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The Conference was great. It was truly wonderful to be 
surrounded by enlightened, inspired, and enthusiastic 
colleagues. But what truly differentiates us from other 
attendees of veterinary meetings is the number of hugs 
per capita. I have some theories about this. Perhaps in 
exploring options for healing our patients, we’ve expe-
rienced deep introspection as well, and this, in turn, has 
opened us to embrace others. And, as I’ve just learned 
by searching PubMed a few minutes ago, apparently 
receiving deep pressure, of which hugging is one form, 
has all sorts of benefits, like reducing anxiety and stress 
and causing higher ratings of pleasantness. While I’m 
not sure if “pleasantness” refers to how one feels or how 
one is perceived by others, this sounds like a good ef-
fect. Of course, the holistic vet in me had no idea that the 
physiologic effects of “deep pressure” were the cause—I 
thought it was all about energy fields.

This issue of JAHVMA introduces a new column. The Editorial  
Committee is constantly trying to find ways to improve 
the Journal. Our goals are to publish peer-reviewed scien-
tific papers that are relevant to our readers, whether they 
practice holistic medicine exclusively or in more of an 

integrative manner. We often struggle to find that balance 
where science meets hands-on practicality. We hope that 
our new section, “CAVM in Practice,” hits the mark.

For its premiere, our respected colleague Steve Marsden 
DVM, ND, MSOM presents a case somewhat typical of what 
we see in practice. Have you ever been asked to treat a case 
in which conventional therapies were not working? One in 
which limited funds prevented a thorough workup? (I’m 
guessing you’re saying “Yes” and “Yes.”) Dr. Marsden walks 
us through one such case and the physiologic underpin-
nings of how each therapy contributed to the dog’s healing.

Digital journals, while perhaps for some being limited in 
location versatility (translation: You can’t read them in 
every room of the house), have other advantages. With 
this issue, we introduce the hyperlink to view videos. If 
you doubt the benefit of this, try tapping your finger on a 
URL in your favorite print journal and see what happens. 

From my pet family to yours, wishing you all a joyous 
holiday season and a healthy, prosperous New Year filled 
with pleasantness.

Shelley R. Epstein, VMD
Editor-in-Chief 
Editorial Committee Chairperson

Editor's Introduction

https://youtu.be/IYGSPxbqaiU
https://www.youtube.com/watch?v=ujvcyM4oL7Y
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A Note From the Interim Executive Director

We often hear AHVMA conference attendees say they feel like 
they "finally came back home" when they come to the conference.  
The feeling is mutual. After my brief hiatus from AHVMA, I am 
struggling for the words to express how it feels to be back. Humbled  
might come closest. 

Over the years at AHVMA, I have found selfless teachers and 
friends in many of you. I would like to thank all of you who have 
so positively affected my life. Worthy of extra-special recogni-
tion are the Board of Directors, Council of Elders, and Conference 
Program Committee. I would also like to thank Nancy Scanlan 
and Carvel Tiekert who have profoundly impacted both my 

personal and professional life. These past executive directors  have left me with some big shoes I can 
never fill. However, I hope that I have absorbed some of their most positive qualities in continuing to 
support not only the success, but more importantly the heart of AHVMA. 

Despite somewhat reduced attendance primarily due to continued pandemic-related concerns, I was 
pleased to see so many of you in Reno this year. I was even more pleased to see how our staff, Board of 
Directors, and Conference Program Committee rallied together in the face of so many difficulties— it 
really felt like we had a common mission, maybe even like we were a family. Thank you to everyone 
who attended. 

Kudos to every member and exhibitor who made one of the more difficult years in AHVMA history a 
success. I hesitate to say we are living in “interesting times,” but I know with the power of our mem-
bership, we will prevail.

I am only slightly more verbose in the written word than in speech. I say little more than needs to be 
said, and “Thank you” pretty much covers it. 

Finally, I would like to urge all members to continue to believe in AHVMA. If you know any of your  
colleagues who have stepped away for any reason, please ask them to consider coming home. 

Lauana Paradine
Interim Executive Director
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President’s Letter

Greetings AHVMA. I am truly honored and delighted to be serving you as 
President for 2021-2022. This will be a year of rebuilding and growing, after all 
our recent challenges, for us as individuals, professionals, and as an association. 

It was wonderful to see everyone that made it to Reno this year in person for 
the AHVMA Annual Conference. It has been too long without these personal 
and professional connections. It was apparent from all the folks on the dance 
f loor Sunday night that we all needed a bit of free expression. 

Although there were a few hiccups at the conference with last-minute speaker 
cancellations and new speakers coming forward, I want to commend the office 
staff and membership alike who rose to the occasion, embodying flexibility in or-
der to provide and participate in a memorable learning experience for everyone. 

It was especially meaningful for me to be installed as President during the Reno conference. My very first AHVMA 
Conference that I attended in 2008 was also in Reno; I came full circle from first-timer to President. In preparing for 
this undertaking, I revisited all the AHVMA Conferences I have since attended. I can remember something new and 
exciting I learned at each one and how I was inspired to learn more about a particular aspect or new modality in ho-
listic veterinary medicine that I had not been introduced to before. 

These learning opportunities led me to many great mentors, and I still look to them for advice after all these years. 
I want to emphasize how important the live conferences are for this reason. Our opportunity to sit next to another 
holistic practitioner and exchange experiences with them is priceless. Someone may draw you a diagram on a cocktail 
napkin, and you tell them a treatment strategy that has worked for you. Perhaps contact information is exchanged 
and a mentorship is born. This opportunity is somehow missing for me with a virtual experience. One of my goals for 
the Association is to expand mentorship experiences for everyone. 

Another great aspect of the Annual Conference, whether live or virtual, is the hope to be inspired to dive deeper 
into a new modality. Through AHVMA, one can find associations and allied groups with more intimate learning and 
community revolving around a more focused modality of interest. A short and long-term goal of mine is to ensure 
that AHVMA is a hub from which all other holistic organizations radiate and f lourish, working in concert to ensure 
the wheel of holistic medicine can continue to move into the future and into the focus of more mainstream veteri-
nary medicine. 

I want to thank our Interim Executive Director, Lauana Paradine; Operations Director, Melissa Kellagher; and AHVMA 
staff member, Wendy Ribbans, for their time and hard work coordinating the conference. I would also like to thank 
the Conference Program Committee for all their efforts organizing the speakers and adjusting to the speaker changes. I 
would also like to thank the AHVMA’s other committees — Editorial, Nominating, SAHVMA, AHVMF, our AVMA HOD 
representatives, the Board of Directors, and importantly, the Council of Elders, as integral parts of our Association. 

With COVID and other challenges in the past two years, we have had a lapse in membership. I ask you all, if you have a 
friend or colleague who has let their membership expire, to please reach out to them personally and invite them back to 
AHVMA. We can all work together to further the purpose of AHVMA. 
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Members, please also look into one or all of our committees that interest you and be a part of the important inner 
workings of the Association. This benefits our organization and will benefit you, as a member and a practitioner, 
as well. Please check the AHVMA website and Facebook page often and continue reading JAHVMA to stay informed 
and involved. 

I want to thank all of our members for this opportunity to help guide and grow our Association. Your support of the 
AHVMA and holistic medicine is immeasurable. We are the largest group that exemplifies holistic veterinary medi-
cine in the United States. It is our responsibility to help validate holistic medicine, ensuring it is more widely avail-
able and accepted in order to improve the lives of our patients and the people who love them. 

Diana Drumm, DVM
AHVMA President, 2021-22
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CAVM in Practice

Abbreviations
IVDD  Intervertebral disc disease
NMES  Neuromuscular electrical stimulation
NO  Nitric oxide

A 5-kg, 11-year-old male neutered Chihuahua cross, previ-
ously owned but abandoned, presented to the San Diego  
Humane Society in November 2020. On initial examination, 
the dog was found to be generally healthy except for gener-
alized dander and “flystrike” on the ear tips, for which he 
was prescribed a combination antibiotic and steroid oint-
ment. As is customary for the facility, he was comprehen-
sively vaccinated and dewormed.

On day 7, while still at the humane society, the dog experi-
enced marked abdominal distention, apparently following 
the consumption of 3 servings of food at once. Abdominal  
radiographs revealed no other abnormalities, and for the 
next 4 days, the patient was prescribed a restricted diet con-
sisting of ¼ cup of a popular processed dry kibble twice daily. 
Also at that time, he was diagnosed with bilateral grade 1 to 2 
medial patellar luxation that was producing an intermittent 
skipping gait. No treatment was deemed necessary.

Approximately 1 week later, the dog was transferred to a 
senior dog rescue agency. On day 21, he experienced uri-
nary incontinence with increased thirst. By day 22, acute 
hind limb paralysis and priapism were noted. Bloating 
was still visible on presentation to urgent care, and the 
dog was unable to urinate. Results of a urinalysis, CBC, 
serum chemistry, thyroid levels, and Spec cPL® (a) test-
ing were all normal. Radiographs suggested a narrowed  
intervertebral disc space at T12-T13, and varying degrees 
of spondylosis were seen in cranial lumbar vertebrae, 
most notably from L1 to L2. Hind limb deep pain percep-
tion was present. Eye redness was noted, for which the 
dog was prescribed eye drops.

The limited financial resources of the rescue agency pro-
hibited further imaging studies or any contemplation of 
surgical treatment. The dog was initially treated with phar-
maceuticals, as the attending veterinarian was concerned 
about the presence of intervertebral disc disease (IVDD). 
Although the dog was reportedly painless, buprenorphine 
was infused intravenously, along with methocarbamol and 
dexamethasone (doses not reported). He was discharged 
the evening of day 22 with prescriptions for prednisone  
(2.5 mg, PO, BID) and methocarbamol (125 mg, PO, BID). 

Over the next few days, the patient’s condition worsened 
with the onset of full-body spasms that confined him to 
lateral recumbency and extensor rigidity. The bladder  
remained difficult to express. The methocarbamol dose was 
doubled to 250 mg BID. The dog appeared “spacey” and dis-
connected from his surroundings but would panic if efforts 
were made to get him to stand for bladder expression.

Around day 29, the rigidity subsided and the patient was 
able to partially urinate on his own. The left hind leg was  
paretic, and the right hind leg was paralyzed. The dog’s 
mentation still appeared to be “spacey.” Neuromuscular 
electrical stimulation (NMES) was initiated by a care pro-
vider within the rescue agency in an effort to expedite  
recovery. A very low current was used, delivered in 20-second  
pulses through pads situated on either side of the spine 
at the presumed level of spinal injury. Within hours of the 
NMES treatments, multiple seizures were noted, with pad-
dling of all limbs, unresponsiveness, and urinary incon-
tinence. On day 34, he was re-evaluated at an urgent care 
facility and prescribed potassium bromide (dose unknown) 

Healing Paralytic Neurologic Disease 
in a Dog: An Integrative Approach

Steve Marsden, DVM, ND, MSOM

Author Contact:
Email: Naturevet1@shaw.ca
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for the seizures as well as a short course of amoxicillin/ 
clavulanic acid (dose unknown) for a presumed urinary 
tract infection. Prednisone, methocarbamol, and NMES were  
discontinued. No further seizures were observed.

Day 35 saw improvements in the dog’s mentation and the 
caregiver’s ability to express the bladder. His priapism 
seemed improved as well, and the dog was transferred to 
his foster owner to continue convalescence. These improve-
ments in mentation, priapism, and bladder expression were 
maintained until day 58 when the dog was presented to the 
initial veterinary hospital for evaluation of repeated over-
night urinary incontinence. Urinalysis revealed pyuria, 
and enrofloxacin (dose unknown) was prescribed. Testing  
revealed that serum bromide levels were too low to prevent 
seizures (although no additional ones had been observed), 
and the dose of the drug was increased. The dog was still  
unable to bear weight on his hind legs.

By day 70, progress seemed to have nearly plateaued for this 
patient. Hind limb movement was noted sporadically, and 
the dog could be fleetingly propped into a standing position 
while eating before sagging to the floor within a second or 
so. Otherwise, the patient just dragged his hind limbs either  
on the floor or in a cart (Figure 1). Muscle tension in the 
neck and trunk was recurring from time to time, and manual 
expression of the bladder was still difficult (Video 1). An 
integrative medical assessment with a focus on Chinese 
medicine was sought from the author before committing 
more resources to a conventional workup and treatment.

The Chinese medical exam performed on day 72 revealed 
broad, superficial, and toned (or so-called Floating) femo-
ral pulses that moderated following gentle mobilization 
of fixated thoracic and lumbar spinal segments using an  
Activator II (b). The pulse was further moderated and then 
maintained towards normal with dry needle tonification of 
acupoint BL 23 and sedation of acupoints BL 18 and BL 40. 
A Chinese medical diagnosis of Kidney Deficiency leading to 
acute Wind invasion, ie, Tai Yang Excess due to underlying 
Deficiency, was rendered. Du Huo Ji Sheng Tang (Pubescent 
Angelica and Loranthus Combination) (c) was prescribed at 
a dose of 250 mg PO, BID to TID. In addition, the above-noted 
acupuncture protocol was continued, along with veterinary 
chiropractic mobilization of the dog’s spinal column at ap-
proximately weekly intervals for the next 4 months. A home-
cooked, meat- and vegetable-based diet was introduced 
around day 107 (week 5 of integrative care) to replace the 
kibble diet. Potassium bromide was discontinued gradually 
over several weeks. Between treatments, the foster owner 
was instructed to gently massage and mobilize the dog’s 
spine for a few minutes daily and stimulate conscious move-

ment in his hind end by trying to lure him forward with 
treats. Initially, the dog was in his cart for these sessions, but 
as soon as consistent, conscious limb movement and ability 
to bear weight for several seconds were attained, he was  
removed from the cart and encouraged to move forward on 
the grass unassisted.

The previously reported whole-body spasms resolved imme-
diately upon initiation of treatment. Within 2 days of the first  
acupuncture session, on day 74, the dog began consistently at-
tempting to walk with his hind legs while being exercised in the 
cart (Figure 2, Video 2). By day 91 (3 weeks of integrative care),  
the patient could stand for approximately 15 seconds at a 
time, although he was not yet able to walk without the cart. 

Figure 1

Patient at the start of integrative treatment, 2 months after the 
onset of illness.

Figure 2

Patient 3 to 4 months post-initiation of integrative care, 5 to 6 
months after initial onset.
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He could urinate on his own. On day 172, the dog had im-
proved to the point that he could take 4 to 10 steps unassisted,  
although he was still unable to rise on his own. A few days later, 
he could push himself briefly to a standing position if he had 
free use of his left hind leg. The priapism also began to reduce 
around this time. By day 202, the patient could walk a dozen 
steps at a time. By day 232, he was able to walk largely nor-
mally on grass and carpeted surfaces and could ascend stairs 
with minimal assistance. Veterinary chiropractic and acupunc-
ture treatments were reduced to every few weeks, with pria-
pism occurring intermittently between the visits. In between 
treatments, mobility and function were maintained solely with 
the home-cooked diet and continued use of the herbal formula 
(Videos 3 and 4).

Comments
IVDD is the most common cause of hindlimb paralysis in 
dogs. The majority of canine disc disease occurs between 
T11 and L1 and can be of 2 types (1). Hansen type I disease 
consists of abrupt disc herniation causing cord compression 
and contusion, setting in motion intra-neuronal changes that 
can result in axonal degeneration and death. Hansen type II 
disc disease constitutes a gradual protrusion of the annu-
lus into the spinal canal to impinge on the cord. It usually 
occurs in large breed dogs and is of a milder severity than  
Hansen type I disc disease. Signs can be graded according to 
the schema below, to provide a guide in assessing the severity 
of cord injury and whether surgery is indicated for recovery:

• Grade 1: Pain only
• Grade 2: Ataxia, conscious proprioceptive deficits, paresis
• Grade 3: Paraplegia
• Grade 4: Paraplegia, urinary retention and overflow

•  Grade 5: Paraplegia, urinary retention and overflow, loss of 
deep pain perception

Per this schema, type II Hansen would generally present as 
lower grade cases and type I cases as higher grade. 

Differential diagnoses for IVDD include fibrocartilaginous 
embolism, spinal trauma, spinal neoplasia, degenerative 
myelopathy, discospondylitis, and inflammatory myelitis. 
Survey radiographs of the spine are a common first step 
in working up a case of hindlimb paralysis since areas of 
obvious intervertebral space collapse and disc calcifica-
tion raise the possibility that IVDD is present. If none are 
seen or if surgery is contemplated, myelography, CT scans, 
or MRIs are necessary to confirm the diagnosis and the  
location of the lesion. Surgical intervention is reserved for 
cases refractory to conservative medical management and 
for patients graded 3 through 5. Prognosis without surgical 
intervention in animals that have reduced deep pain sensa-
tion in the hind limbs is guarded to poor (2).

The above notwithstanding, most cases with a working 
diagnosis of disc disease are managed medically at first, 
often using some combination of corticosteroids, muscle 
relaxants, pain relievers, and NSAIDs. In addition to anal-
gesia, the focus of acute medical care is on the reduction of 
nitric oxide (NO) elaborated within the cord in response 
to any spinal trauma, including surgery (3, 4). Some of the 
NO is elaborated by WBCs entering the damaged area, 
and some is produced by the neurons themselves. The 
NO serves a purpose in that it activates nociception path-
ways, but it becomes neurotoxic at high levels, damaging 
the cord (5). A return to function demands subsidence of 

Video 1

Day 70, 1.5 months after conventional treatment was initiated and 2 days 
prior to the start of integrative treatment. Note flaccidity of hind limbs.

Video 2

Day 74, 2 days after beginning integrative treatment. Note the 
consistent purposeful stepping of hind limbs.

https://www.ahvma.org/journal-supplemental-videos/
https://www.ahvma.org/journal-supplemental-videos/
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these high NO levels (6). If instead high NO levels persist, 
neuronal degeneration occurs. 

Pharmaceutical approaches to lower neuronal NO have not 
been developed, but corticosteroid therapy is commonly 
used immediately after cord injury despite uncertainty 
about its efficacy. In humans, it has the effect of limiting NO 
elaborated by WBCs, reducing any associated pain in the pro-
cess and helping to facilitate a return of motor function (7, 8).  
Bupleurum, a chief component in herbal therapies commonly 
employed for acute neural injury, seems to likewise suppress 
the NO-cyclic guanosine monophosphate (NO-cGMP) path-
way that can otherwise inhibit cord healing (9). Cases calling 
for the use of bupleurum-laden formulas such as Xiao Chai 
Hu Tang (Minor Bupleurum Combination), Chai Hu Jia Long 
Gu Mu Li Tang (Bupleurum, Dragon Bone, and Oyster Shell 
Combination), and Chai Ge Jie Ji Tang (Bupleurum and Kudzu 
Combination), present differently to the one related here. 
In the author’s experience, peripheral circulation in acute  
cases is often palpably engorged, represented by a so-called 
Full, Flooding, or Drum Skin pulse. Such pulses are typi-
cally seen with acute neurological inflammation such as in  

meningoencephalitis, discospondylitis, fibrocartilaginous 
embolism, and disc disease of up to a few days’ duration. 
The pulse in these animals is almost invariably responsive 
to stimulation of Gall Bladder acupoints like GB 20, BL 19, 
GB 21, and GB 34, pointing to a need for an acute-acting anti-
inflammatory bupleurum-based formula. 

Once acute inflammation following disc prolapse has had 
time to subside, veterinarians employing Chinese herbal 
medicine commonly prescribe the formula Du Huo Ji Sheng 
Tang, or its derivatives, particularly in small breeds. In  
Chinese medicine terms, this formula treats acute Wind in-
vasion secondary to Kidney Deficiency, the pattern that was 
present in the dog in this report. The intent is to optimize cir-
culation throughout the spinal column to restore suppleness 
and remove it as a potential source of ongoing circulatory im-
pingement within the cord itself. Given the association of cord 
inflammation with increased NO levels, the use of the for-
mula at first glance seems contraindicated, since some com-
ponents of the formula actually increase NO activity in the 
spine, including loranthus (Loranthus ferrugineus), Chinese 
angelica (Angelica gigas), rehmannia (Rehmannia glutinosa),  

Video 3

Day 244, 6 months after integrative treatment was begun.

Video 4

Day 337, 9 months after integrative treatment was begun. Only herbs and 
diet remain in consistent use. Mild intermittent priapism occurs unless 
consistent acupuncture and veterinary chiropractic treatments continue.

https://www.ahvma.org/journal-supplemental-videos/
https://www.ahvma.org/journal-supplemental-videos/
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and particularly eucommia (Eucommia ulmoides) (10-13). 
The key distinction, however, is that it is endothelial NO that 
is being increased, not neuronal NO. Some constituents of  
Du Huo Ji Sheng Tang do lower neuronal NO, including cinnam-
aldehydes from  cinnamon (Cinnamomum cassia), but it would 
seem more likely that it is the increase in endothelial NO that 
was operative in facilitating recovery in this case (14). 

As discussed by Papalia et al, endothelial NO accumula-
tion in the spine, such as is promoted by Du Huo Ji Sheng 
Tang, increases the quality of circulation to the borders of 
the avascular discs into which nutrients and oxygen then 
travel, thus helping to prevent their degeneration and cal-
cification while helping to restore normal spinal mobility 
(15). This boosting of circulation through the spinal col-
umn is also implicit in the Chinese medical understanding 
of the formula’s action. In Chinese medical parlance, the 
formula expels Wind Cold pathogens causing spinal rigid-
ity and muscle spasticity by warming and hydrating the 
dorsum through the increased delivery to the spine of Qi, 
Blood, and Yang.

Declines in endothelial NO in tissues decrease their struc-
tural integrity, promoting apoptosis and chronic inflam-
mation through a process known as endothelial dysfunc-
tion. Endothelial dysfunction occurs in a wide variety of 
tissues, including ligamentous connective tissues. Its role 
in osteoarthritis, cruciate ligament injury, and even hu-
man dental pathology has been demonstrated, making it 
plausible it could likewise cause degeneration and avas-
cularity in the ligaments and annuli of the spinal column, 
predisposing a patient to spondylosis, disc degeneration, 
and rupture (16-18). 

In the author’s experience, the use of ‘tonic’ formulas like 
Du Huo Ji Sheng Tang that enhance CNS circulation usu-
ally causes an abrupt worsening of signs in acute CNS in-
flammation. That response was not seen here, bolstering 
the suspicions of the author that this patient most likely 
had IVDD, the working diagnosis in the management of 
the case. The chronicity of the lesion seemed to preclude a  
fibrocartilaginous embolism. There was no history of 
trauma that would explain the signs nor any enduring 
pain to suggest discospondylitis. The clinical progression 
seemed too abrupt for degenerative myelopathy, and no 
breed predisposition was present. Neoplasia was a pos-
sibility given the dog’s age and the obstinacy of clinical 
signs and would have become more of a consideration if 
integrative therapy had not been successful. The onset of 
“spaciness” following the introduction of methocarbamol 
and its resolution immediately upon withdrawal suggests 

a disseminated CNS disorder was not present. A cause 
was not determined for the seizures that were observed 
only after a single NMES treatment by the caretaker.  
Although largely considered safe, some sources report 
pre-existing seizure disorders as a contraindication 
for NMES (19). Since the pet in this case was a rescue, 
a complete history was not accessible to rule out prior  
seizures or epilepsy. Nevertheless, without a full diag-
nostic workup, the deductive process of determining a  
definitive cause from this list of possibilities is impossible. 
The prompt improvement of this case in the absence of a 
definitive biomedical diagnosis demonstrates the utility 
of the inductive pattern-based approach that is central to 
Chinese medicine. Analysis of a successful treatment and 
how it works in Western medical terms can help infer, in 
hindsight, what the biomedical diagnosis may have been.

Due to financial constraints, initial treatment for the  
patient in this case was limited to relief of inflammation, 
pain, and muscle spasms. Although the dog had been as-
sessed as grade 4 in severity with a working diagnosis of 
IVDD, surgery was impossible due to the lack of financial 
resources needed to confirm the diagnosis and to pre-
cisely locate the lesion. Unfortunately, medical manage-
ment alone did not suffice to produce an acceptable level 
of improvement in mobility and micturition. Although 
steroids are commonly used in the first hours following 
spinal cord injury, studies have suggested that the use  
beyond that point may hinder spinal cord healing, pos-
sibly by inhibiting initiation of healing by ependymal 
glial cells. Their main use is in limiting inflammation  
and acute cord damage, making them less helpful once NO 
levels have subsided (20-22). Corticosteroids were used 
for about 2 weeks following diagnosis in this case. 

The improvement in this dog was dramatic and rapid fol-
lowing the first acupuncture treatment, which was focused 
upon local points and veterinary chiropractic mobilization 
of the dog’s spine, making it less likely in the author’s opin-
ion that disseminated inflammation of the CNS was causing 
seizures, altered mentation, and paresis, and more likely 
that a local cord impingement or physical obstruction to 
cord circulation existed that was relieved as soon as therapy 
was instituted. Although levels of NO and neuronal degen-
eration in this patient could not practically be determined, 
the rapid improvement suggests that degeneration was not 
pronounced. The very high NO phase that causes degenera-
tion in acute ongoing CNS inflammation was likely not pres-
ent, and any increase in NO had possibly subsided to levels  
associated with chronic inflammation. The impediment to 
resolution of cord injury responded favorably to focusing 
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treatment on the spinal column as the likely source of con-
tinued paralysis rather than other possibilities. 

Although acupuncture and rehabilitation therapy are 
usually the first integrative approaches to be considered, 
veterinary chiropractic, herbal medicine, and diet change 
can also play important roles in improving patients with 
presumed disc disease. The rapid improvements in func-
tion attributed to the improved spinal column and cord 
circulation may have resulted not just from the Du Huo 
Ji Sheng Tang alone, but rather from the combined use of 
all the modalities applied in this case. Meta-analyses and 
high-level reviews have shown acupuncture to be one of 
the single most effective therapies in disc disease (23). 
Many potential reasons exist for this, but an improvement 
in blood flow through various target tissues with acu-
puncture has been repeatedly confirmed (24). The utility 
and safety of chiropractic in IVDD have likewise been am-
ply demonstrated and may work through many different 
pathways (25). MRI studies show a reversal of disc pro-
trusion in a majority of disc disease patients treated with 
chiropractic, making it reasonable to expect a resultant 
reduction of cord circulation impingement (26). It is rea-
sonable to expect veterinary chiropractic to work simi-
larly, given the pathophysiology of disc disease in dogs.

Regarding the impact of nutrition, studies in humans and 
dogs show the glycemic index of a particular diet is linked 
to its propensity to cause endothelial dysfunction (27, 
28). The glycemic index is, in turn, linked to the degree 
of processing and carbohydrate content. This dog’s diet 
was changed from processed kibble to a home-cooked 
whole foods meat-and-vegetable diet that contained only 
low amounts of carbohydrate. The lack of processing re-
sults in a meal that is much slower to digest, thus keeping 
the glycemic index low. Within just a few days, the care-
giver noted resolution of chronic skin dander and ear tip 
flaking in this dog, suggesting an improvement in overall  
peripheral circulation and thus endothelial function. Since 
endothelial function is a systemic phenomenon, these  
improvements likely extended to all body tissues, includ-
ing the spinal canal and column, providing a critical foun-
dation for a full recovery.

Care of the connective tissues surrounding the spinal cord 
rarely receives focus in studies on how to promote re-
covery from a spinal injury. The utility of the integrative  
protocol used to treat this refractory case of paralysis sug-
gests that normalizing circulation through the spinal cord 
and column should be investigated as a primary treatment 
focus once acute cord inflammation has subsided.
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Abstract
The ketogenic diet is a nutritional strategy that shifts en-
ergy metabolism from glucose to fats as the primary fuel 
source for cells throughout the body. This change leads to 
the production of ketones in the liver. Ketones can provide 
an alternative fuel source to glucose for cells in various  
organs and tissues which have healthy functioning mito-
chondria, including the brain. Ketogenic therapies have 
shown potential benefits for numerous chronic disease 
states in humans, but studies are very limited in dogs. 

Introduction
Ketogenic therapies involve nutritional 
strategies that shift the body’s metabolism 
to a state of significant ketone produc-
tion (1). Acetone, acetoacetate, and beta-
hydroxybutyrate (BHB) are the 3 main 
ketone bodies produced in mammalian 
species as a product of fat metabolism in 
the liver. A state of ketosis can be achieved 
via severe caloric restriction, by supple-
menting a current diet with medium-chain 
triglycerides (MCT), or by feeding a keto-
genic diet featuring a higher fat content 
and severe carbohydrate restriction (1). 
Consuming a ketogenic diet, which is a bio-
chemical model of fasting, shifts metabo-
lism to the use of fat as the primary fuel 
source instead of carbohydrates. The body 
needs constant energy production using 
the metabolic currency of ATP to maintain 
life. When discussing energy needs, em-
phasis is often placed on the brain because 

of its high metabolic demand and obvious necessity for life. 
In humans, the brain accounts for about 20% of all energy 
needs, a relatively high amount given its small size (~2% 
of body mass). While the neurons in the brain can utilize 
some other energy sources (ie, lactate and small fatty ac-
ids), it relies primarily on glucose derived from the intake 
of dietary carbohydrates as its major source of energy. 
Glucose is converted into pyruvate and then funneled into 
the Krebs cycle, which is a key metabolic pathway in cel-
lular respiration (Figure 1). The Krebs cycle takes place 
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Figure 1

Cellular respiration. Reprinted from Wikimedia Commons, 2007.
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in mitochondria, which generate most cellular energy. Dur-
ing periods of severe calorie or carbohydrate restriction, 
a limited source of glucose stored in the form of glycogen 
can be found in the liver. How long this glycogen lasts de-
pends on the size of the storage and energy expenditure 
demands. Even periods of extreme starvation do not cause 
death; therefore, the brain must be utilizing an alternative 
energy source to maintain normal function. After the sup-
ply of liver glycogen is exhausted, a hormonal shift occurs. 
As blood glucose falls, there is a resulting decrease in blood 
insulin and a rise in glucagon, initiating gluconeogenesis to 
maintain euglycemia. This hormonal shift promotes lipoly-
sis in the body’s fat stores, making the fatty acids available 
for beta-oxidation in the mitochondria. In this way, fats be-
come a major source of ATP throughout the body (2, 3). In 
the liver, beta-oxidation does not result in ATP production. 
Rather, the liver mitochondria metabolize the fatty acids to 
produce ketone bodies, primarily acetone, acetoacetic acid, 
and BHB. When the body produces ketones in a sufficient 
amount (at least 0.3-0.5mmol/L), it is said to be in a state 
of ketosis. Ketones can readily cross the blood-brain bar-
rier to be used as fuel by neuronal mitochondria along with 
many other tissues in the body (Figure 2). This process 
explains why animals (including humans) can go for pro-
longed periods without any intake of glucose and still sur-
vive. To demonstrate that the brain can effectively utilize 
ketones as a fuel source, a study was performed in which 
human subjects with high levels of circulating BHB were in-
jected with insulin to lower their blood glucose to danger-
ous levels, yet remained symptom-free with normal neu-
rologic function (4, 5). In a normal state of ketosis without 
exogenous insulin, glucose levels will stabilize at around  

65 to 70 mg/dL in humans (Figure 3). Anecdotally, the same 
appears to be true in dogs. This occurs because glycerol, the 
backbone of triglycerides, is cleaved during the process of 
ketone production in the liver and is then converted to gly-
cogen, which can be used to make a steady stream of glucose 
(gluconeogenesis) (6). Glycerol from triglyceride is not the 
only non-carbohydrate substrate that can be used for gluco-
neogenesis. Glycogen can also be produced from the break-
down of muscle tissue during periods of fasting or intense 
exercise (7). The ability for the body to produce ketones is 
the explanation as to why one can not only survive, but even 
thrive in the absence of glucose intake.

Styles of Ketogenic Diets 
The main goal of a therapeutic ketogenic diet is to shift 
the metabolism to utilize primarily fat as the fuel source. 
There are several nutritional strategies used to enter into 
a state of nutritional ketosis. The classical 4:1 ketogenic 
diet, originally designed to help treat childhood epilepsy, 
is composed of a 4:1 ratio of fat grams to combined grams 
of protein and carbohydrates. This equates to 90% of the 
caloric intake coming from fat. Ideally, this ratio is kept 
consistent to ensure that a person remains in a state of nu-
tritional ketosis; however, individual variations will exist. 
For all intents and purposes, a state of nutritional ketosis 
is a binary state; a person or dog is either in it or not. Once 
the dietary intake of carbohydrates is reduced, the body 
will utilize glycogen stores in the liver to continue to use 
glucose as its primary fuel source. As the glycogen stores 
are depleted, metabolism will shift to ketones and fatty ac-
ids as the main energy sources. It is worth noting that only 
liver glycogen can contribute to the release of glucose into 

Figure 2

Ketone production in the liver and peripheral utilization.

Figure 3

Glucose and ketone levels during fasting.



AHVMA Journal  •  Volume 65 Winter 2021    21

the bloodstream. Muscle glycogen cannot directly contrib-
ute to the level of circulating blood sugar because muscle 
tissue lacks the enzyme glucose-6-phosphatase (8). After 
refeeding carbohydrates, glycogen stores will be replen-
ished in the liver and metabolism will shift back to using 
glucose as a primary fuel. This requires that ketogenic  
dietary plans be followed very strictly. Even a modest 
amount of carbohydrate or excess protein will prevent a 
person or dog from entering a state of nutritional ketosis. 
Due to the high fat content, a slow transition to a ketogenic 
diet is recommended. If rushed, early gastrointestinal in-
tolerance can often result in poor compliance. For dogs, 
one can even begin with a ratio of 1:1 (grams of fat to com-
bined grams of protein and carbohydrate) and then gradu-
ally work up to a higher ratio if needed. Monitoring blood 
ketones may demonstrate that a ratio of 1:1 or 2:1 is suf-
ficient. To make the diet more flexible a few modifications 
can be made, such as using lower-glycemic carbohydrates 
or by adding MCTs (Figure 4). These are metabolized pri-
marily into ketones, thus allowing a higher percentage of 
carbohydrate in the diet while maintaining nutritional ke-
tosis (9). Tropical oils, especially coconut oil, are particu-
larly high in MCT. MCTs are fatty acids that contain 6- to 
12-carbon chain backbones. They include caproic acid (C6), 
caprylic acid (C8), capric or decanoic acid (C10), and lauric 
acid (C12). Because of the shorter chain length of the fatty 
acids, MCTs are rapidly broken down and absorbed into the 
body and, unlike longer-chain fatty acids, go straight to the 

liver. There they can be used as an instant energy source or 
turned directly into ketones.

It is also worth discussing the difference between nutri-
tional ketosis and diabetic ketoacidosis (DKA). Nutritional 
ketosis is a normal physiologic response to low carbohy-
drate (glucose) intake. DKA occurs in patients with either 
a complete absence of insulin (Type I) or severe insulin 
resistance (Type II). With a normally functioning pan- 
creas, even in the absence of external carbohydrate sources,  
enough insulin is produced so that BHB levels cannot rise 
above about 5-8 mmol/L, which is well below the level re-
quired to induce a pathologic acidotic state. In nutritional 
ketosis there is low insulin and moderate ketone levels. In a 
state of DKA, there are very high insulin and ketone levels, 
and BHB can reach 20-25 mmol/L (Table 1) (10-12). These 

Figure 4

Macronutrient comparison of the classical ketogenic diet compared to the MCT ketogenic diet.

Table 1: Comparison of a Normal Diet, Ketogenic 
Diet, and Diabetic Ketoacidosis in Humans

Blood Level Normal  
Diet

Ketogenic  
Diet

Diabetic 
Ketoacidosis

Glucose 
(mg/dL)

80-120 65-80 >300

Insulin
(μU/L)

6-23 6.6-9.4 Near 0

Ketone Bodies
(mmol/L)

0.1 7/8 >25

pH 7.4 7.4 <7.3
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two metabolic states are completely separate from one an-
other, and the word ketosis should not be associated with 
the dangerous state of ketoacidosis. 

Therapeutic Applications 
Ketone bodies have numerous physiological effects on the 
body. They can be used as fuel, increase mitochondrial ef-
ficiency, upregulate pathways to mitigate oxidative stress, 
influence post-translational modifications of proteins, act as 
extracellular signaling ligands, and increase the expression 
of brain-derived neurotrophic factor (1). Because of these ef-
fects, metabolic therapy utilizing a ketogenic diet has many 
promising applications, including treatment of epilepsy, neuro- 
degenerative diseases, obesity, cardiovascular disease, dia-
betes, cancer, traumatic brain injury, and stroke (1, 12-20). 

While knowledge about the utility and benefits of  
being in a ketogenic state is growing rapidly, historically 
the best example of its use is in seizure patients refrac-
tory to standard medications. This treatment strategy is 
not new, and its use can be dated back to ancient Greece 
(1). Dietary management of epilepsy began to fall out of  
favor when antiepileptic drugs such as diphenylhydan-
toin became available in the 1930s (9). While the exact 
mechanism for how a ketogenic diet helps to prevent  
seizures is unknown, it is clear that ketones do possess  
anti-epileptic properties (21). Mechanistic theories in-
clude direct and indirect anticonvulsant properties of  
ketones themselves, decreased production of reactive  
oxygen species, increased synthesis of GABA (a neuro-
transmitter in the brain that reduces cellular excitability), 
reduced glutamate (an excitatory neurotransmitter in the 
brain), and boosting the production of energy in brain tis-
sue via mitochondrial biogenesis (22-27). A meta-analysis 
of 16 studies using a ketogenic diet to treat drug-resistant  
epilepsy in adult humans showed seizure freedom or 
>50% reduction in seizures in 13% and 53% of partici-
pants respectively (28). 

Evidence evaluating a ketogenic diet in dogs is very sparse 
other than anecdotal accounts and a case report (29). 
Much of what is recommended is extrapolated from what is 
known in people; however, there are noticeable differences 
between humans and animals. When fasted, humans will 
enter into a state of ketosis much more quickly and with 
considerably higher plasma levels of ketones as compared 
to dogs (30-32). This is not because dogs are inefficient at 
ketone production. The differences in plasma ketone lev-
els between dogs and other species after prolonged fasting 
is a result of enhanced peripheral utilization by extrahep-
atic tissues in the dog, not because the mitochondria in the  
liver produce fewer ketones (32). Simply put, dogs are very  

efficient at utilizing ketones as energy; therefore, high lev-
els do not accumulate in the plasma. 

Due to concerns with palatability and side effects (gastro-
intestinal tolerability) of a classical 4:1 ketogenic diet,  
alternative strategies in dogs have centered around feed-
ing a diet supplemented with MCTs to increase the level 
of ketones while maintaining a reasonable level of carbo-
hydrates. A recent study randomly evaluated the use of 
an MCT diet in dogs with epilepsy and found a significant 
seizure reduction compared to the control group (33). 
It has been proposed that there is a direct anti-seizure  
effect from the MCT decanoic acid (C10) by inhibition of the  
alpha-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid  
(AMPA) subunit on glutamate receptors in the brain (26). 
Glutamate is an excitatory neurotransmitter that plays a 
major role in the propagation of seizure activity. A ketogenic 
diet, or one supplemented with MCTs, can be used to supple-
ment a patient’s medical regimen, especially for those whose 
responses have been refractory to treatment with standard 
anti-epileptic medications. The apparent success with MCT 
strategies was the essence for the development of a specialty 
diet (a) which is supplemented with MCT. While this study 
reported a statistically significant decrease in seizures 
in dogs fed the MCT diet (2.31 seizures per month) versus 
when fed the control diet (2.67 per month), this difference 
is not clinically significant in the least (33). The study also 
reports a statistically significant increase in BHB concentra-
tion in dogs fed the MCT diet (0.041 mmol/L) versus the con-
trol diet (0.031 mmol/L). Even if the difference in BHB con-
centration between the 2 diets is statistically significant, the 
values are well below those which are anecdotally measured 
with home-prepared diets (often 0.5-3.0 mmol/L). Having 
said that, the suggestion of supplementing with MCTs is still 
logical, but in this author’s opinion, a client may have better 
control of MCT/ketone levels by adding a high quality MCT 
oil to their dog’s current diet and titrating the dose based on 
gastrointestinal tolerability.

While the most common therapeutic application of a keto-
genic diet is for seizures, many other disease states have 
shown benefit. Dogs with idiopathic epilepsy are known to 
have a higher frequency of behavioral disorders including 
aggression, trainability, attention problems, and excitabil-
ity (34). In 2015, a randomized, placebo-controlled, double-
blinded study evaluated the effects of MCT supplementa-
tion in dogs with idiopathic epilepsy that were displaying 
attention deficit hyperactivity disorder (ADHD)-like be-
havior. In addition to a significant reduction in seizure fre-
quency, there was also a significant reduction in attention  
deficit-related symptoms and stranger-directed fear. While 
the exact mechanism for the behavior improvement is not 
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known, it is suggested to be secondary to changes in energy 
metabolism in the brain (35).

The ketogenic diet may also have a role in treating  
cancer. This line of thinking supports the metabolic theory 
of cancer being a result of altered cellular metabolism in 
the mitochondria. Cancer cells favor a metabolic shift that 
prioritizes glycolysis regardless of oxygen availability (36).  
Typically, when oxygen is available, the end product of gly-
colysis, pyruvate, would enter into the citric acid cycle (aka 
Krebs cycle) and proceed with oxidative phosphorylation. In 
many cancer cells pyruvate is converted instead into lactate. 
This metabolic transformation leads to dependence on glu-
cose for cancer cell survival and an overexpression of glu-
cose transporters GLUT1 and GLUT3 at the cell membrane. 
The process allows for the study of tumor progression us-
ing PET scans with radiolabeled glucose (15). Many tumor 
cells lack the ability to effectively utilize ketones because of 
mitochondrial dysfunction (37). A ketogenic diet lowers the 
availability of glucose to tumor cells while providing ketone 
bodies to healthy cells. There is evidence that ketogenic diets 
will increase oxidative stress in tumor cells, making them 
more vulnerable to radiation and chemotherapy (38). In ad-
dition there is likely an effect of the ketogenic diet on tumor 
cell-signal molecules such as insulin-like growth factor (IGF) 

and mechanistic target of rapamycin (mTOR), which play a 
role in tumor cell propagation (37). Numerous case studies 
and reviews show promising benefits of a ketogenic diet in 
the treatment of various cancers in people (15, 37, 39, 40).  
However, some cancers have different metabolic demands 
and may not respond (19). Furthermore, due to challenges 
inherent in standardizing dietary protocols, until more 
research is performed it is difficult to make definitive rec-
ommendations regarding ketogenic diets as an adjunctive 
treatment for cancer. To date, there are no studies evaluating 
ketogenic diets in dogs for this purpose. However, there is a 
growing interest among pet owners and the veterinary com-
munity, spearheaded by a non-profit organization (b) which 
reports many anecdotal benefits of the diet in dogs. 

There is promise that ketogenic diets may improve neurologic 
function in human patients with amyotrophic lateral sclerosis 
(ALS), Alzheimer’s disease (AD), multiple sclerosis (MS), and 
Parkinson’s disease because mitochondrial dysfunction is at 
the root of most neurodegenerative diseases.  Neuronal loss 
and accumulation of amyloid β-peptide and neurofibrillary 
tangles in the brain are the hallmarks of AD in people. These 
findings are remarkably similar to the analogous disease in 
dogs, canine cognitive dysfunction (41). The exact cause is 
unknown but is likely multifactorial including genetic and 

https://www.mayway.com/
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epigenetic factors. In patients with AD, downregulation of 
glucose transporters leads to the impaired ability of neuronal 
mitochondria to take up glucose and complete glycolysis. This 
results in starvation of the neural tissue, causing inflamma-
tion and oxidative stress, ultimately leading to progressive 
cognitive and motor decline (42). Most previous strategies to 
combat AD have focused on prevention of the accumulation 
of amyloid plaques and neurofibrillary tangles. Therapies to 
date have been largely unsuccessful, and research emphasis 
has been shifting towards evaluation of energy metabolism in 
the brain, supporting metabolic therapy as a promising line 
of treatment. Ketones can provide an alternative energy to 
glucose-resistant neurons. Furthermore, a ketogenic diet has 
been shown to have a potent antioxidant effect in the brain 
(43). A study in rats showed that ketones protected hippo-
campal neurons from amyloid-β toxicity (44). Several studies 
have shown cognitive improvement in humans with mild or 
early onset AD with ketogenic strategies (18, 45-47). In addi-
tion to AD, amyotrophic lateral sclerosis and multiple sclero-
sis have also shown improvement with the use of a ketogenic 
diet (1, 17, 48, 49). In dogs, research on the effects of diet on 
neurodegenerative disease and cognitive decline is limited. 
However, some studies have shown improved performance 
with cognitive tests when dogs were given a diet supplement-
ed with MCTs (50, 51). MCTs can provide an alternative fuel 
source for the brain when glucose metabolism is impaired, 
reducing amyloid accumulation and improving mitochondrial 
function (41).

Due to the exceptionally low carbohydrate content in a ke-
togenic diet, it makes sense that this dietary strategy would 
be successful in treating patients with Type II diabetes. 
Type II diabetes, characterized by high levels of insulin and 
insulin resistance, results in hyperglycemia. Insulin levels 
and associated negative metabolic effects are dramatically 
reduced with a ketogenic diet. Obesity is correlated with 
diabetes, and a ketogenic diet has been shown to cause 
weight loss by various mechanisms including increases 
in satiety, lipolysis, metabolic expenditure of protein me-
tabolism, and insulin sensitivity/glycemic control (14, 52, 
53). MCT supplementation has also been shown to reduce 
insulin resistance and suppress body fat accumulation 
(54). While there are no studies to date evaluating a keto-
genic diet to help manage diabetes in companion animals, 
the general strategy of lowering carbohydrates has been 
shown to be beneficial. Several commercial diets (c, d, e)  
have been formulated with a lower carbohydrate content 
specifically to help manage this condition. 

Monitoring 
Periodic monitoring is needed to ensure that the ketogenic 
diet is appropriate and that a state of nutritional ketosis 

is maintained. Ketones can be measured in a number of 
ways, but the easiest method is by using a urinary dipstick. 
Urine strips were developed to help prevent human dia-
betics from unknowingly entering into a state of diabetic 
ketoacidosis. Strips only measure acetoacetate and can 
provide only a subjective estimation of a state of ketosis by 
analyzing a semi-quantitative color change on the dipstick. 
Furthermore, as the metabolic machinery shifts to more 
efficient ketone utilization, urinary ketones will drop even 
in a state of ketosis. Measurement of BHB in the blood is 
preferred because of the interpretive errors with urinary 
dipsticks. Ketones rise in the blood before they are pres-
ent in urine, and blood measurements provide a more accu-
rate absolute value. Several studies have validated the use 
of a portable handheld device (f) to measure blood BHB in 
dogs (55-57). Monitoring blood ketones helps ensure that 
the pet’s diet is formulated correctly and that compliance is 
being met. Lower readings are expected in dogs compared 
to those reported in people because of the differences in 
ketone metabolism between dogs and humans. There is  
debate over the value of the absolute number, as a higher 
measurable ketone level is not necessarily better. Until more  
research is performed, a probable ideal range for nutri-
tional ketosis (based on anecdotal reports) would be a BHB 
measurement between 0.3 to 1 mmol/L in the dog.

Potential Challenges 
The major hurdle to overcome when initiating a ketogenic 
diet, especially in animals, is the inconvenience. Commer-
cially available ketogenic diets are sparse; however, a few 
are available (g, h). A home-prepared diet allows easier 
fine-tuning of the ingredients and macronutrient ratios. 
Feeding a ketogenic diet requires very precise macro-
nutrient calculations and is typically extremely limited 
in ingredients, which makes home preparation easier. If 
not formulated correctly, micronutrient deficiencies may  
occur. A state of ketosis will only be reached if dietary car-
bohydrates are continuously kept below a certain thresh-
old. Even one lapse in the strict diet may prevent ketosis 
from being achieved. Despite the limited room for error, a 
ketogenic diet can be appropriately formulated to be nutri-
tionally complete.  Obtaining advice from a board-certified 
veterinary nutritionist or at least someone that is famil-
iar with ketogenic diets is recommended. Adverse effects, 
while relatively uncommon, may occur when transitioning 
to a ketogenic diet. Diarrhea or vomiting may occur early 
in the transition but are generally self-limiting and likely 
induced by changes in the gut microbiome as the gastro-
intestinal tract adapts to a very different macronutrient  
ratio. Some pet owners may fear that the diet is unpal-
atable to their dog because it is eating less. This is an  
expected change in behavior as a ketogenic diet is much more  
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satiating. Because of the higher calorie content of fat  
(9 kcal/gram) versus protein (4 kcal/gram) or carbohy-
drate (4 kcal/gram), the actual volume of food eaten will be 
less because the food is more energy dense. In fact, it is not 
uncommon for some dogs to completely skip meals. There 
is often a concern for the possibility of developing pan- 
creatitis because of the high fat content in a ketogenic diet. 
Pancreatitis is a complex inflammatory disorder with multi- 
factorial causes. Fats and other nutrients that have been 
cooked at high temperatures have the potential to generate 
more of an inflammatory response compared to other fresh 
foods that have not been cooked at high temperatures. The 
systematic heating and processing of food can cause ex-
cessive accumulation of advanced glycation end products 
(AGEs), which are linked to higher levels of oxidative stress 
and inflammation (58). In this author’s experience the de-
velopment of pancreatitis is not a major concern when using 
fresh foods that have not undergone rancidity or oxidation 
by exposure to high heat. Nonetheless, one must consider 
prior medical problems and/or medications administered 
that may increase the tendency to develop pancreatitis (ie, 
prior episodes of pancreatitis, corticosteroid treatment, 
etc.). In people, there is a concern with the diuretic effects 
of a ketogenic state leading to electrolyte loss, particularly 
of sodium, potassium, and magnesium. These imbalances 
are often used to explain what is referred to as the keto 
flu, described as lethargy, weakness, muscle cramps, dizzi-
ness, irritability, and gastrointestinal distress. It is gener-
ally well accepted that electrolytes play an important role 
in this phenomenon; however, more research is needed to 
answer the questions regarding why it occurs and how to 
prevent it. Anecdotally in both humans and dogs, electro-
lyte supplementation appears to mitigate these symptoms. 
As with any dietary intervention, individual variation and 
modifications should be expected. 

Conclusion 
The ketogenic diet involves several mechanisms through 
which physiology throughout the body can be altered.  
Currently, it is an untapped strategy for treating and pre-
venting disease in veterinary medicine. With the guidance 
of a trained professional, the ketogenic diet can be another 
tool to help manage several chronic diseases. Much more  
research is needed on the short- and long-term effects of a  
ketogenic diet in dogs, but there will likely be more discus-
sion in the near future as emerging evidence supports its use. 
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Endnotes

a.  Purina® NeurocareTM, Nestle Purina Petcare Company,  
St. Louis, MO 

b.  KetoPet Sanctuary, KetoPet, Georgetown, TX, website: 
https://www.ketopetsanctuary.com 

c.  Hill’s® Prescription Diet® m/d®, Hill’s Pet Nutrition, Topeka, KS

d.  Purina® DM Dietetic ManagementTM Cat Food, Nestle  
Purina Petcare Company, St. Louis, MO

e.  Royal Canin® Veterinary Diet GlycobalanceTM, Royal Canin, 
St. Charles, MO

f.  Precision Xtra Blood Glucose and Ketone Monitoring System, 
Abbott Laboratories, Abbott Park, IL 

g.  Ketonatural Pet Foods™, Salt Lake City, UT, website:  
https://ketonaturalpetfoods.com

h.  Visionary Pet Foods, Los Angeles, CA, website:  
https://visionarypet.com
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Abbreviations
CO2  Carbon dioxide
HIF-1  Hypoxia-inducible factor 1
PGC-1a   (aka PPARGC1A) Peroxisome 

proliferator-activated receptor 
gamma coactivator 1-alpha

ROS  Reactive oxygen species
VEGF  Vascular endothelial growth factor

Abstract
Carbon dioxide (CO2) is as critical as oxygen for maintain-
ing life on Earth. It has antioxidant properties that are 
essential to balance the negative destructive properties 
of oxygen. The positive healing properties of CO2 have 
been in use for many centuries. Only now are we begin-
ning to understand the mechanism of CO2 and how pow-
erful its healing properties might be. This article reviews 
the biology and physiology of transdermal CO2 and how 
it can be used as a therapeutic agent for the treatment of 
many ailments related to poor oxygenation, tissue injury, 
or uncontrolled inflammation. It turns out that CO2 has 
complementary properties that will increase the oxygen 
concentration in the tissue while also combatting oxy-
gen’s highly reactive properties. Small increases in the 
CO2 concentration can have major effects. Recent discov-
eries have shown that enough CO2 can diffuse through 
the skin to produce substantial benefits. Using a high 
concentration of CO2 outside the skin can generate small 
elevations deep inside that are sufficient to generate a 

healing response. This review discusses the physiology, 
biology, tissue penetration, and healing effects of thera-
peutic transdermal CO2. 

Introduction
Carbon dioxide (CO2) is a primary product of oxidative 
metabolism in all animals and plants. The average physi-
ologic levels of CO2 in the exhaled breath of mammals is 
maintained to be approximately 5% of the exhaled gas 
(1). As such, the concentration in the arterial blood is 
held precisely at 40 mm Hg. Such regulation is evidence 
that CO2 is tightly linked to the physiologic condition.  
Although it is common for CO2 concentrations to increase 
in the tissue as a result of metabolism, especially in exer-
cising muscle, elevations in the arterial blood occur only 
from alterations in pulmonary ventilation or disease. 

An elevation in CO2 blood concentration (hypercapnia) 
becomes evident during lung diseases when gas ex-
change is inadequate and as a result of hypoventilation 
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during surgery or a stay in the intensive care unit. Given 
the many physiologic functions of CO2, the effects of hy-
percapnia on the body can be complex. Hypercapnia will 
increase the respiratory rate and blood flow to the brain 
and heart and reduce inflammation. 

Because the arterial concentration of CO2 is tightly reg-
ulated, the only way to increase tissue concentrations 
is to elevate oxidative metabolism or apply CO2 from an 
external source. Thus, logic would predict that any bio-
logical response in the tissue must be a reaction to the 
elevated metabolism. Many reports in the literature have 
shown a biological response to localized increases in the 
concentration of CO2. Here, we will discuss the effects of 
localized increases that cannot be interpreted by study-
ing hypercapnia. Studies of hypercapnia are challenging 
to interpret because systemic sympathetic responses 
can overwhelm any localized effect (2). A recent review 
describes the multiple cellular pathways for sensing in-
creases in CO2 and the complex set of biologic responses 
(3). The biologic responses lead to significant changes in 
blood flow and tissue oxygenation and occur when CO2 
concentration increases by as little as 5% (4). 

History of Transdermal CO2 Therapy 
Humans have a long history of using transdermal CO2 for 
therapy, although they were unaware that CO2 was the 
source of the benefit. The therapeutic properties of nat-
ural springs have been explored for centuries. Evidence 
from the Roman Empire attests to their use. It turns out 
that the high concentrations of bicarbonate in these hot 
springs make them highly effective (5). 

Natural hot baths are of minimal public utility because of 
their limited availability. People have tried to mimic the 
positive effects by using bicarbonate baths for treating 
limbs or CO2-enhanced water for athletes (6). Most re-
cently, treatments with CO2 gas have gained favor. This 
gas can be applied either to the whole body or an individ-
ual limb (7). In this review, we discuss the new findings  
regarding application of CO2 from the outside (transder-
mally) rather than the inside (hypercapnia). We will de-
scribe the most pertinent biologic effects of increased tis-
sue CO2 as well as new therapies that have been discovered. 

Biology of CO2

Intracellular pathways
Although CO2 has had a role in the existence of life on Earth 
since the planet became habitable, the precise mecha-
nisms of its complex biology remain rudimentary and are 
still a topic for fruitful investigation. A recent compre-
hensive review article highlights our current knowledge 

about the intracellular mechanisms of CO2 and how it af-
fects the body (3). The main topics relate to how elevated 
CO2, or the omnipresent lower pH, can influence cellular 
function through modulation of mitochondrial function, 
adenylate cyclase, calcium transport, transcriptional reg-
ulators, the adenosine monophosphate-activated protein 
kinase pathway, signal transduction networks, and direct 
CO2-dependent protein modifications. 

These pathways precisely define the intracellular mech-
anisms for the biological responses described below.  
Although CO2 has a multitude of biologic and physiologic 
properties, we are confining our discussion to those prop-
erties that relate to the microcirculation of the tissues 
and are relevant to the process of tissue healing.

Enhanced release of oxygen from hemoglobin
The movement, exchange, and transformation of oxy-
gen to CO2 is the foundation for life on Earth. As single 
cells evolved into complex organisms, life could only be 
sustained when individual cells could access oxygen and 
eliminate the CO2 waste product. Because both oxygen 
and CO2 are gases, which diffuse easily across tissues, 
nature has devised a way to capture the gases, transport 
them, and then release them in the proper location. The 
gases travel inside red blood cells that are transported 
by the heart and through the blood vessels to tissues 
throughout the body. 

Most importantly, the red blood cells absorb oxygen and 
release CO2 when they pass through the lungs. Then, when 
the red blood cells pass through the microcirculation in 
the various tissues of the body, the opposite process  
occurs. The gases must be packaged in a way that concen-
trates them inside the red blood cells while minimizing 
passive diffusion of the gases out of the cells. Within the 
lungs, oxygen diffuses into the red blood cells, where it 
is trapped within hemoglobin molecules; in the tissues, 
CO2 diffuses into the red blood cells, where it is trapped 
by instant conversion to a transitional molecule that will 
not easily diffuse out of the cell. Both mechanisms are  
reversed at opposite ends. 

Defining how oxygen and CO2 exchange in the microcircu-
lation helps us understand how elevated CO2 levels would 
promote healing mechanisms. Oxygen and CO2 engage in 
a complex interaction that regulates their exchange in the 
tissue. This process is called the Bohr effect. 

The Bohr effect defines how CO2 and oxygen influence 
each other when binding to hemoglobin within the red 
blood cells. The Bohr effect has been studied for years and 
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is nicely summarized in a recent publication (8). In brief, 
CO2 concentrations will begin to increase as red blood 
cells enter the microcirculation. The CO2 is immediately 
converted to bicarbonate. Bicarbonate will not diffuse out 
of the cell. This conversion is aided by the enzyme car-
bonic anhydrase, which increases the rate of conversion 
by almost a million-fold (9). 

As bicarbonate increases, the cytoplasm becomes more 
acidic and causes a conformational shift in the hemoglo-
bin that favors the release of oxygen. In the absence of 
CO2, hemoglobin does not release oxygen into the tis-
sue (unless the tissue contains essentially zero oxygen). 
On the other hand, adding CO2 to the microcirculation 
through either enhanced metabolism or external appli-
cation will force hemoglobin to release all of its bound 
oxygen. Thus, oxygen delivery from blood is enhanced 
with externally applied CO2.

Anti-inflammation
As noted above, a recent review describes the multiple 
cellular pathways by which tissues sense increases in 
CO2 and the complex set of biologic responses (3). The 
defined pathways describe several mechanisms by 
which CO2 can attenuate the inflammatory response (10, 
11). Knocking down the inflammatory response can be 
helpful—even potentially curative—when inflammation 
is uncontrolled and damaging tissue. The ongoing pa-
thology is caused by an imbalance of the inflammatory 
response itself. One example of this imbalance is osteo-
arthritis (12). The therapy for such conditions is com-
monly an anti-inflammatory pharmaceutical, such as an 
NSAID, steroid, or new biological. Although CO2 has been 
shown to attenuate inflammation, artificially increasing 
the concentration of CO2 is a novel therapy that is just 
beginning to be explored.

In some situations, an anti-inflammatory therapy is not 
welcome because the immune response is critical for a 
good outcome. For example, treating an infected wound 
with steroids can blunt, and even worsen, the response 
to infection. Increasing the concentration of CO2 is re-
ported to have the same effect (13). This situation is best 
exemplified by studies of the diseased lung. Whereas 
hypercapnia induces an anti-inflammatory effect that 
is helpful in the treatment of acute respiratory distress 
syndrome (ARDS), it will worsen outcomes of bacterial 
pneumonia by blunting the immune response (13, 14).

Angiogenesis
New blood vessels are needed when the metabolic 
demand outstrips the delivery of oxygenated blood  

(ie, heavy exercise) and when tissue is stressed or dam-
aged and therefore needs new blood vessels to heal and 
form new tissue. Angiogenesis is the natural process 
whereby these new blood vessels are formed.

As skeletal muscle activity increases, multiple mecha-
nisms are harnessed to optimize oxygen utilization in 
the exercising muscle. The most obvious and easiest to 
measure is the increased oxygen delivery capacity of 
capillary blood f low that results from a dilating vascu-
lar network. Once blood has reached the metabolically 
active tissue, oxygen release from the hemoglobin is en-
hanced by the Bohr effect. Repeated stress on the sup-
ply of oxygen triggers the tissue to form additional blood 
vessels through angiogenesis. 

Multiple studies have made it apparent that the biologic 
cascade leading to angiogenesis is directly activated by 
increases in tissue CO2. Given that the generation of CO2 
is a fundamental property of oxygen metabolism and  
elevated values suggest a lack of blood f low to carry it 
away, it makes sense that the elevated level would trigger 
new blood vessel formation. Investigators have shown 
that CO2 induces normoxic angiogenesis in normal skel-
etal muscle, skeletal muscle after injury, fractured bone, 
denervated tissue following crush injury, skin f laps, 
hyperglycemic skeletal muscle, ischemic hindlimb, and 
healing wounds (15-22). Although the pathways link-
ing angiogenesis to shear and tissue stretch are well 
described, the link between angiogenesis and metabolic 
stress remains a mystery (23, 24). 

The angiogenic response induced by CO2 applied through 
the skin closely mirrors the response induced by CO2  
released naturally during exercise. Haas and Nwadozi 
reported in a recent review that 3 stages of angiogen-
esis are activated during repeated bouts of exercise (25). 
It was noted that when exercise is repeated long term, 
vascular endothelial growth factor (VEGF) stimulation 
diminishes, and the concentrations return to baseline 
once adequate remodeling of the vasculature has oc-
curred. Interestingly, exogenous application of CO2 to 
muscle mimics this response. After weeks of repeated 
transdermal CO2 therapy to the muscle, the amount of 
VEGF generated by the CO2 treatment also returns to 
baseline (21). This finding offers evidence that CO2  
applied to the skin produces a stimulus very similar to 
that of natively generated CO2 in the tissue. Such studies 
support the premise that elevated concentrations of CO2 
in the tissue will mimic an increase in metabolic rate and 
stimulate the tissue to respond accordingly by activating 
the process for normoxic angiogenesis. 
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Vasodilation to improve blood flow
Blood f low to tissue is tightly regulated based on the 
metabolic needs of the tissue. This control minimizes the 
total amount of blood f low needed at any given time and 
shifts it to where it is most needed in the body. Distribu-
tion of blood f low to the organs is controlled by the sym-
pathetic nervous system, whereas distribution within 
the organs is controlled by the localized metabolic de-
mand of the tissue. When the oxygen demand of tissue 
is increased, signals generated within the capillaries 
are transmitted into the larger blood vessels to create a  
coordinated vascular response that directs blood f low 
to the areas with the highest demand (26). The comple-
ment to this communicated vascular response is vasodi-
lation by the action of substances that directly relax the 
muscle around the arterioles. CO2, released from tissue 
during oxidative metabolism, causes direct vasodilation.  
Experimentally, researchers have shown that apply-
ing CO2 directly to blood vessels or treating a limb 
with transdermal CO2 induces vasodilation (4, 7). The  
vasodilatory response induced by CO2 may be mediated 
through the release of nitric oxide, adenosine, and/or 
calcitonin gene-related peptide (CGRP) (27, 28). 

Antioxidant
CO2 is also a life-preserving, concentration-dependent 
antioxidant (29). Distinct from its actions to moderate 
inflammation, CO2 counteracts the reactive oxygen spe-
cies (ROS) generated by cytokines and inflammatory 
cells. The production of ROS is intended to combat mi-
crobes and tumors (30). However, ROS can be very de-
structive to the tissue by inactivating sulfhydryl groups 
on enzymes, hormones, and receptors. They will also 
degrade hyaluronic acid and collagen and alter DNA 
structure (31). These destructive reactions have been 
reported in cardiomyocytes, endothelial cells, platelets, 
fibroblasts, chondrocytes, and mucosa cells of the stom-
ach and intestines and are known to cause both acute 
and chronic disease (32).

The mechanism by which CO2 inhibits ROS generation is 
realized, at least in part, by its action on mitochondria. 
CO2 reduces the generation of ROS inside both cells and 
mitochondria. It also directly reduces the activity of the 
enzyme NADPH oxidase, which transfers electrons from 
NADPH to molecular oxygen to produce ROS (29). 

The combination of the anti-inflammatory and anti-
oxidant effects of transdermal CO2 provides a healthy  
environment for tissue growth. High concentrations of 
CO2 disrupt the cycle of inflammation-generating ROS, 
pain, and swelling. Once the cycle is disrupted, cell  

debris is carried away, enabling healthy oxygenation and 
an opportunity for new tissue formation to take hold. 

Oxidative metabolism
Oxygen is essential to the chemical process of oxidative 
metabolism, during which carbohydrates are converted 
to usable energy in the form of ATP. Biologically, the cit-
ric acid cycle and electron transport chain work together 
in the mitochondria to generate ATP and CO2 from oxy-
gen and carbohydrates. ATP production may be limited 
in some tissues, such as skeletal muscle, during extreme 
exercise. The number of mitochondria in the muscle also 
affects this production. 

CO2 will increase oxidative metabolism of muscle fibers 
by mediating mitochondrial biogenesis. Oe et al. showed 
that when concentrations of CO2 are increased in normal 
skeletal muscle, increases are also seen in the gene ex-
pression of peroxisome proliferator-activated receptor 
gamma coactivator 1-alpha (PGC-1a), sirtuin 1 (SIRT1), 
and VEGF, as well as in the number of mitochondria 
(22). Investigators have confirmed that CO2 induces an 
increase in PGC-1a by showing that CO2 preserves oxi-
dative capacity in a model of hyperglycemia and also 
abates muscle atrophy (33, 34). These studies clearly 
demonstrate that CO2 mimics the effects of exercising 
muscle and stimulates the need for oxidative capacity.

Antitumor
Research into transdermal CO2 has revealed one aston-
ishing finding. Numerous studies now show that elevated 
CO2 will reduce the size of malignant tumors and increase 
the effectiveness of radiation therapy and chemotherapy 
(35). The antitumor effect has been demonstrated for  
fibrous histiocytoma/undifferentiated pleomorphic sar-
coma, murine osteosarcoma, and human oral squamous 
cell carcinoma (36-38).

The biological mechanisms for decreasing tumor size 
involve increasing the oxygenation inside the tumor,  
inducing mitochondrial apoptosis, activating the expres-
sion of PGC-1a, moderating hypoxia-inducible factor 1  
(HIF-1), and decreasing the activity of matrix metal-
loproteinases (37-39). Using CO2 gas to increase the  
oxygenation of tumor tissue has the potential to be a  
therapeutic breakthrough for the treatment of metastatic  
malignancies. 

Transdermal Diffusion of CO2 Into Tissue
CO2 therapy may be used at the skin for wound healing or 
to target soft tissue or joints. Therefore, CO2 must pen-
etrate the skin and diffuse farther into the tissue to have a 
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meaningful biological effect. Penetration of gases through 
human skin was described at least as early as 1872 (40). 
More recently, by sealing the body or a limb within an en-
closure, researchers have been able to measure the pas-
sage of oxygen and CO2 into or out of the skin based on 
changes in the gas concentrations within the enclosure 
(41, 42). The average rate at which CO2 passes through the 
skin into the atmosphere at 27 °C is 120 ml/m2/hour (42). 

According to Fick’s law, diffusion through the skin de-
pends on the surface area, diffusion coefficient, and con-
centration gradient. Using an average CO2 passive trans-
fer rate of 120 ml/m2/hour and assuming pressures of 40 
mm Hg in the tissue and 0.3 mm Hg in the atmosphere, 
the gradient produces 120/(40 − 0.3), or approximately  
3 ml/m2/hour/mm Hg. 

If 100% CO2 is applied to human skin, the concentration 
gradient reverses direction and is 760 mm Hg at the skin 
and 40 mm Hg in the tissue, producing an inward pres-
sure of 720 mm Hg. Because diffusion coefficients are not 
affected by the direction of the gradient, the estimated 
diffusion of CO2 through the skin should be 720 × 3, or 
2,176 ml/m2/hour. 

Although these studies focus on human skin, a similar 
diffusion process would likely be present in most mam-
malian skin, albeit diffusion through thicker skin would 
be slower. 

Enhancing the transdermal diffusion of CO2
The potential of using transdermal therapy always leads 
to concern about how deeply the gas transfers into tis-
sue. Investigators have shown in humans that the rate of 
penetration increases with the temperature of the skin, 
diseases of the skin, and water content of the skin (43, 44). 

Many studies show that moist skin accelerates CO2 dif-
fusion. In humans, a sealed box was used to measure the 
transfer of gas moving from within to outside the body. 
Wetting the skin doubled or even tripled CO2 transfer 
(42, 45). In another study, researchers applied CO2 over 
the body as either a moist or dry gas and compared the 
effects to submersion in a bath containing CO2. Only the 
moist gas mimicked activity of the water bath (46). Some 
investigators use a gel on the skin to keep it moist (47). 
The diffusion coefficient of CO2 through various tissues, 
including skin, increases exponentially with water con-
tent, and in very moist tissue may approximate that in 

water itself, essentially abolishing the diffusion barrier 
of dry skin (48, 49). 

Deep penetration of CO2 into the tissues
Because CO2 is highly soluble in soft tissue, it follows 
the concentration gradient but is also removed from tis-
sue via the bloodstream. According to the Fick equation,  
4 variables influence the depth of penetration into the 
tissue: (1) the mass of tissue available for absorbing the 
gas, (2) bloodstream transport of gas away from the 
tissue, (3) the CO2 concentration and diffusion coeffi-
cient at the skin, and (4) diffusion time. Of course, these 
variables change based on environment, anatomy, and 
disease state. Therefore, calculating the CO2 concentra-
tion in any given tissue is likely impossible. However, 
it has been reported that a microvascular dilatory re-
sponse can be seen with an increase in CO2 as small as 
5% (4). Therefore, little CO2 actually needs to reach the 
tissue to generate a meaningful response. 

Therapy With Transdermal CO2

The presentation heretofore clearly shows a biological 
effect of elevated CO2 in humans and experimental labo-
ratory animals. Hopefully, this evidence will stimulate 
interest in the veterinary community to study this new 
modality in other mammals. Such studies might be con-
sidered translational studies from laboratory to large 
animals. Currently, we are aware of a single formal study 
using transdermal CO2 to treat equine wounds, and this 
is still only available in abstract form (15). 

The following describes the possible applications for 
CO2 in larger animals and the science behind their use. 
There are numerous case studies that reflect the current  
status of transdermal therapy for many patients in the 
field, including videos showing positive results with 
transdermal CO2 (50).

Wounds
With appropriate treatment, wounds will heal them-
selves. However, sometimes wounds are slow to heal 
or they fester. Horses in particular may exhibit limb 
wounds that fail to heal and develop excessive granu-
lation tissue. Dubuc et al. have attributed this dysfunc-
tional healing process to occluded microvessels and an 
imbalance of cell apoptosis that prevents the efficient 
removal of excess fibroblasts (51). Other reasons that 
a wound may not heal include pressure points, chron-
ic rubbing or movement, and diabetes. In laboratory  
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animals, elevated concentrations of CO2 are reported to 
activate the process for new blood vessel formation and 
increase tissue blood f low and oxygenation (15). Simul-
taneously, CO2 has been shown to provide a low inflam-
matory environment and reduce tissue-destroying ROS. 
These positive effects of treatment will always need to 
be balanced with the risk of worsening an infection due 
to the strong anti-inflammatory properties of CO2.

Small wounds can become large wounds if they are 
not immediately treated. CO2 therapy may hasten the 
healing of these small wounds before they get worse.  
Elevated levels of CO2 activate the mechanisms for the 
formation of new blood vessels and therefore new tis-
sue. These responses would ultimately bring fresh, oxy- 
genated blood to the region along with the necessary build-
ing blocks for formation of new tissue. The additional  
oxygen should also enhance the effectiveness of neutro-
phils to destroy bacteria and consume dead tissue.
 
Inflammation
Cellulitis: Cellulitis is an inflammatory process in the 
tissue that can be activated by a number of factors, such 
as infection, tissue injury, and low oxygen. In laboratory 
animals, CO2 attenuates the inflammatory process. The 
defined pathways for the anti-inflammatory effects of 
CO2 occur through several mechanisms, as noted in the 
“Anti-inflammation” section. This positive effect of treat-
ment would need to be balanced with the risk of wors-
ening an infection due to the strong anti-inflammatory  
properties of the CO2.

Lymphedema: Lymphedema typically occurs when 
the tissue is unable to drain through the lymphatic sys-
tem. Lymphangitis is an inflammation of the lymphatics 
wherein inflammatory cells infiltrate the lymphatics and 
cause occlusion of these delicate vessels. CO2 might reduce 
the inflammation and immediately reopen the channels to 
the flow of lymph. This action would reduce lymph in the 
tissue and relieve the symptoms of lymphedema. 

Tendonitis: Tendonitis results when a tendon becomes 
inflamed after excessive stress and small tears. The in-
flammation is important initially to generate pain that will 
reduce the use of the tendon and allow healing. Unfortu-
nately, the inflammation can become excessive and cause 
more damage. Elevating the concentration of CO2 may very 
well stop the inflammation and allow healing to occur. 

Osteoarthritis: Osteoarthritis is a disease of the joints. 
In healthy individuals, cartilage lines the bones where 
they contact the joints, allowing smooth, frictionless 
movement. Cartilage is composed mostly of collagen that 
is produced from underlying cells and is in a state of con-
tinuous turnover. Altering the continuous revitalization 
of the cartilage leads to loss of cartilage and failure of 
the joint. Inflammation ensues, and ROS causes acceler-
ated cartilage breakdown and decreased cartilage pro-
duction. This cascade can be caused by direct traumatic 
injury to the joint, simple joint strain from overuse, or 
spillover from nearby inflamed tendons. 

Once joint inflammation begins, the cartilage slowly de-
grades and causes pain and joint dysfunction. The goal 
of therapy is to reduce the inflammation, counteract the 
ROS, and increase collagen formation. When the inflam-
mation is under control and mediators are neutralized, 
generation of renewed joint tissue can begin. 

Application of CO2 directly to the affected tissue and 
joints might reduce pain and swelling by reducing the 
inflammation and neutralizing the destructive actions 
of the ROS. If this happens, the CO2 would generate a 
healthy environment for formation of new tissue and 
collagen. 

Bone and soft tissue injury: Injury to the bone and soft 
tissue (eg, tendons and ligaments) can be caused by heavy 
workloads or accidental trauma. The tissues, which can 
be fractured, torn, or avulsed, need to heal as quickly 
as possible to prevent worsening of the injury. Resting 
the injured limb and offering anti-inflammatory drugs 
is the foundation of the therapy. According to Oda et al., 
CO2 will hasten the healing in laboratory animals (20). 
CO2 reportedly activates the mechanisms for formation 
of new blood vessels. The increase in fresh, oxygenated 
blood would then offer the necessary building blocks for 
formation of new tissue. In addition, the oxygen should 
enhance the activity of neutrophils, which are needed to 
destroy bacteria and consume dead tissue. Although the 
findings in laboratory rats are convincing, further study 
is needed to evaluate the effect in larger animals.
 
Laminitis: Laminitis is a complex disease of the hoof 
that has numerous causes. Fundamentally, it is charac-
terized by the disruption of normal nutritive blood f low 
to the lamina. Loss of blood f low, or ischemia, leads to 
activation of hypoxic pathways and digital vasospasm. 
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Transdermal CO2 may reverse this pathology through 
numerous pathways. Unpublished data collected at the 
University of Pennsylvania School of Veterinary Medicine  
New Bolton Center suggest that CO2 can affect hoof blood 
f low (a). This may indicate increased blood and oxygen-
ation in the tissue. It may also activate the process for 
angiogenesis, enhancing the environment for tissue  
repair. In laboratory animals, CO2 is reported to be anti- 
inflammatory and reduce HIF-1, the protein neces-
sary for the hypoxia pathway and controlled apoptosis.  
Although treatment during the initial phase of laminitis 
would seem logically to be the most effective, reversals 
of even chronic laminitic injuries have been documented 
in case studies (50). 

Rehabilitation: Extreme exercise can lead to incidents of 
microfractures in the bone and microtears of muscles and 
ligaments. These microinjuries will initiate an inflamma-
tory process to start the healing. CO2 may hasten the re-
pair by generating additional blood flow to the region and 
creating a tissue environment that optimizes healing (21). 
In addition, its anti-inflammatory mechanisms may help 
keep the inflammation in check to reduce pain and allow 
healing to occur. These responses will, of course, depend 
on how deeply CO2 gas penetrates the tissue. Experimen-
tal trials are needed before we can know for sure.

Summary
Transdermal CO2 may offer a novel method for the treat-
ment of numerous ailments by reducing inflammation 
and ROS and generating a healthy, oxygenated environ-
ment for the removal of debris and the formation of new 
blood vessels and tissue. CO2 gas is an option for ther-
apy because it can be applied to isolated areas of the 
body for precise treatments. It is supplied in small ap-
plicators that can be readily used in the office or in the 
field or sent home with the owners. Although there are  
essentially no formal studies to confirm these results in 
non-laboratory animals, many case reports are indicat-
ing early success. These reports show improvement for 
many different ailments that can be detected after only a 
few treatments (50). 
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Endnote

a.  As member of the research team related to reference 
(15), Dr. Andrew W. van Eps used microdialysis catheters 
to measure the metabolic factors in the lamina during 
treatments with transdermal CO2. There were significant 
changes in the measured parameters, indicating a sig-
nificant response within the lamina. Because the findings 
were difficult to interpret without more supporting data, 
the researchers elected not to publish the results. Nonethe-
less, there were significant changes related to the presence 
of transdermal CO2 that clearly showed the gas was pen-
etrating the skin and generating a tissue response. 
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Abbreviations
ECM  Extracellular matrix
HA  Hyaluronan
IOMT   Internal obturator muscle 

transposition

Abstract
Extracellular matrix and extracellular matrix-derived 
components, such as collagen and hyaluronic acid, are  
reviewed as bioscaffolds of various formulations to repair 
multiple tissues.

Collagen and hyaluronic acid have been processed as elec-
trospun or freeze-dried scaffolds, cryogels, and hydrogels 
and used effectively to repair multiple tissue systems. 
Extracellular matrix materials have likewise been used 
and fabricated in a variety of forms, including hydrogels, 
sheets, and powders. All 3 forms of bioscaffolds have 
benefits and drawbacks discussed herein and have been 
used commercially as FDA-approved devices in the clinic;  
however, there has been a trend toward changing the reg-
ulatory designation from devices to biologics. The immune 
system is influenced by these bioscaffolds to construc-
tively remodel damaged tissue and promote a pro-healing 
macrophage immune response, but inadequate decellular-
ization and processing methods of the materials can lead 
to negative consequences for healing.

Naturally derived bioscaffolds offer many benefits for 
constructive tissue remodeling; understanding the biol-
ogy of the damaged tissue will help researchers and clini-
cians determine which bioscaffold, and which formulation, 
would be most appropriate for use. 

Introduction 
Biomaterials encompass a broad and diverse range of  
synthetic and naturally occurring polymers that are used 
to repair damaged or missing tissues. Such materials  
include synthetic polymers such as polypropylene and 

polyethylene, natural polymers such as extracellular  
matrix (ECM), or hybrids of synthetic and natural origin. 
These biomaterials may be non-degradable and intended 
to be a permanent presence in the recipient, or degradable 
to serve a temporary, typically mechanical purpose while 
being gradually replaced by local tissue rebuilt by the host. 

The term bioscaffolds has been used rather indiscrimi-
nately to include all forms of biomaterials (1, 2). The 
present manuscript will be limited to those biomate- 
rials that are naturally occurring, such as ECM or compo-
nents of ECM: collagen, hyaluronic acid (HA), and others. 
Such bioscaffolds typically are designed to provide both a  
mechanical support function and biological function.  
Differences in bioscaffolds include composition, physical 
form, processing methods, mechanical properties, biologi-
cal activities, and surgical applications.

Composition and Configuration of Bioscaffolds 
Bioscaffolds as defined herein are composed of ECM or  
individual components of the ECM, such as collagen or HA. 

Collagen Bioscaffolds
Collagen is the main noncellular constituent of many tis-
sues, including skin, tendon, bone, and heart, and has been 
used as a bioscaffold to repair numerous tissue types. 
Collagen bioscaffolds are typically xenogeneic in origin; 
the source species include bovine, murine, porcine, and 
in some instances, even marine species (3). Bioscaffolds 
made of collagen have been formulated as porous sponges, 
hydrogels, and electrospun scaffolds. Porous sponges have 
been developed for soft and hard tissue repair by creating 
a homogenized suspension of collagen, glycosaminoglycans,  
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and acid, then freeze-drying to create a porous solid with  
controllable pore size and shape. In vivo, these porous 
bioscaffolds have been seeded with dermal and epidermal 
cells and shown to fully regenerate a full-thickness skin 
wound in guinea pigs (4, 5). In vitro, the alignment of the pores 
of these bioscaffolds can be modulated to enhance teno-
genic differentiation (6-10). Further, a calcium-phosphate 
(Ca-P) mineral component has been added to these lyophi-
lized scaffolds for bone repair applications, demonstrat-
ing in vitro and in vivo osteogenesis without additional 
growth factors or stem cells in various animal models (11-
26). It has recently been shown that porous Ca-P collagen 
bioscaffolds can promote the secretion of osteoprotegerin 
from mesenchymal stem cells to inhibit osteoclast resorp-
tion during the healing process (27, 28). Freeze-dried  
collagen bioscaffolds offer a porous platform for cell infiltra-
tion, are degradable, provide biochemical and physical cues 
for differentiation and proliferation, and the lyophilization 
process offers the distinct advantage of tunable pore size 
and alignment (29-35). Although these porous collagen 
bioscaffolds induce a favorable bioactive response, they are  
mechanically weak due to their porous nature. The addi-
tion of minerals or crosslinking of the collagen fibers can 
improve the stiffness and strength (36, 37). 

An alternative configuration for collagen bioscaffolds is 
the hydrogel. Hydrogels have been investigated as inject-
able therapy for wound healing and show the desirable 
property of existing as a liquid (ie, solution) at room tem-
perature and subsequently transforming to a gel following  
injection into the 37° C environment of the body. The use of 
collagen-based hydrogels can aid in the recovery of renal 
function after ischemia/reperfusion injury and contribute 
to cornea and nerve repair strategies, in light of their opti-
cal properties and aligned collagen fibers (38-40). 

Hyaluronic Acid Bioscaffolds
Hyaluronan, or HA, is a glycosaminoglycan found in the 
ECM of all tissues and can be formulated into a hydrogel, 
sponge, or cryogel. HA is typically derived from animal 
sources (avian) or bacteria, has potent biological activity, 
is biodegradable, and has favorable gelation properties. 
However, like collagen-based bioscaffolds, HA has weak 
mechanical properties and is quickly degraded in vivo. HA 
hydrogels have been used as solid-phase bioscaffolds as 
well as liquid-phase injectable bioscaffolds for many soft 
tissue repair processes, especially cartilage repair, due to 
their natural presence in cartilage. HA hydrogels that are 
chemically crosslinked before implantation and seeded 
with a high density of mesenchymal stem cells have shown 
chondrogenic differentiation and neomatrix deposition 
(41). Such bioscaffolds have been used in critical-sized  

osteochondral defects, defects so sizeable the body can-
not regenerate without surgical intervention and bone re-
placement, in the knees of rabbits, along with chitosan, and  
remodeled into a matrix similar to native cartilage (42). 

HA bioscaffolds have recently been fabricated as bio-inks 
capable of encapsulating cells and then 3D-printed into 
unique architectures (43). HA hydrogels can be fabricated 
to have similar viscoelastic behaviors as healthy tissues 
such as dermis and cartilage and can promote regenera-
tion of cartilage and dentin-pulp complexes in mice (44). 
HA hydrogels have also been used as dermal fillers but 
are typically chemically crosslinked for this application to  
retard in vivo degradation. Seventy-nine percent of fillers 
used in human facial applications in 2015 were attributed 
to HA-based materials (45). Like collagen bioscaffolds, HA 
scaffolds can be prepared as sponges with controllable 
porous architecture via freeze-drying.  Such bioscaffolds 
have been used with adipose precursor cells for effective 
regeneration of adipose tissue (46). HA bioscaffolds have 
also been fabricated by electrospinning and used as wound 
dressings on full-thickness skin wounds, resulting in im-
proved healing as compared to an adhesive bandage and 
gauze with petroleum jelly (47). 

Finally, HA bioscaffolds have been fabricated as cryogels 
by physically and chemically cross-linking the naturally 
occurring polymer and then manipulating the freezing 
and thawing of the solution to control gelation (48). The 
result is an injectable solution that can restore the origi-
nal shape and volume of tissues. HA cryogels are typi-
cally porous structures that allow for cellular ingrowth. 
The firmness and rate of degradation of HA cryogels 
can be adjusted with crosslinking and manipulation of 
the polymer composition (49). Due to their shape-fitting 
properties, these bioscaffolds have been used in filler  
applications, such as for cosmetic defects and skin recon-
struction, similar to the use of HA hydrogels (49, 50). The 
diverse list of uses for collagen and HA bioscaffolds is a 
testament to their safety and versatility.

ECM Bioscaffolds
The most common bioscaffolds are those composed of  
intact ECM. The ECM used in bioscaffolds is typically pre-
pared by removing the cellular component of a native tis-
sue; ie, decellularization, retaining as much of the native 
ECM ultrastructure and composition as possible (51, 52). 
The source tissue may be allogeneic or xenogeneic (most 
commonly porcine). ECM bioscaffolds can be formulated 
as sheets, powders, or hydrogels. Unlike the isolated sin-
gular components of ECM (eg, collagen, HA), the intact ECM 
is composed of more than 700 different peptides and a  
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variety of glycosaminoglycans, glycoproteins, and embed-
ded nanovesicles, all of which can contribute to the physi-
cal and potent biological properties of this form of bioscaf-
fold (53, 54). The biological activities promoted by ECM 
bioscaffolds are diverse and robust and play a critical role 
in the successful clinical use of these materials. 

Clinical applications of ECM-based bioscaffolds configured 
as sheets include repair of the following: volumetric muscle 
loss in humans and animals; rotator cuff or Achilles tendon 
injuries; myocardial tissue, thoracic wall, esophageal, or 
urinary bladder damage; the treatment of Peyronie’s dis-
ease; and chronic skin wound repair, among others (55-72). 
A partial list of FDA-approved, ECM-based sheet configura-
tions along with their clinical indications is provided in the 
Appendix. 

ECM bioscaffolds configured as powders have been widely 
used in the treatment of chronic, non-healing skin wounds, 
wound closure, and bone repair, among others (73-79). ECM 
hydrogels have been developed as an alternative method to 
repair damaged tissues and can be injected into the wound 
site by minimally invasive methods or can be 3D-printed 
into specific shapes for surgical implantation. These have 
been fabricated from multiple tissue types and used in the 
repair of myocardial tissue, brain and nerves, spinal cord, 
and bone, as well as treatment of stroke and ulcerative  
colitis (80-86). These hydrogels can also be used as cell 
delivery vectors (87). Figure 1 shows examples of sheet, 
powder, and hydrogel configurations of ECM bioscaffolds.

Further examples of the application of ECM- and  
ECM-derived bioscaffolds in veterinary medicine include 
use for hernia repair, esophageal defect repair, and full-
thickness wound repair in multiple species. In a study by 
Swieton et al., dogs and cats underwent perineal hernior-
rhaphy using either porcine small intestinal submucosal 
bioscaffolds alone, or these bioscaffolds in combination 
with internal obturator muscle transposition (IOMT).  

Recurrence rates of up to 36% have been reported with re-
pairs using just IOMT methods in dogs due to atrophy of the 
internal obturator muscle. Ultimately, the authors suggest 
that IOMT with the ECM bioscaffold or the ECM bioscaf-
fold alone would be acceptable methods for perineal her-
niorrhaphy in dogs and cats, especially where the muscle 
had atrophied (88). Additionally, a preliminary report  
using porcine dermal collagen to treat perineal hernias 
in dogs showed that out of 27 perineal hernias in 21 dogs,  
the success rate was 59.3% and the material was well-
tolerated overall (89). To repair esophageal defects, Taki-
moto et al. designed a 2-layer tube containing a porcine 
collagen sponge and an inner silicone stent to replace 5-cm  
esophageal segmental defects in 43 dogs, with the silicone 
stent removed endoscopically 2 to 4 weeks post-implantation.  
Removing the stent at 2 or 3 weeks resulted in constric-
tion of the esophagus; however, removal at 4 weeks led 
to highly regenerated esophageal tissue replacing the 
defect site, with no foreign body response (90). Finally, 
Bussieres et al. examined full-thickness corneal defects 
in dogs, cats, and horses, repaired using porcine small 
intestinal submucosa covered by a conjunctival graft.  
Vision was restored in 14 of 15 patients with no rejection 
observed. Ultimately, the authors claimed that using ECM 
in corneal defect repair has the potential to provide good 
support and translucency (91). 

Hybrid Bioscaffolds
Clinical outcomes following the use of ECM bioscaffolds 
are dependent on a variety of factors including the source  
species and tissue from which the bioscaffold is prepared, 
the age of the donor and recipient, and the anatomic site 
into which the bioscaffold is placed. There are legiti-
mate questions regarding the potential for foreign body  
responses, inflammation, or infection with the use of xe-
nogeneic bioscaffolds. While xenogeneic materials do 
possess surface antigens different from those of humans, 
studies have not shown evidence of rejection (92). Fur-
thermore, ECM materials can actually mitigate the chronic  

Figure 1

 Various Fabrication Forms of ECM Bioscaffolds. (A) Sheet configuration. (B) Powder configuration. (C) Hydrogel formulation.
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inflammatory response. Polypropylene meshes used in 
hernia repair have severe limitations of chronic inflam-
matory response and dense fibrous tissue deposition, 
and ECM coatings on these have decreased the inflam-
matory response and density of collagen fibers (93). 
ECM bioscaffolds are terminally sterilized, as are other 
medical devices used in surgery, and there have been no 
known or reported zoonotic transmissions (94). In ad-
dition, extracts from ECM materials have been shown 
to have antimicrobial properties against gram-positive  
and gram-negative bacteria (95). The major limita-
tion of bioscaffolds is their relatively weak strength  
compared to synthetic biomaterials. In addition to the fact 
that bioscaffolds are weaker than their synthetic coun-
terparts at the time of implantation, bioscaffolds usually 
show an in vivo degradation profile that is more rapid than 
synthetic bioscaffolds. To overcome this propensity, hy-
brids of natural and synthetic polymer materials have been  
developed that provide favorable biological activity as well 
as strong mechanical properties. Examples include rein-
forcing 3D-prints of collagen with polylactic acid or polycap-
rolactone, combining polymer fibers or carbon nanotubes 
with HA scaffolds to increase strength, and combining simi-
lar synthetic polymer blends with ECM (20, 96-100). Many 
bioscaffolds have been joined with other bioscaffolds, such 
as collagen combined with decellularized amniotic mem-
brane to modulate the inflammatory wound environment, 
and HA bioscaffolds combined with ECM (101-105). Future 
design considerations will likely include the incorporation 
of multiple biomaterial classes to create hybrid bioscaffolds 
with preferred physical and biological properties.

Clearly, the potential clinical applications of bioscaffolds 
are diverse for both human and veterinary medicine.  
Perhaps the most important factor in the successful use 
of bioscaffolds is an understanding of the biology, which  
implies an understanding of the effect of the source ma-
terials and various processing methods upon the host  
response. Appropriate application of bioscaffolds has the 
potential to change the default mammalian healing process 
from one of inflammation and scar tissue formation to one 
of functional tissue reconstruction. 

Role of the Immune System in Determining 
Clinical Outcome 
Perhaps one of the most significant advancements in 
biol-ogy and medicine in the past 25 years has been the  

evolution of our understanding of the mammalian immune 
system. Whereas the immune system was once thought 
to have the singular function of defense against potential 
pathogens, it is now abundantly clear that the cells and as-
sociated effector molecules that constitute the innate and 
adaptive immune systems are essential participants in  
fetal and postnatal development, homeostasis, aging, the re-
sponse to injury, and, of course, the response to pathogens. 
 
Dysregulation of the immune system is associated with a 
plethora of disease states, especially those involved with 
autoimmunity, non-healing wounds, failure to thrive, and 
degenerative diseases of many organs. The extraordi-
nary plasticity of cells once thought to be non-dividing 
end-stage cells such as macrophages is now recognized, 
and the concept that inflammatory cells can (and must)  
assume an anti-inflammatory phenotype to regulate 
wound healing is becoming the focal point of next- 
generation pharmaceuticals and devices. Relevant to the 
present manuscript is the fact that key signaling molecules 
regulating immune cell phenotype are resident within the 
ECM. Thus, these important regulating elements are also 
present within bioscaffolds.

The list of signaling molecules that reside within the ECM 
is overwhelming; but the cytokines, chemokines, and 
other effector molecules that are critical to constructive 
cell-matrix crosstalk can modulate the local response to  
injury in virtually all tissues and organs. The role of these  
signaling molecules is to either preserve homeostasis  
within healthy tissues or return the microenvironment 
to normal following injury to resident cells. Cell injury 
and/or cell death result in activation of the proinflam-
matory cascade. Failure to adequately decellularize tis-
sues during the process of manufacturing an ECM-based 
bioscaffold results in a product typically associated 
with a marked inflammatory response, seroma forma-
tion, and scar tissue formation (106-108). In the ab-
sence of such cells and cell debris, however, the signaling  
molecules released from the bioscaffold following in vivo 
implantation and the associated degradation process 
promote activation of the anti-inflammatory immune 
cell phenotypes (85, 109). Stated differently, in vivo  
degradation of ECM-based bioscaffolds is not only desir-
able but necessary to realize the potential constructive 
tissue remodeling outcomes. 
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The typical histomorphologic and macroscopic events 
that occur following bioscaffold placement at an anatomic 
site of injury or tissue loss begin with a rapid and robust 
neutrophilic infiltrate that shifts to a mononuclear mac-
rophage response within 48 hours. These macrophages 
rapidly transition from a pro-inflammatory phenotype to 
an anti-inflammatory phenotype that is associated with 
angiogenesis, attraction and proliferation of local stem/
progenitor cells, organized neoECM deposition, and subse-
quent resolution of the inflammatory process. The clinical 
appearance of the injury site during the course of healing 
will vary depending on its anatomical location, the pres-
ence or absence of infection and foreign materials, the  
capacity for restoration of normal mechanical loads to the 
area during the remodeling period, and other factors. This 
constructive remodeling does not represent regeneration 
of tissue in the true sense of the word, but rather a devia-
tion away from the default healing process of inflammation 
with scar tissue production and toward one that provides, 
at least partially, a host/patient-driven reconstruction of 
functional tissue (53, 111). 

Regulatory Considerations
For both animal and human patients, bioscaffolds have 
been typically regulated as devices, but there is a recent 
trend to reclassify them as biologics. The Food, Drug, and 
Cosmetic Act defines a medical device as: "an instrument, 
apparatus, implement, machine, contrivance, implant, in 
vitro reagent, or other similar or related article, includ-
ing any component, part, or accessory, which is ... intended 
for use in the diagnosis of disease or other conditions, or 
in the cure, mitigation, treatment, or prevention of disease 
in man or other animals, or [which is] intended to affect 
the structure or any function of the body of man or oth-
er animals ... " Additionally, a device "does not achieve its  
primary intended purposes through chemical action  
within or on the body of man or other animals, and ... is not 
dependent upon being metabolized for the achievement of 
its primary intended purposes." Common examples of de-
vices might be surgical tools or inert prostheses used in 
medicine. New drug approval for humans takes approxi-
mately 12 years, whereas approval of a device takes less 
than half that time, 3 to 7 years on average (111). These 
timelines mean that the trend toward regulating bioscaf-
folds as drugs instead of as devices could drastically 
lengthen the time and cost to market. 

Comparing the regulation of devices between animals and 
humans, the FDA Center for Veterinary Medicine has reg-
ulatory oversight over both and can take action if an ani-
mal device is misbranded or adulterated, but pre-market  
approval is not required if the device is intended for animal 
use only. In addition, companies that solely manufacture 
and distribute devices for animals do not have to regis-
ter or list those devices with the FDA nor do they need to  
undergo post-marketing reporting, thus it is the manufac-
turer’s responsibility to ensure safety and effectiveness. 
This process is much shorter and less costly than that  
required for human devices. 

Summary 
There are numerous bioscaffolds available for use in humans 
and animals. The methods by which they are processed  
largely dictate their physical, mechanical, and biological 
properties. An understanding of these properties will aid 
in the determination of the preferred bioscaffold for each 
application and thus maximize chances for a favorable clin-
ical outcome.

https://www.vbma.org/
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Appendix.  Commercially Available Collagen, ECM, and HA Bioscaffolds
Bioscaffold Type Product Manufacturer Source Tissue Application Focus Form
Collagen CellerateRX® Surgical Powder Sanara MedTech Type I bovine collagen Wound care Powder

Collagen Integra® Matrix Wound Dressing Integra LifeSciences Bovine tendon collagen and 
glycosaminoglycans Wound care Hydrated sheet

Collagen Puracol® Medline Bovine collagen Wound care Hydrated sheet

Collagen Zimmer®  Collagen Zimmer Biomet Collagen Wound care Plug, Tape, or Patch

Collagen SynOss™  Putty Collagen Matrix Mineral plus type I bovine collagen Bone Putty

Collagen Collatene™ Collagen Matrix Bovine type I collagen Wound care Powder

ECM AlloDerm™  RTM BioHorizons Human dermis Soft tissue, dentistry Dry sheet

ECM AlloMax™ BD Bard Human dermis Soft tissue Dry sheet

ECM AlloPatch® HD ConMed Human dermis Tendon Dry sheet

ECM Avalus™ Medtronic Bovine pericardium Valve replacement Hydrated sheet

ECM Biodesign® Hernia Graft Cook Biotech Porcine small intestine Soft tissue Dry sheet

ECM CardioCel® Admedus Bovine pericardium Cardiac tissue Dry sheet

ECM DermaSpan™ Zimmer Biomet Human dermis Soft tissue, tendon Dry sheet

ECM Flex® HD Pliable MTF Biologics Human dermis Breast Hydrated sheet

ECM Fortiva® RTI Surgical Porcine dermis Soft tissue Hydrated sheet

ECM Freestyle™ Medtronic Porcine heart valve Valve replacement Hydrated sheet

ECM Gentrix® Surgical Matrix Acell Porcine urinary bladder Soft tissue 6 layer sheet

ECM GraftJacket™ Wright Medical Group Human dermis Soft tissue Dry sheet

ECM Grafton™ DBM Medtronic Human bone Bone Powder

ECM InteguPly™ Aziyo Biologicals Human dermis Soft tissue, wound care Dry sheet

ECM Meso BioMatrix® MTF Biologics Porcine mesothelium Soft tissue Dry sheet

ECM MicroMatrix® Acell Porcine urinary bladder Wound care Powder

ECM Microderm® Reprise Biomedical Porcine liver Soft tissue Hydrated sheet

ECM Oasis® Ultra Cook Biotech Porcine small intestine Wound care 3-layer sheet

ECM Peri-Guard® Repair Patch Baxter Bovine pericardium Soft tissue Hydrated sheet

ECM Permacol™ Medtronic Porcine dermis Soft tissue Hydrated sheet

ECM ProLayer® Stryker Human dermis Soft tissue Hydrated sheet

ECM Strattice™ LifeCell Corp. Porcine dermis Soft tissue Hydrated sheet

ECM Trifecta™ Abbott Bovine pericardium Valve replacement Hydrated sheet

ECM TutoPatch® RTI Surgical Bovine pericardium Soft tissue Dry sheet

ECM Tutoplast® Pericardium Coloplast Human pericardium Soft tissue Dry sheet

ECM VentriGel™ Ventrix Porcine ventricle Cardiac tissue Hydrogel

ECM XenMatrix™ BD Bard Porcine dermis Soft tissue Hydrated sheet

ECM AmnioExcel® Integra LifeSciences Human amniotic membrane Wound care Dry sheet

ECM Puros® Demineralized Bone  
Matrix Putty Zimmer Biomet Human bone Bone Powder

HA Hyalo4® Skin Fidia Sodium hyaluronate Wound care Gel, cream, gauze

HA HYCOAT® Hymed HA Wound care Solution

HA Hyalomatrix® Medline HA Wound care 2 layer sheet

HA HylaSponge® System Matrix Biology Institute HA Wound care Sponge

HA Hyalosafe® Haemo Pharma HA Wound care Foil

HA HYAFF® Haemo Pharma HA Wound care Gel

HA Restylane® Galderma HA Cosmetic filler Gel

Adapted from Cramer et al (51).
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Feline Leukemia Virus p27 Antigen Concentration 
and Proviral DNA Load Are Associated with 

Survival in Naturally Infected Cats 

Reviewed by W. Jean Dodds, DVM and  
Shelley R. Epstein, VMD
Editorial committee

Domestic cats infected with feline leukemia virus (FeLV) are 
relegated into 1 of 3 clinical courses by the American Associa-
tion of Feline Practitioners: abortive, regressive, or progressive 
(1). Cats with abortive infections test negative for the p27 core 
protein antigen, proviral DNA, and viral RNA but can test posi-
tive for virus-neutralizing antibodies. In regressive infections, 
the cats’ immune systems contain but do not eliminate the virus; 
these cats will continue to maintain low levels of antigen along 
with high levels of virus-neutralizing antibodies while carrying a  
lower risk of developing FeLV-associated disease. Viral reactiva-
tion in these patients may occur many years post-exposure and 
can result in clinical disease. Cats with progressive infections 
have persistent viremia with an insufficient immune response 
and are more likely to manifest clinical disease and early death, 
usually within a few years after exposure (1). 

Previous studies have shown that the clinical course of FeLV infec-
tion is associated with the levels of p27 antigen and copy numbers 
of proviral DNA in infected cats.  This prospective study aimed 
to quantify antigen concentrations and proviral DNA loads and 
correlate the values with survival times. A longitudinal 4-year 
study was undertaken using a point-of-care screening ELISA test 
that was previously shown to have 100% sensitivity and speci-
ficity (SNAP® FIV/FeLV Combo Test, IDEXX Laboratories, Inc., 
Westbrook, ME, USA), from which 127 FeLV-positive cats and 127 
age- and sex-matched controls were entered into the study over a 
1-year period (2). 

Quantification of p27 antigen and proviral DNA was performed 
using microtiter plate ELISAs  and real-time PCRs, respectively. 
The 127 cats that tested positive for p27 antigen were retested 
monthly with both ELISA and PCR tests for 6 months and moni-
tored for survival over 3-4 years. When a characteristic-based 

analysis of samples with concordant (both types of tests posi-
tive) or discordant (one type negative, the other type positive) 
qualitative results for p27 antigen and proviral DNA was used to 
establish cutoff values, a significant difference in survival time 
was observed. High positive cats had a median survival time of 
1.37 years from time of enrollment, while most low positive cats 
(93.1%) were still alive at the end of the study. 

Combining the p27 FeLV antigen with the proviral DNA load pro-
vides a useful prognostic approach for disease assessment out-
comes in infected cats. Additional mitigating factors that should 
also be considered are the age of the cat at exposure and infec-
tion; presence of coinfections including FIV and other viruses; 
vaccination status; nutritional status; and comorbidities such as 
hyperthyroidism, obesity, diabetes, and chronic renal disease. 
Using known risk factors combined with additional studies on 
survival times in FeLV-infected cats with specific comorbidities 
could benefit the development of algorithms for prognosticating 
survival outcomes. Further, for cats in high-risk situations, those 
with negative results on the first point-of-care ELISA test should 
be retested 30 days later to capture those cases in which expo-
sure had recently occurred and viremia had not yet developed.
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Using a Next-generation Sequencing Approach 
to DNA Metabarcoding for Identification of 

Adulteration and Potential Sources of Mercury in 
Commercial Cat and Dog Foods

Reviewed by Bernie Fischer, DVM, PhD

Studies have raised concerns that some commercial pet foods 
may be exposing our pets to toxic compounds such as mer-
cury (Hg) and methylmercury, a toxic form of mercury usu-
ally associated with fish-based ingredients. A related topic 
concerns whether mercury levels correlate to certain label 
ingredients. With these issues in mind, the authors of this 
paper evaluated 127 different cat and dog food products for 
mercury and methylmercury levels. They also used a sophis-
ticated technique, next-generation sequencing, to identify the 
ingredients in the food by the DNA present. 

A wide variety of pet foods were evaluated, donated by in-
dividuals or pet stores. Replicates of a few foods were pur-
chased to assess consistency between lots. Mercury analyses 
were performed on 59 dog foods, 14 dog treats, 17 dry cat 
foods, and 35 wet cat foods. A considerable range of mercury 
levels was found in the foods. Dog food samples contained be-
tween 0.3 and 57.4 μg Hg/kg of food, with an average of 8.4 
μg Hg/kg. The 14 dog treats had an average of 4.82 μg Hg/kg. 
Cat foods had higher mercury levels with dry cat foods rang-
ing from 1.1 to 142.9 μg Hg/kg (average 24.8 μg Hg/kg) and 
wet cat foods ranging from 0.4 to 162.6 μg Hg/kg (average  
16.2 μg Hg/kg). Methylmercury was tested in samples where 
total mercury was above 50 μg Hg/kg. Across the 17 foods 
tested, mostly wet cat foods, methylmercury concentrations 
ranged from 0.04 to 103.4 μg Hg/kg (average 9.26 μg Hg/kg). 
Two wet cat foods had the highest methylmercury levels with 
41.8 and 103.4 μg Hg/kg. There was no significant correla-
tion between total mercury concentration and the price of 
the food or treat, suggesting that a higher-priced pet food did 
not ensure a safer product.

DNA results were used to evaluate whether the ingredient la-
bels of the foods matched the DNA detected. Several did not 
correlate. For example, one dry dog food with a high level of 
total mercury had labeled ingredients of beef, goat, and lamb, 
but DNA analysis indicated chicken, turkey, and fish species. 
Similarly, one of the wet cat foods, also with high levels of 
mercury and methylmercury, was labeled as containing tuna 
and salmon but had chicken, sheep, and turkey as predomi-
nant animal-based ingredients. Plant-based primer sets also 
picked up discrepancies. One wet cat food label listed alfalfa 
meal, parsley, cranberries, and blueberries, but DNA revealed 
soy in spite of the label claim of  “no soy.” One dry dog food  
label listed field peas, chickpeas, potatoes, sweet potatoes, 
and tomato pomace, but DNA analysis demonstrated flax, 
oats, rice, and a nightshade species. DNA analysis of the foods 
did confirm consistency between lots.

In summary, the authors developed a DNA-based methodol-
ogy to analyze pet foods. They did identify some evidence of 
pet food adulteration, with labels not matching actual ingre-
dients. They also tested for mercury and methylmercury in 
pet foods. Total mercury levels were generally below toxic 
levels, but 3% of foods, predominantly wet cat foods, did con-
tain methylmercury at concentrations above the suggested 
maximum. No single ingredient was the primary source of 
mercury, though methylmercury levels were highest in fish-
based foods. This report emphasizes the need for a require-
ment of pet food manufacturers to analyze for toxic com-
pounds and labeled ingredients in all pet foods and treats.
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Urinary Excretion of Advanced Glycation End 
Products in Dogs and Cats

Reviewed by Lea Stogdale, DVM
Editorial committee

Advanced glycation end products (AGEs) have been corre-
lated with various age-related diseases in humans, rats, and 
dogs (1). This study evaluated the levels of urinary excre-
tion of AGEs in privately owned, healthy dogs and cats fed 
either raw or dry processed diets, with some cats also eating 
canned cat food.

This was a well-conducted, analyzed, reported, and refer-
enced study. Noted restrictions include small sample size (57 
dogs and 54 cats), unknown body condition of the subjects, 
unknown subclinical disease status, inaccuracies of owner-
reported feeding, no evaluation of fecal levels of AGE excre-
tion, and no analysis of dietary AGE levels, form, or binding.

The investigators found that dietary AGEs were absorbed, 
and some were excreted by the kidneys. They also clearly 
established that both dogs and cats endogenously produced 
AGEs. The levels of the urinary-free AGEs carboxymethyl-
lysine, carboxyethyllysine, and lysinoalanine were standard-
ized as a ratio to urine creatinine. Raw fed dogs had 2-3 times 
fewer AGEs in their urine than those fed dry processed food. 
Similar results were found for the cats with raw fed cats hav-
ing significantly less urinary AGEs than those eating dry or 
canned processed food. Age and gender had minimal influ-
ence on urinary AGE levels.

This is an interesting study with results strongly favoring the 
feeding of unprocessed pet food. However, yet to be studied 

is the significance of food-acquired versus endogenous pro-
duction of AGEs. Also unknown is the amount of AGEs ex-
creted in feces. Most significantly, we do not know whether 
AGEs adversely affect the long-term health of dogs and cats 
or humans (1, 2). Correlation is not causation, and there may 
be other factors associated with the production of AGEs that 
affect the health of our pets. We do not even know whether 
feeding raw food diets results in better health and longer 
lives, on average, for our canine and feline companions. We 
think it does, we hope it does, and it seems to benefit indi-
vidual patients. However, at this time, there is no objective 
evidence (3).

From The Literature

Palaseweenun P, Hagen-Plantinga EA, Schonewille JT, et al. Urinary excretion of advanced glycation end 
products in dogs and cats. J Anim Physiol Anim Nutr (Berl). 2021;105(1):149-156. [Open access]

References 

1.  Nowotny K, Schröter D, Schreiner M, Grune T. Dietary  
advanced glycation end products and their relevance for  
human health. Ageing Res Rev. 2018;47:55-66. doi:10.1016/j.
arr.2018.06.005

2.  Davis KE, Prasad C, Vijayagopal P, Juma S, Imrhan V, et al. Ad-
vanced glycation end products, inflammation, and chronic 
metabolic diseases: links in a chain? Crit Rev Food Sci Nutr. 
2016;56(6):989-998. doi:10.1080/10408398.2012.744738

3.  Stogdale L. One veterinarian’s experience with own-
ers who are feeding raw meat to their pets. Can Vet J. 
2019;60(6):655-658.

Abbreviation
AGE       Advanced glycation end products

https://onlinelibrary.wiley.com/doi/10.1111/jpn.13347


AHVMA Journal  •  Volume 65 Winter 2021    51

Aggressive Behaviour Is Affected by Demographic, 
Environmental and Behavioural Factors in Purebred Dogs

Reviewed by Kristy Herman, DVM
Editorial Committee

Although dogs are known as man’s best friend, aggressive be-
haviors, such as barking, growling, and biting, can occur and 
negatively impact the human-animal bond. Whether between 
dog and human or dog and dog, potentially dangerous or life-
threatening effects of aggression can lead to relinquishment 
or euthanasia. This study, which involved data from more than 
9,000 Finnish dogs, aimed to identify how demographic, envi-
ronmental, and behavioral factors correspond with aggressive 
behavior in purebred dogs.

Information was collected using data from owner-filled question-
naires, providing a data set of 9,270 dogs—1,791 with and 7,479 
without frequent aggressive behavior toward people. The follow-
ing unwanted behaviors were targeted: fear, aggression, noise 
sensitivity, fear of surfaces and heights, inattention and hyperac-
tivity/impulsivity, separation anxiety, and compulsive behavior. 
The questionnaire also delved into the dogs’ background, including 
early and current life and basic demographics. Factors that were 
discovered to increase the probability of aggressive behavior 
included older age, male sex, fearfulness, small body size, lack of 
conspecific company, and being the owner’s first dog. Breed asso-
ciation was also a factor, with Rough Collies scoring the highest 
probability of aggressive behavior, followed by the Miniature 
Poodle and Miniature Schnauzer. Breeds with the lowest 
probability were the Labrador Retriever, Golden Retriever, and 
Lapponian Herder. Dogs living in homes without other dogs were 
more likely to show aggressive behavior than those living with 
other dogs; dogs living with first-time dog owners were more likely 
to be aggressive than those living with experienced dog owners.

This study reviewed numerous factors that may contribute to ag-
gressive behavior and identified certain breeds as more likely to 
demonstrate aggression than others. The breeding purpose of 
certain breeds, such as German Shepherd Dogs bred for working 
versus show, was not identified as a behavioral issue, yet working 
dogs may be genetically selected for preferred behavioral traits. 
Certain other breeds may have a genetic predisposition for skeletal 
disorders, such as hip or elbow dysplasia, which may lead to pain 
and eventual aggressive behavior. However, genetics do not always 

dictate their future, and training may help decrease aggressive  
behavior. Another study found that owners of small dogs play with 
and obedience train their dogs less frequently than owners of large 
dogs (1). Recommending training, especially for first-time dog 
owners, may help decrease aggressive behavior. Future breeding 
to select against aggressive behavior should be encouraged. 

This study demonstrated that older age correlates positively with a 
higher probability of aggressive behavior in dogs. Older dogs more 
often have concurrent pain and fear as the result of degenerative 
changes such as osteoarthritis or develop cataracts that make 
it more difficult for them to see the world around them. Annual  
exams may offer options for management of pain or disease- 
related aggressive behavior. This study also found that highly 
fearful dogs were more than 5 times likely to display aggressive 
behavior than non-fearful dogs; however, fear-related aggressive 
behavior could not be differentiated from other types. 

Studying the environmental, demographic, and behavioral fac-
tors in purebred dogs and understanding how these factors can 
influence aggressive behavior is important for the veterinary com-
munity. Identifying risks of aggressive behavior and providing re-
sources to guide dog owners to address unwanted behaviors prior 
to seeking relinquishment or euthanasia may help save lives while 
decreasing levels of stress and anxiety for humans and their dogs.

Using owner-filled surveys to obtain a large data set was effective 
in this study model and can be replicated. This may be effective for 
analyzing hereditary factors in breed registries or could aid adop-
tion agencies and potential dog owners in the United States. 
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Evaluation of an Autologous Cancer Vaccine 
for the Treatment of Metastatic Canine 
Hemangiosarcoma: A Preliminary Study

Reviewed by Lea Stogdale, DVM
Editorial Committee

When we diagnose cancer in our patients, we can present the 
following options to our clients: no changes, palliative care, 
nutritional support, various complementary approaches, met-
ronomic therapy, target therapy, chemotherapy, radiation, sur-
gery, and/or euthanasia. Increasingly, immunotherapy is being 
pursued in both human and veterinary oncology. As veterinar-
ians, we are currently able to use a canine melanoma vaccine 
and an osteosarcoma vaccine. Cancer immunotherapy offers 
improved outcomes without the side effects of chemotherapy. It 
also complements integrative medicine by enhancing the body’s 
own defense mechanisms for an improved outcome (1).

This publication reports on the use of an autologous vaccine 
against aggressive, metastatic hemangiosarcoma, stage III, in 8 
dogs after surgical excision. They compared the survival times 
of these 8 dogs with 23 dogs that underwent postsurgical doxo-
rubicin chemotherapy and 42 historical controls that had under-
gone surgery only. The survival times of dogs that received the 
vaccine were similar to those given chemotherapy but with no 
adverse events. These dogs lived 2 to 3 months longer than the 
surgery-only dogs (median survival time of 41 days).

The median survival time of the dogs receiving their autologous 
vaccine was 142 days; however, this number was skewed by 1 
dog that survived more than 1 year. This study showed proof 
of concept that this specific autologous vaccine can increase 
the survival time of dogs with metastatic hemangiosarcoma.  
Although this is promising, there were problems with this study, 
including the small number of dogs; comparison with historical 
controls; no comparison with metronomic therapy, which is 
available, inexpensive, and without side effects; the expense and 
limited availability involved in creating an autologous vaccine, 
especially as a specific, company-limited process; and the short-
term prolongation of life.

Historically, in dogs with hemangiosarcoma stages I and II, met-
ronomic therapy has a median survival time of approximately 
175 days, similar to that of chemotherapy (2). However, in dogs 
with stage III hemangiosarcoma following surgery, the median 
survival time was 140 days for doxorubicin, 58 days for met-
ronomic therapy, and 40 days for no postsurgical treatments  
(4 months, 2 months, and 1.5 months, respectively). The dogs 
who underwent doxorubicin chemotherapy suffered a number 
of adverse events (3).

There are many challenges in inducing the patient’s T cells to 
recognize and attack cells that are little altered from self except 
for their uncontrolled reproduction (4). In spite of this, immuno-
therapy may become increasingly utilized in oncology (1).

From The Literature

Lucroy MD, Clauson RM, Suckow MA, et al. Evaluation of an autologous cancer vaccine for the treatment of 
metastatic canine hemangiosarcoma: a preliminary study. BMC Vet Res. 2020;16:447. [Open Access]
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2022  membership

APPLICATION

DIRECTORY email

2022 -2023  Membership Form -  Dues Year Begins  Apri l  1st  and ends March 31st  the Fol lowing Year

***

name/details

last

first middle

date of birth (mm/dd/yy) gender	 			male							female						unspecified

educational info

veterinary medical college (college/school if technician)

veterinary degree

veterinary graduation date (mm/yy)

other	degree(s)/certification(s)

Mail:
American Holistic
Veterinary Medical Association
PO Box 630
Abingdon, MD 21009 
Fax: 410.569.2346

Any questions?
Please contact AHVMA
at 410.569.0795

email:office@ahvma.org

submit completed application

contact info

home address (check if preferred mailing address)

address

city

state/postal code

country

home phone cell

PREFERRED email 
(required for login)

business (check if preferred mailing address)

clinic/organization name

address

city

state/postal code

country

phone fax

online directory listing          home       business none

include corresponding phone in REFERRAL DIRECTORY #       Y      N  (this will be visible online)do not include my information in member mailing list

membership categories

Member Veterinarian  .................................................. $300
Graduate Veterinarians, graduated 2018 or before.

Retired/Inactive non-voting (non-AVMA) ....................$150
Formerly a Regular Member for at least 15 consecutive years and  
is now fully retired from practice, and wishes to continue to receive 
AHVMA Journal.

Retired/Inactive voting (AVMA Member) ...................... $55
Formerly a Regular Member for at least 15 consecutive years and is now 
fully retired from practice who is an AVMA Member, and who wishes to 
receive the AHVMA Journal.

Academia ....................................................................... $55
College or University Faculty member who wishes to receive the AHVMA 
Journal.  

First Year Graduate (2021)  ....................... Complimentary
Second Year Graduate (2020)  .................. Complimentary

 Third Year Graduate (2019)   ........................................ $150
Veterinary Student  .................................... Complimentary
Must provide Dean’s letter or veterinary student ID as proof of  
current enrollment in AVMA accredited school.

SAHVMA Advisor ....................................... Complimentary
Faculty Advisor to an organized National SAHVMA Chapter. 

Veterinary Technician/Support Staff  ........................... $80
Subscriber  .....................................................................................$95
Online journal only.

I am a NEW member, please send me a new member packet.

I was referred by: 

AVMA Info

I AM an AVMA member.  AVMA #:

I am not an AVMA member.

other organizations
please list other veterinary associations/organization of which you 
are a member:
State Veterinary Association:_____________________________

AHVMA ASSOCIATE MEMBERSHIP 

Businesses	or	non-profit	organizations	directly	related	to	the	Mission	of	AHVMA.	Not	
available for veterinary clinics, hospitals or practicing veterinarians. Includes business 
listing	in	online	Associate	Directory.	Contact	us	for	application	and	list	of	benefits!

complete educational information required for all non-subscriber memberships

only full members are included in AHVMA “Find a Vet” referral directory

please complete all sections. choose your preferred mailing address (for AHVMA mailing) and REFERRAL LISTING (for public online directory) 

(Student AHVMA)

AHVMA Members should be aware that professional memberships, certifications and other credentials (such as CVC, CVH, CVCH) are the intellectual property of the certifying organization and misuse is not permitted.  
It is not the responsibility of AHVMA to verify any certifications or memberships, etc. claimed by a member or prospective member.  Potential misuse will be referred to the certifying organization for appropriate action.

Click here to help us save paper by renewing your membership early or online! 

AHVMA 
American Hol ist ic  Veter inary Medical  Associat ion

 I would like to DONATE to SAHVMA ............................... $

TOTAL Dues (and donation if applicable) ........................... $

name on card     signature

card #

exp cvv code   billing postal code

        I request AUTOMATIC RENEWAL of my dues each year and authorize AHVMA to keep my credit card # on file (initial)

payment method

amex mc visa disc check #

JA
H

V
M

A
 #

65
–2

02
1

Click here to help us save paper by renewing your membership early or online!

mailto:office%40ahvma.org?subject=
https://www.ahvma.org/join-or-renew-membership/
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AHVMA
American Hol is t ic  Veter inary Medical  Associat ion

onl ine referral 

DIRECTORY

Mail:
American Holistic Veterinary Medical Association
PO Box 630 | Abingdon, MD 21009 
Fax:	410.569.2346		|		Phone:410-569-0795	|		Email:office@ahvma.org

submit completed application

AAHHVVMMAA220023
October 7-10

Town and Country Resort 

San Diego, CA
P

The	AHVMA	Office	maintains	an	online	referral	directory	for	Member	Veterinarians,	which	lists	all	contact	information	and	modalities	practiced.	It	is	
available to the public online at www.ahvma.org. If you are a Licensed Practicing Veterinarian who currently utilizes at least one holistic modality, are ac-
cepting new clients, and would like to be included in our referral directory, we request that you complete the form below. The accuracy of the information 
provided	is	your	responsibility.	If	any	of	your	information	changes,	you	must	submit	a	new	form	or	update	your	profile	online.	

Dues must be current by April 1st each year to remain on the directory, though we allow a 30-day grace period before your listing is removed. 

Please type or print CLEARLY. Fill in all information you wanted listed in the directory. Remember, this is referral information, so the contact information 
you give should be related to your business (in other words, don’t list your home address or phone number unless you want it in the directory.). Check all 
of the “Practice Type” and “Modalities Used” categories that apply to you. 

referral directory

name

clinic name

address

phone

fax

email

city state/province zip/postal country

website

practice type small animal equine exotic avian large animal house calls 

modalities used

Acupuncture

			certification (check all that apply)

 Chi Inst CuraCore     IVAS   Other:

Applied Kinesiology

Aromatherapy

Bach Flower Remedies

Chiropractic

certification (check all that apply)

 AVCA CSU HOWC 

Clinical Nutrition

Color Therapy

Conventional Medicine

Essential Oils

Flower Essences

Herbs, Chinese

Herbs, Western

Glandular Therapy

Homeopathy

 (check all that apply)

Classical	 AVH	Certified	

Homotoxicology

Immuno-Augmentive Therapy

Laser Therapy

Magnetic Therapy

Massage Therapy

Nutraceuticals

Nutrition

Osteopathy

Ozone Therapy

Prolotherapy

Pulsating Magnetic Therapy

Reiki

Veterinary NAET

Veterinary Orthopedic Manipulation

Other:

Optional Information 

Do	you	have	any	Board	Certifications?

If yes, please list:

www.ahvma.org

AHVMA is a 501(c)(3) organization. Your dues and donations may be tax deductible; please check with your accountant. 

AHVMA Member Benefits

In addition to inclusion in the AHVMA online referral directory 
Member Veterinarians receive the following benefits: 

• Deeply Discounted Registration to AHVMA Conferences

• Representation in the AVMA House of Delegates

**You will be required to log in to access benefits below**

• Access to Natural Standards Database (over a $200 value)

• Members-only webpages

• Unlimited Online Access to JAHVMA
(Journal of the American Holistic Veterinary Medical Association)

• Annual Conference Proceedings 
(includes access to archived proceedings)

• AHVMA e-Newsletters

• AHVMA Member Vets in the contiguous US receive discounted 
titer testing from the Kansas State University Veterinary 
Diagnostic Lab (KSVDL). 

Your membership pays for itself. AHVMA dues are approximately 100% return on investment for each client referral. 

Save the Dates
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M
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 #
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1

http://www.ahvma.org
mailto:office%40ahvma.org?subject=


58    AHVMA Journal  •  Volume 65 Winter 2021

It is hard to believe I have been in practice for 33 years — 
I would swear I just graduated from veterinary school a 
few years ago. Being a veterinarian is my passion, yet as 
for many of us, it is also a challenge. The combination of 
loving what I do and having every day be crazy and non-
stop seems to make the years go by at warp speed. Age 
and experience have endowed me with wisdom. 

Thirty years ago, a partner and I started a practice that 
grew to huge proportions. I was stressed and working too 
many hours. My new partner and I built a small animal 
practice with a culture that makes every day a pleasure to 
come to work — my happy place.  This work environment 
is consistent with our core values.  

We are cat friendly and as fear-free as possible. Relax-
ing music plays in the rooms. Our grill out back trig-
gers spontaneous cookouts on nice days. Regular group 
meetings allow for feedback from our team, and once a 
year the whole team has an entire day devoted to group 
activity. This has made these challenging COVID years 
much easier.

Knowledge comes from books, school, courses, and expe-
rience. Wisdom, trusting ourselves, and creating a busi-
ness consistent with our values comes from life experi-
ence, sharing with colleagues at conferences and retreats, 
and paying attention to what brings us joy and purpose. 
Wisdom also leads us to make decisions that are not 

based on merely what a guardian wants, but also what is 
best for their animal companions. 

The last few years have been challenging for everyone. We 
have had to learn to do things differently. It seems that 
veterinarians are busier than they have ever been, and 
with that comes stress and maybe doubt. We need to trust 
ourselves, take care of ourselves, and reach out and ask 
for help when we need it. I think the wisest thing I have 
ever learned is that I cannot do it all myself.

Attending my first AHVMA Conference just because it 
was close to my new practice changed my life forever. The 
community and attitude I discovered was so different 
than other conferences. I realized I had found my home 
and support for growth. Now I am honored to be a part of 
the Council of Elders, which provides spiritual support to 
AHVMA and its members. At the conference, we open each 
session with inspiration, support newcomers, lead early 
morning movement or meditations, and share the wisdom 
of the elders in a forum. Weekly, on Sunday afternoons, 
we honor any prayer requests. Contact Judith Shoemaker 
at JudithShoemaker4@gmail.com with “Healing Circle” in 
the subject line for this powerful support for healing any 
problem. Most importantly we provide a Healer Heal  
Thyself retreat every year for our members and their 
guests. We are excited for the retreat in West Palm Beach,  
Florida prior to the 2022 AHVMA Conference.

Council of Elders

Let Wisdom Guide Your Work 
By Angel Mitchell, DVM 

mailto:%20JudithShoemaker4%40gmail.com?subject=
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AHVMF Update

Foundation Grants, Scholarships,  
and Related Confusion 

By Darlene Knowles, CFO/ AHVMF Interim Executive Director

First, a bit of institutional clarification for our readers. 
The American Holistic Veterinary Medical Association 
(AHVMA) and the American Holistic Veterinary Medical 
Foundation (AHVMF), were both founded by Dr. Carvel 
Tiekert; however, they are separate entities. Both the 
AHVMF and the AHVMA strongly believe in supporting 
students interested in holistic medicine. The AHVMF also 
funds integrative and holistic veterinary research.

The SAHVMA falls under the umbrella of the AHVMA. 
SAHVMA helps to fund operations of student clubs and 
helps pay for their officers and delegates to attend the  
AHVMA Annual Conference. 

Donors can choose to contribute to either the AHVMF  
or the SAHVMA (or both), but the funds are not shared  
between the two organizations.

The Foundation funds student grants, and all US and  
Canadian veterinary students are eligible to apply.  
Students do not need to be members of the student arm 
of the AHVMA, the Student American Holistic Veterinary 
Medical Association (SAHVMA), to receive AHVMF grants.  

There are several grants available for students through 
the Foundation. Student Educational Grants enable stu-
dents to attend the AHVMA Annual Conference. These 
grants pay for travel, accommodations, meals, conference 
registration, and banquet tickets. Students may also apply 
for the Vet Classics Student Grant, the Sharon Willoughby 
Student Grant, the AHVMF Student Research Grant, the 
Lorraine Tiekert Endowed Scholarship, and two new stu-
dent grants sponsored by Standard Process. These grants 
are awarded to students to continue their veterinary 
medical education. 

The AHVMF Silent Auction is traditionally held at the con-
ference to raise funds for the Student Educational Grants. 
Due to COVID-19 concerns, the AHVMF did not attend this 
year's conference, and the in-person Silent Auction was 
cancelled. However, a fundraiser was conducted via email 
instead, raising $8,800, enabling us to provide six new 
grants for students to attend the 2022 AHVMA Conference. 
Students who received grants for the conference in 2020 
and 2021 and were unable to attend this year's conference 
due to pandemic concerns will use their awards to attend 
the 2022 event. Attending the conference in-person is a 
wonderful way for these students to network with other 
students and veterinarians, promote the AHVMF program 
to veterinarians and potential sponsors, and honor our cur-
rent sponsors. 

The applications for these grants and scholarships will 
be posted on our website at the end of January 2022.  
Notification and applications will also be sent to all US 
and Canadian veterinary colleges.

AHVMF's Winter Fundraiser is taking place November 15 
through December 31, 2021. Proceeds raised will benefit 
research in integrative and holistic veterinary medicine. 
Dr. Tiekert has once again generously offered to match 
donations, allocating $40,000 in matching funds raised 
from the general public and $35,000 raised from veteri-
narians. Please share this information with your clients 
and friends. Donate by credit card via our website at 
https://www.ahvmf.org or mail your check to AHVMF, 
Darlene Knowles, CFO/Interim ED, 8 Carnation Ct. W,  
Homosassa, FL 34446.

https://www.ahvmf.org
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ACVBM and VBMA Update

The VBMA and ACVBM Continue to 
Educate Through the Pandemic

By Cynthia Lankenau, DVM 

The Veterinary Botanical Medicine Association (VBMA) 
offers an annual educational scholarship opportunity for 
veterinary students, with the author of the first-place  
essay being awarded $3000 and publication of the essay 
in the VBMA journal. Two additional prizes of $1000 are 
given as well. The 2022 essay topic and application will be 
posted by the end of 2021 on vbma.org. 
  
The VBMA has had a very active year, providing botanical 
medical education virtually, including sponsoring speak-
ers at the International Herbal Symposium. Dr. Constance 
DiNatale lectured on incorporating herbs into the diet and 
Chinese food therapy, discussing fruits and vegetables 
within a 5-element context.  Dr. Cynthia Lankenau dis-
cussed metabolic syndrome and what feline infectious 
peritonitis (FIP) can tell us about COVID. Dr. Gary Richter 
lectured on herbs and mushrooms for the cancer patient 
and herb-drug and herb-herb interactions and gave an in-
tensive on cannabis in veterinary medicine.  Dr. Alexia 
Tsakiris spoke about grief, alpacas, and exhausted adre-
nals. Webinars included a practitioner panel discussion 
about integrating herbal medicine into practice, featuring 
Drs. Cynthia Lankenau, Ihor Basko, Rona Sherebrin, and 
Jamie Moran, and a presentation by Dr. Shen Xie on equine 
protozoal myeloencephalitis. The final webinar of the year, 
October 27, 2021, featured Dr. Rona Sherebrin discussing 
adaptogenic herbs to support us during times of chronic 
stress. Hannah Sherebrin, ATR-BC, OATR, YAHAT Supervi-
sor, helped us stay resilient and sharp through her lecture 
on BASIC-Ph. BASIC-Ph is a model based explicitly on the 
idea of healthy or adaptive development in the face of 
stressful influences. Future webinars are being planned 
with Emily Ruff and David Winston. 

Visit www.vbma.org for live webinar registration and to 
access on-demand content. 

The VBMA, in conjunction with the New York CAVMA, will 
resume its annual ecotours with a trip to Alaska, August 
4-10, 2022, at the Twin Bears Campground just north of 

Fairbanks. A retreat to Denali National Park and Preserve 
will follow.

Although we had a very minimal presence at this year’s 
AHVMA conference, this will change next year.  We are 
encouraging some unique and exciting herbalists to 
speak at the AHVMA Annual Conference in West Palm 
Beach.  Follow the VBMA for updates.

The American College of Veterinary Botanical Medicine 
(ACVBM) continues to work toward recognition as a 
board specialty, with plans to create a residency train-
ing program and develop an advanced curriculum. After 
surveying available herbal programs, we have identified 
areas in which advanced training is needed.  One such 
area involves integrating traditional uses of botanical 
medicines with their phytopharmacology.  For instance, 
we need to study taste in-depth, particularly how taste 
affects the body and what phytochemicals are respon-
sible for these tastes.

Our 7th annual (virtual) conference occurred on Oc-
tober 9, 2021, featuring a four-part lecture by Richard 
Mandelbaum, RH, a practicing herbalist since 1998, with 
a background in both Chinese and Western herbal tradi-
tions. He spoke about the often-disconnected threads 
of phytochemistry (plant chemistry, pharmacology, and 
herbal medicine), zoopharmacognosy (how animals in the 
wild use botanical remedies), and Gaia theory (the scien-
tific theory that all life on Earth acts collectively akin to a 
single organism).

One of the fascinating tidbits he shared is that many plants 
have caffeine phytochemicals in their flowers.  It is felt 
that this improves the memory of the bees to ensure their 
return. His lectures can be purchased at www.acvbm.org.
Contact us at cyndvm@gmail.com if you are interested in 
helping develop courses for ACVBM and for more informa-
tion about the VBMA ecotour.

www.vbma.org
www.acvbm.org
mailto:cyndvm%40gmail.com?subject=
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Volume 62, Spring 2021
SCIENTIFIC REVIEW

25…  Breathe in Lavender, Breathe Out Stress: Essential 
Oils for Stress, Burnout, and Compassion Fatigue.  
Carol L. Falck, VMD

Volume 63, Summer 2021
SCIENTIFIC REVIEWS

10…  Integrative Treatment of Canine Cognitive 
Dysfunction.  
Janice L. Huntingford, DVM, MS 

23…  Acupuncture for the Treatment of Neuromuscular 
Conditions in Dogs and Cats, with Emphasis on 
Intervertebral Disc Disease.  
Bonnie D. Wright, DVM

34…  Vibrational Medicine: The Tuning Fork as a 
Therapeutic Modality.  
Jennifer M. Hebel, DVM, PhD

44…  The Role of Movement and Physical 
Rehabilitation in Connective Tissue Maintenance 
and Healing.  
Jo L. Moyes, LVMT Pedro L. Rivera, DVM

Volume 64, Fall 2021
SCIENTIFIC REVIEW

18…  Clinical Utility of Pharmacological Ascorbate in 
Veterinary Oncology.  
Kendra V. Pope, DVM

CASE REPORT

30…  Apparent Remission of Histiocytic Sarcoma in 
a Dog Using Integrative Therapies Including 
Magnetic Fluid Hyperthermia.  
Merry Gibson, DVM 

CLINICAL TRIAL

39…  Thromboelastography to Evaluate Coagulation 
Changes in Dogs on Yunnan Baiyao With 
Hemangiosarcoma: A Pilot Study.  
Christine Oakley, DVM, Dave Bruyette, DVM, John 
Chretin, DVM, Trina Hazzah, DVM, Phil Bergman, 
DVM, MS, PhD

Volume 65, Winter 2021
SCIENTIFIC REVIEWS

19… Overview and Potential Applications of the 
Ketogenic Diet in Dogs.  
David M. Brewer, DVM

28… Therapeutic Transdermal Carbon Dioxide:  
A Scientific Review. 
Richard J. Rivers, MD, PhD, Neal J. Sivula, DVM, PhD, MDiv

37… Bioscaffolds for Functional Tissue Repair.  
Marley Dewey, PhD, Stephen F Badylak,
DVM, PhD, MD

2021 Scientific Reports
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Classifieds

MARYLAND
Practice for sale in the Columbia, MD area - provides both holistic 
and western services. This is a busy practice with a good client 
base and a great location. The owner will help with the transition 
for a smooth step into ownership. Simmons Mid-Atlantic 
888.881.7084 or www.SimmonsInc.com — practice MD609.

CLARK COUNTY, NEVADA
Well-Established and Profitable! This SA practice offers 
conventional and holistic medicine in a +/- 2,400 sf leasehold 
facility, in an active shopping plaza. Currently open five 
days a week. A new owner could expand hours and services, 
increasing gross income. NV3

Contact: PS Broker. 800.636.4740. www.psbroker.com.  
info@psbroker.com 

PENNSYLVANIA
Small but very busy integrative practice offering holistic and 
alternative medicine including Chinese Herbs, homeopathic, 
holistic, and routine veterinary medicine, vaccines, surgery, and 
dentistry. Limited large animal with great potential. The only 
clinic in area offering alternative services. Located in a pleasant 
small town close to Erie, PA. Turnkey.  Owner wants to retire.  
Home phone 716-252-6535; Email papavet8@gmail.com

For information and rates on Classifieds listings, please contact office@ahvma.org

Join the International Veterinary Acupuncture 

Society (IVAS) online for the 47th annual 
Congress held jointly with the American 
Academy of Veterinary Acupuncture (AAVA). 
Presentations held over 4 weekends. Earn CE 
safely from your home. New this year: Veterinary 
Technicians Track. For more information and 
registration visit ivas.org/2021-congress/. 

PRACTICES FOR SALE

EVENTS

VETERINARY HERBAL APPRENTICESHIP AND RETREAT
A 5-part course in Western Veterinary Herbal Medicine
Drs. Laurie Dohmen and Kris August

Dates

Where: Lowood Educational Center, Duck, North Carolina
CE credits approved for VHAR: 56 IVAS, 64.5 RACE
This Veterinary Herbal Apprenticeship and Retreat is intended 
to train veterinarians in the use of Western Herbal Medicine.  
This is a comprehensive course including organ system-based 
Materia Medica, medicine-making, herb walks, self-care, 
and more.  This course is also intended to help prepare the 
practicing veterinarian for the VBMA certification exam. 

21-22 Session:

March 19-21, 2022
April 23-25, 2022 

22-23 Session:

September 16-19, 2022
October 14-17, 2022
November 5-7, 2022
March 18-20, 2023
April 15-17, 2023

Save the dates!
2022 AHVMA Annual Conference  

September 10 – 13, 2022 
West Palm Beach, FL

2023 AHVMA Annual Conference 
October 7 – 10, 2023 

San Diego, CA

mailto:office@ahvma.org
ivas.org/2021-congress/
mailto:office%40ahvma.org?subject=
www.psbroker.com
mailto:info%40psbroker.com%20?subject=
mailto:papavet8%40gmail.com?subject=
www.SimmonsInc.com
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Abbreviation Definition

2-D 2-dimensional

3-D 3-dimensional
A

AAHA American Animal Hospital Association

ACTH Adrenocorticotropic hormone

AD Right ear
AS Left ear
ADP Adenosine diphosphate
ALT Alanine aminotransferase. See SGPT
ALKP Alkaline phosphatase
ANOVA Analysis of variance
APHIS Animal and Plant Health Inspection Service
AST Aspartic aminotransaminase. See SGOT
ATP Adenosine triphosphate
ATPase Adenosine triphosphatase
AVMA American Veterinary Medical Association
B

BCG Bacille Calmette-Guerin
BID Two times a day
BSA Bovine serum albumin
BUN Blood urea nitrogen
C

°C Degree(s) Celsius
cAMP Cyclic adenosine monophosphate
CBC Complete blood count
CDC Centers for Disease Control and Prevention
CFU‡ Colony-forming unit
CNS Central nervous system
CPR Cardiopulmonary resuscitation
CSF Cerebrospinal fluid

CT Computed tomography or computed 
tomographic

Ci Curie(s)
MMCi Microcurie(s)
mCi Millicurie(s)
D

D Day
Diam Diameter
DMSO Dimethyl sulfoxide

Abbreviation Definition

DICOM Digital Imaging and Communications in 
Medicine

DNA Deoxyribonucleic acid
E

ECG Electrocardiogram or electrocardiographic. 
Also EKG.

EDTA Ethylenediaminetetraacetic acid
EEG Electroencephalogram

eg Latin for for example; use only in 
parenthetical expressions

ELISA Enzyme-linked immunosorbent assay
EM Electron microscopy
F

°F Degree Fahrenheit
FDA Food and Drug Administration
FeLV Feline leukemia virus
FIV Feline immunodeficiency virus
G

GABA Gamma-aminobutyric acid
g Gram
H

h or hr Hour or hours
H&E Hematoxylin and Eosin
Hct or HCT Hematocrit
Hgb or Hb Hemoglobin
HIV Human immunodeficiency virus
hpf High-power field or high-power fields
I

ie Latin for that is; use only in parenthetical 
statements

Ig Immunoglobulin
IM Intramuscular
IP Intraperitoneal
IU International unit(s)
IV Intravenous or intravenously
L

LD50 Median lethal dose
L Liter(s)
MMl Mliter(s)
ml Milliliter

Standard Abbreviations
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mo Month
MRI§ Magnetic resonance imaging
mRNA Messenger ribonucleic acid
N

n Number in a study group
NAD+ Nicotinamide adenine dinucleotide
NADH NAD + reduced
NADP NAD+ phosphate
NADPH NADP reduced
No. Number
NO Nitric oxide
NSAID Nonsteroidal anti-inflammatory drug
O

OD Optical density
OD Right eye
OS Left eye
P

P Probability
PET Positron Emission Tomography
PBS Phosphate-buffered saline
PCR Polymerase chain reaction
PCV Packed cell volume
PG Prostaglandin
PMN Polymorphonuclear leukocytes
PO Per os
Q

q Every
QD Daily or every day or once a day
R

RBC Red blood cell
RIA Radioimmunoassay
RNA Ribonucleic acid
rpm Revolutions per minute
rRNA Ribosomal ribonucleic acid

Abbreviation Definition

S

s second
SD Standard deviation
SE Standard error
SEM Standard error of the mean

SGOT Serum glutamic-oxaloacetic transaminase.
See AST

SGPT Serum glutamate pyruvate transaminase. 
See ALT

SID Once daily
SSRI Selective serotonin reuptake inhibitor
SOD Superoxide dismutase
SV-40 Simian virus 40
T

T½ Half-life
TID Three times a day
tRNA Transfer ribonucleic acid
U

U Unit
U.S. or U.S.A.† United States
USDA† United States Department of Agriculture
UV Ultraviolet
V

V Volt
vol Volume
W

W Watt
Wk Week
wt Weight
WBC White blood cell
Y

yr Year

§Although this abbreviation can be an adjective or a noun, it  
cannot be used to mean magnetic resonance image. The term  
MRI image is acceptable.

†The abbreviation US may be used without expansion on first 
mention only when it is used as a modifier and only when  
it directly precedes the word it modifies. In other instances, 
United States should be used.

Abbreviation Definition

M

m Meter
MMm micrometer
min Minutes
MLV Modified live virus
M Molar


