, while the new method involves 
keeping this ligament under tension all 
the way through the ligature placement 
process. Further research is warranted 
to compare the two methods from this 
perspective, as acute noxious stimuli 
during stretching of the pedicles can 
increase systolic blood pressure, heart 
rate, plasma vasopressin concentra-
tion, and urinary noradrenaline/creati-
nine ratio (55).

One of the initial observable events fol-
lowing surgery is the elevation in tem-
perature and inflammation of the sur-
gical site, attributed to enhanced blood 
circulation to the area where surgery 
was performed. Infrared thermography 
(IRT) is a proficient technique for as-
sessing thermal variations in problem-
atic areas, as it measures the surface 
temperature of the skin through ther-
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mographic maps. This technique may be 
used to recognize the localized changes 
in blood supply and localized increases 
in temperature that occur in response to 
stress. The assessment of the efficacy 
of local anesthesia through the analy-
sis of alterations in surface blood circu-
lation linked to sympathetic activity is 
among the additional functionalities of 
IRT (109). However, it has been observed 
that this technique has not demonstrat-
ed sufficient effectiveness in dogs (110). 
The present study suggests that while 
the implementation of IRT for evaluating 
pain and inflammation in the surgical 
approach area was effective, practical 
limitations arose due to the bandage 
covering the surgical site. Conversely, 
the thermographic assessment of re-
gions where the suspensory ligament 
has been torn, situated on the roof of the 
abdominal cavity, may not be deemed 
reliable in theory. This is due to the fact 
that the heating of the dermis surface is 
directly linked to the local dermal micro-
circulation, which is under the control of 
the ANS. Nevertheless, the non-invasive 
nature of this method of evaluation may 
be an appealing subject for further re-
search.

Pupil shape has been a key indicator 
for neurological assessment for over a 
century (111), and automated pupillom-
eters have become increasingly import-
ant due to the difficulty of detecting the 
“reactive pupil” characteristic (112). In 

addition, assessing pupil reactivity us-
ing a pupillometer offers an objective, 
rather than subjective, evaluation of the 
neurological examination. Automated 
pupillometers can distinguish between 
canine conscious and anesthetic pupil-
lary light reflex (PLR) and continuously 
assess an animal before, during, and 
after anesthesia (113). It seems that 
PLR devices could be useful in research 
like the current one, provided that the 
assessments are standardized.

Evaluation of a novel surgical proce-
dure extends beyond surgical param-
eters and postoperative discomfort. 
Surgical invasiveness may be assessed 
separately. Based on past research, the 
invasiveness of the surgical procedure 
may be related to postoperative pain. 
Consequently, the question of surgical 
trauma severity is a separate topic that 
will be addressed further in “CRP per-
spective.”

4.3. CRP perspective

In this study, the traditional OHE meth-
od was changed in a way that reduced 
the amount of trauma. With the new 
technique, the amount of surgery-relat-
ed trauma had a smoother pattern and 
went back to normal almost 30% faster. 
These results predicted a shorter peri-
od of recovery time subsequent to in-
strument shank-assisted OHE.

The postoperative acute-phase re-
sponse develops faster in dogs com-
pared to humans. Tissue damage and 
pain after invasive surgery are associ-
ated with a rise in blood acute-phase 
proteins, primarily CRP, which may be 
a valuable diagnostic biological mark-
er of early postoperative complications 
(114, 115). The CRP, a sensitive bio-
marker of infection (116), inflamma-
tion, and tissue damage (46), is more 
sensitive than serum cortisol (81) in 
detecting surgical trauma (13) and can 
assess various surgical procedures in 
dogs (33, 117), peaking 24 h postopera-
tively (42). The short half-life of canine 
CRP (19 h) makes it a useful marker for 
identifying the intensity of mild clinical 
stressors (33, 118, 119) whose effects 
dissipate more rapidly.

It has been stated earlier that the slope 
of changes is a reliable predictor vari-
able for the expected peak (13). A five-
fold smoother slope in the elevation of 
CRP concentration generated a milder 
peak after instrument shank-assisted 
ovariohysterectomy, so its return level 
to the base value showed a significant 
reduction at T48 compared to that of 
the animals in the opposite group. Thus, 
it is suggested that future research on 
the slope of the post-OHE CRP increase 
would also be planned to reduce study 
duration and be used for designing and 
scheduling postoperative analgesia 
protocols and lengths. As CRP is ele-
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vated approximately 6 h after a single 
stimulation (119), the present data re-
vealed that there is no clinical necessi-
ty for sampling before 6 h after surgery. 
Moreover, because serum concentra-
tion peaks between 24 and 48 h in dogs 
(42, 115, 119), and CRP has a short half-
life (33, 118, 119), the last measure-
ment time of 72 h after surgery was 
appropriate for CRP return.

It has been imagined that OVE can satis-
fy surgeons’ hopes by reducing the con-
sequences of OHE. Moldal et al. did not 
find any differences in the levels of CRP, 
glucose, or iron in the blood between 
them. Therefore, the greatest trauma in 
OHE occurs during the surgeon’s ma-
nipulation of the ovarian pedicle (86). 
Thereby, the instrument shank-assist-
ed method’s unique characteristic can 
be considered an advantage. By reduc-
ing manipulation of the ovarian pedicle 
through eliminating digital strumming, 
the surgical trauma has also been re-
duced to a level close to the lowest ex-
pected minimum. Experienced surgeons 
have the advantage of avoiding unneces-
sary organ manipulation (26, 27), which 
causes minimal surgical trauma and 
postoperative serum CRP concentration. 
Hence, the present modified technique, 
which entails less organ touch, presents 
surgical quality closer to that of an expe-
rienced surgeon.

It is not without merit to state that CRP 
concentrations seem to be a decent 

predictor of how invasive an operation 
is (120), despite some contradictory re-
ports, such as that there is no correla-
tion between the length of surgery and 
CRP, despite its rise (121), or that CRP 
concentrations may not be significant 
in the diagnosis of a disease (118). In 
the present study, the return to base-
line after a moderate rise in CRP levels 
utilizing the instrument shank-assisted 
OHE, as contrasted to the conventional 
group’s high CRP levels, suggests that 
the instrument shank-assisted OHE 
could be concluded as having a minor 
invasive nature.

The risk of infection is increased when 
abnormal CRP responses are seen 5 or 
7 days following surgery (116). A pro-
gressive decrease in serum CRP con-
tent in both groups could indicate the 
absence of infection. It is not unlikely 
that a procedure requiring fundamen-
tally less organ manipulation would re-
sult in improved recovery, but ultimate 
healing was not the focus of this study.

Finally, the pattern of CRP changes fol-
lowed the pain charts without correla-
tion, according to the data. So, at least 
when the surgery is minor, there may 
not be a statistical correlation between 
changes in the CRP and pain. This may 
be because of the wide range of its re-
ported changes. In this instance, the 
CRP profile may be able to anticipate 
pain patterns, but it cannot be used to 
make statistical conclusions.

The CRP changes showed that OVE and 
other similar procedures cannot be the 
final solution to animal comfort, and 
modification of the surgical technique 
on the more severe parts of the surgery 
is necessary, whether it is the method 
proposed in the current study or other 
solutions that may be introduced later. 
Although the graphs of CRP and pain 
changes appear similar, establishing 
a definitive relationship or statistically 
significant correlation between them 
requires further research.

5. Conclusion
The current study supported the prac-
ticability of a single-person ovario-
hysterectomy in deep-chested adult 
mixed-breed dogs without tearing the 
suspensory ligament, along with a re-
duction in surgical length, CRP, and pain. 
On the basis of the results, there are still 
questions regarding the efficiency of us-
ing serum CRP concentration as an al-
ternative pain assessment indicator.

6.  Limitations and future 
research

Future studies evaluating physiological 
values, pain, the amounts of analgesics 
and anesthetics consumed during the 
operation, hemorrhage, heat loss, in-
strument handling errors, wound size, 
and more tissue handling can help de-
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termine the surgical technique more 
precisely. Intraoperative evaluations 
need an up-to-date drug anesthesia 
protocol, which was not available in this 
study because certain nonsteroidal an-
ti-inflammatory drugs were not avail-
able in the area and veterinarians were 
not allowed to use opioids or isoflurane. 
Further research will be needed to 
compare the performance of surgeons 
with varying degrees of expertise and 
animals of varying ages, making it more 
difficult to generalize the findings.
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“ Hemos desarrollado nuevas 
dietas de nuestra gama 
Gastrointestinal para el  
manejo nutricional de problemas 
digestivos, que incluyen 
prebióticos y fórmulas altamente 
digestibles”

¿Qué supone para Royal Canin estar 
presente en la WSAVA?

La presencia de Royal Canin en este 
48º Congreso pone de manifiesto, un 
año más, el continuo compromiso que 
mantenemos con los profesionales de 
la salud de los animales de compañía, 
con los que compartimos el objetivo 
común de contribuir a la salud y el 
bienestar de cada gato y cada perro. 

Nos consta que hubo una zona de 
formación habilitada por Royal Canin 

María Ángeles Toscano

Corporate Affairs Director Royal Canin

con ponentes de reconocido prestigio, 
¿podría decirnos cuáles fueron los 
temas tratados y la repercusión que 
tuvieron los mismos?

El espacio de Royal Canin en WSAVA 
2023 contó con más de 600 visitan-
tes, que pudieron disfrutar de distin-
tas ponencias impartidas por profe-
sionales como la Dra. Jane Ladlow, 
especialista en medicina veterinaria 
de la Universidad de Cambridge, que 
expuso las herramientas necesarias 

para evaluar el síndrome obstructivo 
braquiocefálico de las vías respirato-
rias en perros, o la Dra. Madalfa Pi-
res Gonçalves, veterinaria y especia-
lista en prevención y tratamiento del 
sobrepeso y la obesidad de nuestras 
mascotas, que compartió los pasos a 
seguir para la intervención precoz en 
cachorros y gatitos. Mafalda abordó 
además los diversos problemas di-
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gestivos que se pueden dar durante 
el crecimiento y las pautas a seguir 
para la recuperación de perros y ga-
tos con estos problemas. 

Además, junto al especialista Thierry 
Correia, compartimos el compromiso 
de Royal Canin con el planeta y cómo 
nuestra contribución a la salud de pe-
rros y gatos va directamente ligada con 
un modelo de negocio responsable y 
sostenible, que abarca desde el desa-
rrollo de nuestros alimentos hasta su 
distribución. En este sentido, nuestros 
esfuerzos se centran en ofrecer una nu-
trición basada en ciencia diseñada para 
cubrir las necesidades reales de gatos y 
perros, pero siempre de forma respon-
sable con el planeta y con las personas. 

¿Qué novedades presentó la compañía 
en la WSAVA de Lisboa?

Tuvimos la oportunidad de presentar 
las últimas novedades de nuestra gama 
Gastrointestinal para el manejo nutricio-
nal de trastornos gastrointestinales en 
gatos y perros. Las nuevas fórmulas de 
la gama Gastrointestinal, Royal Canin® 
Fibre Response húmedo, Royal Canin® 

Low Fat Small Dogs y Royal Canin® High 
Fibre húmedo, con nuevos formatos, 
han sido desarrolladas gracias a los úl-
timos avances científicos y son un ejem-
plo más del compromiso con la innova-
ción continua.

¿Cuál es el elemento diferencial de las 
dietas gastrointestinales de Royal Canin? 
¿Qué formatos tienen?

La gama Gastrointestinal ofrece una am-
plia variedad de dietas para dar una res-
puesta nutricional a las necesidades de 
cada animal ante los diversos problemas 
digestivos. Incluye fórmulas altamente 
digestibles y con prebióticos para favo-
recer una digestión saludable, con más 
o menos grasa o con distinto aporte de 
fibra según los requerimientos en cada 
enfermedad. También hay que destacar 
que están disponibles en presentaciones 
seca, húmeda y también líquida para ad-
ministración por sonda, para poder adap-
tarnos mejor a cada necesidad. 

¿Cuáles son los trastornos digestivos 
que requieren una dieta específica?

Cuando se trata de trastornos gastroin-
testinales es difícil generalizar, pero sí que 
podemos decir que el estreñimiento en 
gatos, la diarrea que responde a la fibra en 
perros o problemas digestivos que requie-
ren un aporte bajo de grasa precisan una 
formulación específica. Además, en este 
último caso, podemos adaptar esa dieta 
digestiva y con bajo aporte de grasas a las 
particularidades de los perros pequeños y 
ofrecer una respuesta a medida.

¿Qué importancia tienen los prebióti-
cos en la dieta?

Los prebióticos integrados en las fór-
mulas ayudan a mantener un micro-

bioma saludable. En toda la gama se 
incluyen prebióticos como beneficio co-
mún y, por supuesto, hay prebióticos in-
tegrados en los tres nuevos lanzamien-
tos. Además, estas dietas presentan 
una elevada digestibilidad gracias a su 
formulación, la selección de materias 
primas y los procesos de elaboración, 
para favorecer una digestión saludable.

Uno de los principales compromisos 
de Royal Canin con el planeta es su fi-
losofía basada en los nutrientes. ¿Po-
drías arrojar más luz en este sentido?

Una parte importante del compromiso 
que en Royal Canin mantenemos con 
la sostenibilidad es la integración de 
ésta de forma transversal en nuestro 
modelo de negocio. En cuanto a nues-
tra filosofía basada en nutrientes, en 
Royal Canin trabajamos para optimizar 
nuestras fórmulas y buscamos fuen-
tes de nutrientes lo más sostenibles 
posibles sin comprometer la calidad 
y el rendimiento de los alimentos. Por 
eso cuantificamos la huella de carbono 
del 100% de nuestras materias primas 
y optamos, por ejemplo, por el uso de 
subproductos de alta calidad. Los sub-
productos son ingredientes que no se 
destinan al consumo humano, tendien-
do a desperdiciarse (corazón, hígado, 
cerebro), y que son una fuente rica en 
nutrientes de alta calidad. 



El contenido de fibra del alimento puede tener 
impacto en la motilidad intestinal.

ROYAL CANIN® HIGH FIBRE húmedo es una 
dieta rica en fibra para ayudar a regular el 
tránsito intestinal. Es altamente digestible, 
contiene prebióticos para favorecer una digestión 
saludable y cubre las necesidades energéticas 
de mantenimiento, a pesar de tener un elevado 
contenido en fibra.

Para obtener más información, contacta con tu 
representante de Royal Canin o visita: 
www.royalcanin.com/es

LA CIENCIA AL SERVICIO DE LA SALUD DIGESTIVA

Nuevo

POR TU EXPERIENCIA, 
SABES QUE TODO LO QUE COME CUENTA

© ROYAL CANIN® SAS 2023 - Todos los derechos reservados.

0071_30 AF_Anuncio GI High Fibre_A4_ES_26-10-23.indd   10071_30 AF_Anuncio GI High Fibre_A4_ES_26-10-23.indd   1 26/10/23   10:2926/10/23   10:29



38 de 9538 de 95

(R
)ev

ol
ut

io
n

S
U

M
A

R
IO

A N I M A L E S
P E Q U E Ñ O S

(R) evolution
(R

)ev
ol

ut
io

n

S
U

M
A

R
IO

A N I M A L E S
P E Q U E Ñ O S

(R) evolution

Manejo nutricional  Manejo nutricional  
de la  de la  
cardiomiopatía cardiomiopatía 
hipertrófica  hipertrófica  
felinafelina
Nuevos estudios apoyan un 
nuevo enfoque nutricional 
para la cardiomiopatía 
hipertrófica felina, cuyos 
resultados muestran una 
reducción significativa del 
grosor tanto del tabique 
interventricular como de la 
pared ventricular 

Javier Manzanares 

Especialista en Comunicación Científica 
Royal Canin Iberia

Los veterinarios generalistas deben estar alerta y detectar signos de CMH en sus pacientes felinos
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La cardiomiopatía hipertrófica (CMH) se 
define como la  hipertrofia del ventrí-
culo izquierdo no dilatado en ausencia 
de condiciones anormales de carga, 
resultando en una reducción del volu-
men de la cámara cardíaca y disfunción 
diastólica. Es la forma de enfermedad 
cardíaca más común en los gatos y se 
puede presentar en todas las razas, 
aunque en algunas existe una predis-
posición genética, como en el Maine 
Coon, Persa, Ragdoll, British Shorthair, 
Sphynx o Chartreux. Como factores de 
riesgo: gatos machos (3x vs hembras), 
gatos de mayor tamaño y gatos con ín-
dices de condición corporal por encima 
de la ideal. 

Aunque se desconoce la prevalencia 
exacta de la enfermedad, algunos es-
tudios recientes muestran que alcanza 
al 15% de la población felina y aumenta 
con la edad, hasta casi el 30% a partir 
de los nueve años.

Respecto al tratamiento de la CMH fe-
lina, hay un consenso limitado sobre el 
tratamiento de la CMH en gatos sobre 
todo en las fases subclínicas. Todo ello 
ha llevado a buscar respuestas reali-
zando nuevos estudios y desarrollando 
un nuevo enfoque nutricional para la 
CMH felina.

Hipótesis de fisiopatología
La fisiopatología de la CMH sigue siendo 
en parte desconocida, aunque investiga-
ciones existentes sugerían que los gatos 
con CMH tenían niveles más altos de la 
proteína factor de crecimiento similar a 
la insulina 1 (IGF-1) y de marcadores in-
flamatorios, sobre todo amiloide sérico 
A o SAA. A partir de esta información, se 
planteó la hipótesis de que la fisiopato-
logía de la CMH es un círculo vicioso, de 
forma que el engrosamiento de la pared 
cardiaca provoca inflamación y esta, a 
su vez, causa más hipertrofia. Además, 
la insulina y el IGF-1 se combinan para 
promover la síntesis de proteínas en el 
cardiomiocito, lo que también contribu-
ye a empeorar la hipertrofia. 

A partir de estos conocimientos se rea-
lizó un estudio inicial sobre el papel de 
la insulina, el IGF-1 y la inflamación en 
los gatos con CMH. Se incluyeron 51 
gatos con CMH confirmada y se evalua-
ron distintos valores: se observó que 
el NT-ProBNP, marcador del aumento 
del estrés cardíaco, la C-TnI (Troponi-
na-I cardíaca), marcador de la muerte 
celular cardíaca, el SAA y los niveles 
de insulina estaban significativamen-
te elevados en los gatos afectados en 
comparación con el rango de referen-
cia. Estos niveles elevados de insulina 
por un lado, y los niveles aumentados 
de SAA por otro, reforzaban la hipótesis 
sobre la fisiopatología sugerida. 

Nuevo enfoque nutricional
Basándose en el estudio inicial y en la 
investigación disponible, se propuso un 
nuevo alimento dietético que incluía 
los nutrientes hipotéticamente claves. 
Esta dieta se caracterizaba por estar 
enriquecida en EPA/DHA, con el fin de 
interrumpir el círculo de hipertrofia e 
inflamación, además de incluir un nivel 
reducido de carbohidratos destinado a 
limitar la producción de insulina en el 
páncreas, la combinación de esta con el 
IGF-1 y, por tanto, la síntesis de proteí-
nas en el cardiomiocito. Ambas modifi-
caciones dietéticas estaban dirigidas a 
reducir la hipertrofia cardiaca. 

Esta dieta teórica se probó en un en-
sayo clínico para ver si podía alterar la 
progresión de la CMH que incluyó gatos 
asintomáticos con CMH en estadio 1B 
según la clasificación del Consejo Inter-
nacional de Salud Cardiaca de Peque-
ños Animales (ISACHC). En el estudio 
se permitieron medicamentos, inclui-
dos atenolol, enalapril y clopidogrel, 
siempre que hubieran sido administra-
dos durante más de ocho semanas. Se 
aceptaban todas las razas y se dio pre-
ferencia a los gatos de interior, ya que 
sería más probable que se alimentaran 
exclusivamente de la dieta de estudio.  
En relación a las exclusiones, no se in-
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cluyeron en el estudio gatos con enfer-
medades concurrentes, siendo la dia-
betes la exclusión más notable.

En cuanto al diseño del estudio, fue un 
estudio prospectivo, aleatorio, doble 
ciego y multicéntrico, que incluyó 44 
gatos, asignados aleatoriamente a un 
grupo de control de 21 gatos y un grupo 
de prueba de 23 gatos. Recibieron una 
dieta de control o a una dieta de prueba 
durante 12 meses. A los 6 y 12 meses 
se realizaron las mismas evaluaciones.

El contenido proteico de la dieta de 
prueba era significativamente mayor 
que el de la dieta de control, al igual 
que los niveles de EPA/DHA. Asimis-

mo, era significativamente más baja 
en contenido de almidón, con lo que se 
pretendía reducir los picos de insulina, 
limitando teóricamente la insulina dis-
ponible para unirse a la IGF-1. También 
era ligeramente restringida en sodio.

Los resultados mostraron una dismi-
nución significativa del grosor de la pa-
red ventricular en diástole en el grupo 
que consumió la dieta de prueba que 
no se observó en los gatos de control. 
A los 12 meses el grosor de la pared 
estaba por debajo del umbral de 6mm 
(corte CMH).

Además, se produjo una reducción sig-
nificativa de la Troponina-I cardíaca y 
de IGF-1 en el grupo de prueba (a los 6 
y 12 meses respectivamente).

Conclusiones
Estos resultados apoyan el potencial 
de la adaptación de la dieta alta en pro-
teína, baja en almidón y enriquecida en 
EPA/DHA, además del control de los ni-
veles de sodio, en gatos con CMH.

Figura 1. Hipótesis de la fisiopatología de la 
CMH felina
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I 
ntroducción: Los fenotipos de linfoma 
aberrante se encuentran con frecuen-
cia en perros, pero las implicaciones 
clínicas son escasas. Métodos: Se 
analizaron veintisiete perros con lin-

foma aberrante diagnosticado mediante 
citometría de flujo entre 2017 y 2023. Los 
síndromes paraneoplásicos mayores, los 
factores pronósticos y las características 
clínicas del linfoma se compararon con 
sus inmunofenotipos.

Resultados: Veintisiete perros tenían in-
munofenotipos aberrantes, siendo MH-
CII- (48%) y CD3+/CD21+ (44%) las abe-
rrancias más comúnmente identificadas. 
En el linfoma de células B, las aberra-
ciones más frecuentes fueron MHC II- 
(53%), CD3+/CD21+ (41%), CD34+ (24%) 
y CD79a- (24%).

I
ntroduction: Aberrant lymphoma 
phenotypes are frequently found in 
dogs, but the clinical implications 
are sparse.

Methods: Twenty-seven dogs with ab-
errant lymphoma diagnosed using flow 
cytometry between 2017 and 2023 
were analyzed. Major paraneoplastic 
syndromes, prognostic factors, and 
clinical features of lymphoma were 
compared to their immunophenotypes.

Results: Twenty-seven dogs had aber-
rant immunophenotypes, with MHCII- 
(48%) and CD3+/CD21+ (44%) being the 
most commonly identified aberrancies. 
In B-cell lymphoma, the most frequent 
aberrancies were MHC II- (53%), CD3+/
CD21+ (41%), CD34+ (24%), and CD79a- 
(24%). Meanwhile, in T-cell lymphoma, 
CD3+/CD21+ (63%), CD4-/CD8-(50%), 
CD5- (50%), and CD45- (50%) were the 
most common. The platelet–neutrophil 
ratio was significantly higher in the 
CD3+/CD21+ group than in the other 
groups, where either one or both mark-
ers were not expressed (55.23 ± 39.64; 
18.72 ± 14.95, respectively; p = 0.001). 
Serum albumin concentration was 
significantly lower in the MHCII-group 
(2.59 g/dL, 95% CI 2.31–2.87) than in 
the MHCII+ group (3.06 g/dL, 95% CI 
2.88–3.23; p = 0.009). CD34 expression 
showed significant correlations with 
cranial mediastinal mass, WHO clinical 

substage, and fever (p = 0.028, p = 0.041, 
and p = 0.047, respectively). MHCII ex-
pression was correlated with adverse 
reactions to chemotherapy, cranial me-
diastinal masses, and fever (p = 0.009, 
p = 0.023, and p < 0.001, respectively). 
No statistically significant differences 
in the survival period were observed 
for any of the phenotypic aberrancies.

Conclusion: Aberrant lymphomas are 
common in dogs. Some clinical prog-
nostic factors that significantly cor-
relate with aberrant immunopheno-
types have been identified and can be 
applied clinically.

1. Introduction
When compared to experimental an-
imals, naturally occurring diseases 
in dogs could reflect human diseases 
such as cancer. Studying these similar-
ities can provide valuable insights into 
disease mechanisms, treatments, and 
potential therapeutic targets for dogs 
as well as humans.

Immunophenotyping plays a crucial 
role in the accurate diagnosis and clas-
sification of canine lymphoma, similar 
to human lymphoma. Despite of limit-
ed availability of commercially specific 
dog antibodies, a significant prognostic 
factor based on the immunopheno-
typing in canine lymphoma has been 
established (1–3). The immunopheno-
types of lymphoma in dogs is catego-
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rized according to the origin of B-and 
T-cells, with representative markers of 
CD21/CD79a and CD3/CD4/CD8 com-
monly used in dogs. Furthermore, vari-
ous phenotypes have been identified in 
detail, such as CD45 in all leukocytes, 
CD34 in precursor hematopoietic cells, 
and major histocompatibility complex 
class II (MHCII) in antigen-presenting 
cells. Among these, aberrant pheno-
types characterized by either increased 
or decreased expression of specific 
antigens are well established in both 
human and veterinary medicine (4–7). 
Several studies are being conducted 
to explore the possibility of utilizing 
immunophenotypes, including various 
aberrancies, for clinical purposes and 
prognosis prediction in humans (8–13).

Clinical prognostic factors such as 
World Health Organization (WHO) sub-
stage, mediastinal lymphadenopathy 
(14), and paraneoplastic syndrome 
(PNS) (15) have been studied in canine 
lymphoma, but the clinical implications 
of aberrant phenotypes have yet to be 
studied in dogs.

Thus, the aims of this study were [1] the 
identification of aberrant phenotypes in 
dogs with various types of lymphoma 
and [2] the investigation of associated 
types with the severity of clinical signs, 
PNS, and prognosis of the aberrant 
phenotypes.

2. Materials and methods
A retrospective in vitro analysis of the 
clinicopathological parameters and im-
munophenotypes of dogs with lympho-
ma was conducted using lymph node 
aspirates and peripheral whole blood 
samples collected at the time of diag-
nosis. This study was approved by the 
Institutional Animal Care and Commit-
tee (IACUC) GNU-230425-D0087.

Among the dogs diagnosed with lym-
phoma that visited Gyeongsang Nation-
al University Veterinary Teaching Hos-
pital between 2017 and 2023, 35 dogs 
that were immunophenotyped by flow 
cytometry were included in this study. 
The inclusion criteria were as follows: 
[1] dogs diagnosed with lymphoma 
through the following diagnostic pro-
cedures: cytology, histopathology, im-
munophenotyping, and clonality test 
(through fine needle aspiration (FNA) 
or a biopsy sample of enlarged lymph 
nodes or target lesions); [2] dogs with-
out underlying diseases other than 
lymphoma that may affect hematolog-
ical changes; and [3] dogs with naïve 
lymphoma who had not received che-
motherapy prior to admission or dogs 
with relapsed lymphoma six months 
after the last chemotherapy. Both nod-
al and extranodal forms were included, 
and all dogs were staged according to 
the WHO staging system (16). Cytologic 
grading was evaluated according to the 

updated Kiel classification (17, 18). His-
topathology and polymerase chain re-
action for antigen receptor rearrange-
ment were requested from an external 
laboratory (IDEXX, Westbrook, ME, Unit-
ed States), while cytology and immuno-
phenotyping using flow cytometry.

The classification criteria for each lym-
phocyte lineage in immunophenotyping 
were as follows: [1] B-cell lymphoma, 
if the tumor cells were CD21+ (>70% of 
the major cells) and the T-cell marker 
was negative; [2] T-cell lymphoma, if 
the tumor cells were CD3+ (>70% of the 
major cells) and the B-cell marker was 
negative; and [3] non-B and non-T lym-
phomas, if the tumor cells were nega-
tive for both B-cell and T-cell markers.

Phenotypic aberrancies were defined 
as follows: [1] reduced or absent ex-
pression of pan-leukocyte or lympho-
cyte markers (CD45 and MHCII), [2] si-
multaneous expression of lymphocyte 
markers of different lineages (CD3 and 
CD21) or different stages of differen-
tiation (markers of mature stage and 
CD34), [3] in T-cell, CD4 and CD8 mark-
ers were expressed simultaneously, 
or neither was expressed, [4] in B-cell, 
loss of CD79a, which is expressed in all 
maturation stages of B-cells (7, 19, 20).

At the time of diagnosis, the presence of 
PNS was assessed in all dogs to deter-
mine the clinical course and prognosis. 
The correlation between WHO substage 
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‘b’ (clinically ill), anemia, hypercalce-
mia, thrombocytopenia, and immuno-
phenotype was analyzed. Survival time 
was defined as the period from the date 
of diagnosis at our hospital to the day of 
death due to lymphoma. Dogs that died 
from causes unrelated to the tumor 
or whose follow-up was discontinued 
were considered ‘censored’. Treatment 
response was evaluated in dogs that 
had received chemotherapy or equiv-
alent medication and was divided into 
complete remission (CR), partial remis-
sion (PR), progressive disease (PD), and 
stable disease (SD) according to previ-
ous literature (21).

Upon admission, laboratory examina-
tions were performed to assess the 
overall clinical condition of the dogs 
and to detect any underlying diseas-
es, including PNS. A complete blood 
count (Procyte Dx hematology ana-
lyzer, IDEXX, Westbrook, ME, United 
States) and blood film analysis, in-
cluding platelet-to-lymphocyte ra-
tio (PLR), platelet-to-neutrophil ratio 
(PNR), lymphocyte-to-monocyte ratio 
(LMR), and neutrophil-to-lymphocyte 
ratio (NLR) were performed. Acid–base 
balance and electrolyte concentrations 
(Nova pHOX analyzer, Nova Biochem-
ical, Waltham, MA, United States), se-
rum biochemical analysis (Catalyst Dx® 
Chemistry Analyzer, IDEXX, Westbrook, 
ME, United States), coagulation tests 
(Coag Dx™ analyzer with citrate PT and 

citrate aPTT cartridges, IDEXX), and 
complete urinalysis (VetLab UA Ana-
lyzer, IDEXX) were also performed. The 
fibrinogen levels were evaluated using 
the Millar’s method (22).

FNA aspirates were collected from the 
prescapular or inguinal lymph nodes of 
dogs with generalized lymphadenopa-
thy, and peripheral blood was collected 
to evaluate WHO staging. For cases of 
extranodal lymphoma, FNA aspirates 
were collected from regional lymph 
nodes suspected of involvement near 
the target lesions (stomach, intestinal 
segments, liver, spleen, and cutane-
ous lesions) and pleural or abdominal 
free fluids were also collected. All as-
pirates were suspended in 0.3–0.5 mL 
of 5% dextrose saline, and peripheral 
blood was collected in ethylene-di-
amine-tetraacetic acid tubes. All sam-
ples were analyzed within 24 h of col-
lection by the same operator, and those 
with ambiguous diagnoses, low cellu-
larity, or low viability were excluded.

The antibodies used in this study 
were based on previous studies (23). 
Multi-color flow cytometric analysis 
was conducted to evaluate the contem-
porary expression of different antigens 
within the same cellular population. The 
sample preparation and analysis meth-
od was similar to previous studies (6), 
with the exception that CD14-negative 
cells were sorted (CD14 is expressed 
on monocytes and macrophages), and 

only lymphocytes were selected using 
the difference in granularity and lym-
phocyte-specific markers. The major 
cells were first identified through cytol-
ogy, and flow cytometric analysis was 
primarily performed on lymphocytes, 
which constituted the largest popula-
tion (>60%). Lymphocytes exhibiting 
a tumorigenic phenotype, even at a 
small percentage, were also analyzed. 
The samples were acquired using the 
MACSQuant Analyzer 10 (Miltenyi Bio-
tech, Bergisch Gladbach, Germany) and 
analyzed using FlowJo software ver-
sion 10.8.0 (Ashland, OR, United States).

All statistical analyses (Student’s t-test, 
Mann–Whitney U test, Fisher’s exact 
test, and Kaplan–Meier curve) were 
performed using SPSS Statistics ver-
sion 27.0, for Windows (SPSS Inc., Chi-
cago, IL, United States). Clinical data 
on admission, including signalment, 
temperature, body weight, presence 
of abnormalities in hematological pa-
rameters, and clinical substages, were 
evaluated for their impact on survival 
time using Kaplan–Meier estimators 
and log-rank tests. For Fisher’s exact 
test, clinical, clinicopathological, and 
immunophenotypic data were dichot-
omized and evaluated. The p values 
were two-sided and were considered 
significant at p < 0.05.
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3. Results
3.1.  Study population 

and prevalence of 
immunophenotypic 
aberrancies

The characteristics of the dogs includ-
ed in this study are summarized in 
Supplementary Table S1. Among the 
dogs initially recruited for the study, 
27 were included, all of whom showed 
immunophenotypic aberrancies with 
immunophenotyping by flow cytometry 
at the time of diagnosis. The mean (± 
standard deviation) age of 27 dogs was 
9 ± 3.5 years (range, 3–15 years). The 
breeds included Maltese (n = 7), Mixed 
(n = 5), Shih-Tzu (n = 4), Golden Re-
triever (n = 3), Miniature Poodle (n = 2), 
Yorkshire Terrier (n = 1), Dogo Canario 
(n = 1), Dachshund (n = 1), Chihuahua 
(n = 1), Cocker Spaniel (n = 1), and Shiba 
(n = 1). The multicentric lymphoma was 
the most common (n = 24), followed by 
as an extranodal lymphoma, the ali-
mentary (n = 1), tongue (n = 1), and liv-
er (n = 1) forms were identified. When 
classified by WHO clinical stage, one 
was WHO stage I, two were stage III, 13 
were stage IV, and 11 were stage V. Of 
the 27 dogs, 11 were WHO substage ‘a’ 
(asymptomatic) and 16 were substage 
‘b’ (clinically ill).

A total of 21 dogs received chemother-
apy after being diagnosed with lympho-

ma. Among these, 14 dogs underwent 
the L-CHOP protocol, three dogs were 
administered chlorambucil, and proto-
cols CHOP, COP, and doxorubicin alone 
were applied to one dog each. Two of 
the dogs that received the L-CHOP pro-
tocol, died of tumor progression and 
were lost to follow-up immediately 
after chemotherapy in the first week 
(L-asparaginase and vincristine). One 
dog that was treated with chlorambucil 
showed a poor response and was treat-
ed with a combination of prednisolone, 
imatinib, and cyclophosphamide. Upon 
evaluation of the response after che-
motherapy, five dogs with CR, six dogs 
with PR, four dogs with SD, and 8 with 
PD were identified.

On cytological examination, 12 dogs 
had large cells, 7 dogs had intermedi-
ate cells, and five dogs had small cells. 
In three dogs, intermediate and large 
cells were identified as heterogeneous. 
Among the 22 dogs that could be ana-
lyzed by the updated Kiel classification, 
five dogs (23%) were found to have low-
grade lymphoma and 17 dogs (77%) 
were found to have high-grade lympho-
ma (Supplementary Tables S2, S3). In 
the low-grade lymphoma group, there 
were three clear cells, one prolympho-
cytic-like cell, and one centrocytic-like 
cell type. In the high-grade lymphoma 
group, there were seven centroblas-
tic polymorphic (predominantly large 
cells), three Burkitt-type, three plas-

macytoids, two pleomorphic, one cen-
troblastic polymorphic (predominantly 
small cells) cell, and one anaplastic 
lymphoma. Of the eight dogs that could 
be diagnosed through histopathological 
and immunohistochemical methods, 
diffuse large B-cell lymphoma (DLBCL) 
was identified in five, TZL in two, and 
diffuse small B-cell lymphoma in one.

A total of 27 dogs were identified as 
having an aberrant immunophenotype 
(Table 1). Among the total aberrancies, 
MHCII- (13/27, 48%) and CD3+/CD21+ 
(12/27, 44%) were the most frequently 
identified, whereas 19% of these dogs 
(5/27) did not express CD3 or CD21. All 
22 dogs that could be analyzed by the 
updated Kiel classification showed im-
munophenotypic aberrancies. Among 
the dogs that showed aberrancy, five 
were found have low-grade lymphoma, 
and 17 were found to have high-grade 
lymphoma, with the high-grade lympho-
ma group showing more immunophe-
notypic aberrancies. CD3+/CD21+ (4/5, 
80%) and MHCII- (7/17, 41%) were the 
most frequently identified in low-and 
high-grade lymphomas, respectively. 
The most represented aberrancies in 
B-cell lymphoma were MHCII- (9/17, 
53%), CD3+/CD21+ (7/17, 41%), CD34+ 
(4/17, 24%), CD79a- (4/17, 24%), while 
CD3+/CD21+ (5/8, 63%), CD4-/CD8- 
(4/8, 50%), CD45- (4/8, 50%), CD5- (4/8, 
50%) were expressed in T-cell lym-
phoma. In the two cases showing the 
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non-B/non-T phenotype, CD3-/CD21-, 
CD4-/CD8-, expression of CD5, and MH-
CII-were confirmed at a rate of 50%. 
In both cases, the canine natural killer 
cell (NK cell) marker, NKp46, was highly 
expressed, suggesting NK cell-derived 
lymphoma.

3.2.  Correlation with aberrant 
immunophenotype 
and clinicopathologic, 
paraneoplastic syndrome 
measurements

As a result of analyzing the clinical mea-
surement in the CD3+/CD21+ group, 
which was identified as most frequent 
among the aberrant phenotypes, the 
PNR was significantly higher in the 
group identified as CD3+/CD21+ than 
in the other groups (either one or both 
were not expressed) (55.23 ± 38.52; 
18.13 ± 17.12, respectively; p = 0.003), 
CD45-group than in CD45+ group 
(90.01 ± 43.30; 26.85 ± 22.66, respec-

tively; p = 0.007). NLR was significantly 
lower in the CD45-group (7.45 ± 10.58; 
0.47 ± 0.22; p = 0.041). The ionized 
calcium concentration was also sig-
nificantly higher in the group identi-
fied as CD3+/CD21+ than in the other 
groups (1.32 mmol/L, 95% CI 1.29–1.35; 
1.24 mmol/L, 95% CI 1.19–1.29, respec-
tively; p = 0.01). Serum albumin con-
centration was significantly lower in 
the group of MHCII- (2.59 g/dL, 95% CI 
2.31–2.87) than in the group of MHCII+ 
(3.10 g/dL, 95% CI 2.94–3.26; p = 0.005) 
(Figure 1).

When analyzing the association be-
tween phenotypic aberrancies and clin-
ical measurements, the expression of 
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The antibodies used in this study were based on previous studies 
(23). Multi-color flow cytometric analysis was conducted to evaluate 
the contemporary expression of different antigens within the same 
cellular population. The sample preparation and analysis method was 
similar to previous studies (6), with the exception that CD14-negative 
cells were sorted (CD14 is expressed on monocytes and macrophages), 
and only lymphocytes were selected using the difference in granularity 
and lymphocyte-specific markers. The major cells were first identified 
through cytology, and flow cytometric analysis was primarily 
performed on lymphocytes, which constituted the largest population 
(>60%). Lymphocytes exhibiting a tumorigenic phenotype, even at a 
small percentage, were also analyzed. The samples were acquired using 
the MACSQuant Analyzer 10 (Miltenyi Biotech, Bergisch Gladbach, 
Germany) and analyzed using FlowJo software version 10.8.0 
(Ashland, OR, United States).

All statistical analyses (Student’s t-test, Mann–Whitney U test, 
Fisher’s exact test, and Kaplan–Meier curve) were performed using 
SPSS Statistics version 27.0, for Windows (SPSS Inc., Chicago, IL, 
United  States). Clinical data on admission, including signalment, 
temperature, body weight, presence of abnormalities in hematological 
parameters, and clinical substages, were evaluated for their impact on 
survival time using Kaplan–Meier estimators and log-rank tests. For 
Fisher’s exact test, clinical, clinicopathological, and immunophenotypic 
data were dichotomized and evaluated. The p values were two-sided 
and were considered significant at p < 0.05.

3. Results

3.1. Study population and prevalence of 
immunophenotypic aberrancies

The characteristics of the dogs included in this study are 
summarized in Supplementary Table S1. Among the dogs initially 
recruited for the study, 27 were included, all of whom showed 
immunophenotypic aberrancies with immunophenotyping by flow 
cytometry at the time of diagnosis. The mean (± standard deviation) 
age of 27 dogs was 9 ± 3.5 years (range, 3–15 years). The breeds 
included Maltese (n = 7), Mixed (n = 5), Shih-Tzu (n = 4), Golden 

Retriever (n = 3), Miniature Poodle (n = 2), Yorkshire Terrier (n = 1), 
Dogo Canario (n = 1), Dachshund (n = 1), Chihuahua (n = 1), Cocker 
Spaniel (n = 1), and Shiba (n = 1). The multicentric lymphoma was the 
most common (n = 24), followed by as an extranodal lymphoma, the 
alimentary (n = 1), tongue (n = 1), and liver (n = 1) forms were 
identified. When classified by WHO clinical stage, one was WHO 
stage I, two were stage III, 13 were stage IV, and 11 were stage V. Of 
the 27 dogs, 11 were WHO substage ‘a’ (asymptomatic) and 16 were 
substage ‘b’ (clinically ill).

A total of 21 dogs received chemotherapy after being diagnosed 
with lymphoma. Among these, 14 dogs underwent the L-CHOP 
protocol, three dogs were administered chlorambucil, and protocols 
CHOP, COP, and doxorubicin alone were applied to one dog each. 
Two of the dogs that received the L-CHOP protocol, died of tumor 
progression and were lost to follow-up immediately after 
chemotherapy in the first week (L-asparaginase and vincristine). One 
dog that was treated with chlorambucil showed a poor response and 
was treated with a combination of prednisolone, imatinib, and 
cyclophosphamide. Upon evaluation of the response after 
chemotherapy, five dogs with CR, six dogs with PR, four dogs with SD, 
and 8 with PD were identified.

On cytological examination, 12 dogs had large cells, 7 dogs had 
intermediate cells, and five dogs had small cells. In three dogs, 
intermediate and large cells were identified as heterogeneous. Among 
the 22 dogs that could be analyzed by the updated Kiel classification, 
five dogs (23%) were found to have low-grade lymphoma and 17 dogs 
(77%) were found to have high-grade lymphoma 
(Supplementary Tables S2, S3). In the low-grade lymphoma group, 
there were three clear cells, one prolymphocytic-like cell, and one 
centrocytic-like cell type. In the high-grade lymphoma group, there 
were seven centroblastic polymorphic (predominantly large cells), 
three Burkitt-type, three plasmacytoids, two pleomorphic, one 
centroblastic polymorphic (predominantly small cells) cell, and one 
anaplastic lymphoma. Of the eight dogs that could be  diagnosed 
through histopathological and immunohistochemical methods, 
diffuse large B-cell lymphoma (DLBCL) was identified in five, TZL in 
two, and diffuse small B-cell lymphoma in one.

A total of 27 dogs were identified as having an aberrant 
immunophenotype (Table  1). Among the total aberrancies, 

TABLE 1 Aberrant phenotype epidemiology.

Aberrancy Percentage (aberrant/tested) (%)

Total (n  =  27/35) B-cell (n  =  17/23) T-cell (n  =  8/10) Non-B & non-T-cell (n  =  2/2)

CD3+/CD21+ 12/27 (44%) 7/17 (41%) 5/8 (63%) 0/2

CD3-/CD21- 2/27 (7%) 1/17 (6%) 0/8 1/2 (50%)

CD4+/CD8+ 1/27 (4%) 0/17 1/8 (13%) 0/2

CD4-/CD8- 5/27 (19%) – 4/8 (50%) 1/2 (50%)

CD5+ – 0/17 – 1/2 (50%)

CD5- – – 4/8 (50%) 1/2 (50%)

CD79a- - 4/17 (24%) – 0/2

CD45- 4/27 (15%) 0/17 4/8 (50%) 0/2

CD34+ 5/27 (19%) 4/17 (24%) 1/8 (13%) 0/2

MHCII- 13/27 (48%) 9/17 (53%) 3/8 (38%) 1/2 (50%)

MHCII, major histocompatibility complex class II.

Table 1. Aberrant phenotype epidemiology.
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CD34 showed significant correlations 
with cranial mediastinal lymphadenop-
athy, WHO clinical substage, and fever 
(p = 0.017, p = 0.037, and p = 0.033, re-
spectively). Cranial mediastinal lymph-
adenopathy was present in four out 
of the five dogs (80%) that expressed 
CD34, whereas only three of the 18 
dogs (16.7%) that did not express CD34 
had cranial mediastinal lymphadenop-

athy. Five (41.7%) of 12 dogs with sub-
stage “b” expressed CD34, whereas 
none of the 11 dogs with substage “a” 
expressed CD34; four out of five dogs 
(80%) with CD34+ had fever, whereas 
only four of 18 dogs (22.2%) with CD34-
had fever. The odds of cranial medias-
tinal lymphadenopathy were 20 times 
higher in CD34+ than those in CD34-
dogs. CD34+ dogs were 2.6 times more 

likely to be evaluated as WHO clinical 
substage “b” than CD34-dogs, and their 
odds of having fever were 14 times 
higher.

A significant correlation was observed 
between the presence of MHCII ex-
pression and fever (p < 0.001), and the 
presence of chemotherapy adverse 
reactions (p = 0.022). Fever was pres-
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MHCII- (13/27, 48%) and CD3+/CD21+ (12/27, 44%) were the most 
frequently identified, whereas 19% of these dogs (5/27) did not express 
CD3 or CD21. All 22 dogs that could be analyzed by the updated Kiel 
classification showed immunophenotypic aberrancies. Among the 
dogs that showed aberrancy, five were found have low-grade 
lymphoma, and 17 were found to have high-grade lymphoma, with 
the high-grade lymphoma group showing more immunophenotypic 
aberrancies. CD3+/CD21+ (4/5, 80%) and MHCII- (7/17, 41%) were 
the most frequently identified in low-and high-grade lymphomas, 
respectively. The most represented aberrancies in B-cell lymphoma 
were MHCII- (9/17, 53%), CD3+/CD21+ (7/17, 41%), CD34+ (4/17, 
24%), CD79a- (4/17, 24%), while CD3+/CD21+ (5/8, 63%), CD4-/
CD8- (4/8, 50%), CD45- (4/8, 50%), CD5- (4/8, 50%) were expressed 
in T-cell lymphoma. In the two cases showing the non-B/non-T 
phenotype, CD3-/CD21-, CD4-/CD8-, expression of CD5, and 
MHCII-were confirmed at a rate of 50%. In both cases, the canine 
natural killer cell (NK cell) marker, NKp46, was highly expressed, 
suggesting NK cell-derived lymphoma.

3.2. Correlation with aberrant 
immunophenotype and clinicopathologic, 
paraneoplastic syndrome measurements

As a result of analyzing the clinical measurement in the CD3+/
CD21+ group, which was identified as most frequent among the 
aberrant phenotypes, the PNR was significantly higher in the group 

identified as CD3+/CD21+ than in the other groups (either one or 
both were not expressed) (55.23 ± 38.52; 18.13 ± 17.12, respectively; 
p = 0.003), CD45-group than in CD45+ group (90.01 ± 43.30; 
26.85 ± 22.66, respectively; p = 0.007). NLR was significantly lower 
in the CD45-group (7.45 ± 10.58; 0.47 ± 0.22; p = 0.041). The ionized 
calcium concentration was also significantly higher in the group 
identified as CD3+/CD21+ than in the other groups (1.32 mmol/L, 
95% CI 1.29–1.35; 1.24 mmol/L, 95% CI 1.19–1.29, respectively; 
p = 0.01). Serum albumin concentration was significantly lower in 
the group of MHCII- (2.59 g/dL, 95% CI 2.31–2.87) than in the 
group of MHCII+ (3.10 g/dL, 95% CI 2.94–3.26; p = 0.005) 
(Figure 1).

When analyzing the association between phenotypic 
aberrancies and clinical measurements, the expression of CD34 
showed significant correlations with cranial mediastinal 
lymphadenopathy, WHO clinical substage, and fever (p = 0.017, 
p = 0.037, and p = 0.033, respectively). Cranial mediastinal 
lymphadenopathy was present in four out of the five dogs (80%) 
that expressed CD34, whereas only three of the 18 dogs (16.7%) 
that did not express CD34 had cranial mediastinal 
lymphadenopathy. Five (41.7%) of 12 dogs with substage “b” 
expressed CD34, whereas none of the 11 dogs with substage “a” 
expressed CD34; four out of five dogs (80%) with CD34+ had 
fever, whereas only four of 18 dogs (22.2%) with CD34-had fever. 
The odds of cranial mediastinal lymphadenopathy were 20 times 
higher in CD34+ than those in CD34-dogs. CD34+ dogs were 2.6 
times more likely to be evaluated as WHO clinical substage “b” 

FIGURE 1

Comparison of clinicopathological parameters according to aberrant phenotypes. *p  <  0.05, **p  <  0.01, ***p  <  0.001.
Figure 1. Comparison of clinicopathological parameters according to aberrant phenotypes. *p < 0.05, **p < 0.01, ***p < 0.001.

• 1. Introduction
• 2.  Materials and 

methods
• 3. Results
• 4. Discussion
• Data availability 

statement
• Ethics statement
• Author contributions
• Funding
• Conflict of interest
• Publisher’s note
• Supplementary  

material
• References



49 de 9549 de 95

(R
)ev

ol
ut

io
n

S
U

M
A

R
IO

A N I M A L E S
P E Q U E Ñ O S

(R) evolution

▶	Tabla de contenido:

ent in seven of 10 MHCII+ dogs (70%), 
whereas none showed fever in the 13 
MHCII-group. Chemotherapy adverse 
effects were present in seven of nine 
MHCII+ dogs (77.8%), whereas only two 
of 11 dogs with MHCII-showed chemo-
therapy adverse reactions. The odds 
of adverse reactions to chemothera-
py were 16 times higher in the MHCII+ 
group than in the MHCII-group, and 
the odds of expressing MHCII were 5.3 
times greater when fever was present 
than when fever was absent (Table 2).

3.3. Survival analysis

The overall median survival time was 
365 days (range 1–1,138 days). Ten 
dogs died due to lymphoma, while two 
dogs died due to other reasons unrelat-
ed to the tumor. Twelve dogs survived 
the entire study duration, and follow-up 
was discontinued for three dogs.

No statistically significant differences 
in the survival period were observed for 
any of the phenotypic aberrancies. The 
survival time was significantly shorter 
in the substage “b” group (p = 0.006) and 
in the group with anemia and monocy-
tosis among those with PNS (p = 0.028 
and p = 0.024, respectively) (Supple-
mentary Table S4).
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than CD34-dogs, and their odds of having fever were 14 
times higher.

A significant correlation was observed between the presence of 
MHCII expression and fever (p < 0.001), and the presence of 
chemotherapy adverse reactions (p = 0.022). Fever was present in 
seven of 10 MHCII+ dogs (70%), whereas none showed fever in the 
13 MHCII-group. Chemotherapy adverse effects were present in seven 
of nine MHCII+ dogs (77.8%), whereas only two of 11 dogs with 
MHCII-showed chemotherapy adverse reactions. The odds of adverse 
reactions to chemotherapy were 16 times higher in the MHCII+ group 
than in the MHCII-group, and the odds of expressing MHCII were 
5.3 times greater when fever was present than when fever was absent 
(Table 2).

3.3. Survival analysis

The overall median survival time was 365 days (range 
1–1,138 days). Ten dogs died due to lymphoma, while two dogs died 
due to other reasons unrelated to the tumor. Twelve dogs survived 
the entire study duration, and follow-up was discontinued for 
three dogs.

No statistically significant differences in the survival period were 
observed for any of the phenotypic aberrancies. The survival time was 
significantly shorter in the substage “b” group (p = 0.006) and in the 
group with anemia and monocytosis among those with PNS (p = 0.028 
and p = 0.024, respectively) (Supplementary Table S4).

4. Discussion

Companion animals serve as excellent models for human diseases, 
particularly spontaneously occurring cancers, which reflect similar 
pathobiologies and comorbidities. Dogs and humans share common 
cytogenetic and clinical features, pathology, tumor biology, tumor 
behavior, and genetic aberrations in the case of lymphoma (24, 25). In 
this study, flow cytometry was used to analyze immunophenotypes, 
an important prognostic factor in dogs diagnosed with lymphoma, 
and aberrancies were identified in 77% of the dogs (27/35 dogs). Dogs 
with high-grade lymphoma classified by the updated Kiel classification 
showed much more immunophenotypic aberrancies than ones with 
low-grade lymphoma. Furthermore, correlations between clinical, 
hematological, and serological findings were identified in dogs with 
aberrant phenotypes. As hypothesized, aberrancies associated with 
prognostic markers of lymphoma and PNS were identified, but no 
significant difference in survival time was observed according to the 
aberrant phenotype.

Previous studies have reported a slight difference in the incidence 
of aberrant phenotypes depending on the definition used. Specifically, 
Celant et al. found that 12% (310/2,612) of dogs had specific antigen 
aberrancies (20), while Wilkerson et al. reported an incidence of 22% 
(5). The incidence of loss of MHCII expression or low expression, 
which was the most frequently identified aberrancy in our study, has 
been reported to be approximately 14–72% in previous studies (2, 11). 
Additionally, the co-expression of CD3 and CD21 has been reported 
to range from as low as 0.7% (20), to as high as 31–50% (5, 19), while 
one study reported no cases of CD3/CD21 co-expression (26).

The MHCII proteins are specifically expressed on professional 
antigen-presenting cells such as B lymphocytes, monocytes, and 
dendritic cells (27). The MHCII gene expression signature suggests 
that antigen presentation to the immune system plays a significant role 
in therapeutic responses (27). The reduced MHCII expression may 
hinder sufficient tumor immunosurveillance, which could have 
contributed to the unfavorable outcome (27). In this study, the loss of 
MHCII expression was identified in the seven dogs with high-grade 
morphotypes (7/17, 41%). Although this study did not find a 
significant difference in survival time depending on MHCII 
expression, several previous human and dog studies have stablished 
its potential use as a prognostic factor.

CD3 is a complex molecule associated with the T-cell receptor and 
is expressed during maturation in early thymocytes (5). It is a 
representative marker expressed in T-cell lymphocytes and is present 
in all stages of T-cells from early precursor T-cells to mature T-cells 
that enter the circulation and lymph nodes. On the other hand, CD21 
is a marker of mature B-cells, and when immature B-cells naïve to 
antigen exposure are released from the bone marrow, CD21 antigen 
is expressed on the surface (28).

In this study, the most frequently identified aberrancies in all 
lineages were double positive for CD3 and CD21. The co-expression 
of different lineage markers is a characteristic feature of tumors that 
cannot be identified in reactive lymph nodes (19). Four of the five 
dogs with low-grade lymphoma showed CD3+/CD21+, and three of 
them showed clear cell types and were diagnosed with TZL in 
histopathology. Eight dogs co-expressed CD21 among T cells, of 
which four dogs were presumed to have TZL and one dog had 
clinically aggressive multicentric T-cell lymphoma (no biopsy 
available). These were expected results since TZL is low grade indolent 

TABLE 2 Association analysis between prognostic factors of lymphoma 
and aberrant immunophenotypes using Fisher’s exact test.

Frequency (%) Total

Cranial mediastinal 

lymphadenopathy

CD34+ CD34-

Yes 4 (57.1%) 3 (42.9%) 7

No 1 (6.3%) 15 (93.8%) 16

Fisher’s exact test (P) [95% CI] 0.017 [1.613–247.981]

WHO clinical substage CD34+ CD34-

a 0 (0%) 11 (100%) 11

b 5 (41.7%) 7 (58.3%) 12

Fisher’s exact test (P) [95% CI] 0.037 [1.441–4.589]

Fever CD34+ CD34-

Yes 4 (50%) 4 (50%) 8

No 1 (6.7%) 14 (93.3%) 15

Fisher’s exact test (P) [95% CI] 0.033 [1.200–163.367]

Chemotherapy adverse 

reactions
MHCII+ MHCII-

Yes 7 (77.8%) 2 (22.2%) 9

No 2 (22.2%) 9 (81.8%) 11

Fisher’s exact test (P) [95% CI] 0.022 [1.754–141.404]

Fever MHCII+ MHCII-

Yes 7 (100%) 0 (0%) 7

No 3 (18.8%) 13 (81.3%) 16

Fisher’s exact test (P) [95% CI] <0.001 [1.923–14.790]

Table 2. Association analysis between prognostic factors of lymphoma and aberrant 
immunophenotypes using Fisher’s exact test.
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4. Discussion
Companion animals serve as excellent 
models for human diseases, particu-
larly spontaneously occurring cancers, 
which reflect similar pathobiologies 
and comorbidities. Dogs and humans 
share common cytogenetic and clinical 
features, pathology, tumor biology, tu-
mor behavior, and genetic aberrations 
in the case of lymphoma (24, 25). In this 
study, flow cytometry was used to ana-
lyze immunophenotypes, an important 
prognostic factor in dogs diagnosed 
with lymphoma, and aberrancies were 
identified in 77% of the dogs (27/35 
dogs). Dogs with high-grade lymphoma 
classified by the updated Kiel classifi-
cation showed much more immuno-
phenotypic aberrancies than ones with 
low-grade lymphoma. Furthermore, 
correlations between clinical, hemato-
logical, and serological findings were 
identified in dogs with aberrant phe-
notypes. As hypothesized, aberrancies 
associated with prognostic markers of 
lymphoma and PNS were identified, 
but no significant difference in survival 
time was observed according to the ab-
errant phenotype.

Previous studies have reported a slight 
difference in the incidence of aberrant 
phenotypes depending on the defi-
nition used. Specifically, Celant et al. 
found that 12% (310/2,612) of dogs 
had specific antigen aberrancies (20), 

while Wilkerson et al. reported an inci-
dence of 22% (5). The incidence of loss 
of MHCII expression or low expression, 
which was the most frequently identi-
fied aberrancy in our study, has been 
reported to be approximately 14–72% 
in previous studies (2, 11). Additionally, 
the co-expression of CD3 and CD21 has 
been reported to range from as low as 
0.7% (20), to as high as 31–50% (5, 19), 
while one study reported no cases of 
CD3/CD21 co-expression (26).

The MHCII proteins are specifically ex-
pressed on professional antigen-pre-
senting cells such as B lymphocytes, 
monocytes, and dendritic cells (27). 
The MHCII gene expression signature 
suggests that antigen presentation to 
the immune system plays a significant 
role in therapeutic responses (27). The 
reduced MHCII expression may hin-
der sufficient tumor immunosurveil-
lance, which could have contributed to 
the unfavorable outcome (27). In this 
study, the loss of MHCII expression 
was identified in the seven dogs with 
high-grade morphotypes (7/17, 41%). 
Although this study did not find a sig-
nificant difference in survival time de-
pending on MHCII expression, several 
previous human and dog studies have 
stablished its potential use as a prog-
nostic factor.

CD3 is a complex molecule associat-
ed with the T-cell receptor and is ex-
pressed during maturation in early 

thymocytes (5). It is a representative 
marker expressed in T-cell lympho-
cytes and is present in all stages of 
T-cells from early precursor T-cells 
to mature T-cells that enter the circu-
lation and lymph nodes. On the oth-
er hand, CD21 is a marker of mature 
B-cells, and when immature B-cells 
naïve to antigen exposure are released 
from the bone marrow, CD21 antigen is 
expressed on the surface (28).

In this study, the most frequently iden-
tified aberrancies in all lineages were 
double positive for CD3 and CD21. 
The co-expression of different lineage 
markers is a characteristic feature of 
tumors that cannot be identified in re-
active lymph nodes (19). Four of the 
five dogs with low-grade lymphoma 
showed CD3+/CD21+, and three of 
them showed clear cell types and were 
diagnosed with TZL in histopathology. 
Eight dogs co-expressed CD21 among 
T cells, of which four dogs were pre-
sumed to have TZL and one dog had 
clinically aggressive multicentric T-cell 
lymphoma (no biopsy available). These 
were expected results since TZL is low 
grade indolent lymphoma and express-
es CD21, as previously reported (29). 
However, in the case of the other dog, 
it was not clinically indolent. Six out of 
seventeen dogs with high-grade lym-
phoma showed CD3+/CD21+ expres-
sion, which is assumed to be aberrant 
expression.
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CD21-positivity has already been de-
scribed in canine T-cell neoplasms in 
the past (5, 19). Since it is a tumor cell, 
it is possible that the phenotype of the 
antigen expressed during the matura-
tion stage of lymphocytes is altered. It 
is also possible that these two types of 
tumors occurred concurrently. One dog 
with CD3-expressing B-cell lymphoma 
was histopathologically diagnosed with 
DLBCL. However, in the clonality test, 
both T and B cells were confirmed to be 
clonal, suggesting that both tumor lin-
eages occurred concurrently.

The loss of CD45, CD5, and CD4/CD8 
double negativity was the second most 
common abnormality in T cells. CD45 
is a transmembrane protein tyrosine 
phosphatase that serves as a common 
leukocyte marker due to its expression 
in all leukocytes irrespective of lineage 
(30). CD45 loss has also been regarded 
as a tumor hallmark in previous studies 
(19, 31). Among the histologic subtypes 
of lymphoma, CD45 is a characteristic 
finding of TZL, and as mentioned above, 
is clinically indolent. In our study, two 
dogs with CD45-were histopatholog-
ically diagnosed with TZL. One of the 
two dogs without histopathology had a 
tongue mass as the primary complaint 
and exhibited an immunophenotype of 
CD3+/CD4-/CD8+/CD21+/CD45-in the 
regional lymph nodes. Although the 
phenotype of the tongue mass was not 
analyzed, cytology confirmed that the 

main population was small lympho-
cytes (data not shown). The possibility of 
TZL originating from the tongue is also 
high in this dog, considering a previous 
case of TZL in the tongue (32). However, 
in another study, 5.3% of T-cell not oth-
erwise specified dogs were identified 
as CD45- (20). Although this study did 
not find any aggressive lymphoma with 
CD45-, it is expected that the frequen-
cy of this aberrant type will increase as 
the population size increases.

T lymphocytes differentiate from dou-
ble-negative (CD4-/CD8-) thymocytes 
to double-positive (CD4+/CD8+) cells 
before leaving the thymus and evolv-
ing into CD4+ and CD8+ cells (7). Since 
CD4 and CD8 are not expressed in ma-
ture T-cells, which are marked by CD3+, 
the phenotype observed in this study 
was considered aberrant. The CD4-/
CD8-phenotype has been in various 
anatomical forms of T-cell lymphoma. 
For example, the phenotype of neo-
plastic lymphocytes in cutaneous epi-
theliotropic lymphoma was CD4-/CD8+ 
or CD4-/CD8- (33), and CD4-/CD8+ or 
CD4-/CD8-patterns were also identified 
in hepatosplenic and hepatocytotropic 
lymphoma (34). Regarding the survival 
period, a recent study found that dogs 
with a CD4-/CD8-/MHCII+ phenotype 
had a relatively long progression-free 
interval (2), while another study report-
ed a more aggressive progression (35). 
Among lymphoma in dogs, lymphoblas-

tic lymphoma, which has the most ag-
gressive progression, has been shown 
to express CD4-/CD8-or CD4+/CD8+ 
(36). In this study, there was no signifi-
cant difference in survival time, and no 
significant association with prognostic 
factors was confirmed. The four dogs 
with the CD4/CD8 double-negative phe-
notype did not show any common ana-
tomical tumor regions.

In B-cells, MHCII-was identified in ap-
proximately 53% of cases, followed by 
CD3+/CD21+ in 41%, CD34+ in 24%, and 
CD79-in 24%. As previously mentioned, 
low MHCII expression is well known as 
one of the most reliable indicators of 
poor outcomes in human B-cell lympho-
ma (27, 37). Studies in dogs with B-cell 
lymphoma have also demonstrated an 
association between low MHCII expres-
sion and high mortality and relapse 
rates (11). There is evidence to suggest 
that MHCII expression is correlated 
with more robust immunosurveillance 
in B-cell lymphomas, as well as longer 
survival in T-cell lymphomas (12). How-
ever, in studies investigating MHCII ex-
pression in T-cell lymphoma, it remains 
unclear whether it can be used as a 
prognostic factor, as dogs with strong 
MHCII expression have been shown to 
have shorter survival times (2). Addi-
tionally, no difference in survival time 
was found depending on MHCII expres-
sion in a cohort of DLBCLs in a later 
study (38). Nevertheless, in this study, 
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there was a strong correlation between 
MHCII expression and clinical signs and 
PNS caused by lymphoma, such as fe-
ver and cranial mediastinal lymphade-
nopathy, which suggests that MHCII 
expression may impact the severity or 
prognosis of the disease.

CD34 is a well-known hematopoietic 
precursor cell marker that has been 
clinically used to distinguish between 
acute lymphoblastic leukemia, chronic 
lymphocytic leukemia, and the leuke-
mic stage (Stage V) of lymphoma (28). 
Although aberrant expression of CD34 
has been observed in lymphoma with-
out bone marrow involvement, its bio-
logical significance remains unclear (5, 
6, 39). In case of precursor lymphoma, 
antigens expressed in lymphocytes at a 
relatively early stage of differentiation, 
including CD34, may also be identified. 
In this study, 19% (5/27) of dogs showed 
CD34 expression, and all showed high-
grade morphotypes in the updated Kiel 
classification. Four of them were pos-
itive for CD21, a mature B-cell mark-
er, suggesting aberrant expression in 
mature B-cell lymphoma. Among the T 
cells, one dog was identified as CD34+ 
and CD4-/CD8-, suggesting the possi-
bility of precursor lymphoma. In previ-
ous studies, the expression rate of CD34 
was 10–29%. When CD34 is co-ex-
pressed with CD21, a mature B-cell 
marker, as in this study, it is considered 
an aberrant phenotype (5, 11). Unfortu-

nately, due to the lack of histopathology 
and a bone marrow analysis, the WHO 
classification and bone marrow infiltra-
tion was unknown. However, in the case 
of CD34+ B-cell lymphoma, considering 
various clinical and immunophenotypic 
characteristics, and tumor course, the 
possibility of acute leukemia or pre-
cursor lymphoma was estimated to be 
low. The response to chemotherapy of 
dogs with CD34+ B-cell lymphoma was 
poor, as it recurred during the induction 
(L-CHOP) protocol. Despite conduct-
ing a rescue protocol, the disease was 
considered progressive with a survival 
time of 99 days.

Next, the relationship between the phe-
notypic aberrations and clinical mea-
surements was analyzed. The clinical 
significance of blood cell ratios as a 
biomarker has already been accepted 
for several diseases in humans, and 
investigations are being conducted on 
tumors of various origins in dogs. In-
flammation plays a fundamental role in 
lymphomagenesis and tumor progres-
sion, and vice versa, and can lead to 
changes in peripheral blood leukocyte 
composition (neutrophil, monocyte, and 
lymphocyte, especially), depending on 
the severity and extent of inflamma-
tion (40, 41). PNR was confirmed as an 
independent prognostic factor in dogs 
diagnosed with DLBCL, with a cutoff 
value of 0.032; a higher value increas-
es the risk of tumor progression be-

fore 180 days (42). Platelet–neutrophil 
interactions in malignant conditions 
are directly related to PNR, especially 
in humans and dogs with lymphomas 
presenting malignant hypercoagula-
bility as a frequent PNS (42–45). In our 
study, PNR was significantly higher in 
the CD3+/CD21+ and CD45-group than 
in the group without this phenotype. Al-
though there was no statistically signif-
icant difference in survival time among 
the PNR, CD45, and CD3+/CD21+ phe-
notypes, dogs with a low PNR generally 
tended to be ‘clinically ill’ upon admis-
sion. However, this was not related to 
tumor progression, and the relation-
ship with phenotypic aberrancies could 
not be confirmed. Additionally, NLR was 
higher in the CD45+ group than in the 
CD45 + group. In human non-Hodgkin’s 
lymphoma, an NLR of 3.5 or higher was 
identified as a negative prognostic fac-
tor (46, 47). In this study, two out of four 
dogs with CD45-were diagnosed with 
TZL, and both had lymphocytosis at 
diagnosis, with neutrophils within the 
reference range. The difference in NLR 
is speculated to be largely due to the 
influence of lymphocytosis. However, 
the low NLR compared to lymphomas 
showing aggressive clinical features 
(e.g., DLBCL, peripheral T-cell lympho-
ma not otherwise specified) is probably 
due to the mild degree of tumor-in-
duced inflammatory response (neutro-
phil change) and host immunity change 
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(lymphocyte change) compared to ag-
gressive lymphoma. This is presumed 
to be in line with the clinically indolent 
type and clinical signs similar to those 
of aggressive lymphomas, such as gen-
eralized lymphadenopathy and lym-
phocytosis, but different progression is 
thought to be related to changes in the 
blood cell ratio. The TZL population was 
too small to detect differences between 
TZL and other lymphomas or between 
TZL and healthy dogs.

Compared to the serum chemistry data, 
the concentration of ionized calcium 
was significantly higher in the CD3+/
CD21+ group. However, their clinical 
relevance remains unknown. Among 
the dogs studied, two had hypercalce-
mia, which was evaluated as PNS due to 
parathyroid hormone related hormone, 
while one was found to have hypocal-
cemia. Several significant results were 
found in the Fisher’s exact test, most of 
which were related to PNS. Neoplastic 
fever is thought to be due to the innate 
immune response to a tumor antigen or 
the development of necrotic cells with-
in the tumor, and is particularly com-
mon in hematopoietic cancers such as 
lymphoma (14). In this study, a signifi-
cant difference in the presence or ab-
sence of fever was identified according 
to MHCII expression (p < 0.001). This is 
thought to be related to the function of 
MHCII and the mechanism of its upreg-
ulation in dogs with tumors. Cytokines 

such as TNF-α, IFN-γ, and IL-1 upreg-
ulate MHCII expression (48), and these 
cytokines also activate the arachidonic 
acid cascade to produce prostaglan-
din E2, which acts on the thermoreg-
ulatory center of the hypothalamus to 
regulate the development of fever (49). 
Although the direct causal relationship 
between MHCII expression and fever is 
unknown, further research is needed to 
determine the clinical relevance of MH-
CII as a negative prognostic factor and 
fever as a PNS. There was a correlation 
between MHCII expression and adverse 
reactions to chemotherapy as well. 
When MHCII was expressed, the risk 
of chemotherapy adverse reactions 
was higher than when it was not ex-
pressed. Most adverse reactions were 
myelosuppression, mainly neutropenia. 
Grade III or IV chemotherapy-induced 
neutropenia is known as a favorable 
prognostic factor of lymphoma in dogs 
(50, 51). Likewise, although the direct 
relationship between MHCII expression 
and chemotherapy adverse reactions 
could not be identified, it is presumed 
that there is an unknown mechanism 
between them.

In the case of CD34+ lymphoma, it can 
be presumed to be a precursor-de-
rived or remaining aberrancy in the 
differentiation stage of tumor cells or 
leukemic involvement in high-grade 
lymphoma (52). WHO clinical substage 
“b” refers to a state with clinical signs 

such as lethargy, inappetence, weight 
loss, polyuria/polydipsia, or fever due 
to lymphoma, and it is a negative prog-
nostic factor for lymphoma (1, 53). In 
this study, all 11 dogs in WHO substage 
“a” did not express CD34, while five 
out of 12 dogs (41.7%) in substage “b” 
expressed CD34. One of the five dogs 
expressing CD34 was of T-cell ori-
gin, and the other was of B-cell origin. 
There was no statistically significant 
difference in survival time, likely due to 
the small sample size, but four of the 
CD34+ dogs showed rapid tumor pro-
gression after or during the induction 
protocol (L-CHOP). Chemotherapy re-
sponse in all four dogs was assessed 
as PD, and euthanasia was performed, 
or the dogs died due to tumor progres-
sion. When the correlation with cranial 
mediastinal masses, another negative 
prognostic factor, was analyzed, CD34 
was expressed in four out of seven 
dogs (57.1%) with masses and only one 
(6.3%) out of 16 dogs without masses. 
Again, a causal relationship between 
these factors could not be confirmed, 
but it is presumed that there is a pos-
sible clinical association between CD34 
expression, response to chemotherapy, 
and the progression-free interval.

When the Kaplan–Meier curve was used 
to analyze survival time based on the 
aberrant phenotype, no statistically sig-
nificant difference in median survival 
time was observed for any phenotype. 
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Previous studies have shown that the 
prognosis of T cells is poorer than that 
of B cells, but this study did not identi-
fy any differences in survival time ac-
cording to immunophenotype. Although 
the dogs with high-grade lymphoma in 
the updated Kiel classification showed 
more immunopheonotypic aberrancies, 
it was not confirmed if it is related to 
the prognosis. There are prior studies 
that show that the prognosis is related 
to specific morphotypes with the updat-
ed Kiel classification (54). However, this 
study did not confirm the association 
with detailed morphotypes, immuno-
phenotypic aberrations, and prognosis 
due to the small population. The sur-
vival period was significantly shorter in 
the PNS group, particularly in dogs with 
anemia and monocytosis. These results 
align with previously known negative 
prognostic factors for lymphoma. The 
small sample size and cases where 
tumor progression was not confirmed 
due to loss during follow-up may have 
contributed to these findings.

This study had some limitations associ-
ated with its retrospective nature. First, 
due to the small number of individuals, 
there were limitations in analyzing var-
ious aspects of phenotypic aberrations, 
which are known to have a particular-
ly low frequency. In this study, two out 
of 19 dogs were identified as having 
non-B, non-T cell origin, and both were 
confirmed to be positive for the NK cell 

marker NKp46. Therefore, NK cell lym-
phoma could be diagnosed. However, 
it was difficult to compare the clinical 
characteristics because there were 
only two dogs. Second, there are still 
a few antibodies produced that target 
dogs for flow cytometry, and the major-
ity of those used in this study are an-
tibodies that cross-react with human, 
rat, or mouse cells. In this case, a false 
expression could be observed because 
of the risk of nonspecific binding. How-
ever, in this study, this was unlikely be-
cause the background cells, including 
neutrophils, monocytes, and reactive 
lymphocytes, did not show nonspecific 
binding to each antibody. Additionally, 
there are few antibodies available to 
further subdivide the phenotypes within 
the same lineage. By identifying pheno-
typic changes according to lymphocyte 
maturation stage and comparing them 
with clinical measurements, subtypes 
that are not yet widely known in veteri-
nary medicine, such as precursor lym-
phoma, can be identified. Third, the WHO 
classification based on histopathology 
and bone marrow analysis remains a 
key tool for the diagnosis and classifi-
cation of lymphoma and distinguishing 
it from bone marrow-originated dis-
eases such as leukemia. In particular, 
a bone marrow analysis is necessary 
to determine whether the CD34 ex-
pression identified in this study is an 
aberrant immunophenotype, precursor 

lymphoma, or acute lymphoblastic leu-
kemia, and peripheral blood tests are 
insufficient. Although it is not possible 
to evaluate the treatment response or 
prognosis using these methods alone, 
a clear evaluation is important as his-
tological classification and grading is 
a strong prognostic factor. In clinical 
practice, surgical resection is not often 
attempted as diagnosis can typically be 
achieved to some extent with less in-
vasive cytology and immunophenotyp-
ing. Future studies in populations with 
secured pathology results may enable 
accurate analysis between prognos-
tic factors and clinical measurements. 
Such studies are expected to help our 
understanding of various subtypes of 
lymphoma in dogs by analyzing how 
the functions that are changed by ab-
errant antigen expression are clinically 
expressed at the gene expression level.
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Inhibidores de la enzima de conversión 
de angiotensia, aún seguimos ahí

Introducción
Los inhibidores de la enzima de con-
versión de angiotensina (IECAs) son 
profármacos que inhiben la síntesis a 
nivel renal de angiotensina II que es un 
potente vasoconstrictor. 

Actúan, por tanto, como vasodilatado-
res y se recomiendan en el tratamiento 
de la enfermedad renal crónica (ERC), 
hipertensión arterial, proteinuria y del 
fallo cardiaco congestivo (FCC).

El benazepril, enalapril, imidapril y rami-
pril están aprobados para el tratamien-
to de perros con FCC y su eficacia está 
demostrada ya que mejoran la función 
hemodinámica y los signos clínicos, au-
mentando la supervivencia. Son prodro-
gas que se administran por vía oral y se 
activan dentro del organismo. 

Al inhibir el paso de angiotensina I a 
angiotensina II presentan un efecto hi-
potensivo leve a moderado.

Existe también evidencia de que los IE-
CAs están recomendados en perros y 

gatos con ERC ya que reducen la pre-
sión capilar glomerular, tienen efectos 
antiproteinúricos, tienden a retrasar la 
progresión de la enfermedad y limitan 
la extensión de las lesiones renales. 

Una de las mayores ventajas es su to-
lerabilidad.

En perros presentan eliminación renal 
(45%) y hepática (55%) y en gatos se 
excretan principalmente por el hígado 
(casi 85%).

Susana Garcia Pérez de Ayala, DVM 

GPCert cardio, GPCert FeLP, Acred. AVEPA Med. Felina

VetPartners ES
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Sistema renina-
angiotensina-aldosterona 
(RASS)
Sistema de emergencia que conecta 
el corazón con el riñón para regular la 
presión arterial.

Está siempre preparado, el hígado libe-
ra continuamente angiotensinógeno.

Cuando hay un problema cardiaco, el 
corazón no bombea la sangre con efi-
ciencia y el resultado es la reducción 
del volumen sanguíneo circulante. Lo 
detecta el riñón y provoca en el aparato 
yuxtaglomerular la liberación de renina, 
que desencadena la activación del eje. El 
angiotensinógeno se transforma en an-
giotensina I, casi sin actividad, que en los 
capilares pulmonares se encuentra a la 
ECA y se transforma en angiotensina II. 

La angiotensina II es un potente vaso-
constrictor que actúa a nivel de la cor-
teza adrenal para liberar aldosterona. 
La angiotensiona II provoca vasocons-
tricción y la aldosterona reabsorción de 
sodio y agua aumentando la volemia. 
Ambos provocan el aumento de la pre-
sión arterial. 

La aldosterona se une a los receptores 
mineralocorticoides del corazón provo-
cando alteraciones ventriculares, arrit-
mias, fibrosis cardiovascular y edema 
pulmonar. Por tanto, la activación del 
RAAS puede provocar la sobrecarga del 
corazón. 

La acción completa sobre el eje re-
quiere el control sobre la angioten-
sina II y la aldosterona. Los IECAs 
controlan la transformación de an-
giotensina I a II, pero no el escape de 
la aldosterona.

El escape de la aldosterona (EA) es 
una condición en la cual la IECA y/o 
el receptor bloqueador de angioten-
sina fallan en suprimir la actividad 
del sistema angiotensina-aldostero-
na. El bloqueo incompleto del SRAA 
es común en perros con EVM que 
están recibiendo un IECA. Mientras 
que el mecanismo del EA es proba-
blemente multifactorial y aún no se 
conoce bien, la existencia demostra-
da de EA en perros ofrece la posibi-
lidad de mejorar el pronóstico de la 
EVM con la adición de un bloqueante 
del receptor mineralocorticoide a las 
terapias actuales. En un estudio se 
comprobó que, aproximadamente, el 
30% de los perros en tratamiento por 
cardiopatía y FCC presentaban EA. La 
identificación de subpoblaciones de 
pacientes que experimentan EA pue-
de ayudar a guiar el diseño de futu-
ros estudios y la toma de decisiones 
clínicas.

La deshidratación, hipotensión, FCC 
grave, la administración de dosis eleva-
das de diuréticos o una alteración renal 
previa, son algunas de las situaciones 
que incrementan el riesgo de complica-
ción renal durante la terapia con IECAs. 

La funcionalidad renal debe evaluarse 
antes de iniciar una terapia y los valo-
res de urea y creatinina deberán ser 
controlados periódicamente durante el 
tratamiento

Fallo cardiaco congestivo
Una de las principales causas de mor-
bilidad y mortalidad en perros. Al igual 
que en humanos, la activación del 
SRAA juega un papel central en la pato-
fisiología del FCC, su activación crónica 
contribuye a la progresión de la enfer-
medad. Uno de los principales trata-
mientos es el uso de IECAs que mitigan 
el SRAA.

Los IECAs en perros disminuyen la pre-
sión arterial sistémica (PA), la fracción 
de regurgitación mitral y la presión de 
la aurícula izquierda. 

Dosis más altas de 0,5 mg/kg/12h ba-
jan los niveles de AngII y aumentan los 
niveles de Ang 1-7 comparando con 
niveles más bajos, lo que es más fa-
vorable ya que se mantiene la ruta de 
protección con efecto antifibrótico, an-
tihipertrófico, vasodilatador y antioxi-
dante pero en un estudio no se vieron 
diferencias relevantes entre los gru-
pos de dosis más bajas y más altas en 
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cuanto a la presión arterial o las varia-
bles ecocardiográficas. El conocimiento 
de las alteraciones dependientes de la 
dosis en los biomarcadores de las vías 
clásicas y alternativas del SRAA podría 
ayudar a optimizar el tratamiento. 

La edad, aumento progresivo de tama-
ño cardiaco (A y VI), incremento de la 
velocidad de flujo transmitral (E), au-
mento del NT-proBNP y el aumento en 
reposo de la frecuencia cardiaca son, al 
menos, moderadamente predictivos de 
la progresión de la EVM y pueden ayu-
dar a identificar perros con riesgo de 
FCC. 

Las repeticiones en la aparición del 
edema pulmonar indica un mal ajuste 
de la medicación y deben revisarse la 
terapia diurética y neurohormonal (IE-
CAs). 

El objetivo fundamental del tratamiento 
de la insuficiencia cardiaca consiste en 
reducir la severidad de los signos clíni-
cos, mejorar la calidad de vida, prolon-
gar la vida y reducir el riesgo de muerte 
súbita.

• Reducir edema y derrame

 - Diuréticos: furosemida, espirono-
lactona, hidroclorotiazida.

 - Vasodilatadores venosos: IECAs, 
pimobendan

• Mejorar el gasto cardiaco:

 - Inotropos positivos: pimobendan

 - Vasodilatadores arteriales: IECAs, 
amlodipino, pimobendan

• Manejo de las arritmias:

 - Diltiazem, digoxina, sotalol, amio-
darona, β-bloqueantes

• Reducir ejercicio físico

• Control nutricional

• Terapia múltiple recomendada por el 
ACVIM:

• IECA: evitar el paso de angiotensina I 
a angiotensina II

• Espironolactona: evitar escape al-
dosterona

• Furosemida: evitar el edema pulmo-
nar

• Pimobendan: Inodilatador

Lo racional para el uso de IECAs es que 
la supresión del SRAA tiene el potencial 
de conducir a una situación más favo-
rable hemodinámicamente ya que pro-
ducen vasodilatación, contrarrestan la 
retención de líquidos y la progresión de 
la remodelación auricular y ventricular 
que ocurre en respuesta a la regurgita-
ción mitral.

Sin embargo, dos estudios, con perros 
asintomáticos, no mostraron diferen-
cias en el retraso en el desarrollo de 
FCC entre perros que se les administró 

enalapril y otros con placebo. Lo que in-
dica que pueden no ser eficaces en el 
tratamiento de perros asintomáticos. 

Por tanto, se recomienda empezar tra-
tamiento con IECAs en estadio C, epi-
sodio de FCC que no es refractario al 
tratamiento estándar. En fase C el tra-
tamiento recomendado por el ACVIM:

• Diurético: furosemida o torasemida. 
Se recomienda uso de furosemida 
hasta que falle y entonces torasemi-
da. No cortar el tratamiento si ya ha 
habido FCC.

 - Furosemida: 2-4 mg/kg/8-12 ho-
ras

 - Torasemida 0,2 mg/kg/8-12h

• Inodilatador: 

 - Pimobendan: Estudio QUEST. 0,2-
0,3 mg/kg/12h

• Espironolactona + IECAs: benazeprilo 
el más utilizado: Estudio BESST. Me-
jora la esperanza y calidad de vida. 
Reduce el riesgo de edema pulmo-
nar. 

 - Espironolactona: 2 mg/kg/24h

 - IECAs: 0,25 mg/kg/12-24h
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En cuanto a la nutrición se está es-
tudiando el efecto de añadir ciertos 
nutrientes al tratamiento del FCC. Lo 
importante es que el animal coma ade-
cuadamente y cubra sus necesidades 
calóricas y proteica (60 Kcal/kg/dia).

• Ácidos grasos omega 3: reducen las 
arritmias y tratamiento caquexia car-
diaca

• Proteínas: no restringir proteínas, 
acelera la caquexia cardiaca

• Estudio de supervivencia reducida 
en perros que consumían dieta sin 
grano

• L-carnitina y taurina

• Modesta restricción sodio

También es importante la restricción 
del ejercicio físico dando solo paseos 
con correa. 

Se deben medir la creatinina sérica y 
electrolitos 14 días después de empe-
zar con el tratamiento. Posible desa-
rrollo de ERA si las concentraciones de 
creatinina sérica aumentan en ≥30% de 
la concentración inicial. 

Los IECAs son inhibidores enzimáticos 
competitivos. Se precisa inhibir >95% 
del ECA para inhibir significativamente 
la formación de Angiotensina II. Dosis 
altas demostraron mayores benefi-
cios. A mayor grado de insuficiencia 
cardiaca, se deben administrar dosis 
mayores. No son útiles para reducir la 

presión en AI ya que se ha visto que la 
presión se reduce muy poco a pesar de 
la reducción de la postcarga. 

La administración crónica de furo-
semida debe acompañarse de la ad-
ministración de IECAs para contra-
rrestar la activación de mecanismos 
vasoconstrictores y desequilibrios 
electrolíticos que puedan surgir. Los 
IECAs y la reducción en la ingesta de 
sodio ayudan a reducir la dosis diaria 
de diuréticos.

La aldosterona provoca retención de 
sodio y líquidos, estimula la inflama-
ción de arterias vasos, desajusta baro-
receptores, puede provocar hiperten-
sión y arritmias.

La secreción persistente de aldostero-
na, a pesar de la presunta reducción 
de la actividad plasmática de la ECA y 
de la producción de angiotensina II, se 
ha denominado “escape de aldostero-
na”. Tanto los IECAs como los diuréticos 
del asa como el amlodipino, provocan 
escape de aldosterona. Hay diferentes 
rutas de producción de aldosterona y 
escapa a su ruta habitual, además, los 
IECAs bloquean el SRAA plasmático no 
el tisular. No se sabe con certeza por 
qué se produce este escape.

La espironolactona (2.0 mg/kg PO q12 
- 24 h) se recomienda como terapia ad-
yuvante para el tratamiento crónico en 
fase C. El beneficio se basa en ser anta-
gonista de la aldosterona. 

En el estudio DeLay se falló en demos-
trar que la administración combinada 
de espironolactona y benazepril retra-
sara la aparición de FCC en perros en 
fase preclínica. Sin embargo, el trata-
miento proporciona efectos beneficio-
sos en la remodelación cardiaca y estos 
resultados sí pueden tener relevancia 
clínica. El bloqueo de los receptores de 
mineralocorticoides reduce la remode-
lación cardiaca y con el tratamiento se 
vio que mejoraron valores como el índi-
ce vertebral cardiaco o VHS (vertebral 
heart score), ratio aurícula izquierda/
aorta, diámetro interno del ventrículo 
izquierdo en diástole normalizado (LVE-
DDn) y el flujo transmitral que son fac-
tores predictivos negativos. NT-proBNP 
tampoco aumento en el grupo tratado y 
si en el placebo.

La espironolactona bloquea receptores 
de aldosterona, es un diurético muy dé-
bil, previene la reabsorción distal de so-
dio y ahorra potasio, antagoniza efectos 
cardiotóxicos de la aldosterona, previe-
ne la fibrosis miocárdica y contrarresta 
el escape de la aldosterona a los IECAs. 
Las dosis sugeridas son de 0,5-2,0mg/
kg VO una o dos veces al día.
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Hay pocos estudios sobre el manejo 
terapéutico del FCC en gatos. Normal-
mente la terapia crónica consiste en:

• Furosemida PO 1-3 mg/kg q12 -24h 
o menor

• IECA PO, enalapril o benazepril 0.25 a 
0.5 mg/kg q12-24h

• Diltiazem PO 1.5-2.5 mg/kg q8h (no 
en gatos con FCC)

A la mayoría de los gatos se les tra-
ta con IECAs y furosemida. Beta blo-
queantes cuando no hay FCC o para tra-
tar arritmias u obstrucción severa del 
tracto de salida del ventrículo izquier-
do. El diltiazem es más eficaz, pero se 
usa menos por su administración más 
frecuente.

En un estudio con benazepril utilizado 
en gatos con CMH en fase subclínica se 
vió que se mejoraba la función diastó-
lica y la hipertrofia ventricular aunque 
se consideró que los hallazgos podían 
ser inicidentales. 

No se ha demostrado efecto sobre el 
tiempo de aparición de FCC, ni que se 
retrase el paso de estadio C a D, aunque 
se sigue usando por algunos cardiólo-
gos. 

Ne necesitan más estudios en pacien-
tes felinos para evaluar su eficacia. 

Enfermedad renal crónica
Enfermedad irreversible y progresiva 
que avanza a glomeruloesclerosis y fi-
brosis intersticial y, en ocasiones, a es-
tadios finales de fallo renal. 

Varios sistemas endocrinos y citoqui-
nas están involucradas en el desarrollo 
de hipertensión renal y progresión de 
la enfermedad. La hiperactivación del 
SRAA juega un papel primordial. 

La AngII contrae las arteriolas eferen-
tes aumentando la presión capilar glo-
merular y la filtración. A su vez, con-
trae los vasos sanguíneos periféricos 
y, por tanto, eleva la presión arterial 
sistémica. Estimula la corteza adrenal 
para secretar aldosterona que reduce 
la pérdida de sodio y fluidos en túbu-
los distales, contribuyendo también al 
incremento de la presión arterial. 

La hipótesis de la hiperfiltración nos 
dice que el aumento de la filtración glo-
merular provoca daños físicos en los 
glomérulos, lo que lleva a una lesión 
renal progresiva. El exceso de AngII 
desempeña su papel patógeno princi-
pal al aumentar la presión de perfusión 
glomerular provocando lesiones tubu-
lointersticiales, daño en las nefronas 
remanentes y agravando el deterioro y 
la disfunción estructural renal.

La proteinuria es un fuerte factor de 
progresión y su reducción tiene efectos 
críticos. 

Todos los perros con proteinuria renal o 
azotemia deben ser evaluados para de-
tectar hipertensión. Los gatos mayores, 
en particular aquellos con enfermedad 
renal crónica (ERC), deben someterse 
a exámenes de presión arterial desde 
el inicio de la enfermedad y durante el 
curso de la misma ya que aproximada-
mente el 10 % tendrá hipertensión.

La indicación general es reducir la pre-
sión arterial <150 mm Hg

Se cree que el mecanismo de la hiper-
tensión renal implica la retención de 
líquidos corporales asociada con la in-
suficiencia renal, el aumento del gasto 
cardíaco y la resistencia de los vasos 
periféricos, la activación del sistema 
renina-angiotensina-aldosterona (RAA) 
y la supresión del sistema calicreína-ci-
nina-prostaglandina.

Las inhibir la ECA y por tanto la producción 
de AngII obtendremos un efecto renopro-
tector con reducción en la presión arterial 
sistémica, la presión capilar glomerular y 
el volumen de filtrado glomerular.

En los gatos, la pérdida de masa renal 
provoca la activación del SRAA y la hi-
pertensión renal asociada que juegan 
un papel fundamental en la progresión 
de la insuficiencia renal.
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La respuesta a los IECAs es menor que 
en perros, es posible que exista hetero-
geneidad en el grado de afectación del 
SRAA en gatos con enfermedad renal 
natural y, por tanto, en la respuesta a 
la inhibición de la ECA. Su administra-
ción en estos pacientes provoca una 
reducción moderada de la hipertensión 
sistémica. Aun así, pueden ser un tra-
tamiento eficaz para frenar la tasa de 
progresión de la insuficiencia renal en 
gatos ya que disminuyen la hiperten-
sión glomerular presumiblemente por 
su efecto en el SRAA intrarrenal. 

En algunos gatos se pueden desarro-
llar disminuciones transitorias y rever-
sibles de la TFG en respuesta a la vaso-
dilatación arteriolar eferente durante el 
tratamiento con inhibidores de la ECA.

En un estudio con benazepril, corrigió 
la hipertensión sistémica y redujo sig-
nificativamente la angiotensina II y la 
aldosterona. Se redujeron los valores 
de creatinina sérica y la proteinuria. 
Además, se excreta la mayoria en bilis 
(85%), de esta forma no se acumula en 
animales con disfunción renal lo que 
indica su potencial terapéutico seguro 
en ERC. 

En perros, la ERC suele tener un origen 
glomerular y por eso presentan más 
proteinuria que los gatos. En IRIS I no 
suelen presentar signos clínicos a me-
nos que esté muy baja la albúmina o en 
glomerulonefritis.

La hipertensión sistémica también es 
común en perros con ERC y puede con-
ducir a una progresión más rápida de 
la insuficiencia renal. La activación del 
SRAA es una de las principales causas 
y el tratamiento con IECA se conside-
ra una de las estrategias terapéuticas 
más eficaces.

Los IECAs producen disminución en 
la hipertensión capilar glomerular y 
la gravedad de la proteinuria y un re-
traso en la progresión de las lesiones 
renales. Presentan un efecto positivo 
sobre la TFG y se reduce la liberación 
de matriz extracelular y colágeno de 
las células mesangiales y tubulares 
que disminuye la fibrosis glomerular e 
intersticial.

Estudios adicionales deberían investi-
gar si los IECA pueden minimizar la hi-
percoagulabilidad renal.

La administración de benazepril en pe-
rros parece ser segura y bien tolerada, 
con efectos adversos mínimos.

Proteinuria
La hipertensión glomerular causa pro-
teinuria debido al aumento de la tasa 
de filtración glomerular (TFG) de una 
sola nefrona que aumenta el radio de 
los poros dentro de la barrera de filtra-
ción y, por lo tanto, se produce la ultra-
filtración de proteínas.

La pérdida renal de proteínas plasmá-
ticas puede contribuir a la hipoalbumi-
nemia, alteraciones en los factores de 
coagulación, disminución de la inmuni-
dad y desarrollo de hiperlipidemia en 
algunos casos.

Se ha demostrado que la proteinuria 
crónica se asocia con fibrosis intersti-
cial, así como con degeneración y atro-
fia tubular.

La proteinuria es un importante mar-
cador para diagnóstico precoz y pro-
nóstico. Está altamente relacionada 
con la reducción de la supervivencia en 
perros y gatos azotémicos y no azoté-
micos. En perros azotémicos, un ratio 
proteína/creatinina en orina (UPC por 
sus siglas en inglés) igual o mayor a 1 
está asociado con un mayor riesgo de 
crisis urémica y muerte. 

Las fuerzas hemodinámicas influyen 
en el movimiento transglomerular de 
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las proteínas, por lo que alterar la he-
modinámica renal sería eficaz para re-
ducir la proteinuria.

Se debe medir la proteinuria en varios 
controles y descartar la pre y la postre-
nal. 

Los perros normales y la mayoría de 
los gatos normales deben tener una 
relación proteína: creatinina en la orina 
inferior a 0,4 e inferior a 0,2, respecti-
vamente. 

Los perros que tienen proteinuria renal 
y un UPC de 2,0 o mayor suelen tener 
enfermedad glomerular, mientras que 
los perros con un UPC inferior a 2,0 
pueden tener enfermedad glomerular o 
enfermedad tubulointersticial. Las en-
fermedades glomerulares ocurren con 
mucha menos frecuencia en los gatos, 
pero deben sospecharse cuando el UPC 
es 2 o mayor. La hipoalbuminuria con-
currente es evidencia adicional de que 
hay enfermedad glomerular

El sistema renina-angiotensina-aldos-
terona (SRAA) ha sido el principal siste-
ma objetivo de este enfoque para redu-
cir la proteinuria. La administración de 
IECAs y/o bloqueadores de los recepto-
res de angiotensina (ARB) se conside-
ran un tratamiento estándar en perros 
y gatos con proteinuria renal.

Los mecanismos propuestos para es-
tos efectos incluyen la disminución de 
la resistencia arteriolar glomerular efe-

rente que conduce a una disminución o 
normalización de la presión hidráulica 
transcapilar glomerular, reducción de 
la pérdida de sulfato de heparina glo-
merular, disminución del tamaño de 
los poros endoteliales de los capilares 
glomerulares, mejora del metabolismo 
de las lipoproteínas, crecimiento y pro-
liferación mesangial glomerular más 
lentos. En perros y gatos, el objetivo 
terapéutico ideal es una reducción de 
la UPC, una reducción de la UPC del 50 
% o más sin un empeoramiento inapro-
piado de la función renal.

La hiperpotasemia parece ser un efec-
to secundario común de la inhibición de 
SRAA en perros con enfermedad renal, 
pero probablemente sea poco común 
en gatos.

El tratamiento de la proteinuria en pe-
rros reduce la progresión de la ERC y, 
en un estudio, el grupo tratado con ena-
lapril mostró una reducción significati-
va del UPC tras 30 días de tratamiento. 
Además, demostró minimizar los sig-
nos clínico de uremia y mantener una 
óptima condición corporal.

Hipertensión
La hipertensión no tratada pone en 
riesgo de daño a otros órganos diana 
(cerebro, corazón, ojo, riñón, grandes 
vasos), lo que aumenta la morbilidad y 
la mortalidad.

Se estima una incidencia en gatos del 
19.5%.

La presión arterial sistólica (PAS) me-
dia debe ser de 120 mmHg (rango 110–
132 mmHg) pero aumenta con la edad 
y en gatos con ERC.

Se distinguen varios tipos de hiperten-
sión:

• Situacional

• Primaria o idiopática

• Secundaria

Si un gato presenta hipertensión sos-
tenida >160 mmHg en las siguientes 
revisiones, debe tratarse.

Ideal obtener presiones desde los 3 
años, cada 12 meses (ACVIM)

En el tratamiento es fundamental valo-
rar cada caso individualmente, tratar la 
causa y que la reducción sea gradual.
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En gatos hipertensos se recomienda 
una reducción de 20-30 mmHg y los 
tratamientos de elección son el amlo-
dipino (antagonista canales del Ca) y el 
telmisartán (inhibidor de angiotensina 
II). Los IECAs se utilizan más en caso de 
proteinuria.

En perros, los IECAs constituyen el tra-
tamiento de primera elección, seguidos 
del amlodipino, inhibidores de la angio-
tensina II y los beta-bloqueantes.

Objetivo de la terapia: disminuir al 
máximo el riesgo de daño en órganos 
diana (PAS < 150 mm Hg y PAD < 95 
mm Hg). La terapia debe ajustarse si 
la PA es > 150/95 mm Hg o <120 mm 
Hg.

Los IECAs en hipertensión presentan 
una serie de ventajas e inconvenien-
tes:

• Ventajas:

 - Dilatan las arteriolas eferentes 

 - Bajan la presión intraglomerular

 - Frecuentemente bajan la magnitud 
de la proteinuria

 - Los efectos adversos cardiacos y 
renales de la angiotensina II y al-
dosterona pueden ser atenuados 
por esta clase de agentes.

• Inconvenientes:

 - Una consecuencia secundaria de 
la dilatación arteriolar eferente es 
una tendencia teórica a la dismi-
nución de la tasa de filtración glo-
merular (TFG)., poco importante en 
perros y gatos

 - Un modesto incremento en los va-
lores de creatinina sérica

 - No deberían usarse en pacientes 
deshidratados en los cuales la TFG 
puede descender precipitadamen-
te

 - En gatos, no se recomiendan como 
monoterapia ya que el descenso 
de la presión arterial es muy leve
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L 
a distrofia muscular de Duchen-
ne (DMD, por sus siglas en in-
glés) es una miopatía heredita-
ria ligada al cromosoma X que 
causa enfermedad progresiva 

del músculo esquelético y cardíaco. Las 
lesiones cardíacas se describieron en los 
primeros informes de DMD, y la miocar-
diopatía es ahora la principal causa de 
muerte. Sin embargo, el diagnóstico y el 
tratamiento de la miocardiopatía se han 
quedado rezagados con respecto a los de 
la enfermedad del músculo esquelético 
apendicular y respiratorio. La mayoría 
de los estudios en modelos animales se 
han realizado en el ratón mdx, que tiene 
una forma relativamente leve de miocar-
diopatía. Los perros con la enfermedad 
genéticamente homóloga Golden Retrie-
ver distrofia muscular (DMR) desarrollan 
una miocardiopatía progresiva análoga 
a la observada en la DMD. Los estudios 
descriptivos previos de la miocardiopatía 
GRMD se han limitado principalmente a 
la toma selectiva de muestras de corazo-
nes de perros jóvenes.

B
ackground: Duchenne mus-
cular dystrophy (DMD) is an 
X-linked inherited myopathy 
that causes progressive skel-
etal and cardiac muscle dis-

ease. Heart lesions were described in 
the earliest DMD reports, and cardio-
myopathy is now the leading cause of 
death. However, diagnostics and treat-
ment for cardiomyopathy have lagged 
behind those for appendicular and re-
spiratory skeletal muscle disease. Most 
animal model studies have been done 
in the mdx mouse, which has a rela-
tively mild form of cardiomyopathy. 
Dogs with the genetically homologous 
condition, Golden Retriever muscular 
dystrophy (GRMD), develop progressive 
cardiomyopathy analogous to that seen 
in DMD. Previous descriptive studies 
of GRMD cardiomyopathy have mostly 
been limited to selective sampling of 
the hearts from young dogs.

Methods and Results: We systematical-
ly assessed cardiac lesions in 31 GRMD 
and carrier dogs aged 3 to 76 months 
and a separate cohort of 2–10-year-old 
normal hounds. Both semi-quantitative 
lesion scoring and quantitation of the 
cross-sectional area of fibrosis distin-
guished dogs with GRMD disease from 
normal dogs. The carriers generally 
had intermediate involvement but had 
even greater fibrosis than GRMD dogs. 
Fatty infiltration was the most promi-
nent feature in some older GRMD dogs. 

Vascular hypertrophy was increased in 
GRMD dogs and correlated positively 
with lesion severity. Purkinje fiber vac-
uolation was also increased but did not 
correlate with lesion severity. Histo-
pathologic changes correlated with late 
gadolinium enhancement on cardiac 
MRI.

Conclusion: These features are gen-
erally compatible with those of DMD 
and further validate GRMD as a useful 
model to study cardiomyopathy patho-
genesis and treatment. Additionally, the 
nature of some degenerative lesions 
suggests that functional hypoxia or 
non-thrombotic ischemia may contrib-
ute to disease progression.

Introduction
Duchenne muscular dystrophy (DMD) 
and Golden Retriever muscular dys-
trophy (GRMD) are genetically homol-
ogous, phenotypically analogous de-
generative muscle diseases caused by 
mutations in the DMD gene, which en-
codes the dystrophin protein (1, 2). Loss 
of dystrophin at the sarcolemma leads 
to membrane fragility and both skele-
tal (3) and cardiac muscle lesions (4, 5). 
Cardiac complications are the leading 
cause of death in young men with DMD 
(6).

Although the heart and skeletal mus-
cle both lack dystrophin, differences 
in Ca2+ homeostasis (7–9), metabo-
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lism (10), and dystrophin–glycoprotein 
complex localization (11–13) contribute 
to variable pathologic changes in the 
two tissues. While some studies have 
shown that skeletal and cardiac muscle 
functional deficits track together, oth-
ers have demonstrated variable pro-
gression (5, 6, 14–16). This potential for 
discordance has clinical significance. 
Features typical of cardiac disease may 
not be present in wheelchair-bound 
DMD boys (17, 18), precluding the as-
sessment of treatment effects on the 
heart. More importantly, improvement 
in skeletal muscle function alone could 
increase strain on the heart and accel-
erate cardiac disease progression (6, 
17–21).

The GRMD dog is an important large 
animal model of DMD (1, 2). Cardiac 
disease features in affected dogs that 
closely parallel those in boys include 
ECG abnormalities (22–24), initial le-
sion onset around adolescence (4, 5, 
25), changes predominantly in the ba-
solateral left ventricle (LV) (4, 5, 25, 26), 
and eventual progression to clinically 
evident dilated cardiomyopathy with 
reduced ejection fraction and heart 
failure (1, 2, 4, 5). Previous pathologic 
descriptive studies, including the first 
paper by Valentine et al. (25), estab-
lished the basic features of GRMD car-
diomyopathy (1, 25–29). However, these 
studies often focused on young dogs, 
and some assessed a limited number 

of cardiac anatomic sites. The Valen-
tine study was comprehensive in that 
twenty four dogs were assessed, and 
13 to 17 cardiac sections were sam-
pled in each of them, but 19 of the 24 
dogs were <12 weeks old and had no 
detectable abnormalities. According-
ly, the study focused on only five dogs 
ranging from 6.5 months (m) to 6 years 
(y). All five dogs had lesions, establish-
ing 6.5 m as the age of onset for patho-
logic changes. Based on a study of 
eight crossbred beagles (CXMDJ) with 
the GRMD mutation, Yugeta et al. (26) 
suggested that the pathologic onset 
might be delayed until 12 months. Their 
pathologic assessment included only 
four dogs >12 m of age, with the oldest 
being 21 m. No histopathologic lesions 
were seen in dogs <12 m, and only 3 
of the 4 older dogs had changes. While 
the most recent descriptive study out of 
Brazil (29) included 18 GRMD dogs and 
also made the most concerted effort to 
differentiate lesions among age groups, 
only single sites from the LV and right 
ventricle (RV) were examined for each 
dog. Since all the dogs in the Brazil 
study purportedly died of heart failure, 
the pathologic findings across all age 
groups might be more typical of end-
stage disease vs. the full spectrum of 
lesion development.

Women carriers heterozygous for 
DMD gene mutations are also at an in-
creased risk for clinical heart disease 

(30–33) due to mosaic cardiac dystro-
phin expression (30). Canine GRMD 
carriers have an analogous mosaic 
cardiac dystrophin expression pat-
tern (34) and lesions similar to affect-
ed dogs, including variable degrees of 
myocardial fibrosis, necrosis, miner-
alization, and fatty infiltration concen-
trated in the LV free wall (35).

Given the similarities between the DMD 
and GRMD cardiomyopathies, preclini-
cal studies in affected dogs should in-
form the management of DMD patients. 
Pathologic studies typically serve as 
the gold standard for establishing dis-
ease progression and aid in selecting 
appropriate diagnostic and prognostic 
markers. We report a semi-quantitative 
natural history of histopathologic car-
diomyopathy changes in a large cohort 
of GRMD dogs across a wide age range.

Materials and Methods
Animals

Care of the dogs in this study was 
governed by principles outlined in the 
Guide for the Care and Use of Labora-
tory Animals of the National Research 
Council and the protocols approved by 
the institutional animal care and use 
committee at Texas A&M University. 
Typically, in our colony, the carrier fe-
males are bred with semen from af-
fected males, producing 25% each of 
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normal males, carrier females, dystro-
phic hemizygous males, and dystrophic 
homozygous females.

Hearts were collected from thirty eight 
dogs, including 7 normal hounds (con-
trols; 2–10 y; 5 female and 2 male), 5 
GRMD carriers (3 m−4.5 y), and 26 
GRMD-affected dogs [divided among 
four age groups: <6 m (five dogs), 6–12 
m (seven dogs), 12–24 m (five dogs), 
and >24 m up to 76 m (nine dogs)]. The 
GRMD dogs were evenly split between 
hemizygous males and homozygous 
females.

Hearts

We collected hearts from GRMD-affect-
ed dogs that died or were euthanized 
due to declining quality of life (defined 
as an inability to maintain sternal re-
cumbence or progression to end-stage 
heart failure) or at terminal end-points 
for studies unrelated to cardiomyop-
athy. Of the GRMD dogs, only one was 
euthanized due to reasons related to 
intractable heart failure; four died or 
were euthanized for other reasons. 
Hearts from carrier dogs were collect-
ed at terminal end-points for studies 
unrelated to cardiomyopathy and from 
one dog (3 m) that died under anesthe-
sia with no previous clinical symptoms 
of heart disease. Unaffected hearts 
were collected from an unrelated col-
ony of working hound dogs euthanized 
for non-cardiac events.

In all hearts, samples from the LV and 
RV free walls were snap-frozen at nec-
ropsy and banked for potential gene 
expression and immunohistochemis-
try studies. The remaining whole heart 
was placed in formalin.

Gross Pathology and Sectioning

Fixed hearts were weighed and photo-
graphed in six views (cranial, caudal, 
lateral from left and right sides, base, 
and apex). Each heart was cross-sec-
tioned through the ventricular short 
axis at 1-cm intervals to the level of 
the atrioventricular valves and photo-
graphed (Figure 1). The hearts were 

weighed, and the thicknesses of the 
fixed LV, RV, and interventricular sep-
tum were measured (Table 1 and Sup-
plementary Table 1). The hearts were 
evaluated grossly and in the images for 
subjective dilation, pallor, and mineral-
ization.

Each heart was systematically sec-
tioned for histology. Seventeen sections 
of the LV (including septum) were taken 
to correspond with standard segmen-
tation for advanced imaging (36). Ad-
ditionally, four sections of the RV (an-
terior and inferior as available at the 
basal and mid-level) and the left and 
right atria were collected. The atrioven-

Schneider et al. Natural History of GRMD Cardiomyopthy

FIGURE 1 | Representative gross images of a Golden Retriever muscular dystrophy heart showing the whole heart (A), the basal cross-section with left ventricle and

right ventricle dilation (B), and all ventricular cross-sections (C).

TABLE 1 | Averages of gross heart measurements for Golden Retriever muscular dystrophy (GRMD), carrier, and normal dogs.

Averages (±SD)

Group (N) HW (g) BW (kg) LV (cm) RV (cm) Septum

(cm)

HW/BW

(g/kg)

RV/LV LV/Sept LV/HW

(mm/g)

All GRMD (26) 118.04

(±50.9)

15.43

(±7.47)

1.09

(±0.27)

0.46

(±0.14)

0.98

(±0.25)

8.74

(±5.33)

0.43

(±0.11)

1.15

(±0.33)

0.11

(±0.04)

GRMD >6 months (21) 135.14

(±41.1)*

17.4

(±6.98)*

1.16

(±0.25)*‡
0.5

(±0.13)*†
1.03

(±0.24)*

9.27 (±5.8) 0.44

(±0.12)

1.18

(±0.34)‡
0.09

(±0.02)

Carrier (5) 175.6

(±68.1)

15.32

(±3.22)†
1.38

(±0.16)‡§
0.66

(±0.05)†‡
1.22

(±0.17)†
12.32

(±6.44)

0.48

(±0.06)

1.14

(±0.12)§
0.09

(±0.05)

Normal (7) 210.83

(±30)*

25.09

(±0.9)*†
1.86

(±0.05)*§
0.9

(±0.14)*‡
1.91

(±0.05)*†
8.48

(±0.10)

0.49

(±0.04)

0.99

(±0.09)‡§
0.09 (±0)

GRMD by age (N)

<6 months (5) 46.2

(±3.87)

7.16 (±1) 0.8 (±0.14) 0.3 (±0) 0.78

(±0.17)

6.52

(±0.62)

0.39

(±0.07)

1.05

(±0.21)

0.11

(±0.04)

6–12 months (7) 109.86

(±17.14)

17.67

(±7.12)

1.19 (±0.2) 0.57

(±0.12)

1.17

(±0.22)

6.90

(±1.88)

0.48

(±0.07)

1.02

(±0.11)

0.1 (±0.01)

>12–24 months (4) 94.75

(±8.1)

16.78

(±6.1)

0.95

(±0.21)

0.39

(±0.05)

0.98

(±0.04)

6.36

(±1.96)

0.42

(±0.06)

0.97

(±0.19)

0.1 (±0.02)

6–24 months (11) 104.36

(±16.24)

17.35

(±6.78)

1.10

(±0.23)

0.50

(±0.13)

1.10

(±0.20)

6.70

(±1.93)

0.46

(±0.07)

1.00

(±0.15)

0.11

(±0.01)

>24 months (10) 169

(±32.57)

17.46

(±7.2)

1.23

(±0.25)

0.5 (0±.12) 0.95

(±0.25)

12.09

(±7.16)

0.43

(±0.15)

1.37

(±0.39)

0.09

(±0.02)

*/†, p < 0.001; ‡/§, p < 0.05.

measured (Table 1 and Supplementary Table 1). The hearts were
evaluated grossly and in the images for subjective dilation, pallor,
and mineralization.

Each heart was systematically sectioned for histology.
Seventeen sections of the LV (including septum) were taken to
correspond with standard segmentation for advanced imaging

(36). Additionally, four sections of the RV (anterior and inferior
as available at the basal and mid-level) and the left and right
atria were collected. The atrioventricular node was isolated
by sectioning the septal junction of the right atrium below
the foramen ovale and the non-coronary cusp of the aortic
valve. The sinoatrial node was sectioned at the junction of

Frontiers in Veterinary Science | www.frontiersin.org 3 February 2022 | Volume 8 | Article 759585

Figure 1. Representative gross images of a Golden Retriever muscular dystrophy heart showing 
the whole heart (A), the basal cross-section with left ventricle and right ventricle dilation (B), and all 
ventricular cross-sections (C).
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tricular node was isolated by section-
ing the septal junction of the right atri-
um below the foramen ovale and the 
non-coronary cusp of the aortic valve. 
The sinoatrial node was sectioned at 
the junction of the vena cava and the 
right atrium (37). Tissue cassettes con-
taining the sections were photographed 
for reference, paraffin-embedded, and 
routinely processed. Slides were cut 
at 5-10 m thickness and stained with 
hematoxylin and eosin (H&E) and Mas-
son's trichrome. All slides were digi-
tally scanned at × 20 on a Hamamatsu 
NanoZoomer 2.0-HT whole-slide imag-
er (Hamamatsu Corporation; Bridgewa-
ter, NJ, USA).

Microscopic Pathology

Digital slide images were evaluated 
by a single pathologist (SS) using two 
methods to assess disease severity. 
Each section was given a semi-quan-
titative grade for approximate percent-
age of the cross-sectional area affect-
ed by histopathologic lesions, generally 
following the system described by Kane 
et al. (35) (0 = none, 1 = 1–10%, 2 = 11–
20%, 3 = 21–30%, and 4 >30%) (Supple-
mentary Figure 1). These scores were 
averaged across sections and groups 
for statistical comparisons (Supple-
mentary Table 2). In a second method, 
specific histopathologic changes were 
scored as absent/present, and nota-
tions were made for the nature of some 
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FIGURE 1 | Representative gross images of a Golden Retriever muscular dystrophy heart showing the whole heart (A), the basal cross-section with left ventricle and

right ventricle dilation (B), and all ventricular cross-sections (C).

TABLE 1 | Averages of gross heart measurements for Golden Retriever muscular dystrophy (GRMD), carrier, and normal dogs.

Averages (±SD)

Group (N) HW (g) BW (kg) LV (cm) RV (cm) Septum

(cm)

HW/BW

(g/kg)

RV/LV LV/Sept LV/HW

(mm/g)

All GRMD (26) 118.04

(±50.9)

15.43

(±7.47)

1.09

(±0.27)

0.46

(±0.14)

0.98

(±0.25)

8.74

(±5.33)

0.43

(±0.11)

1.15

(±0.33)

0.11

(±0.04)

GRMD >6 months (21) 135.14

(±41.1)*

17.4

(±6.98)*

1.16

(±0.25)*‡
0.5

(±0.13)*†
1.03

(±0.24)*

9.27 (±5.8) 0.44

(±0.12)

1.18

(±0.34)‡
0.09

(±0.02)

Carrier (5) 175.6

(±68.1)

15.32

(±3.22)†
1.38

(±0.16)‡§
0.66

(±0.05)†‡
1.22

(±0.17)†
12.32

(±6.44)

0.48

(±0.06)

1.14

(±0.12)§
0.09

(±0.05)

Normal (7) 210.83

(±30)*

25.09

(±0.9)*†
1.86

(±0.05)*§
0.9

(±0.14)*‡
1.91

(±0.05)*†
8.48

(±0.10)

0.49

(±0.04)

0.99

(±0.09)‡§
0.09 (±0)

GRMD by age (N)

<6 months (5) 46.2

(±3.87)

7.16 (±1) 0.8 (±0.14) 0.3 (±0) 0.78

(±0.17)

6.52

(±0.62)

0.39

(±0.07)

1.05

(±0.21)

0.11

(±0.04)

6–12 months (7) 109.86

(±17.14)

17.67

(±7.12)

1.19 (±0.2) 0.57

(±0.12)

1.17

(±0.22)

6.90

(±1.88)

0.48

(±0.07)

1.02

(±0.11)

0.1 (±0.01)

>12–24 months (4) 94.75

(±8.1)

16.78

(±6.1)

0.95

(±0.21)

0.39

(±0.05)

0.98

(±0.04)

6.36

(±1.96)

0.42

(±0.06)

0.97

(±0.19)

0.1 (±0.02)

6–24 months (11) 104.36

(±16.24)

17.35

(±6.78)

1.10

(±0.23)

0.50

(±0.13)

1.10

(±0.20)

6.70

(±1.93)

0.46

(±0.07)

1.00

(±0.15)

0.11

(±0.01)

>24 months (10) 169

(±32.57)

17.46

(±7.2)

1.23

(±0.25)

0.5 (0±.12) 0.95

(±0.25)

12.09

(±7.16)

0.43

(±0.15)

1.37

(±0.39)

0.09

(±0.02)

*/†, p < 0.001; ‡/§, p < 0.05.

measured (Table 1 and Supplementary Table 1). The hearts were
evaluated grossly and in the images for subjective dilation, pallor,
and mineralization.

Each heart was systematically sectioned for histology.
Seventeen sections of the LV (including septum) were taken to
correspond with standard segmentation for advanced imaging

(36). Additionally, four sections of the RV (anterior and inferior
as available at the basal and mid-level) and the left and right
atria were collected. The atrioventricular node was isolated
by sectioning the septal junction of the right atrium below
the foramen ovale and the non-coronary cusp of the aortic
valve. The sinoatrial node was sectioned at the junction of
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Table 1. Averages of gross heart measurements for Golden Retriever muscular dystrophy (GRMD), 
carrier, and normal dogs.
Schneider et al. Natural History of GRMD Cardiomyopthy

TABLE 2 | Averages of histologic changes for groups.

Frequency for individual lesions

Group (N) Semi-quantitative

average lesion score
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GRMD age groups

(N)

<6 months (5) 0.33 - - - - -/+ +

6–12 months (7) 0.85 + +++ + +++ ++ ++

>12–24 months (4) 0.73 + ++ + + + +++

>2 years (10) 1.63 ++++ ++ -/+ +++ ++ ++

Carrier (5) 0.55 ++++ + -/+ + + +

Normal (7) 0.30 + + -/+ - + +

The second column from the left depicts the semi-quantitative average score severity of all lesions taken together across left ventricle and right ventricle. The six columns to the right

depict the percentage of all examined sections with the individual lesions listed: - = 0, -/+ <0.5, + = 0.5–20, ++ = 20–30, +++ = 30–40, ++++ >40.

the vena cava and the right atrium (37). Tissue cassettes
containing the sections were photographed for reference,
paraffin-embedded, and routinely processed. Slides were cut at 5-
10m thickness and stained with hematoxylin and eosin (H&E)
and Masson’s trichrome. All slides were digitally scanned at
×20 on a Hamamatsu NanoZoomer 2.0-HT whole-slide imager
(Hamamatsu Corporation; Bridgewater, NJ, USA).

Microscopic Pathology
Digital slide images were evaluated by a single pathologist
(SS) using two methods to assess disease severity. Each
section was given a semi-quantitative grade for approximate
percentage of the cross-sectional area affected by histopathologic
lesions, generally following the system described by Kane
et al. (35) (0 = none, 1 = 1–10%, 2 = 11–20%, 3 = 21–
30%, and 4 >30%) (Supplementary Figure 1). These scores
were averaged across sections and groups for statistical
comparisons (Supplementary Table 2). In a second method,
specific histopathologic changes were scored as absent/present,
and notations were made for the nature of some changes.
The six assessed lesions included the following: fatty
infiltration (absent/present), acute necrosis (absent/present),
inflammatory infiltrates (none, primarily histiocytic, or primarily
lymphoplasmacytic), mineralization (absent/present), Purkinje
fiber vacuolation (positive if 50% or more of overall fiber
cytoplasm was affected by vacuolation), and the nature
of vascular changes (none, fibrosis, wall hypertrophy, and
intimal hypertrophy).

The approximate percentage of examined sections from the
whole heart with the six individual lesions mentioned above
was semi-quantitatively scored using a modified “+” approach,

whereby (−) = 0, (−/+) <0.5%, (+) = 0.5–20%, (++) = 20–
30%, (+ + +) = 30–40%, and (+ + ++) >40% (Tables 2, 3).
Additionally, the primary lesion localization within each segment
was classified as either subepicardial (outer 1/3), mid-myocardial
(middle 1/3), subendocardial (inner 1/3), or panmyocardial
(evenly distributed across the wall) (Figure 2).

Trichrome slides were quantitatively analyzed for percentage
fibrosis. The NDPI files for each slide were exported as
a JPEG at ×5 magnification using the NDPI to OME-
TIFF Converter v1.5 (https://matthias-baldauf.at/software/ndpi-
converter/). These JPEGs were cropped in Graphic Converter
(http://www.graphic-converter.net/) to remove duplicate tissue
sections and large blood clots. The final JPEGS were analyzed
in ImageJ using batch macros (Supplementary Data S1) to
distinguish the percentage of blue staining from the total area
with staining.

Cardiac Magnetic Resonance Imaging
Some affected GRMD dogs in this study were part of a separate
natural history imaging study (38) and had their cardiac function
assessed prior to pathological collection. The cardiac magnetic
resonance (CMR) scans were performed as previously described
(38), using a 3-T MRI machine (Siemens 3T Magnetom Verio,
Siemens Medical Solutions) while the dogs were under general
anesthesia. To identify the fibrotic lesions, late gadolinium
enhancement (LGE) and a semi-quantitative scoring method
(from 0 to 2; none to marked enhancement) was applied to
indicate the severity of fibrosis in each myocardial segment as
previously described (38). The LV segmentation method in CMR
was similar to the histologic segmentation, with both based on the
same standard of 17 LV segments (36) and modified for canine
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Table 2. Averages of histologic changes for groups.
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changes. The six assessed lesions in-
cluded the following: fatty infiltration 
(absent/present), acute necrosis (ab-
sent/present), inflammatory infiltrates 
(none, primarily histiocytic, or primar-
ily lymphoplasmacytic), mineraliza-
tion (absent/present), Purkinje fiber 
vacuolation (positive if 50% or more of 
overall fiber cytoplasm was affected by 
vacuolation), and the nature of vascular 
changes (none, fibrosis, wall hypertro-
phy, and intimal hypertrophy).

The approximate percentage of exam-
ined sections from the whole heart with 
the six individual lesions mentioned 
above was semi-quantitatively scored 
using a modified “+” approach, where-
by (−) = 0, (−/+) <0.5%, (+) = 0.5–20%, 
(++) = 20–30%, (+++) = 30–40%, and 
(++++) >40% (Tables 2, 3). Additionally, 
the primary lesion localization within 
each segment was classified as either 
subepicardial (outer 1/3), mid-myocar-
dial (middle 1/3), subendocardial (inner 
1/3), or panmyocardial (evenly distrib-
uted across the wall) (Figure 2).

Trichrome slides were quantitatively 
analyzed for percentage fibrosis. The 
NDPI files for each slide were export-
ed as a JPEG at × 5 magnification us-
ing the NDPI to OME-TIFF Converter 
v1.5 (https://matthias-baldauf.at/soft-
ware/ndpi-converter/). These JPEGs 
were cropped in Graphic Converter 
(http://www.graphic-converter.net/) to 
remove duplicate tissue sections and 

large blood clots. The final JPEGS were 
analyzed in ImageJ using batch macros 
(Supplementary Data S1) to distinguish 
the percentage of blue staining from 
the total area with staining.

Cardiac Magnetic Resonance 
Imaging

Some affected GRMD dogs in this study 
were part of a separate natural history 
imaging study (38) and had their cardiac 

function assessed prior to pathological 
collection. The cardiac magnetic res-
onance (CMR) scans were performed 
as previously described (38), using a 
3-T MRI machine (Siemens 3T Magne-
tom Verio, Siemens Medical Solutions) 
while the dogs were under general an-
esthesia. To identify the fibrotic lesions, 
late gadolinium enhancement (LGE) 
and a semi-quantitative scoring meth-
od (from 0 to 2; none to marked en-
hancement) was applied to indicate the 
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FIGURE 2 | Representation of distributions of fibrotic lesions within the ventricular wall of Golden Retriever muscular dystrophy (GRMD) dogs using a trichrome stain

which stains collagen blue and muscle fibers red. (A) The sub-epicardial myocardium (male, 3-years-old) is reportedly preferentially affected in GRMD dogs (pictured)

and Duchenne muscular dystrophy boys (not pictured). (B) However, the mid-myocardium (male, 4-years-old) may predominate. (C) Subendocardial changes were

rare and only seen in the right ventricle (female, 1-year-old).

heart. The LV lesion distribution was further compared between
the CMR and pathologic assessments.

Statistics
Descriptive statistics were calculated for each variable, including
sex and age. Gross measurements were averaged for groups,
and means were compared with t-tests. Two-sample F-test
for variance was done to compare variability in heart weight
(HW)/body weight (BW) ratios between groups. Sections of
the heart were categorized into 25 regions for comparisons
(as described above, 17 LV segments, 4 RV segments, the
left and right atria, and the atrioventricular and sinoatrial
nodes). One-way analysis of variance (ANOVA) was conducted
by comparing the mean and standard deviation of fibrosis
percentage and semi-quantitative lesion scores across all regions
of the heart and comparing fibrosis percentage among GRMD,
carrier, and normal specimens. Ordinal logistic regression was
used to determine if the ordered independent variable, age, was
associated with an increase in semi-quantitative cross-sectional
lesion score. The average number of sections with each of the six
individual lesions detailed above was calculated, and an ANOVA
was used to compare the frequency of change among GRMD,
carrier, and normal as well as between GRMD age groups for
each feature. An independent-sample t-test comparing fibrosis

percentage was calculated, stratified by the sex of the dog
from which the specimen was obtained. An ordered logistic
regression was run, comparing a rise in semi-quantitative lesion
and vascular scores. Finally, Spearman’s rank-order analysis was
performed to evaluate the correlation between the LGE and
pathological scores, and an ANOVA was performed to compare
the mean value of fibrosis percentage and LGE scores within
the LV sections across the hearts of seven dogs. Statistics were
calculated using STATA 15 (College Station, TX, USA) and
Microsoft Excel (Redmond, WA, USA).

RESULTS

Gross Findings
No gross lesions were noted in any of the five affected dogs
under 6m of age. Older dogs had multiple lesions that varied in
severity and distribution. Of the 10–12-m-old dogs, 5/7 had gross
changes, including LV (3/7) or RV (1/7) pallor and streaking,
and 3/7 had fibrotic or mineralized foci in the papillary muscle.
Only 1/7 had clear concomitant LV and RV dilation on gross
exam. In the four dogs 12–24m old, one each had RV (1/4) or LV
(1/4) dilation. All ten dogs >24m had gross changes, including
LV dilation (7/10); RV dilation (4/10); atrial dilation (2/10); thin
ventricular walls (2/10); and pallor and streaking in the LV (6/10),

Frontiers in Veterinary Science | www.frontiersin.org 6 February 2022 | Volume 8 | Article 759585

Figure 2. Representation of distributions of fibrotic lesions within the ventricular wall of Golden 
Retriever muscular dystrophy (GRMD) dogs using a trichrome stain which stains collagen blue and 
muscle fibers red. (A) The sub-epicardial myocardium (male, 3-years-old) is reportedly preferentially 
affected in GRMD dogs (pictured) and Duchenne muscular dystrophy boys (not pictured). (B) However, 
the mid-myocardium (male, 4-years-old) may predominate. (C) Subendocardial changes were rare and 
only seen in the right ventricle (female, 1-year-old).
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TABLE 3 | Lesion frequency across the heart for individual dogs.

Frequency for individual lesions listed

Age (months)

and sex

Semi-quantitative lesion

score
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GRMD

3 F 0.2 - - - - - +

3 F 0.4 - - - - - +++

3 F 0.58 - - - - -/+ -

3M 0.16 - - - - - -/+

3M 0.22 - - - - -/+ +++

10M 0.19 -/+ -/+ - - + ++++

11 F 1.05 ++ ++++ -/+ ++++ + -

11M 0.3 -/+ + - - + ++

12 F 1.47 ++++ ++++ -/+ ++++ +++ +++

12 F 0.76 - ++++ ++++ ++++ ++ -/+

12 F 1.39 - ++++ ++ +++ + +

12M 0.81 - ++ + + ++ ++++

15M 0.67 - + - -/+ + ++

17M 0 - - - - + ++++

21 F 1.29 ++ ++++ + + + ++

21 F 0.95 -/+ ++ -/+ + + +++

28 F 1.93 +++ ++ -/+ +++ + -

36M 0.95 ++++ +++ -/+ ++++ -/+ ++++

38M 1.19 ++++ + + - +++ ++++

40 F 1.74 ++++ + + ++++ + +

40 F 1.95 ++++ - - +++ ++++ -

40M 1.86 ++++ + - + ++ ++

45 F 2.26 ++++ + - ++++ ++++ +

51M 2.38 ++++ ++++ - + + ++++

76M 1.07 ++++ ++++ - ++++ +++*+ -

76M 1 ++++ + - + + ++

Carrier

3 F 0.13 - - - - - -

12 F 0.05 + -/+ - ++ + +

46 F 1.4 ++++ ++++ + + ++ -

56 F 0.37 ++++ - - - + -

65 F 0.80 ++++ + -/+ - ++ +

Normal

22 F 0.38 + - -/+ - - +

36 F 0 - + - - + -/+

46 F 0.68 -/+ ++++ - - -/+ -

61M 0.14 - - - - + +

75 F 0.35 +++ -/+ + - + ++

102 F 0.09 + - - - -/+ -

124M 0.45 ++ + + - - -
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Table 3. Lesion frequency across the heart for 
individual dogs.

severity of fibrosis in each myocardial 
segment as previously described (38). 
The LV segmentation method in CMR 
was similar to the histologic segmen-
tation, with both based on the same 
standard of 17 LV segments (36) and 
modified for canine heart. The LV lesion 
distribution was further compared be-
tween the CMR and pathologic assess-
ments.

Statistics

Descriptive statistics were calculated 
for each variable, including sex and age. 
Gross measurements were averaged 
for groups, and means were compared 
with t-tests. Two-sample F-test for vari-
ance was done to compare variability 
in heart weight (HW)/body weight (BW) 
ratios between groups. Sections of the 
heart were categorized into 25 regions 
for comparisons (as described above, 
17 LV segments, 4 RV segments, the left 
and right atria, and the atrioventricular 
and sinoatrial nodes). One-way analy-
sis of variance (ANOVA) was conducted 
by comparing the mean and standard 
deviation of fibrosis percentage and 
semi-quantitative lesion scores across 
all regions of the heart and comparing 
fibrosis percentage among GRMD, car-
rier, and normal specimens. Ordinal lo-
gistic regression was used to determine 
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if the ordered independent variable, 
age, was associated with an increase 
in semi-quantitative cross-sectional 
lesion score. The average number of 
sections with each of the six individual 
lesions detailed above was calculated, 
and an ANOVA was used to compare 
the frequency of change among GRMD, 
carrier, and normal as well as between 
GRMD age groups for each feature. An 
independent-sample t-test comparing 
fibrosis percentage was calculated, 
stratified by the sex of the dog from 
which the specimen was obtained. An 
ordered logistic regression was run, 
comparing a rise in semi-quantitative 
lesion and vascular scores. Finally, 
Spearman's rank-order analysis was 
performed to evaluate the correla-
tion between the LGE and pathological 
scores, and an ANOVA was performed 
to compare the mean value of fibrosis 
percentage and LGE scores within the 
LV sections across the hearts of seven 
dogs. Statistics were calculated using 
STATA 15 (College Station, TX, USA) and 
Microsoft Excel (Redmond, WA, USA).

Results
Gross Findings

No gross lesions were noted in any of 
the five affected dogs under 6 m of age. 
Older dogs had multiple lesions that 
varied in severity and distribution. Of 
the 10–12-m-old dogs, 5/7 had gross 

changes, including LV (3/7) or RV (1/7) 
pallor and streaking, and 3/7 had fibrot-
ic or mineralized foci in the papillary 
muscle. Only 1/7 had clear concomitant 
LV and RV dilation on gross exam. In the 
four dogs 12–24 m old, one each had 
RV (1/4) or LV (1/4) dilation. All ten dogs 
>24 m had gross changes, including LV 
dilation (7/10); RV dilation (4/10); atri-
al dilation (2/10); thin ventricular walls 
(2/10); and pallor and streaking in the 
LV (6/10), RV (3/10), and septum (3/10) 
or pallor with mineralization in the pap-
illary muscle (3/10). In carrier dogs, 4/5 
(all >12 m) had gross changes, includ-
ing thickening of the LV and septum 
(3/5), right auricle enlargement (1/5), 
and LV and septal pallor and streaking 
(1/5).

Furthermore, t-tests were used to 
compare mean gross measurements 
among groups (Table 1). For BW, HW, 
and ventricular wall measurement 
comparisons, the immature (<6 m) 
dogs were excluded, unless otherwise 
noted, since HW/BW and ventricu-
lar ratios differ even between normal 
immature and adult dogs (39). Based 
on BW, normal hounds were signifi-
cantly heavier (25.09 ± 0.09 kg) than 
either the carrier (15.32 ± 3.22 kg) or 
adult GRMD dogs (17.4 ± 6.98 kg; p < 
0.001 for both); the BW of carrier and 
adult GRMD dogs was not significant-
ly different. Similarly, average HW dif-
fered among groups, with adult GRMD 

(135.14 ± 41.05 g) < carrier (175.6 ± 
68.9 g) < normal (210.83 ± 0.05g) (Ta-
ble 1), but the HW disparity was only 
significant (p < 0.001) between normal 
and GRMD. To better account for the ef-
fect of body size on heart weight, HW/
BW ratios were calculated. The HW/
BW ratio did not differ among GRMD 
(8.74 ± 5.33), carrier (12.32 ± 6.44), and 
normal dogs (8.48 ± 0.10) when com-
paring all ages or when comparing 
only dogs >6 m (9.27 ± 5.80) (Table 1), 
suggesting that the lower HW in GRMD 
dogs was due to their smaller stature. 
The results for individual dogs are in-
cluded in (Supplementary Table 1).

A two-sample F-test for variance was 
done to compare the variability in HW/
BW ratios in the dogs. Interestingly, 
GRMD dogs >24 m and carriers >12 m 
had a significantly greater variance in 
the HW/BW ratios than either normal 
dogs or GRMD dogs <24 m, reflecting 
the wide phenotypic variation and dis-
ease progression in older dogs. In the 
GRMD dogs >24 m, the HW/BW ratio 
ranged from 5.85 to 31.4 g/kg (Supple-
mentary Table 1), with four dogs fall-
ing well-above the previously report-
ed range of 4.53 to 10.04 g/kg in large 
adult dogs (39, 40). Similarly, the 3 car-
rier dogs >24 m (28–76 m) had higher 
HW/BW ratios of 13.5 to 23.1 g/kg. The 
BW did not differ between GRMD dogs 
>24 m vs. those <24 m of age, but the 
HW was significantly higher in the older 
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group (169 ± 32.6 vs. 104.4 ± 16.2 g; p 
< 0.001). This suggests that increased 
the HW/BW ratio is driven by a relative 
increase in HW in the older dogs.

Comparing the measurements among 
groups, the average LV thickness var-
ied significantly: GRMD (1.09 ± 0.27 
cm) < carrier (1.38 ± 0.16 cm) < nor-
mal (1.86 ± 0.05 cm) (p < 0.05) (Table 
1), but the ratio of RV to LV thickness 
did not differ. Of the five carriers, four 
had subjective wall and papillary mus-
cle thickening relative to the heart size 
on gross exam. However, when correct-
ing the LV thickness for overall HW, the 
groups were not significantly different 
(Table 1), which suggests that hearts 
with thicker walls were proportionally 
heavier.

Semi-quantitative Lesion 
Scoring in GRMD Dogs

Using both H&E- and trichrome-stained 
images, the sections were scored 
semi-quantitatively based on the total 
cross-sectional area percentage, as 
generally described by Kane et al. (35) 
(0 = none, 1 = 1–10%, 2 = 11–20%, 3 = 
21–30%, and 4 >30%). The heart sec-
tions were categorized into 25 regions 
for comparisons, as described above. 
Among GRMD dogs, the scores for indi-
vidual sections varied from 0.7 (several 
sites) to 1.4 (basal anterolateral). The 
scores for carriers were lower, varying 

from 0.3 to 1.2, and the sites with great-
er/lesser involvement did not corre-
spond to the GRMD group. Normal dogs 
had lower scores, ranging from 0.1 to 
0.7. The overall average cross-sec-
tional lesion area was higher in the 
GRMD vs. normal dogs (1.02 vs. 0.3; p 
< 0.001). While the average score for 
carriers (0.6) was intermediate, it was 
not significantly different from either 
GRMD or normal dogs. On evaluation of 
one-way ANOVA comparing the aver-
age cross-sectional area score among 
sections, no section had a significant-
ly higher or lower cross-sectional area 
score. The values for individual dogs 
and section averages are shown in 
(Supplementary Table 2).

Ordinal logistic regression was used to 
determine if the ordered independent 
variable, age, was associated with an in-
crease in semi-quantitative lesion score. 
The scores for each section showed a 
highly statistically significant (p < 0.001) 
correlation with age, consistent with dis-
ease progression over time.

Fatty Infiltration

Fatty infiltration (Figures 3A,B) was 
frequently seen in the hearts from old-
er GRMD and carrier dogs (Table 2). 
While the percentage of affected sec-
tions in each normal heart ranged from 
0 to 30%, GRMD and carrier dogs >24 m 
all had >50% of sections showing fatty 
infiltration and degeneration. In GRMD 

dogs >24 m, 195/232 (84%) of the ex-
amined sections had fatty change. A 
similar percentage of sections (56/76, 
74%) in carriers also showed fatty de-
generation, while only 18/149 (12%) of 
normal sections had this lesion. Howev-
er, only the differences between GRMD 
and normal dogs were significant (p < 
0.01), probably due to the relatively low 
number of carriers.

Fatty infiltration and degeneration in-
creased with age. None was seen in any 
dog <6 m. The GRMD dogs >24 m had 
a significantly higher proportion of sec-
tions with fatty infiltration (84.05%) than 
any of the younger GRMD groups (0%, 
6 m; 14.75%, 6–12 m; 16.95%, >12–24 
m; p < 0.001) (Table 2). The same was 
likely true for carriers, in which only 
two sections in one dog <12 m had fatty 
infiltration, although the numbers were 
too small to determine significance. No 
normal dog was <22 m; the oldest three 
dogs had the highest number of affect-
ed sections in this group (Table 3).

Fatty replacement of the mid-myocardi-
um was a prominent feature in the RV of 
some GRMD dogs (Figure 3C), with only 
small bands of muscle remaining on 
either side of a central band of adipose 
tissue. This pattern was not observed in 
the left ventricle, where patchy areas of 
fat tended to surround vessels and be 
mixed with fibrosis (Figure 3A).
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Acute Necrosis

Of the 26 GRMD dogs, 0/5 <6 m (0%), 
5/7 6–12 m (71%), 2/4 12–24 m (50%), 
and 4/10 >24 m (40%) had at least one 
section with acute coagulative necro-
sis (Figure 4). Nearly half the number 
of GRMD dogs with this change (5/11) 
had three or more sections with acute 
necrosis. Over half the number of dogs 
with acute necrosis (7/11) were 6–24 
m, pointing to the relatively early onset 
of this lesion. Acute necrosis was found 
at least once in the 17 LV and 4 RV sec-
tions that were examined in each dog, 
with no one heart section having a high-
er likelihood of lesions. Acute necrosis 
was not found in the atria. Incidentally, 
3/7 normal dogs and 2/5 carrier dogs, 
each >24 m, also had at least one, but 
no more than three, sections with acute 
myocardial necrosis (Table 3).

One 12-m-old female GRMD dog had 
markedly more affected sections (14/27 
heart segments) with acute myocardial 
necrosis. This dog had an incident of 
marked abdominal breathing and dark 
urine of undetermined cause following 
anesthesia for wound treatment at ~6 
m of age. No hyperthermia was doc-
umented, and blood oxygenation was 
maintained in the normal range. As 
part of a non-cardiac study, she was 
euthanized while under anesthesia at 
12 m of age.

Schneider et al. Natural History of GRMD Cardiomyopthy

FIGURE 3 | Fatty infiltration was a prominent feature in older Golden Retriever muscular dystrophy (GRMD) dogs. (A) A section of left ventricle free wall from a

3-years-old female GRMD dog shows large bands of fat (non-staining vacuolated tissue) replacing normal myocardial muscle (red) and predominating over fibrosis

(blue). (B) In some cases, fatty infiltration was more diffuse with individual or small clusters of fat cells scattered throughout the myocardium (male, 1-year-old). (C) In

several dogs, the RV showed striking mid-myocardial replacement by bands of fat with minimal fibrotic tissue (male, 3.5-years-old). In these trichrome-stained

sections, muscle fibers = red, collagen = blue, and fat cells = non-staining vacuolated tissue; ×10 original magnification.

GRMD dogs with this change (5/11) had three or more sections
with acute necrosis. Over half the number of dogs with acute
necrosis (7/11) were 6–24m, pointing to the relatively early onset
of this lesion. Acute necrosis was found at least once in the 17
LV and 4 RV sections that were examined in each dog, with no
one heart section having a higher likelihood of lesions. Acute
necrosis was not found in the atria. Incidentally, 3/7 normal
dogs and 2/5 carrier dogs, each >24m, also had at least one,
but no more than three, sections with acute myocardial necrosis
(Table 3).

One 12-m-old female GRMD dog hadmarkedly more affected
sections (14/27 heart segments) with acute myocardial necrosis.
This dog had an incident of marked abdominal breathing
and dark urine of undetermined cause following anesthesia
for wound treatment at ∼6m of age. No hyperthermia was
documented, and blood oxygenation was maintained in the
normal range. As part of a non-cardiac study, she was euthanized
while under anesthesia at 12m of age.

Inflammation
Inflammatory cells were seen in all disease groups and did not
differ among ages, even if the youngest dogs were excluded
(Table 2). While the overall scores for inflammation among
normal, GRMD, and carrier dogs did not differ, there were
differences in the cell types. Normal dogs had lymphoplasmacytic
infiltrates, with one 46-m-old dog having infiltrates in almost
every examined section. Although normal dogs were euthanized
for non-cardiac lesions, two dogs initially examined for the study
were excluded due to chronic Chagas disease (Trypanosoma
cruzi) detected histologically and by PCR. T. cruzi was not
detected in the remaining dogs, but exposure with associated
lesions may explain the unexpected inflammation in some dogs
from this group. Conversely, carriers and GRMD dogs had few
sections with lymphoplasmacytic infiltration (four in all the
examined dogs), with predominantly histiocytic inflammation.
Histiocytic inflammation is typical secondary to degeneration
and acute necrosis, initially occurring within 48 h and peaking at
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Figure 3. Fatty infiltration was a prominent feature in older Golden Retriever muscular dystrophy 
(GRMD) dogs. (A) A section of left ventricle free wall from a 3-years-old female GRMD dog shows 
large bands of fat (non-staining vacuolated tissue) replacing normal myocardial muscle (red) and 
predominating over fibrosis (blue). (B) In some cases, fatty infiltration was more diffuse with individual 
or small clusters of fat cells scattered throughout the myocardium (male, 1-year-old). (C) In several 
dogs, the RV showed striking mid-myocardial replacement by bands of fat with minimal fibrotic tissue 
(male, 3.5-years-old). In these trichrome-stained sections, muscle fibers = red, collagen = blue, and fat 
cells = non-staining vacuolated tissue; × 10 original magnification.
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Schneider et al. Natural History of GRMD Cardiomyopthy

FIGURE 4 | Coagulative myocardial necrosis was a feature in some Golden Retriever muscular dystrophy hearts. (A) Areas of infarct-like coagulative necrosis

characterized by loss of cytoplasmic detail and maintenance of tissue architecture (stars) are surrounded by proliferating macrophages and pericytes (arrows); H&E,

×5 magnification. (B) Acute coagulative necrosis with loss of nuclei and hypereosinophilic cytoplasm (representative cells with stars); cells on the margins of lesions

have granular basophilic mineralization (arrows). 1-year-old female, H&E, ×20 magnification.

around 6 to 10 days, with slow resolution as the tissue remodels
(41, 42).

Interestingly, when comparing the age groups, dogs<6m had
significantly fewer sections with inflammation (no inflammation)
than 10–12- and >24-m-old dogs (p < 0.05 and p < 0.01) but
were not significantly different from the small group of 12–24-
m-old dogs. Dogs of 10–12m trended toward more inflamed
sections than 12–24-m-old dogs (p = 0.054), while dogs >24m
had significantly more affected sections than 12–24-m-old dogs
(p < 0.05). However, the 10–12-m- and >24-m-old dogs did
not differ.

Mineralization
No mineral was noted in the hearts from normal dogs. All
GRMD dogs >10m had mineral in at least 1 section, with the
exception of a 17-m-old male that had few lesions of any type
(Table 3). The average number of sections containing mineral
differed significantly (p < 0.05) among the GRMD age groups
(<6 m: 0 sections, no detectable mineral; 6–12 m: 8.4 sections;
12–24 m: 2 sections; >24 m: 8.8 sections). The low numbers
in the 12–24-m group likely reflect the relatively mild lesions
in this age group in our study, as the degree of mineralization
has previously been shown to decline with age (25). Two of five
carriers also had mineral in at least one section.

Purkinje Fibers
Previous studies described but did not score Purkinje fiber
vacuolation starting at under 6m in the GRMD (CXMDJ)
heart (27). Degenerative changes have also been described in
Purkinje fibers of DMD boys (43). We scored Purkinje fiber
vacuolation as present if vacuoles affected 50% or more of
overall fiber cytoplasm (Figure 5). Of the 26 GRMD dogs,
4/5 (80%) <6m, 6/7 (86%) 6–12m, 4/4 (100%) 12–24m, and
7/10 (70%) >24m had at least one segment with vacuolation.
The GRMD dogs had significantly increased fiber vacuolation
(average, 6.9 affected sections; range, 0–19) compared to

FIGURE 5 | Purkinje fiber (circled area) vacuolation (clear spaces indicated by

arrowheads) in the heart of an 18-month-old male Golden Retriever muscular

dystrophy dog. H&E, ×20 magnification.

both carriers (1.4 sections; p < 0.01) and normal dogs (1.6
sections; p < 0.01) (Tables 2, 3). Purkinje fiber vacuolation
did not differ between carrier and normal dogs nor among
age groups in the GRMD cohort. Unlike the previous CXMDJ
study, some GRMD dogs had no Purkinje fiber vacuolation
detected. Moreover, vacuolation was not correlated with age
nor with either semi-quantitative or quantitative lesion scores.
Indeed, vacuolation was marked in some of the youngest
dogs that otherwise had no lesions. The examination of H&E
slides did not show an appreciable visual difference in the
vacuoles among groups. The sinoatrial and atrioventricular
nodes did not have observable abnormalities with H&E or
trichrome staining.

Vascular Changes
Vascular changes of fibrosis and medial hypertrophy (Figure 6)
were evaluated. Hearts from GRMD dogs <6m had only

Frontiers in Veterinary Science | www.frontiersin.org 9 February 2022 | Volume 8 | Article 759585

Schneider et al. Natural History of GRMD Cardiomyopthy

FIGURE 4 | Coagulative myocardial necrosis was a feature in some Golden Retriever muscular dystrophy hearts. (A) Areas of infarct-like coagulative necrosis

characterized by loss of cytoplasmic detail and maintenance of tissue architecture (stars) are surrounded by proliferating macrophages and pericytes (arrows); H&E,

×5 magnification. (B) Acute coagulative necrosis with loss of nuclei and hypereosinophilic cytoplasm (representative cells with stars); cells on the margins of lesions

have granular basophilic mineralization (arrows). 1-year-old female, H&E, ×20 magnification.

around 6 to 10 days, with slow resolution as the tissue remodels
(41, 42).

Interestingly, when comparing the age groups, dogs<6m had
significantly fewer sections with inflammation (no inflammation)
than 10–12- and >24-m-old dogs (p < 0.05 and p < 0.01) but
were not significantly different from the small group of 12–24-
m-old dogs. Dogs of 10–12m trended toward more inflamed
sections than 12–24-m-old dogs (p = 0.054), while dogs >24m
had significantly more affected sections than 12–24-m-old dogs
(p < 0.05). However, the 10–12-m- and >24-m-old dogs did
not differ.

Mineralization
No mineral was noted in the hearts from normal dogs. All
GRMD dogs >10m had mineral in at least 1 section, with the
exception of a 17-m-old male that had few lesions of any type
(Table 3). The average number of sections containing mineral
differed significantly (p < 0.05) among the GRMD age groups
(<6 m: 0 sections, no detectable mineral; 6–12 m: 8.4 sections;
12–24 m: 2 sections; >24 m: 8.8 sections). The low numbers
in the 12–24-m group likely reflect the relatively mild lesions
in this age group in our study, as the degree of mineralization
has previously been shown to decline with age (25). Two of five
carriers also had mineral in at least one section.

Purkinje Fibers
Previous studies described but did not score Purkinje fiber
vacuolation starting at under 6m in the GRMD (CXMDJ)
heart (27). Degenerative changes have also been described in
Purkinje fibers of DMD boys (43). We scored Purkinje fiber
vacuolation as present if vacuoles affected 50% or more of
overall fiber cytoplasm (Figure 5). Of the 26 GRMD dogs,
4/5 (80%) <6m, 6/7 (86%) 6–12m, 4/4 (100%) 12–24m, and
7/10 (70%) >24m had at least one segment with vacuolation.
The GRMD dogs had significantly increased fiber vacuolation
(average, 6.9 affected sections; range, 0–19) compared to

FIGURE 5 | Purkinje fiber (circled area) vacuolation (clear spaces indicated by

arrowheads) in the heart of an 18-month-old male Golden Retriever muscular

dystrophy dog. H&E, ×20 magnification.

both carriers (1.4 sections; p < 0.01) and normal dogs (1.6
sections; p < 0.01) (Tables 2, 3). Purkinje fiber vacuolation
did not differ between carrier and normal dogs nor among
age groups in the GRMD cohort. Unlike the previous CXMDJ
study, some GRMD dogs had no Purkinje fiber vacuolation
detected. Moreover, vacuolation was not correlated with age
nor with either semi-quantitative or quantitative lesion scores.
Indeed, vacuolation was marked in some of the youngest
dogs that otherwise had no lesions. The examination of H&E
slides did not show an appreciable visual difference in the
vacuoles among groups. The sinoatrial and atrioventricular
nodes did not have observable abnormalities with H&E or
trichrome staining.

Vascular Changes
Vascular changes of fibrosis and medial hypertrophy (Figure 6)
were evaluated. Hearts from GRMD dogs <6m had only
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Figure 4. Coagulative myocardial necrosis was a feature in some Golden Retriever muscular 
dystrophy hearts. (A) Areas of infarct-like coagulative necrosis characterized by loss of cytoplasmic 
detail and maintenance of tissue architecture (stars) are surrounded by proliferating macrophages 
and pericytes (arrows); H&E, × 5 magnification. (B) Acute coagulative necrosis with loss of nuclei and 
hypereosinophilic cytoplasm (representative cells with stars); cells on the margins of lesions have 
granular basophilic mineralization (arrows). 1-year-old female, H&E, × 20 magnification.

Figure 5. Purkinje fiber 
(circled area) vacuolation 
(clear spaces indicated by 
arrowheads) in the heart 
of an 18-month-old male 
Golden Retriever muscular 
dystrophy dog. H&E, × 20 
magnification.

Inflammation

Inflammatory cells were seen in all dis-
ease groups and did not differ among 
ages, even if the youngest dogs were 
excluded (Table 2). While the overall 
scores for inflammation among normal, 
GRMD, and carrier dogs did not differ, 
there were differences in the cell types. 
Normal dogs had lymphoplasmacytic 
infiltrates, with one 46-m-old dog hav-
ing infiltrates in almost every examined 
section. Although normal dogs were 
euthanized for non-cardiac lesions, two 
dogs initially examined for the study 
were excluded due to chronic Chagas 
disease (Trypanosoma cruzi) detected 
histologically and by PCR. T. cruzi was 
not detected in the remaining dogs, but 
exposure with associated lesions may 
explain the unexpected inflammation in 
some dogs from this group. Converse-
ly, carriers and GRMD dogs had few 
sections with lymphoplasmacytic infil-
tration (four in all the examined dogs), 
with predominantly histiocytic inflam-
mation. Histiocytic inflammation is 
typical secondary to degeneration and 
acute necrosis, initially occurring with-
in 48 h and peaking at around 6 to 10 
days, with slow resolution as the tissue 
remodels (41, 42).

Interestingly, when comparing the age 
groups, dogs <6 m had significant-
ly fewer sections with inflammation 
(no inflammation) than 10–12- and 
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>24-m-old dogs (p < 0.05 and p < 0.01) 
but were not significantly different from 
the small group of 12–24-m-old dogs. 
Dogs of 10–12 m trended toward more 
inflamed sections than 12–24-m-old 
dogs (p = 0.054), while dogs >24 m 
had significantly more affected sec-
tions than 12–24-m-old dogs (p < 0.05). 
However, the 10–12-m- and >24-m-old 
dogs did not differ.

Mineralization

No mineral was noted in the hearts from 
normal dogs. All GRMD dogs >10 m had 
mineral in at least 1 section, with the 
exception of a 17-m-old male that had 
few lesions of any type (Table 3). The 
average number of sections containing 
mineral differed significantly (p < 0.05) 
among the GRMD age groups (<6 m: 0 
sections, no detectable mineral; 6–12 m: 
8.4 sections; 12–24 m: 2 sections; >24 
m: 8.8 sections). The low numbers in 
the 12–24-m group likely reflect the rel-
atively mild lesions in this age group in 
our study, as the degree of mineraliza-
tion has previously been shown to de-
cline with age (25). Two of five carriers 
also had mineral in at least one section.

Purkinje Fibers

Previous studies described but did not 
score Purkinje fiber vacuolation start-
ing at under 6 m in the GRMD (CXMDJ) 
heart (27). Degenerative changes have 
also been described in Purkinje fibers 

of DMD boys (43). We scored Purkinje 
fiber vacuolation as present if vacuoles 
affected 50% or more of overall fiber 
cytoplasm (Figure 5). Of the 26 GRMD 
dogs, 4/5 (80%) <6 m, 6/7 (86%) 6–12 
m, 4/4 (100%) 12–24 m, and 7/10 (70%) 
>24 m had at least one segment with 
vacuolation. The GRMD dogs had sig-
nificantly increased fiber vacuolation 
(average, 6.9 affected sections; range, 
0–19) compared to both carriers (1.4 
sections; p < 0.01) and normal dogs 
(1.6 sections; p < 0.01) (Tables 2, 3). 
Purkinje fiber vacuolation did not differ 
between carrier and normal dogs nor 
among age groups in the GRMD cohort. 
Unlike the previous CXMDJ study, some 
GRMD dogs had no Purkinje fiber vacu-
olation detected. Moreover, vacuolation 
was not correlated with age nor with 
either semi-quantitative or quantitative 
lesion scores. Indeed, vacuolation was 
marked in some of the youngest dogs 
that otherwise had no lesions. The ex-
amination of H&E slides did not show 
an appreciable visual difference in the 
vacuoles among groups. The sinoatrial 
and atrioventricular nodes did not have 
observable abnormalities with H&E or 
trichrome staining.

Vascular Changes

Vascular changes of fibrosis and medial 
hypertrophy (Figure 6) were evaluated. 
Hearts from GRMD dogs <6 m had only 
rare changes. Those from adult (>6 m) 

GRMD dogs had a significantly greater 
frequency of vascular wall hypertrophy 
than normal dogs (5.2 vs. 1.7 sections; p 
< 0.01). Although low numbers prevent-
ed the detection of a difference between 
normal and carrier dogs, two of the car-
riers had hypertrophy in twice as many 
sections as the highest normal dogs.

Ordered logistic regression comparing a 
rise in the semi-quantitative cross-sec-
tional score (which did not include vas-
cular changes) and vascular scores in 
GRMD dogs showed a highly significant 
association between arteriolar hyper-
trophy and a rise in semi-quantitative 
severity score. For every 1-point in-
crease in the vascular score, there was 
a 0.32 rise in the semi-quantitative se-
verity score (z-score = 3.91, p < 0.001). 
Although correlated, it is not clear if 
there is a causative association or if 
both represent a cumulative increase 
in degenerative changes with age.

Additionally, aortic mineralization was 
a prominent feature in GRMD dogs, with 
11/26 having prominent mineralization 
in the aorta: 0/5 <6 m, 4/7 6–12 m, 1/4 
12–24 m, and 6/10 >24 m of age. Aor-
tic mineralization was not noted in the 
carriers, while 2/7 of the oldest normal 
hounds had much smaller mineral de-
posits in the aortic wall.

Although endothelial hypertrophy was 
described by Valentine et al. in one dog, 
it was not detected in this study.
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Quantitative Fibrosis

An analysis of variance was performed 
to assess the relationship between 
disease status and the percentage of 
cross-sectional area fibrosis as mea-
sured by trichrome staining. Data from 
all age groups, including more mildly 
affected dogs <6 m, were included. All 
three groups were highly significantly 
different (p < 0.001), with carriers hav-
ing greater fibrosis (mean: 9.82 ± 1.01% 
blue staining) compared to GRMD (7.84 
± 0.25%), while normal dogs (4.35 ± 
0.26%) had the lowest percentage. An 
independent t-test indicated no differ-
ence between the sexes in fibrosis.

Additionally, the degree of fibrosis stain-
ing differed significantly among GRMD 
age groups as determined by one-way 
ANOVA (f score = 15.01, p < 0.001). The 
Tukey post-hoc test revealed that the 
mean value at 6–12 m (5.38 ± 3.54%) 
was significantly lower than all other 
groups (p < 0.05) and that the 12–24-
m group had the highest degree of fi-
brosis (9.80 ± 8.31%), being higher than 
even the >24-m group (8.28 ± 5.23%; p 
< 0.05). Lower values in the oldest dogs 
could reflect greater fat deposits, which 
are not detected by this method, with 
proportionally lower fibrosis.

One-way ANOVA showed a statistical-
ly significant difference between groups  

(f score = 7.64, p < 0.001) for the degree of 
fibrosis staining across the 17 LV and 4 RV 
sections from GRMD dogs. The Tukey post-
hoc test revealed that the RV sections had 
the highest levels of fibrosis compared to 
the other sections but were similar among 
themselves (p < 0.001). The mid-LV an-
terolateral section had significantly lower 
fibrosis than the other sections.

Localization of Lesions Within 
the Wall

Previous studies of GRMD (25) and DMD 
(4) describe a diffuse cardiomyopathy 
with sometimes prominent sub-epicardi-
al localization of fibrosis and other lesions. 
We scored the predominant localization 
in each section as primarily sub-epicar-
dial, mid-myocardial, sub-endocardial, or 
transmural (even distribution across the 
myocardial wall) (Figure 2). Consistent 
with the previous observations, degener-
ative lesions were initially concentrated 
in the outer half of the myocardium (the 
sub-epicardium and mid-myocardium 
or the RV portion of the septum wall). In 
older dogs, more sections had transmu-
ral lesions as might be expected in a pro-
gressive disease. In general, the basal LV 
sections had a greater degree of outer (or 
sub-epicardial) lesions, while the RV and 
more apical portions had a more diffuse/
transmural distribution overall or, as de-
scribed above, a prominent mid-myocar-
dial distribution, particularly in the more 
apical RV.

Schneider et al. Natural History of GRMD Cardiomyopthy

FIGURE 6 | (A) Increased fibrous tissue (blue) in an arteriole of a normal 3-year-old female. Trichrome, ×5 magnification. (B) Marked medial and intimal hypertrophy

and vascular proliferation in arterioles in the heart of a 6-year-old male Golden Retriever muscular dystrophy dog. H&E, ×5 magnification.

rare changes. Those from adult (>6m) GRMD dogs had a
significantly greater frequency of vascular wall hypertrophy than
normal dogs (5.2 vs. 1.7 sections; p < 0.01). Although low
numbers prevented the detection of a difference between normal
and carrier dogs, two of the carriers had hypertrophy in twice as
many sections as the highest normal dogs.

Ordered logistic regression comparing a rise in the semi-
quantitative cross-sectional score (which did not include vascular
changes) and vascular scores in GRMD dogs showed a highly
significant association between arteriolar hypertrophy and a rise
in semi-quantitative severity score. For every 1-point increase in
the vascular score, there was a 0.32 rise in the semi-quantitative
severity score (z-score= 3.91, p < 0.001). Although correlated, it
is not clear if there is a causative association or if both represent
a cumulative increase in degenerative changes with age.

Additionally, aortic mineralization was a prominent feature in
GRMD dogs, with 11/26 having prominent mineralization in the
aorta: 0/5<6m, 4/7 6–12m, 1/4 12–24m, and 6/10>24m of age.
Aortic mineralization was not noted in the carriers, while 2/7 of
the oldest normal hounds had much smaller mineral deposits in
the aortic wall.

Although endothelial hypertrophy was described by Valentine
et al. in one dog, it was not detected in this study.

Quantitative Fibrosis
An analysis of variance was performed to assess the relationship
between disease status and the percentage of cross-sectional
area fibrosis as measured by trichrome staining. Data from all
age groups, including more mildly affected dogs <6m, were
included. All three groups were highly significantly different
(p < 0.001), with carriers having greater fibrosis (mean: 9.82
± 1.01% blue staining) compared to GRMD (7.84 ± 0.25%),
while normal dogs (4.35 ± 0.26%) had the lowest percentage.
An independent t-test indicated no difference between the sexes
in fibrosis.

Additionally, the degree of fibrosis staining differed
significantly among GRMD age groups as determined
by one-way ANOVA (f score = 15.01, p < 0.001). The
Tukey post-hoc test revealed that the mean value at 6–
12m (5.38 ± 3.54%) was significantly lower than all other
groups (p < 0.05) and that the 12–24-m group had the
highest degree of fibrosis (9.80 ± 8.31%), being higher than
even the >24-m group (8.28 ± 5.23%; p < 0.05). Lower
values in the oldest dogs could reflect greater fat deposits,
which are not detected by this method, with proportionally
lower fibrosis.

One-way ANOVA showed a statistically significant difference
between groups (f score = 7.64, p < 0.001) for the degree of
fibrosis staining across the 17 LV and 4 RV sections from GRMD
dogs. The Tukey post-hoc test revealed that the RV sections had
the highest levels of fibrosis compared to the other sections
but were similar among themselves (p < 0.001). The mid-LV
anterolateral section had significantly lower fibrosis than the
other sections.

Localization of Lesions Within the Wall
Previous studies of GRMD (25) and DMD (4) describe
a diffuse cardiomyopathy with sometimes prominent sub-
epicardial localization of fibrosis and other lesions. We scored
the predominant localization in each section as primarily
sub-epicardial, mid-myocardial, sub-endocardial, or transmural
(even distribution across the myocardial wall) (Figure 2).
Consistent with the previous observations, degenerative lesions
were initially concentrated in the outer half of the myocardium
(the sub-epicardium and mid-myocardium or the RV portion of
the septum wall). In older dogs, more sections had transmural
lesions as might be expected in a progressive disease. In general,
the basal LV sections had a greater degree of outer (or sub-
epicardial) lesions, while the RV and more apical portions had
a more diffuse/transmural distribution overall or, as described

Frontiers in Veterinary Science | www.frontiersin.org 10 February 2022 | Volume 8 | Article 759585

Figure 6. (A) Increased fibrous tissue (blue) in an arteriole of a normal 3-year-old female. Trichrome, × 
5 magnification. (B) Marked medial and intimal hypertrophy and vascular proliferation in arterioles in 
the heart of a 6-year-old male Golden Retriever muscular dystrophy dog. H&E, × 5 magnification.
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Correlation With LGE in Cardiac 
MRI

Correlating specific histologic findings 
with diagnostic imaging is the ultimate 
goal to better track cardiomyopathy 
progression. CMR with late gadolinium 
enhancement is a common modality for 
the clinical assessment of cardiomyop-
athy in GRMD and DMD (44). Eight GRMD 
dogs in this study were part of our car-
diac imaging natural history study (38), 
and seven of them had sufficient LGE 
imaging scans within 7 days prior to 
heart collections, allowing a retrospec-
tive comparison with the pathologic re-
sults (the preliminary data of one dog 
was previously reported, including a 
representative visual comparison of 
gross, MRI, and histologic images) (38). 
In order to evaluate the correlation be-
tween LGE and the pathologic assess-
ment within each section of the heart 
across the seven dogs, Spearman's 
rank-order analysis was performed. 
Observations without a pair between 
approaches were removed from anal-
ysis. This non-parametric test revealed 
a highly significant (p < 0.0001) mono-
tonic relationship between these two 
methods, with a moderately positive 
relationship coefficient of 0.44. The 
LGE and semi-quantitative pathology 
scores for each section increased to-
gether, showing a consistency between 
the imaging and pathologic assess-
ments. Fibrosis percentage was also 

compared to the three LGE categories 
across the same sections (N = 107) by 
performing a one-way ANOVA. The one-
way ANOVA did not produce statistical-
ly significant results (p = 0.493). While 
there was a slight increase in fibrosis 
percentage in the highest LGE category, 
this is likely due to an increase in find-
ings within this category compared to 
other groups. Based on this analysis, 
there is not a clear correlation between 
these variables.

Discussion
Myocardial disease in DMD is classi-
cally defined as dilated cardiomyop-
athy with more pronounced LV vs. RV 
lesions and functional changes (4–6). 
Prior studies of the GRMD cardiomy-
opathy have been limited by either the 
number of dogs studied or the anatom-
ical sections assessed (25, 26). This pa-
per describes the gross and histologic 
lesions across the heart in a large co-
hort of GRMD dogs ranging from 3 to 
76 m in age. Like the previous more 
limited studies, we did not see an over-
all increase in HW/BW ratio typically 
associated with hypertrophic cardio-
myopathy. However, the HW/BW ratios 
of some GRMD and carrier dogs were 
3 to 4 times higher than the normal 
range (39, 40). While decreased BW due 
to muscle atrophy in GRMD dogs could 
contribute to increased HW/BW ratio, 

there was little difference in BW among 
the groups. On the other hand, HW in-
creased in the oldest GRMD and carri-
er dogs. Moreover, HW was not directly 
correlated with age in the adult dogs. 
Taken together, these findings suggest 
that elevated HW/BW ratios in affect-
ed and carrier hearts occurred due to 
eccentric cardiac hypertrophy as pre-
viously reported in our dogs (38) and 
seen in canine dilated cardiomyopathy 
(45), mdx mice (46), and in some stud-
ies of DMD carriers (47) and DMD boys 
(48, 49).

Fibrosis is the principal pathological 
change in DMD cardiomyopathy, occur-
ring initially in the posterobasal portion 
of the left ventricular free wall and ex-
tending to the outer third and ultimate-
ly the entire left ventricle and septum 
(4, 22). The right ventricle may be di-
lated but, generally, is free of fibrosis. 
The GRMD dogs of this study also had 
pronounced LV lesions, but in contrast 
to DMD, the RV was also heavily affect-
ed, although often with more fatty than 
fibrotic changes. The cardiac lesions in 
DMD are consistently more pronounced 
in the subepicardium, with sparing of 
muscle fibers closest to the left ven-
tricular chamber. This was also the 
case in the GRMD dogs studied here, 
but we did not detect the distinct pos-
terobasal concentration seen with early 
DMD lesions, instead finding more dif-
fuse changes. Notably, involvement of 
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the papillary muscles and posterobasal 
area accounts for mitral valve regurgi-
tation in DMD (50). The papillary mus-
cles in GRMD dogs were also highly af-
fected, although we were unable to link 
this to mitral valve dysfunction.

Similar to other studies (25, 26, 29) 
that assessed specific histopathologic 
changes, lesion severity tended to in-
crease with age. Despite this general 
trend, some older dogs had few, if any, 
lesions (Table 3), in keeping with the 
marked phenotypic variation seen in the 
DMD cardiomyopathy (51, 52). Carrier 
hearts had lower levels of involvement, 
and normal dogs had the lowest scores. 
The lack of regional associations in our 
study may have occurred because the 
dogs were assessed at a single time 
point rather than longitudinally. The 
fact that many of our dogs were older 
and had lesions in all examined sec-
tions and that there were relatively few 
dogs in the potentially critical 12–24-m 
age range group may also have pre-
vented the detection of regional differ-
ences in lesion development. With that 
said, our study had a distinct advantage 
in that hearts from dogs across many 
ages and stages of disease progression 
were included, while in DMD, routine 
cardiac biopsy is not commonly done, 
and autopsies are also uncommon, po-
tentially causing the lesions outside of 
chronic fibrosis to be missed.

In quantifying fibrosis using the tri-
chrome stain in adult (>6 m) dogs, 
those at 6–12 m had significantly less 
fibrosis than either of the two older 
groups. Unexpectedly, the dogs >24 m 
had less quantitative collagen staining 
than those at 12–24 m, even though 
half of these younger dogs had relative-
ly mild lesions. The proportionally low-
er percentage of collagen staining may 
have occurred because lesions, such as 
fatty infiltration, non-compact fibrosis, 
and mineralization, are not stained by 
the methods used, and fat, in particular, 
was increased in the older dogs. Impor-
tantly, this demonstrates that methods 
aimed solely at fibrosis detection may 
underestimate phenotypic severity in 
older GRMD dogs. Semi-quantitative 
scoring of total cross-sectional lesion 
area and the percentages of sections 
showing various lesions more clearly 
demonstrated a strong correlation with 
age and disease progression. This scor-
ing also highlighted the large phenotyp-
ic variation of cardiac lesions in GRMD 
dogs, similar to the variation in skeletal 
muscle disease (2). In particular, one 
17-m-old GRMD male had no cardiac 
lesions. All semiquantitative scoring 
tasks were done by a single pathologist 
in this case. This method would likely 
have a higher inter-operator variabili-
ty, making it unreliable for comparing 
results between studies without more 
robust agreement on scoring. Having 

multiple interpreters for each slide 
with a consensus score would likely 
improve the result reproducibility.

Even more than fibrosis, fatty infiltra-
tion was a feature of cardiomyopathy 
progression in older GRMD dogs. While 
some fatty infiltration may be seen with 
normal aging, this change was partic-
ularly pronounced in the GRMD dogs, 
as is seen with other chronic canine 
cardiomyopathies (45, 53–56). Lipo-
matous (fatty) metaplasia is also seen 
with chronic degenerative conditions in 
the hearts of dogs and humans, most 
frequently with chronic ischemic car-
diomyopathy and ischemic scar re-
placement (57, 58), with an associated 
increased propensity for ventricular 
tachycardia and arrhythmias (53, 59). 
Although we cannot rule out a specific 
response to dystrophin deficiency, the 
occurrence of a similar fatty change 
in a variety of diseases suggests it is a 
general reaction to chronic myocardial 
degeneration and remodeling.

Interestingly, coagulative necrosis was 
seen in some GRMD dogs in the ab-
sence of vascular thrombosis. The se-
verity of these changes correlated with 
the degree of vascular thickening. Giv-
en that the coronary vascular supply 
to the ventricles differs between dog 
and man (60), it is difficult to draw in-
ferences regarding DMD cardiac dis-
ease pathogenesis. However, we have 
previously seen a syndrome of acute 
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myocardial infarction in GRMD dogs 
(61) that appears analogous to a con-
dition in DMD (62). This has led to a 
speculation that dystrophin-deficient 
cardiomyocytes are operating in a state 
of functional hypoxia (61, 63, 64) and 
that a dystrophin-deficient muscle has 
reduced capacity to compensate for in-
creased metabolic demands (65, 66). 
Coagulative necrosis is associated with 
anoxia/hypoxia, occurring often subse-
quent to ischemia, infarction, or toxico-
sis. Lesions are detected histologically 
at ~12–24 h post-event, become infil-
trated by sheets of macrophages within 
48–72 h, and contain foci of interstitial 
cell and vascular proliferation by 10 
days to 6 weeks (41, 42). We found each 
of these lesions in all GRMD age groups 
older than 6 m, in keeping with the full 
range of cardiac necrosis and healing 
described by Malvestio et al. (29). Con-
sidering that vascular thrombosis is not 
a feature of DMD/GRMD, these changes 
more likely occur secondary to non-oc-
clusive hypoxia. Extending the potential 
significance of vascular/hypoxic dis-
ease in GRMD cardiomyopathy, we also 
found a positive correlation between 
arteriolar hypertrophy and the most 
severe semi-quantitative cross-sec-
tional lesion scores. Dystrophin-defi-
cient mdx mice also have enhanced 
neointimal formation, with wall thick-
ening and narrow lumens due to vas-
cular smooth muscle proliferation (67). 

In principle, these changes could occur 
due to chronic degenerative lesions in 
dystrophin-deficient smooth muscle 
and might be a factor in the acute myo-
cardial syndrome seen in DMD/GRMD. 
While increased wall thickness and 
connective tissue are a reported aging 
change in the cardiac arterioles of se-
nescent dogs (68), the normal dogs in 
this study had significantly less smooth 
muscle hypertrophy than GRMD dogs, 
indicating that this change is part of 
disease progression.

Dystrophin deficiency in vascular 
smooth muscle in both mdx mice and 
GRMD dogs has been shown to have 
functional consequences, including al-
tered sympathetic vasoregulation and 
reduced attenuation of vasoconstriction 
during contraction (67, 69–72). This is 
partly due to loss of sarcolemmal nNOS 
in skeletal and cardiac muscle, leading 
to decreased nitric oxide-induced vaso-
dilation. However, the selective expres-
sion of dystrophin in vascular smooth 
muscle partially rectified the vasoreg-
ulatory responses (72) in mdx mice, 
suggesting that smooth muscle dys-
trophin may have a primary functional 
role in vasoregulation. In combination 
with the types of degeneration seen in 
the hearts of GRMD dogs of our study, 
these vascular changes could support 
the “two hits” hypothesis for lesions in 
dystrophin deficiency (73), with func-
tional ischemia related to altered vas-

oregulation combined with increased 
susceptibility to metabolic stress lead-
ing to impaired cardiomyocyte survival.

Stereotypical ECG abnormalities are 
common in DMD and GRMD patients. 
The degenerative changes described in 
the Purkinje fibers of affected boys (43) 
and dogs (27) have been proposed as 
a possible contributing factor. Urasawa 
et al. (27) described marked abnormal 
vacuolation in Purkinje fibers associ-
ated with ultrastructural degenerative 
changes in young, crossbred beagles 
with the GRMD mutation (CXMDJ). We 
also detected increased Purkinje fiber 
vacuolation, starting with the youngest 
GRMD dogs, though this lesion was not 
present in all GRMD dogs, and normal 
dogs also had Purkinje fiber vacuola-
tion. Interestingly, the carrier dogs of 
this study did not have Purkinje fiber 
vacuolation, even though they also 
have conduction abnormalities (35). 
Additionally, the degree of vacuolation 
did not correlate with cross-sectional 
lesion severity in our dogs. Due to the 
retrospective nature of this study, ECG 
was not available for correlation of vac-
uolar severity with conduction differ-
ences or arrhythmia.

The pattern of CMR LGE changes in 
DMD patients tends to parallel the dis-
tribution of histopathologic changes, 
beginning in the LV posterior basal and 
subepicardial wall (44). Although our 
LGE imaging quality was insufficient to 
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localize lesions to the subepicardial re-
gion, the pathological results were con-
sistent with the LGE findings. Moreover, 
the semi-quantitative assessments for 
histopathologic lesion score and LGE 
severity were strongly correlated, fur-
ther validating the association between 
our pathologic and CMR findings. Con-
versely, quantitative fibrosis percent-
age was not correlated with LGE. As 
with the Purkinje fiber changes, we did 
not have an opportunity to determine 
whether there was an association be-
tween ECG findings, such as the oc-
currence of deep Q waves, with septal 
fibrosis. This would require a detailed 
longitudinal prospective study.

While the data reported here substan-
tially extended prior pathologic studies 
of GRMD cardiomyopathy, limitations 
included the inability to perfectly age-
match dogs across disease groups, 
low number of carrier dogs, variation 
in phenotypic severity, and necessity 
for using normal control hearts from 
dogs outside the colony. Heart avail-
ability and age across disease groups 
were limited by the availability of dogs 
dying for other reasons. Since carrier 
and normal dogs are infrequently euth-
anized at young ages, these groups, in 
particular, lacked exact-age-matched 
controls. Here, we assessed a separate 
cohort of hound dogs outside our colo-
ny. Although minimal differences would 
be expected between hearts from nor-

mal dogs within and outside the colo-
ny, variable housing and management 
could have altered the cardiac phe-
notype—for instance, two dogs were 
excluded due to PCR-confirmed Cha-
gas's disease, suggesting that all the 
normal dogs may have been exposed 
to infections not present in our colony. 
That may also explain the unexpected 
lymphoplasmacytic inflammation in 
some hearts from this group.

Like previous studies, cardiac patholo-
gy was limited or absent in our GRMD 
dogs <6 m, and changes would likewise 
not be expected in normal dogs, so the 
inability to compare directly likely had 
a minimal impact. Carrier dogs that 
are not used for breeding are routinely 
adopted out of the colony, limiting our 
access to tissue from this group. The 
lower numbers hindered our ability to 
detect significance between this dis-
ease group and the GRMD and normal 
dogs; however, the trends are intrigu-
ing, and more studies are warranted.

The conclusions drawn from non-longi-
tudinal studies are also always limited 
by the phenotypic variation in disease 
expression among dogs. In our cohort, 
we had a low number of dogs and a high 
degree of phenotypic variation in the 
seemingly critical 6–12-m age range, 
while the 12–24-m group seemed to 
have an overall milder severity, includ-
ing one dog with no lesions. This likely 
muddled the differences between the 

age groups. The mild to non-detectable 
disease in dogs of this age that had not 
had any cardiac-specific treatments 
highlights the importance of not relying 
on a single animal to determine treat-
ment effects.

This study provides the largest com-
prehensive gross pathologic and histo-
pathologic review of GRMD cardiomy-
opathy to date. Our findings highlight 
the differences in disease severity and 
suggest that semi-quantitative scoring 
is preferable to fibrosis quantification 
for assessing the overall lesion sever-
ity. The disease is universally progres-
sive, but due to the difficulty in detect-
ing early lesions pre-mortem, there is 
still debate over the sequence of car-
diac lesion progression in GRMD and, 
by extension, DMD. Based on previously 
published findings and the results re-
ported here, we suggest that two in-
teracting factors are involved. Under-
lying metabolic deficiencies in cardiac 
muscle, such as calcium dysregulation, 
membrane fragility, poor response to 
hypoxia, and mitochondrial abnormali-
ties, place the fibers under a constant 
metabolic strain. Over time, this may 
lead to individual fiber necrosis, miner-
alization, and dropout, with fatty tran-
sition in some fibers, particularly in ar-
eas of strain (i.e., basoinferior LV wall). 
Additionally, episodic stress in the 
face of the vascular changes we have 
described could produce non-throm-
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botic infarction and loss of larger foci 
of myocardium compatible with large 
acute/subacute lesions in some dogs. 
Sequential episodes of damage may 
result in a stairstep cycle of damage, 
repair, and stabilization, with increasing 
strain, fatty metaplasia, and decreasing 
reserve over time.
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1.  DESCONTAMINACIÓN 
BACTERIANA

2. CIRUGÍA CON HEMOSTASIA

5 EN 1
FUNCIONES

3. TERAPIA

Mas información en: 
info@laservet-iberia.com

4. ENDOSCOPIA

5. ACUPUNTURA

Modelo:
I-VET

Por el bienestar de 
tu paciente  

elige LASERVET

No invasivo

Sin dolor

Tiempos de 
recuperación 

reducidos o nulos

EL LÁSER PARA EL VETERINARIO

Accede a más  
de 30 vídeos

• Otohematoma:  
(15´ sin anestesia general)

• Paladar: (5´ sin sangrado)

• Gingivitis en gatos:  
(sin sedación)

• Papilomas: (sin sedación)…

Solicita una 
DEMOSTRACIÓN
Gratuita y sin compromiso



Mas información en: 
info@laservet-iberia.com

Por el bienestar de 
tu paciente  

elige LASERVET

No invasivo

Sin dolor

Tiempos de 
recuperación 

reducidos o nulos

Formación: 
Accede a más de 30 vídeos:

https://www.youtube.com/  
playlist?list= 

PLi-UE7avyz5a0JgTHEMn 
HFudBr4H9Qn8M

EL LÁSER PARA EL VETERINARIO
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