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Abstract 

 

Anti-inflammatory and analgesic therapies are crucial pre-operative practices that alleviate 

inflammation and pain in animals during and after surgery. Medications such as non-steroidal anti-

inflammatory drugs (NSAIDs), opioids and alpha-2 agonists, are commonly administered to prevent 

these surgical reactions. However, these drugs can cause many side effects in animals, prompting the 

exploration of non-pharmacological anti-inflammatory devices (NPAIDs), like targeted Pulsed 

Electromagnetic Field therapy (tPEMF). This study aims to evaluate tPEMF as an adjunctive therapy in 

feline ovariectomy surgery, potentially offering new insights into its effectiveness in managing pain and 

inflammation in anesthetized cats. 

Thirty healthy female cats were equally divided into two groups; Control (n=15) and tPEMF (n=15) 

groups. Intraoperative hemodynamic parameters such as Heart Rate (HR), Mean Arterial Pressure 

(MAP), and Respiratory Rate (RR) were recorded for pain measurement, at different timepoints 

including, the steady state (SS), cutaneous incision (I), first ovarian manipulation (MO1), first ovarian 

traction (TO1), second ovarian manipulation (MO2), second ovarian traction (TO2), muscular suture 

(MS) and cutaneous suture (CS). The interleukin-1 beta (IL-1β) concentrations were assessed as well, 

before and after the surgery, as an indicator of inflammation. 

The outcomes showed significant variations in both groups HR and MAP during surgical procedures, 

indicating nociception; however, there was no significant difference between the two groups, suggesting 

that tPEMF's ability to reduce intraoperative pain was limited. On the other hand, the tPEMF group 

showed significantly lower MAP during TO2 compared to the control group (79 mmHg vs 97 mmHg 

respectively), which shows a potential beneficial effect on blood pressure regulation. At the cutaneous 

incision, RR in the tPEMF group seemed to stabilize compared to the steady state, unlike the control 

group (∆RR = 0.4 vs 3.5 respectively), suggesting a potential early intraoperative nociception decrease. 

However, additional study is required to validate this effect. Although there was no significant difference 

in IL-1β concentrations across the groups, the tPEMF group's preoperative and postoperative levels 

continuously trended lower, compared to the control group’s levels, implying a potential anti-

inflammatory effect. 

Keywords: tPEMF – Ovariectomy – Hemodynamic Parameters – IL-1β 
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Résumé 

 

Les traitements anti-inflammatoires et analgésiques sont des pratiques préopératoires 

indispensables qui diminuent l'inflammation et soulagent la douleur chez les animaux durant une 

intervention chirurgicale. Les anti-inflammatoires non stéroïdiens (AINS), les opioïdes et les agonistes 

alpha-2 sont généralement administrés pour prévenir ces réactions chirurgicales. Cependant, ces 

médicaments peuvent entraîner de nombreux effets secondaires chez les animaux, ce qui incite à utiliser 

les dispositifs anti-inflammatoires non pharmacologiques (AINP) tels que la thérapie par Champ 

Electromagnétique Pulsé ciblé (CEMP). Cette étude vise à évaluer la CEMP en tant que thérapie 

d'appoint dans l'ovariectomie féline, offrant potentiellement de nouvelles perspectives sur son efficacité 

à gérer la douleur et l'inflammation. 

Trente chattes ont été divisées en deux groupes : le groupe témoin (n=15) et le groupe CEMP (n=15). 

Les paramètres hémodynamiques peropératoires tels que la fréquence cardiaque (FC), la pression 

artérielle moyenne (PAM) et la fréquence respiratoire (FR) ont été enregistrés pour mesurer la douleur 

à différents moments, notamment à l'état stable (ES), à l'incision cutanée (I), à la première manipulation 

ovarienne (MO1), à la première traction ovarienne (TO1), à la deuxième manipulation ovarienne (MO2), 

à la deuxième traction ovarienne (TO2), à la suture musculaire (SM) et à la suture cutanée (SC). Les 

concentrations d'interleukine-1 bêta (IL-1β) ont également été évaluées, avant et après la chirurgie, en 

tant qu'indicateur de l'inflammation. 

Les résultats montrent des variations significatives de la FC et de la PAM dans les deux groupes pendant 

la chirurgie, indiquant une nociception ; cependant, il n'y avait pas de différence significative entre les 

deux groupes, ce qui suggère que la capacité de la CEMP à réduire la douleur peropératoire était limitée. 

D'autre part, le groupe CEMP a montré une PAM significativement plus basse pendant la deuxième 

traction ovarienne (TO2) par rapport au groupe témoin (respectivement 79 mmHg vs 97 mmHg), ce qui 

montre un potentiel effet bénéfique sur la régulation de la tension artérielle. Lors de l'incision cutanée, 

la FR dans le groupe CEMP est stable par rapport à l'état stable, contrairement au groupe témoin (∆RR 

= 0,4 et 3,5 respectivement), ce qui suggère une diminution potentielle de la nociception peropératoire 

précoce. Cependant, des études supplémentaires sont nécessaires pour valider cet effet. Malgré l'absence 

de différence significative dans les concentrations d'IL-1β entre les groupes, les niveaux préopératoires 

et postopératoires du groupe CEMP ont baissé par rapport au groupe témoin, ce qui implique un effet  

potentiel anti-inflammatoire. 

Mots-clés: CEMP – ovariectomie – paramètres hémodynamiques – IL-1β. 
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Veterinarians have been able to effectively execute increasingly complicated and invasive  

surgeries due to the advancements in the veterinary surgery field, in an effort to increase the lifespan and 

improve the quality of life of pets (Lamont, 2002). The most common responses to surgical procedures 

are pain and inflammation. 

The inflammatory response is an inherent and physiological answer of the body to the surgical 

intervention and can be both beneficial and harmful (Rossaint & Zarbock, 2018). It is a dynamic and 

complex process that is characterized by a variety of events like the immune system being activated and 

the recruitment of immune cells to sites of injury and infection (Choileain & Redmond, 2006). Cytokines, 

such as interleukin-1 beta, and other sensitizing chemical mediators are also released, which is the main 

cause of surgical pain (Bosmans et al., 2009). The main goals of surgical inflammation are to start the 

healing process, prevent tissue damage, and defend the body against possible infections (Gaynor et al., 

2018). However, if surgical inflammation is not properly controlled, it can result in a prolonged healing 

time, more pain and discomfort, as well as a higher risk of complications including infections and 

scarring (Hsing & Wang, 2015). In order to alleviate inflammation and pain in animals during and after 

surgery, anti-inflammatory and analgesic therapies are needed. 

Based on the International Society of Feline Medicine (ISFM) guidelines on the management of 

pain in cats, acute visceral pain that is associated with elective procedures, such as feline ovariectomy, 

is effectively treated with NSAIDs, opioids and alpha-2 agonists (Steagall et al., 2022). However, these 

drugs can cause many side effects in animals, such as hypotension or toxicity with NSAIDs, as well as 

bradycardia or respiratory depression with opioids (Wright, 2002). Consequently, alternative therapies 

such as non-invasive non-pharmacological anti-inflammatory devices (NPAIDs) are being developed. 

Among the NPAIDs is the targeted Pulsed Electromagnetic Field therapy (tPEMF). By the use 

of inductive coils, electrical and magnetic fields are being applied to tissues. This mechanism of action 

renders the PEMF therapy a non-invasively treatment of a number of disorders. The electromagnetic 

field produced by these devices have been shown to have an impact on a number of biological processes, 

and in the last ten years, basic scientific understanding of the underlying mechanisms of tPEMF 

treatment has advanced (Gaynor et al., 2018). tPEMF has been proven to be an efficient and safe post-

operative treatment for pain in veterinary medicine. However, no research has been conducted to date to 

evaluate the effectiveness of tPEMF in reducing pain and inflammation during surgery. 

The main objective of the present thesis is to assess the analgesic and anti-inflammatory effect 

of tPEMF device as an adjunctive therapy to premedication in feline ovariectomy, by recording 
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intraoperative nociceptive parameters, and analyzing pro inflammatory cytokines concentrations in two 

different groups. 

Therefore, findings could provide a fresh insight into a relatively understudied NPAID device in 

a surgical context in anesthetized cats. 
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1. Surgical inflammation and inflammatory markers: 

 

Surgery can cause inflammation for a variety of reasons. The main one is a process called surgical 

trauma. During the operation, the body tissues are manipulated, cut, and torn, damaging the cells and 

tissues around them. This damage triggers the development of a response by the endogenous immune 

system, which leads to inflammation (Rossaint & Zarbock, 2018). Since this inflammatory response is 

related to surgery and trauma, it could be considered a surgical inflammation (Arias et al., 2009). It is 

geared to promote tissue remodeling, and to provide protection and foster a physiological environment 

that is favorable to healing and hostile to infections (Paruk & Chausse, 2019). This response causes blood 

vessels to dilate, enhancing the flow of blood to the afflicted area, resulting in higher concentrations of 

white blood cells and immune cells at the site of injury which aids in the removal of any foreign intruders, 

including bacteria and debris (Meintjes, 2012). In addition, the body releases inflammatory mediators, 

such as cytokines and other molecules like platelet activating factor, reactive oxygen species, nitric 

oxide, prostaglandins, nerve growth factors, substance P and histamine (Meintjes, 2012; Hsing & Wang, 

2015). Cytokines are key chemical immune mediators that guide the inflammatory reaction to the injury 

and infection locations and alert the nociceptors in the damaged areas, causing prolonged sensitization 

and pain (Bosmans et al., 2009). Therefore, there can be two types of cytokines: Pro-inflammatory and 

anti-inflammatory cytokines. Pro-inflammatory cytokines possess a major role in the onset of an 

effective defense against exogenous pathogens. In contrast, anti-inflammatory cytokines play a critical 

role in reducing the exacerbated inflammatory response and preserving homoeostasis for the healthy 

functioning of vital organs (Ng et al., 2003). Activated macrophages and endothelial cells are mainly 

responsible for the release of Interleukin-1, pro-inflammatory cytokines, as part of the innate acute phase 

response that is defensive in nature (Lin et al., 2000). Two types of Interleukin-1 can be found: 

Interleukin-1 alfa (IL-1α) and Interleukin-1 beta (IL-1β). After the occurrence of cellular disruption from 

tissue injury, during the intraoperative and early postoperative periods, IL-1β are quickly released and 

more readily detectable in the circulation. These characteristics of IL-1β make them appropriate 

inflammatory markers that can be evaluated for the assessment of inflammation (Lin et al., 2000).  

 

 

2. Intra-operative pain: definition, pathway and assessment: 

 

In the 17th century, Descartes postulated that due to the automata nature of animals, they were 

incapable of feeling pain. Unfortunately, for a long time, up through a great part of the 20th century, 

science embraced this theory, and it wasn’t until the latter half of that century that animal pain became 
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the subject of scientific investigation. Nowadays, the majority of veterinarians recognize that animals 

actually experience pain (Bosmans et al., 2009). 

Pain from surgical procedures is a perception generated in response to noxious stimuli, such as 

tissue trauma (Urman et al., 2014), while nociception is the detection of such stimulus and sensation of 

pain by specialized sensory neurons, called nociceptors, and the transmission of that information to the 

brain (Muir & Woolf, 2001). The nociceptive pathway is a 3-neuron chain, and it is illustrated in figure 

1. The 1st order neuron or primary afferent neuron is in charge of transmitting signals from the periphery 

to neurons in the dorsal horn of the spinal cord and transducing noxious stimuli. The 2nd order neuron, 

also known as the projection neuron, takes information from the first neurons and transmits it to neurons 

in higher brain centers (medulla, midbrain, pons, thalamus and hypothalamus). Third order supraspinal 

neurons combine signals from spinal neurons in these centers, and send them to subcortical and cortical 

regions, where pain is finally perceived (Lemke, 2004) (Figure 1).  

 

 

Figure 1: A simplified representation of nociceptive pathway as a three-neuron chain. A noxious stimulus in the periphery 

activates a primary afferent fiber that transmits the information to the dorsal horn of the spinal cord. Here, a second order  

projection neuron that ascends in a spinal tract to the level of the thalamus intervenes. Finally, a tertiary neuron transmits the 

modified noxious stimulus to higher brain centers, notably the cerebral cortex, for perception (Lamont et al., 2000). 
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Numerous physiological reactions, such as the fight or flight response, brought on by noxious 

stimuli, are inherently mediated by the sympathetic nervous system (Burton et al., 2016). These include 

changes in blood pressure (BP), heart rate (HR) and respiratory rate (RR). This sympathetic response to 

noxious stimulation of tissues is caused by the close proximity of somatosensory and sympathetic nerves, 

and the direct coupling of sympathetic and sensory pathways in the dorsal root ganglion (Stewart & 

Panickar, 2013). 

There is currently no reliable way to assess the severity of acute pain objectively. A number of 

devices that have been developed in humans and animals are now accessible in the market for 

intraoperative monitoring, however, they are only applicable in particular circumstances (Ledowski, 

2019; Sylvain et al., 2022). In veterinary medicine, vital signs, such as hemodynamic (HR and BP) and 

respiratory variables (RR), have long been explored as potential nociception indicators (Hernandez-

Avalos et al., 2019; Ruíz-López et al., 2020). In a study done on 20 cats undergoing laparoscopic 

ovariectomy, these parameters were considered and recorded at surgical noxious events (incision, 1st 

ovary manipulation and traction, 2nd ovary manipulation and traction, muscular suture and cutaneous 

suture) (Conceição et al., 2018). In another study done on 75 cats undergoing ovariohysterectomy and 

evaluating the intraoperative analgesia provided by incisional lidocaine and bupivacaine, BP, RR and 

HR were registered during the surgery (Vicente & Bergström, 2018). These cardiorespiratory 

parameters were also recorded in a study done on 60 cats undergoing orchiectomy in order to evaluate 

intra and postoperative analgesia after ropivacaine injection into the spermatic cord (Cicirelli et al., 

2022). 

 

 

3. Preventive analgesia:  
 

Pain management in veterinary medicine has evolved significantly over the years. Historically, 

due to the belief that animals were not subjected to pain in the same way as humans, pain management 

in animals was frequently neglected. Based on surveys of animal health technicians and veterinarians in 

Canada (Dohoo & Dohoo, 1996; 1998), Britain (Lascelles & Waterman, 1997; Lascelles et al., 1999) 

and Australia (Watson et al.,1996), veterinarians were still hesitant in the late 1990s to give analgesics 

to animals following all surgical procedures. According to these surveys, only 13% to 26% of cats and 

dogs undergoing routine ovariohysterectomy or castration were given analgesics (Mathews, 2000).  

Currently, veterinary surgeons and practitioners are openly supporting the concept of pain 

management in animals, which is steadily gaining traction (Wright, 2002). In fact, preventive analgesia 
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is now considered one of the main principles of pain management (Steagall et al., 2022). It refers to the 

practice of initiating analgesic treatment prior to the predicted noxious insult that leads to acute pain 

(Lamont, 2002). Indeed, untreated acute pain caused by illness, trauma, or surgery, has the potential to 

progress into a chronic pain state, which is much more challenging to manage. The lack of analgesic 

treatment for a painful animal may result in the onset of peripheral and/or central sensitization of 

nociceptive neurons (Adrian et al., 2017; Simon et al., 2017), which in turn can lower the nociceptive 

threshold to non-noxious and noxious stimuli (Steagall et al., 2022) and can cause long-term emotional 

and psychological distress (Cohen & Raja, 2013). Therefore, preventive analgesia could prevent 

peripheral and central sensitization by anticipating and relieving pain and should be considered essential 

in every veterinary practice to optimize animal welfare (Kelly et al., 2001; Lamont, 2002; Wright, 2002; 

Steagall et al., 2022).  

 

A. Common analgesia practices in ovariectomy: 

Ovariectomy, a typical elective surgical procedure, is known to induce acute pain in cats. A 

questionnaire to British veterinary practices found that after a routine ovariectomy, 99.9% of responders 

reported that cats were in pain (Capner et al., 1997; Slingsby & Waterman-Pearson, 1998). It can be 

categorized as a mild to moderately painful surgery if the animal is young and healthy, and moderately 

painful if the animal is obese, old, or if the procedure is more extensive (Mathews, 2000). This may be 

due to noxious stimuli such as pedicular manipulation and ovarian traction (Höglund et al., 2011; 

Höglund et al., 2014) or stretching of the heavily innervated peritoneum in an effort to locate the ovaries 

(Roizen, 1988).  

A number of analgesics have been shown to be effective in reducing pain during ovariectomy, including 

alpha-2 agonists (eg, medetomidine), opioids (eg, morphine), NSAIDs and local anesthetic techniques 

(eg, incisional and intraperitoneal analgesia using bupivacaine) (Stanway et al., 1996; Lamont, 2002; 

Wright, 2002; Steagall et al., 2022).  

 

i. Alpha-2 agonists: 

Alpha-2 adrenergic agonists are potent dose-dependent sedatives frequently used in premedication. 

They are also known to provide muscle relaxation and some analgesia (Steagall et al., 2022). Analgesia 

can be produced by the stimulation of alpha-2 adrenergic receptors in the peripheral and central nervous 

systems (CNS), organs and vascular tissues (Kelly et al., 2001). After the administration of alpha-2 
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agonists, the presynaptic alpha-2 receptors in the CNS are stimulated which activates the inhibitory 

neurons and reduces the sympathetic output through a negative feedback mechanism resulting in a 

decrease in the secretion of norepinephrine (Norman & Nappe, 2023). The use of alfa2 adrenergic 

agonists should be reserved for cats with stable cardiovascular function, since they can lead to 

undesirable profound cardiovascular depression causing vasoconstriction, bradycardia, arrhythmias, and 

decreased stroke volume (Lamont, 2002; Wright, 2002). Alpha-2 adrenergic receptor antagonists (such 

as atipamezole) should always be on hand for drug reversal and may be necessary during extended 

recoveries or when cardiovascular collapse is noticed (Steagall et al., 2022). Other side effects such as 

vomiting, hyperglycemia and urination can also be observed. Drugs with higher specificity for the alpha-

2 adrenergic receptors (medetomidine and dexmedetomidine) are preferred over other less selective 

alpha-2 adrenergic drugs (such as xylazine) thanks to their more predictable sedative effect and lower 

incidence of side effects (Steagall et al., 2022). 

 

ii. Opioids: 

Opioids are considered ‘core medicines’ and are included in the WSAVA list of essential drugs for 

cats and dogs (Steagall et al., 2022). In cats undergoing sterilization, one study found that opioid agonists 

were generally administered preoperatively while NSAIDs were prescribed postoperatively (Lascelles 

et al., 1999). Opioids are potent analgesic drugs and could have some sedative properties when 

administered with alpha-2 agonists or acepromazine thanks to their synergic activity. Morphine, 

buprenorphine, and fentanyl are some of the commonly used opioids in cats (Stanway et al., 1996; 

Robertson & Taylor, 2003). Pure opioid agonists, such as morphine, could result in potential side effects 

such as bradycardia, respiratory depression, urinary retention, gastrointestinal stasis, histamine release, 

vomiting, nausea as well as dysphoria, excitement and hyperthermia especially in cats (Fertziger et al., 

1973; Lascelles et al., 1999; Lamont, 2002; Wright, 2002). 

A synergistic effect was found to occur between opioids and alfa-2 agonists which could permit the 

administration of a lower dose of each drug resulting in less undesirable effects. As such, several studies 

(Omote et al., 1991; Goyagi & Nishikawa, 1995) indicated that the potency of the alpha-2 agonists 

analgesia could be enhanced by the concomitant administration of opioids. Additionally, it has been 

demonstrated that alpha-2 agonists could reduce the undesirable psychological and physiological effects 

of opioid withdrawal (Kelly et al., 2001).  
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iii. NSAIDs: 

 

It has been demonstrated that NSAIDs, such as meloxicam, are extremely efficient postoperative 

analgesics following ovariectomy and minor soft tissue surgeries (Slingsby & Waterman-Pearson, 2000; 

Steagall et al., 2022). They are extensively used in cats for their anti-inflammatory, analgesic and 

antipyretic effects particularly for post-operative pain control (Steagall et al., 2022). They are cyclo-

oxygenase (COX) enzyme inhibitors which could reduce inflammatory prostaglandin production and 

peripheral sensitization. Due to the fact that cats have reduced ability to metabolize drugs via hepatic 

glucuronidation, plasma drug concentrations are frequently prolonged, causing this species to be 

susceptible to toxicity from NSAIDs when given at high doses (Wright, 2002; Steagall et al., 2022). 

Their administration is contra-indicated in case of gastrointestinal disease, NSAID intolerance, 

unmanaged renal disease, hepatic disease, coagulopathies, concurrent NSAID or corticosteroid 

administration, hypovolemia and hypotension (Steagall et al., 2022). 

 

iv. Locoregional anesthesia: 

Locoregional anesthesia is a relatively safe technique which has the unique ability to completely 

block peripheral nociceptive input and prevent the development of central sensitization (Lemke, 2004). 

Excellent analgesia is provided by preventing transduction and transmission of nociceptive signals from 

the periphery to spinal and supraspinal centers (Steagall et al., 2022). They are useful adjuncts to other 

perioperative regimens and as a part of the multimodal analgesia (Mathews, 2000). When these 

techniques are integrated into the plan, anesthetic maintenance and recovery are usually smooth. Other 

benefits of locoregional anesthesia include lower costs and reductions in injectable and volatile 

anesthetic requirements which could consequently improve the cardiopulmonary function. In addition, 

locoregional anesthesia has a long-acting effect which could extend into the postoperative period 

reducing the requirements for other drugs (Steagall et al., 2022). 

 

B. Targeted pulsed electromagnetic field therapy (tPEMF™): 

 

i. Rationale and background: 

Apart from the pharmacologic agents, non-invasive non-pharmacological anti-inflammatory devices 

(NPAIDs) have been designed and put to use in clinical settings to treat inflammatory conditions as well 

as pain in both humans and animals (Rohde et al., 2010; Gaynor et al., 2018).  
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In the last two decades, clinicians and scientists have developed compelling research demonstrating 

the basic science and clinical evidence of targeted Pulsed electromagnetic field (tPEMF™) therapy as a 

NPAID. This device was demonstrated to cure non-invasively and non-thermally a variety of illnesses 

by sending electric and magnetic stimulations to tissues through inductive coils (Strauch et al., 2009). 

tPEMF treatment has received FDA clearance thanks to rigorous and peer-reviewed results obtained 

from human and preclinical studies which enabled this device to be considered safe and effective for 

many situations including orthopedic injuries, degenerative disorders, neurological issues, internal 

inflammation, wound care, post-surgical pain and swelling (Rohde et al., 2010; Pilla, 2013; Gaynor et 

al., 2018).  

 Many researches back up the efficacy of tPEMF to treat pain and inflammation in humans. Kubat 

et al. studies revealed that PEMF therapy caused gene expression alterations and was associated with 

resolution of inflammation in human cells (Kubat et al., 2015). According to other studies, tPEMF 

therapy showed significant clinical effects reflecting a considerable drop in the concentrations of IL-1β 

at the wound site in patients undergoing breast reduction surgery (Rohde et al., 2010), as well as in pain 

scores (Rawe et al., 2012) and in narcotic pain medication use (Rohde et al., 2015).  

In veterinary medicine, tPEMF devices are increasingly being implemented as a clinical 

treatment modality (Gaynor et al., 2018). They have been used to evaluate their efficacy in alleviating 

post-operative pain. As such, tPEMF was applied for several weeks in dogs treated for spinal 

decompression surgery. Compared to controls, it resulted in significantly less pain at the site of the 

surgical incision, reduced levels of inflammatory biomarkers, and improved proprioceptive function 

(Zidan et al., 2018).  Also, in dogs with osteoarthritis, previcox (5mg/kg) and tPEMF were compared 

for 20 days. Previcox treatment appeared to be unsatisfactory after 4 days whereas dogs treated with 

tPEMF were good during 12 months (Pinna et al., 2013).  

Overall, it may be said that to date, tPEMF technology is found to be an attractive NPAID device 

implemented during the postoperative recovery to reduce symptomatology, promote healing and 

facilitate administration of lower doses of drugs, underscoring the trend towards multimodal treatment 

in both humans and animals. 
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ii. Mechanism of action: 

The mechanism of action is illustrated in figure 2. 

The primary mechanism of action of tPEMF is complex and continue to be an area of research focus. 

However, there has been considerable progress in identifying some of the pathways that are relevant to 

the PEMF technologies. It consists of specifically targeting normal endogenous anti-inflammatory and 

repair responses by delivering electromagnetic pulses, which are therapeutic waveforms, to the damaged 

tissues. The response to the tPEMF treatment is ineffective outside of the context of injured tissues 

(Gaynor et al., 2018).  

Because the induced currents are immediately present when the coil applicator is transmitting into 

the afflicted area, tPEMF effects are instantaneous and are not constrained by pharmacokinetics. In fact, 

the magnetic field created by these electromagnetic pulses penetrates the body's tissues and cells, causing 

increased intracellular calcium ion (Ca2+) signaling (Strauch et al., 2009; Brighton et al., 2001; Pilla et 

al., 2011). Increased levels of free calcium ions (Ca2+) in the cytoplasm enhance the binding of calcium 

(Ca2+) to calmodulin (CaM). Short-bursts of nitric oxide (NO) are produced as a result of constitutive 

nitric oxide synthase (cNOS) being activated by Ca2+/CaM binding. Cyclic guanosine monophosphate 

(cGMP) synthesis is then increased by NO's ability to bind to soluble guanylyl cyclase. The upregulation 

of NO and cGMP are known to activate endogenous anti-inflammatory responses, enhance blood flow 

and increase production of growth factors that promote neovascularization, tissue regeneration, and 

tissue remodeling (Gaynor et al., 2018) (see Figure 2). 
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Figure 2: Mechanism of action of tPEMF. (A) General graphical representation of the model; (B) Schematic detail of the 

sequence of events starting from the first PEMF pulse with the alignment of the temporal flow diagram of the individual 

events and the involvement of the various cellular compartments (Luigi & Tiziano, 2020).  
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Data collection was held between May and December 2022 at the Small Animal Hospital of 

VetAgro Sup (Veterinary Campus of Lyon, France) with an informed consent of the owners. 

 

1. Animals: 

Forty female cats admitted for a routine ovariectomy were recruited in this study. Four cats were 

excluded due to recording errors while six cats received ketamine in addition to propofol for induction 

and were thus withdrawn from the study. Therefore, thirty patients were analyzed and included in the 

study (Appendix 1). The demographic data of each group are represented in table 1.  

 

 

 

 

Table 

1: Average age and weight of cats, and procedure length of each group 

SD: Standard Deviation, tPEMF: targeted Pulsed Electromagnetic Field 

 

All cats were examined prior to premedication and only healthy cats (ASA physical status of I or II) 

were included. The cats were blindly and equally allocated among two groups: Control group (cats 

receiving morphine and medetomidine in premedication) and tPEMF group (cats receiving morphine 

and medetomidine in premedication in addition to the targeted Pulsed Electromagnetic Fields therapy).  

 

 

2. Anesthetic Protocol: 

The anesthetic procedure adapted in both groups is illustrated in figure 3.  

Following a fasting period of approximately 8 hours, cats of both groups received a combination 

of medetomidine (0.02 mg/kg) (Dorbene vet, Zoetis, France) and morphine (0.1 mg/kg) (morphine 

chlorhydrate, Aguettant, France) intramuscularly (IM) 30 minutes before the surgery. All cats were 

then put in a plastic cage placed on the tPEMF pad during 15 minutes and in a quiet environment. A 

plastic cage devoid of metal was chosen to avoid any effect on the strength of the electromagnetic 

field treatment. A person (MM/JP), who was not involved in the evaluation of the hemodynamic 

parameters during the surgery, was charged to randomly activate or not the tPEMF pad, in order to 

ensure a blind procedure. 

 

 

 
Age (months) Weight (kg) 

Procedure length (min) 

Control (N=15) 
Mean ± SD 

9.2 ± 6.7 2.8 ± 0.53 151.4 ± 31.24 

tPEMF (N=15) 9.1 ± 5.9 2.8 ± 0.5 154.4 ± 33.95 
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After the 15 minute-wait, an intravenous catheter was placed in the cephalic vein and anesthesia 

was induced with diazepam (0.3 mg/kg) (Diazépam TVM, France) and a slow injection of propofol 

(2 mg/kg) (Propomitor, Osalia, France) to effect (see Figure 3). 

To intubate the cats, lidocaine spray was used to facilitate the intubation and maintenance of 

anesthesia was provided by inhalation of isoflurane (Isoflo, Axience, France) in 100% oxygen. 

Intravenous fluids (Ringer lactate) were administered at a rate of 3 mL/kg/h. During the surgery, 

rescue analgesia consisting in an IV bolus of fentanyl (1 μg/kg) (Fentadon, Dechra, France) was 

administered in case of a hemodynamic reaction (defined as an increase by ≥ 20% of the heart rate 

and/or mean blood pressure and/or respiratory rate).  

 

 

Figure 3: Anesthetic procedure of Control and tPEMF groups. 

*Hemodynamic reaction: increase by ≥ 20% of heart rate and/or mean blood pressure and respiratory rate 

 

 

 

3. Anesthesia monitoring: 

After stabilization, the mean arterial pressure (MAP), heart rate (HR), respiratory rate (RR), 

electrocardiogram (ECG), oxygen saturation of hemoglobin (SpO2), capnography (ETCO2) and 

oesophageal temperature were continuously monitored (Advisor® Vital Signs Monitor V9203®, 

Surgivet, USA). These data were collected every 5 min during the procedure as well as at the times of 

interest. The arterial pressure measurement was repeated twice for further accuracy. The depth of 

anesthesia was assessed clinically using the palpebral reflex, eyeball rotation and jaw tone. In case of a 

light anesthetic depth, a bolus of propofol (0.5 mg/kg) was administered with an adjustment of the 

concentration of inhalant anaesthetic in order to maintain the animal in a surgical plane of anesthesia.  

At the end of the surgery, isoflurane flow was discontinued. A SC combination of morphine (0.1 

mg/kg) and meloxicam (0.05 mg/kg) (Meloxym®, Osalia, France) was administered. Once the laryngeal 

reflex was detected, the animal was extubated. 
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4. Description of tPEMF device: 

The tPEMF device used in this study is represented in figure 4. It is a multi-coil pad (18 inches 

x 36 inches) that delivers FDA cleared tPEMF therapy for in-clinic use. Its effects can last for about 2 

hours after a 15 minute-full body treatment. The coil of the tPEMF is the component that delivers the 

therapeutic electromagnetic field. It generates a twice-per-second, 2-millisecond burst of a 27.12 

megahertz radio wave signal with an amplitude of 4 microtesla. That field extends 4-5 inches on both 

sides from the plane of the coil. The tPEMF strength is about 100 times less than that from a cell phone, 

though, its signal characteristics enable it to enhance the normal anti-inflammatory and repair responses 

in challenged human and animal tissue. In fact, the signal is specifically targeted to enhance the binding 

of calcium (Ca2+) to calmodulin (CaM). This, in turn, accelerates the nitric oxide (NO) cascade, which 

regulates inflammation and healing. The tPEMF waveform acts as a first messenger in tissue growth, 

repair, and maintenance. Therefore, this pulse-modulated field is non-thermal and non-invasive, yet is 

sufficient in strength to have therapeutic benefit (see Figure 4). 

 

 

 

 

 

 

Figure 4: Assisi Loop Lounge® Medium tPEMF System device 

 

 

5. Surgical procedure of ovariectomy: 

Cats were positioned in dorsal recumbency, where they were shaved, cleaned and sterilized on  

the surgical site, to minimize the risk of infection. And then they were clipped, prepped, and draped from 

pubis to xiphoid area. Using a scalpel blade, a cutaneous incision was made at the cranial third of the 

abdomen, just below the umbilicus, on the abdominal midline. After all abdominal layers were incised, 

the ovaries were located through palpation or visualization of the fallopian tubes. A spay hook was used 

to sweep the abdomen caudal to the kidney in order to snare the uterine horn. After the ovary, suspensory 
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ligament, and tip of the uterus were identified and visualized, the first ovary was exteriorized. Hemostatic 

forceps were applied to the proper ligament (located between ovary and uterine horn) to maintain 

traction, and the suspensory ligament (fibrous band connecting ovaries to kidneys) was palpated, 

stretched, and then torn using the left index finger. The ovarian pedicle was clamped with two hemostatic 

forceps (modified 3 clamp technique) and a third forceps at the level of the proper ligament, after a 

fenestration was made in the broad ligament (caudal to mesovarium). Dorsal to the most dorsal forceps 

was placed an encircling ligature, which was later taken away when the ligature was being tightened. A 

transfixing-encircling absorbable suture followed, which was placed between the encircling ligature and 

the second forceps. Transection of the pedicle took place between the second forceps and the ovary. The 

second ovary was treated using the same approach. After checking for any hemorrhage, all abdominal 

layers were sutured and the cutaneous incision was closed. 

 

 

6. Study design: 

After induction and intubation, the pre-operative blood withdrawal is done, and the blood is collected 

in heparin tubes and left for a few hours at room temperature. 

Before starting the surgery, the cats were positioned in dorsal recumbency and the surgical site was 

clipped, scrubbed and draped.  

MAP, HR and RR were recorded during the whole procedure with a particular focus at 8 specific 

times of interest: SS (Steady State, defined as the baseline phase between the preparation of the surgical 

site and the cutaneous incision), I (Cutaneous incision), MO1 (first ovarian manipulation, defined as the 

manipulation and stretching of the abdominal content to locate the first ovary), TO1 (first ovarian 

traction, defined as the traction and tearing of the suspensory ligament and the ligation and transection 

of the pedicle), MO2 (second ovarian manipulation), TO2 (second ovarian traction), MS (muscular 

sutures) and CS (cutaneous sutures) (Appendix 2).  

In order to assess the dynamic variation of MAP, HR and RR between the different times of interest 

within each group, ΔHR, ΔMAP and ΔRR were calculated for every 2 consecutive times-points as 

follows: 

ΔHR = [(HR2−HR1)/(HR2+HR1)/2]∗100, where HR1 is the value of HR at the first time of interest and 

HR2 is the value of HR at the consecutive time of interest.  
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ΔMAP = [(MAP2−MAP1)/(MAP2+MAP1)/2]∗100, where MAP1 is the value of MAP at the first time 

of interest and MAP2 is the value of MAP at the consecutive time of interest. 

ΔRR = [(RR2−RR1)/(RR2+RR1)/2]∗100, where RR1 is the value of RR at the first time of interest and 

RR2 is the value of RR at the consecutive time of interest. 

After the end of the surgery, and before extubation, the post-operative blood withdrawal is effected and 

the blood is collected in heparin tubes and left for a few hours at room temperature.  

The tubes are then centrifugated for 5 minutes at the speed of 3700 rpm/rcf, in order to separate the 

plasma from the blood. The plasma is collected in conical tubes and stored at -20°C until analyzed. 

 

 

7. Enzyme-Linked Immunosorbent Assays (ELISA): 

IL-1 beta was analyzed using a sensitive solid-phase sandwich Enzyme-Linked Immunosorbent  

Assay (ELISA) for feline IL-1β (Invitrogen, Feline IL-1 beta ELISA Kit). The immunoassay allowed 

specific IL-1β quantification in serum / plasma up to 4000 pg/mL. The sensitivity of the method was 

reported to be 0.05 pg/mL. The assay was performed according to the manufacturer’s recommendations 

after appropriate dilution of samples. IL-1β sample concentrations were determined following readings 

at 595 nm (for high concentrations) or 420 nm (for low concentrations), depending on the level of IL-

1β.  

 

 

8. Statistical Analysis: 

Statistical analysis was performed using IBM SPSS. Normality of distribution was assessed using 

Kolmogorov-Smirnov test. Parametric data were expressed as mean ± standard deviation (SD).  

A one-way repeated measures ANOVA was conducted for each group to compare MAP, HR and 

RR between the different times of interest within each group. Wilks’ Lambda value and its p value were 

reported to check the effect of time on the parameters. A pairwise comparison was used to compare each 

parameter at each time of interest between the groups. 

Friedman test was conducted to compare ΔHR, ΔMAP, ΔRR and the mean ranks within each 

group. Mann-whitney U test was used to compare ΔHR, ΔMAP, ΔRR between the groups. 
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Friedman test was used to compare the inhaled concentration of isoflurane between the different 

times of interest within each group.  

Regarding the evaluation of the IL-1β concentration, Wilcoxon Signed Ranks test was used to 

compare the preoperative and postoperative IL-1β concentrations within each group whereas Mann-

Whitney U test was used to compare the preoperative and postoperative IL-1β concentration between 

groups. 
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RESULTS 
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Thirty cats were recruited and were divided equally into 2 groups (see Appendix 1). Within each 

group, HR, MAP and RR were compared at each time-point to their measurements at Steady-State (SS). 

These parameters were also compared between groups at each time of interest. ΔHR, ΔMAP and ΔRR 

were compared within and between groups. 

 

 

1. Evaluation of the Respiratory Rate: 

In the control group, a significant increase in RR was noted only at the time of cutaneous sutures 

(CS) (33 bpm at CS vs 23 bpm at SS, p≤0.05) (Figure 5). 

In tPEMF group, RR appeared to increase at the time of muscular sutures (MS) as well as cutaneous 

sutures compared to SS (29 bpm and 34 bpm at MS and CS respectively vs 25 bpm at SS, p≤0.05) (see 

Figure 5).  

No significant difference was found in RR between groups nor in its dynamic variation (∆RR) within 

each group. However, it is relevant to mention that, unlike Control group, RR didn’t show any change 

at incision (I) compared to SS in tPEMF group (∆RR = 3.5 and 0.4 in the Control and tPEMF groups 

respectively). 

 



33 
 

 

Figure 5: Evaluation of RR at each time of interest compared with SS. 

RR: Respiratory Rate, SS: Steady State, I: Incision, MO1: Manipulation of 1st Ovary, TO1: Traction of 1st Ovary, MO2: 

Manipulation of 2nd Ovary, TO2: Traction of 2nd Ovary, MS: Muscular Suture, CS: Cutaneous Suture.  

*indicates a significant variation (p<0.05) of RR at each time point compared to SS in Control group.  

#indicates a significant variation (p<0.05) of RR at each time point compared to SS in tPEMF group. 

 

 

2. Evaluation of the Heart Rate: 

In both groups, HR appeared to vary significantly (p≤0.05) at MO1, TO1, MO2, TO2, MS and CS 

compared to SS (Control group : MO1: 153 bpm, TO1: 160 bpm, MO2: 161 bpm, TO2: 162 bpm, MS: 

158 bpm, CS: 152 bpm vs SS: 115 bpm and tPEMF group : MO1: 146 bpm, TO1: 148 bpm, MO2: 157 

bpm, TO2: 151 bpm, MS: 147 bpm, CS: 152 bpm vs SS: 122 bpm) (Figure 6). Also, its dynamic variation 

(∆HR) appeared to vary significantly between the different time-points within each group (p=0.0001).  

No significant difference in HR and ∆HR was detected between groups. 
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Figure 6: Evaluation of HR at each time of interest compared with SS. 

HR: Heart Rate, SS: Steady State, I: Incision, MO1: Manipulation of 1st Ovary, TO1: Traction of 1st Ovary, MO2: 

Manipulation of 2nd Ovary, TO2: Traction of 2nd Ovary, MS: Muscular Suture, CS: Cutaneous Suture.  

*indicates a significant variation (p<0.05) of HR at each time point compared to SS in Control group. 

 #indicates a significant variation (p<0.05) of HR at each time point compared to SS in tPEMF group. 

 

 

3. Evaluation of the Mean Arterial Pressure: 

Similar to HR, MAP appeared to significantly increase in both groups (p≤0.05) at MO1, TO1, MO2, 

TO2 compared to SS (Control group: MO1: 80 mmHg, TO1: 94 mmHg, MO2: 86 mmHg, TO2: 97 

mmHg vs SS: 60 mmHg and tPEMF group: MO1: 76 mmHg, TO1: 83 mmHg, MO2: 81 mmHg, TO2: 

79 mmHg vs SS: 60 mmHg) (Figure 7).  

When comparing both groups, a significant difference in MAP at TO2 was detected (97 mmHg for 

the Control group vs 79 mmHg for the tPEMF) (see Figure 7). 

Regarding the dynamic variation of MAP, ∆MAP appeared to vary significantly between the 

different time-points within each group (p=0.0001) but no significance was noted between groups. 

However, it is worth noting that MAP appeared to be stable to a certain extent between MO1 and TO2 

in the tPEMF group when compared to the Control group (Control group: ∆MAP = 3 (at TO1), -1.3 (at 

MO2) and 2 (at TO2) vs tPEMF group: ∆MAP = 1.8 (at TO1), -0.6 (at MO2) and -0.5 (at TO2)) 
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Figure 7: Evaluation of MAP at each time of interest compared with SS. 

MAP: Mean Arterial Pressure, SS: Steady State, I: Incision, MO1: Manipulation of 1st Ovary, TO1: Traction of 1st Ovary, 

MO2: Manipulation of 2nd Ovary, TO2: Traction of 2nd Ovary, MS: Muscular Suture, CS: Cutaneous Suture.  

* indicates a significant variation (p<0.05) of MAP at each time point compared to SS in Control group.  

# indicates a significant variation (p<0.05) of MAP at each time point compared to SS in tPEMF group. 

$ indicates a significant variation (p<0.05) of MAP at TO2 between the two groups. 

 

 

4. Isoflurane concentration  

No significant variation of isoflurane concentration was shown between the time-points within each 

group nor between groups at any time-point. The overall mean isoflurane concentration was 1.324 ± 

0.318 in Control group and 1.334 ± 0.335 in tPEMF group. 

 

 

5. Propofol and fentanyl requirements 

No significant difference was detected in propofol and fentanyl administration between the time-

points of each group nor between groups at any time-point. 
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6. Evaluation of the inflammation: 

The preoperative and postoperative concentration of IL-1β in each group were as follow:  

- The Control group presented a preoperative and postoperative IL-1β concentration of 1115.63 ± 

2875.23 pg/ml and 1106.36 ± 2841.81 pg/ml respectively. 

- The tPEMF group revealed a preoperative and postoperative IL-1β concentration of 528.28 ± 

1535.66 pg/ml and 537.74 ± 1567.44 pg/ml respectively (table 2).  

 

 

 

Table 2: Average preoperative and postoperative concentration of IL-1β in each group  

SD: Standard Deviation, tPEMF: targeted Pulsed Electromagnetic Field 

 

No significant difference was noted between the preoperative and postoperative IL-1β concentration 

within each group (p=0.7). In addition, the comparison of the preoperative IL-1β concentration on one 

hand and the postoperative IL-1β concentration on the other hand between groups was shown to be 

unsignificant (p=0.2 and p=0.4 respectively).  

 

 

 

 

 

 

 

 

 

 

Preoperative IL1-β 

concentration 

Postoperative IL1-β 

concentration 

Control  Mean ± SD 

(pg/ml) 

1115.63 ± 2875.23 1106.36 ± 2841.81 

tPEMF  528.28 ± 1535.66 537.74 ± 1567.44 
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DISCUSSION 
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The main objective of this study was to evaluate if the tPEMF device could reduce the  

intraoperative hemodynamic alterations and drug administration in healthy cats undergoing ovariectomy. 

Another goal was to evaluate if this technology could help decrease the postoperative level of surgical 

inflammation in these cats. In both groups, the main results are a significant variation of HR and MAP 

from the time of the 1st ovarian manipulation until the cutaneous sutures. Also, MAP value appeared to 

be significantly lower when treated with tPEMF therapy at the 2nd ovarian traction compared to control 

group. Regarding the intraoperative drug administration, propofol and fentanyl appeared to be similarly 

administered in both groups. As for the IL-1β concentration, no significant differences were noted in the 

preoperative and postoperative IL-1β concentrations within and between groups. 

Advancement in the field of non-invasive non-pharmacological anti-inflammatory therapy has 

significance for both human and veterinary medicine, particularly in the areas of pain management, 

reduction of inflammation, bone healing, and wound healing (Gaynor et al., 2018). These technologies 

include the tPEMF therapy which delivers electromagnetic stimulations to tissues and accelerates the 

nitric oxide (NO) cascade leading to the regulation of the inflammation and healing process. Incidentally, 

physicians who discovered NO’s physiological properties were awarded the Nobel Prize in Medicine in 

1998. In veterinary medicine, tPEMF was demonstrated to be a successful and safe post-operative pain 

treatment (Pinna et al., 2013; Zidan et al., 2018). As such, it is suggested that tPEMF can be used as a 

standalone or adjunct therapy for pain and inflammation regimens which can help sparing postoperative 

opioids and other pain medications (Strauch et al., 2009; Rohde et al., 2015). However, apart from the 

postoperative period, no studies have been conducted to date in veterinary medicine to assess the 

intraoperative efficiency of tPEMF to prevent pain and inflammation. Therefore, to our knowledge, the 

present study is the first to evaluate the performance of tPEMF in cats during general anesthesia. 

 In terms of cardiovascular reactions, both groups revealed significant variations in HR and MAP 

compared to SS at an early stage of the surgery. These alterations in HR and MAP could be considered 

as hemodynamic reactions due to nociception at the different surgical stimulations, especially during 

ovarian manipulation and traction (Burton et al., 2016; Hernandez-Avalos et al., 2019). In addition, as 

the dynamic variation of these parameters didn’t differ between groups, one could assume a poor 

performance of the tPEMF to reduce intraoperative nociception and the consumption of rescue analgesia. 

This is in accordance with the study done by Shafford et al. (2002) which failed to demonstrate any 

benefits of tPEMF alone when compared to untreated controls. However, during the traction of the 

second ovary, tPEMF group showed a considerably lower MAP compared to Control group. 

Interestingly, Stewart et al. (2020) reported a similar trend of reduced MAP after tPEMF therapy 
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application on a group of hypertensive individuals when compared to control group. As such, the results 

of our study are attractive as no discernable differences were noted between the two groups in terms of 

isoflurane concentration, fentanyl or propofol administration, therefore, the lower blood pressure shown 

in tPEMF group at the second ovarian traction is not expected to be related to the effect of isoflurane 

level alteration or to intraoperative drugs’ administration. Therefore, a potential effect of tPEMF on 

blood pressure cannot be ruled out at this phase of the surgery. 

Regarding the respiratory pattern, although not significant and unlike the Control group, the respiratory 

rate appeared to be stable in tPEMF group at the cutaneous incision, which is considered as the first 

nociceptive surgical stimulation. This may point to a potential stabilizing effect of the tPEMF during the 

early phase of the surgery. 

Lastly, this study didn’t present any significance when analyzing the results of the preoperative and 

postoperative IL-1β concentrations within and between groups. However, despite the non significance 

and the large dispersion of the IL-1β concentrations, both preoperative and postoperative concentrations 

of IL-1β in tPEMF group appeared to be lower than in Control group. The interpretation of these results 

could be difficult due to the large IL-1β data dispersion which might be due to the limited number of 

cats recruited in this study. Therefore, these results could not be conclusive and further studies that 

evaluate the intraoperative anti-inflammatory effect of tPEMF are required. 

 We acknowledge several limitations regarding this study. A limited number of cats was included 

which could have lowered the statistical power of the study. Also, in order to facilitate the 

implementation of the protocol in our clinical context, the measurement of arterial pressure during the 

procedure was non-invasive and thus not as accurate as an invasive method. However, the blood pressure 

measurement was repeated twice to avoid aberrant values. Another limitation could be related to the 

competence level of the veterinary students performing the ovariectomy which could have contributed 

in the prolongation of the surgical procedure. Additionally, this study did not assess post-operative 

recovery due to the immediate administration of meloxicam and morphine after extubation which can 

certainly affect the quality of recovery. 
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CONCLUSION 
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In order to reduce inflammation and pain in animals both during and after surgery, anti- 

inflammatory and analgesic therapies are essential pre-operative measures. Medications such as opioids, 

alpha 2 agonists, and non-steroidal anti-inflammatory drugs (NSAIDs) are commonly used. But because 

these medications can have a number of adverse effects in animals, researchers are looking into non-

pharmacological anti-inflammatory devices (NPAIDs), such as targeted pulsed electromagnetic field 

therapy (tPEMF). 

The purpose of this study was to examine the possible intraoperative advantages of tPEMF 

therapy, and evaluate its effects on inflammation and hemodynamic stability as an adjunctive treatment 

to premedication in healthy female cats undergoing ovariectomy. A number of interesting results were 

found after recording and assessing intraoperative nociceptive parameters, and analyzing pro 

inflammatory cytokines concentrations in the control and tPEMF groups. 

HR an MAP considerably varied during the surgical procedure in both control group and tPEMF group, 

indicating hemodynamic reactions presumably caused by surgical nociception. However, this variation 

of HR and MAP did not differ significantly between the two groups, reflecting limited efficacy in 

decreasing intraoperative nociception. 

Yet during the second ovarian traction, an interesting observation was made: the tPEMF group had a 

significantly lower MAP than the control group. This finding highlights questions regarding the potential 

impact of tPEMF on blood pressure regulation and calls for additional research. 

Regarding RR, tPEMF application proved to have a stabilizing effect during the first nociceptive surgical 

stimulus, the cutaneous incision, raising the possibility that tPEMF may help to reduce early 

intraoperative nociception, although more studies are required to validate this effect. 

IL-1β concentrations used to assess postoperative inflammation did not show any significant variations 

between the groups. The preoperative and postoperative IL-1β concentrations in the tPEMF group, 

however, were consistently lower than those in the control group, suggesting a potential anti-

inflammatory impact that needs additional research, ideally with a larger sample size. 

Finally, in a veterinary clinical context, the use of tPEMF device was associated with a 

suspicious intraoperative analgesic and anti-inflammatory effect in anesthetized cats. Based on these 

results, this device needs further investigation on a larger number of animals and in different clinical 

contexts, with assessment of post-operative recovery, and invasive arterial pressure measurement for 

more accuracy. 
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Appendix 1: Characteristics of cats undergoing ovariectomy 

 

Control group (n=15) 

 
 

 

tPEMF group (n=15) 

Animal 

Breed 

Weight 

(kg) 

Age 

(months/years) 
 

Animal 

Breed 

Weight 

(kg) 

Age 

(months/years) 

European 2 1.5 yo  European 2.85 1 yo 

European 1.8 4 mo  European 2.7 2 yo 

Maine Coon 3.8 2.5 yo  European 2.57 5 mo 

European 3.75 1 yo  European 2.2 6 mo 

European 2.35 1 yo  European 2.76 5.5 mo 

European 2.8 6 mo  European 2.9 8 mo 

European 2.54 6 mo  European 2.62 6 mo 

European 2.79 6 mo  European 3.43 1 yo 

European 2.17 6 mo  European 2.8 8 mo 

European 3.38 8 mo  European 2.95 5 mo 

European 3.17 6 mo  European 2.8 1.5 yo 

European 3.2 7 mo  European 2.6 7 mo 

European 3 5 mo  European 4.15 15 yo 

European 2.83 7 mo  European 2.9 6 mo 

European 2.8 6 mo  European 3.3 8 mo 
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Appendix 2: Vital measurements at each time-point 

 

  
Iso (%) MAP (mmHg)  HR (bpm) RR (bpm) 
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