
Anaesthesia in patients with cardiac pathologies 

often represents a challenge due to their cardiovascular 

dysfunctions, this group representing a higher anaes-

thetic risk (2, 3, 5-7, 10, 14-17, 20). Cardiac patient 

anaesthesia requires increased attention and a good 

organization of the anaesthetic protocol that is inten-

ded to be used, all in accordance with the patient's 

particularities and with the pathology it manifests (5-

11, 17, 20). 

This study summarizes the most common and im-

portant cardiac pathologies found in dogs and cats in 

anaesthesia during the pre-anaesthetic evaluation of 

the patients, premedication, induction and mainte-

nance. The aim is to provide valuable information re-

garding the protocols, monitoring and complications 

during anaesthesia for cardiac patients.

MATERIALS AND METHODS

The present study was performed on a number of 

120 canine patients and 50 felines aged 2-19 years, 

belonging to different breeds (32 patients of the Golden 

Retriever breed, 36 Half Breed, 2 Spanish Cockers, 3 

Greyhounds, 2 Basset Hound, 15 French Bulldogs, 1 

patient from the Great Dane breed, 15 Maltese Bichon, 

7 Amstaff, 5 Pekinese and 2 Boxers). 

For cats, the breeds were represented by 30 Euro-

pean felines, 15 Blue Russian cats, 2 Main Coon cats 

and 3 felines from the Sphinx breed.

Preanesthetic examination for all the patients was 

carried out in a quiet environment, so as to manipulate 

and stress out the patient as little as possible. In some 

cases, intramuscular administration of sedative sub-

stances was recommended before approaching venous 

access in order to reduce patient stress along with pre-

oxygenation (Fig. 1).

Fig. 1. Patient preoxygenation 

 The purpose of this study was to highlight the main 

cardiac pathologies encountered in dogs and cats un-

dergoing surgery between October 2017-August 2019 

and how to approach these patients from a perianes-

thetic point of view. The most common heart condi-

tions in dogs were the mitral valve regurgitation, res-

pectively dilatative cardiomyopathy and, in the case of 

cats, the way of approaching cardiac hypertrophy from 

a perianesthetic point of view.
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 Scopul acestui studiu a fost acela de a evidenția 

principalele patologii cardiace întâlnite la câinii și la pi-

sicile supuse intervențiilor chirurgicale în perioada Oc-

tombrie 2017 – August 2019 precum și modalitatea de 

abordare din punct de vedere perianestezic a acestor 

pacienți. Cele mai des întâlnite afecțiuni cardiace la 

câini au fost reprezentate de regurgitarea de valvă mi-

trală, respectiv cardiomiopatia dilatativă, iar în cazul 

pisicilor s-a urmărit modalitatea de abordare a hiper-

trofiei cardiace din punct de vedere perianestezic.
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Preoxygenation before induction of anaesthesia re-

duces myocardial hypoxia and prevents apnoea during 

induction. In order to keep the anaesthesia duration as 

short as possible, a good collaboration with the surgeon 

is necessary, so that once the patient has been induced, 

the surgeon has everything ready to start the surgery. 

The purpose of the entire anaesthesia protocol was to 

maintain the cardiovascular system stable. Because of 

the cardiovascular depression achieved by most anaes-

thetic substances, changes in the cardiac function and 

pulse compared with an unanesthetized patient are 

inevitable but should be minimal as a result. It is im-

portant to have all the information regarding each pa-

tient's cardiac values prior to anaesthesia. 

Preanesthetic examination is extremely important 

when it comes to patient and protocol decision. Greater 

attention should be paid to the cardiovascular system: 

the colour of the mucous membranes, the frequency, 

rhythm and the contractility of the heart, the quality 

and frequency of the pulse, blood pressure, measuring 

the lactate and the central venous saturation of the 

oxygen. The absence of clinical signs is not a guarantee 

for the absence of heart problems. In a study per-

formed by Nakamura et al. (2011), in the examined 

cats that showed cardiac murmur but did not show any 

clinical signs, the electrocardiographic examination of 

the felines showed that 53% of them suffered from car-

diac pathologies (21). The anaesthetic risk is increased 

for patients with cardiac pathologies regardless of whe-

ther they can compensate for the condition; the risk is 

higher in patients that have a decompensated heart.

Patient premedication

Almost all substances used for anaesthesia have an 

effect on the cardiovascular system. A healthy heart is 

able to tolerate these effects; however, the existence of 

cardiac pathologies can lead to a decompensated heart 

and heart failure. The anaesthetic substances used for 

the premedication of the patients presented in the stu-

dy were systematized according to the present cardiac 

conditions and the effects that drugs have on the heart. 

Benzodiazepines such as diazepam and midazolam 

have almost no effect on the cardiovascular system if 

they are given at the recommended doses. Diazepam 

has no clinically relevant effect on heart rate, myocar-

dial contractility, cardiac output and blood pressure. In 

dogs, midazolam may increase heart rate and cardiac 

output by 10% - 20%, if administered at high doses 

(0.25 - 1 mg / kg).

Ketamine is a dissociative agent that stimulates the 

cardiovascular system by activating the sympathetic 

nervous system. It causes a positive inotropic effect on 

the myocardium, causing an increase in heart rate, 

blood pressure and cardiac output. It also determines 

an increase in myocardial oxygen demand.

Anaesthesia induction

Induction of anaesthesia with propofol (4-6 mg/kg 

IV) causes a decrease in both blood pressure and myo-

cardial contractility depending on the dose used. Pro-

pofol causes inhibition of the sympathetic nervous sys-

tem and reduces the response of baroreceptors.

Etomidate does not cause any changes in heart rate 

and pulse and has no effect on the myocardium. It is 

recommended to be used for patients with severe heart 

problems or myocardial instability.

Anaesthesia maintenance

Maintenance of anaesthesia can be achieved with 

the help of inhalation anaesthetics, all of which cause 

the myocardial contractility to decrease. At usual con-

centrations,desflurane, sevoflurane and isoflurane may 

maintain cardiac output within normal limits (Fig. 2). 

Fig. 2. Maintaining anaesthesia 

with volatile anaesthetics 

In most cases, spontaneous breathing during a-

naesthesia is a low stress for the cardiovascular system 

compared to mechanical ventilation (19). Mechanical 

ventilation can lead to an increase in intrathoracic 

pressure followed by a compression of venous vessels 

and a decrease in venous return. Therefore, low pre-

ssure ventilation (approx. 12 cm H O) is recommen-2

ded, which is initiated only when the value of the car-

bon dioxide in the air expired by the patient exceeds 60 

mmHg. However, patients with hypoxia or acidosis are 

an exception and should be ventilated when recording a 

carbon dioxide value of 45 mmHg or an oxygen satura-

tion value of less than 90%.

Perianesthetic monitoring

Patient monitoring is extremely important for all pa-

tients undergoing surgery, not just for those with heart 

problems. The objectives of the monitoring consist in 

ensuring an optimal anaesthesia depth with minimal 

impact on the patient's physiology and to asses quick 

any possible complications.

Anaesthesia depth assessment can be performed 

both by clinical monitoring (palpebral reflex, eyeball 

position, mandibular tone) and by additional instru-

ments (Fig. 3). All predisposing pathologies must be ta-

ken into account, especially in elderly patients as well 

as in the case of some breeds (e.g., Great Dane, Boxer, 

Main Coon). For cardiac patients, advanced and com-

plete monitoring is required. The implementation of the 
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EKG provides information on both heart rate and car-

diac rhythm along with a good understanding of the 

cardiovascular system: the colour of the mucous mem-

branes is ideally pink and wet with a capillary refill time 

of 1-2 seconds. It is important to know the frequency, 

rhythm and the contractility of the heart to be able to 

notice tachycardia, bradycardia and arrhythmias. The 

quality and frequency of the pulse provides important 

information, as well as the blood pressure. Urine pro-

duction should be between 1-2 ml/kg/h. By measuring 

the lactate, information is obtained regarding tissular 

perfusion (i.e. 2.5-4.9 mmol/L in a reduced hypoper-

fusion, 5-7 mmol/L- moderate hypoperfusion and >7 

mmol/L in severe hypoperfusion). The central venous 

saturation of the oxygen is ideally > 65%.

Fig. 3. Eyeball position 

Capnography is a technique for measuring the con-

centration of carbon dioxide in the patient's exhaled air 

(etCO ). The etCO  measurement provides information 2 2

on ventilation (normocapnia or hypocapnia with hyper-

ventilation and hypercapnia with hypoventilation).

Fig. 4. Pulse oximeter sensor positioned 

at the tongue level 

A decrease in the carbon dioxide exhaled by the pa-

tient is not only observable during hyperventilation, it 

also indicates that the transport of CO  from the peri-2

pheral level to the alveoli is prevented by a drop in 

blood pressure or the cardiac arrest, which is why it is it 

is very important to correlate all the data recorded with 

the overall image provided by the patient.

The pulse oximeter provides information on pulse 

quality and arterial blood oxygenation (Fig. 4). 

Emergency cardiac drugs

Anticholinergic substances (atropine, glycopyrro-

late) have a parasympatholytic effect with inhibition of 

the parasympathetic system of the cardiovascular and 

gastrointestinal systems. During perioperative medica-

tion, anticholinergic substances are primarily used to 

treat bradycardia. Often, the administration of these 

substances causes sinus tachycardia. This causes an 

increase in the effort that the myocardium makes and a 

decrease in its infusion, which determines increased 

attention when used in cardiac patients. At clinical do-

ses (0.02 - 0.04 mg / kg IV / IM), atropine causes an in-

crease in heart rate of approximately 30-40% for about 

30 minutes as well as atrial contractility. When using 

low doses, a decrease in heart rate and the appearance 

of the atrio-ventricular block may be observed.

Sympathomimetics have a stimulating effect on the 

sympathetic nervous system, leading to an increase in 

heart rate and blood pressure. Dopamine is a positive 

inotropic substance that causes an increase in heart 

rate. The local anaesthetic, Lidocaine, is one of the 

class IB antiarrhythmics. It is most often used to treat 

ventricular arrhythmias. Lidocaine has a negative ino-

tropic with vasodilator effect (25).

Epinephrine is a potent alpha and beta catecho-

lamine receptor agonist. Experimental studies have 

shown that it is the alpha (vasoconstrictor) effects ra-

ther than the beta (chronotropic/inotropic) effects that 

are most important in achieving ROSC. The benefit is 

due to the increased peripheral resistance created by 

the adrenergic stimulation and the resultant increase in 

aortic pressure that leads to an increase in myocardial 

perfusion pressure and a more successful resuscitation 

(24). Epinephrine is indicated in all cardiac arrest situa-

tions. There are both high- and low-dose recommen-

dations for epinephrine in CPR. Current guidelines in 

both the veterinary and human literature suggest the 

use of epinephrine at the low dose (0.01 mg/kg) be-

cause high-dose therapy has not been associated with 

increased survival to discharge and may in fact have 

deleterious side effects due to adrenergic overstimula-

tion. High-dose epinephrine (0.1 mg/kg) may be 

considered if ROSC is not achieved with low-dose the-

rapy. Epinephrine can be given IV, IT, or IO, and a 

shortcut to calculate low dose epinephrine volume for 

administration is 0.1 mL/10 kg. The dose may be re-

peated at 3 to 5 minute intervals.

Vasopressin is a noncatecholamine vasopressor drug 

that has recently been included in human CPR guide-
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lines. Potential advantages of vasopressin (compared 

with epinephrine) include efficacy in the presence of aci-

dosis, lack of potentially harmful beta effects, and a lon-

ger half-life. The role of vasopressin in CPR is still being 

investigated; however, there is evidence that this drug 

may be equivalent to or even superior to epinephrine in 

some situations. The dose of vasopressin is 0.8 units/kg 

(dogs and cats), and the dose may be repeated at 3- to 

5-minute intervals. 

Amiodarone has been incorporated into human CPR 

guidelines and has been favourably compared with lido-

caine when treating ventricular fibrillation that is refrac-

tory to defibrillation. There is limited experience with 

Amiodarone in the context of CPR in veterinary patients. 

The dose of Amiodarone is 5 to 10 mg/kg (dogs, IV), 

and it is diluted in 5% dextrose before administration. 

Hypotension is a common occurrence during Amioda-

rone administration.

Recovery phase of the patient

The duration of general anaesthesia and the stress 

caused to the myocardium should be as short as possi-

ble. The use of antagonists or short-acting substances 

is recommended. Patients should be allowed to wake 

up in a quiet room, where oxygen is offered during the 

wake-up phase (Fig. 5). Depending on the patient's 

size, one can opt for the use of an oxygen cage as long 

as the patient does not support the mask.

Fig. 5. Patient awakening 

During the recovery phase, all cardiovascular para-

meters should be monitored as the decompensation of 

the patient can be fast and fatal. It was found that most 

complications leading to patient death were reported 

during the recovery period (approximately 45-60%).

RESULTS AND DISCUSSIONS

In our study, from the total number of 120 canine 

patients (Fig. 6), 55 had a mitral valve disease (45.83 

%) (Fig. 7), 55 had a dilated cardiomyopathy (45.83 

%) (Fig. 8) and 10 patients did not have any heart con-

ditions (8.33%). In cats, from the total number of 50 

patients (Fig. 9), 20 felines did not have any heart pa-

thologies (40%).

Fig. 6. Total dogs presented in the study

Fig. 7. Dogs with mitral valve insufficiency

Fig. 8. Dogs with dilated cardiomyopathy

Fig. 9. Total cats presented in the study
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Cardiac pathologies in dogs 

encountered in this study

Mitral valve insufficiency is one of the most common 

cardiac pathologies in dogs (approximately 75-80%) 

(4, 13). Although normally encountered in geriatric pa-

tients (26-28), there is a certain genetic predisposition 

that causes this pathology to be encountered in dogs 

like Chihuahua, Cavalier King Charles (Fig. 10).

Fig. 10. Continuous Doppler Recording of Transmitral 

flow in a dog with Degenerative Mitral Valve Disease 

Stage C: During a cardiac cycle, two positive Doppler 

waves (E and A) are observed representing the RBC 

crossing the mitral valve, physiologically, from the 

atrium into the ventricle and a negative wave (R) with 

high velocity, which represents the regurgitated blood 

volume. E wave represents the early filling - conse-

quence of the pressure difference (ventricle < atrium), 

and A wave represents the volume of blood expelled 

following the atrial contraction. The continuous wave 

Doppler must be used from a bidimensional apical view, 

this way the regurgitated blood will be as parallel as 

possible with the ultrasound beam.

As the disease progresses, the left atrioventricular 

valve becomes thinner and degenerates so that proper 

valve closure becomes impossible. The functional con-

sequence of this pathology is the regurgitation of the 

mitral valve where, the blood returns from the ventricle 

to the left atrium. Depending on the degree of damage 

to the valve structure, the pathology is classified as 

mild, moderate or severe. The mild mitral valve regur-

gitation does not cause changes in the functionality of 

the heart and its size.

Due to increased venous return and increased vo-

lume in the left atrium, pulmonary veins become con-

gested, favouring the onset of pulmonary oedema. In 

the case of large breeds, this pathology progresses 

much faster adopting a more dramatic course. The 

most common clinical signs, which do not appear clini-

cally obvious until the valve failure has become severe, 

include coughing due to compression of the main bron-

chus due to the increased volume in the left atrium, 

mainly in the second part of the night until early in the 

morning, dyspnoea appeared as a result of pulmonary 

oedema due to increased pulmonary vein pressure.

In rare cases, the right heart failure may occur due 

to mitral valve insufficiency. Permanent pulmonary hy-

pertension causes dilation and impairment of the right 

ventricle, leading to dilation of the tricuspid valve and, 

consequently, to valvular insufficiency. Clinically typical 

forms of right heart failure are the accumulation of 

fluids at the thoracic and abdominal levels.

Moderate and mild forms of mitral valve failure are 

unlikely to cause clinical signs, and in most cases, 

cough is the only sign (Fig. 11).

Fig. 11. Colour Doppler examination in a dog with 

degenerative mitral valve disease - A right parasternal 

long axis view. The image shows the left atrium and 

ventricle - which are dilated, the Doppler sample is 

placed on the mitral valve and the left atrium. We ob-

serve the regurgitation jet (green) with Coandă effect 

that occupies a very large area of the left atrial cavity.

The stage of mitral valve damage should be staged 

prior to anaesthesia. The first signs of early decompen-

sation are, in addition to coughing, the congestion du-

ring radiological or ultrasound exposure. Heart rate and 

blood pressure should be known prior to the patient's 

premedication in order to obtain relevant information 

during monitoring.

During anaesthesia, an increase in regurgitation 

should be avoided as a result, the use of 2 agonists and 

fluids in large quantities should be avoided. In these 

patients, any substance that causes a significant de-

crease in heart rate should be avoided, which causes an 

increase in regurgitation. Reducing the resistance of 

the vascular system by administering low doses of ace-

promazine during premedication are beneficial as a re-

sult of regurgitation and increased cardiac output de-

spite decreased contractility.

Opioids such as methadone and butorphanol in 

combination with acepromazine cause adequate seda-

tion and analgesia. Whenever possible, induction of a-

naesthesia should be performed under close monito-

ring and pre-oxygenation. In severe cases, it is recom-
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mended to use etomidate with minimal effects on the 

cardiovascular system. For stable patients, low doses 

of ketamine are a good alternative with benzodiaze-

pines or low doses of propofol. Inotropically negative 

substances such as propofol and thiopental may in-

crease the regurgitation fraction in patients with severe 

pathology and should be used with caution.

In order to maintain anaesthesia, inhalator anaes-

thetics can be used at the lowest possible concentra-

tions. Another possibility would be to use total or partial 

intravenous anaesthesia using propofol, fentanyl or ke-

tamine at subanaesthetic doses. In case of hypotension 

or bradycardia, the use of anticholinergics should be 

considered.  For this purpose, the heart rate should be 

within the pre-anaesthetic or slightly low values. If hy-

potension is not accompanied by bradycardia and does 

not return to normal values a  fter the decrease in a-

naesthetic concentration, inotropic positive substances 

should be used such as dobutamine.

Dilated cardiomyopathy is common in dogs (12, 

18). This is characterized by dilatation and reduced 

systolic function of one or both ventricles. The dogs 

particularly affected are those of medium to large 

breeds (Fig. 12, 13).

Fig. 12. EPSS (E Point to Septal Separation) repre-

sents a minor criteria in the diagnosis of dilated car-

diomyopathy: image obtained from a right parasternal 

short axis view at the mitral valve level. The distance 

between the anterior cusp of the mitral valve in proto-

diastole and the interventricular septum (in dogs, nor-

mal values do not exceed 0.77 cm). Irregular move-

ments of the mitral valve can be observed here, the 

patient had atrial fibrillation.

With respect to specific breeds, the pathology is 

most common in the Great Danes, Dobermans, Spa-

nish Cocker, and Boxers. This cardiac pathology shows 

its clinical signs once the patient is an adult. They 

exhibit exercise intolerance and reduced muscle mass. 

Due to myocardial insufficiency and systolic dysfunc-

tion, the emptying of the chamber is incomplete.

Clinical signs of dilatative cardiomyopathy are 

mainly due to left heart failure and include cough, 

dyspnoea and tachypnoea. Only occasionally is ascites 

present due to insufficiency of the right heart. We have 

used a vertebral heart score (VHS), previously des-

cribed (22, 23). The VHS they obtained was 9.7 (SD ± 

0.5). When making VHS is necessarily to take into 

account race and crosses between them (1). 

Fig. 13. M-mode echocardiography of the left ventricle 

– right parasternal short axis view at the papillary 

muscles level in a dog with DCM: the M mode is used to 

assess the kinetics and to measure some parameters. 

The shortening fraction, the ejection fraction and the 

left ventricle systolic and diastolic diameter are cu-

rrently use as criteria to diagnose DCM. A shortening 

fraction smaller than 20% (or 25% depending on the 

breed) or a ejection fraction lower than 40% and a 

systolic or diastolic dimension that exceeds breed-spe-

cific reference ranges, represents two major criteria 

and together are sufficient to diagnose DCM.

Fig. 14. Transthoracic, two-dimensional echocardiogra-

phy –Right parasternal long axis four chamber view. We 

notice the myocardial thinning and the dilated aspect of 

the cavities of the heart due to eccentric hypertrophy.

By using classical protocol of examination, in our stu-

dy the vertebral heart score (VHS) method was used, 
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which involved measuring the long axis, L - representing 

the distance from the carina to the cardiac apex, and 

short axis, l - representing maximum diameter perpen-

dicular to the long axis of the heart. Their value was 

compared with the length of the thoracic vertebrae (V) 

from the cranial edge of the thoracic vertebra 4 (T4) 

from right side incidence (Fig. 14, 15).

Fig. 15. Half breed, 8 years old, M – Rx right lateral 

view: measurement of the cardiac silhouette VHS (Ver-

tebral heart score) = 11 v, cardiomegaly. A normal VHS 

has a mean of 8.8-10.5 v.

For the anaesthetic protocol it is recommended to 

follow the same principles as in the case of valvular in-

sufficiency. The most recommended substances for in-

duction of anaesthesia are etomidate and alfaxalone. 

Preoperative monitoring using EKG and blood pressure 

measurement are extremely important for the proper 

management of these patients.

Cardiac pathologies in cats

encountered in this study

Hypertrophic cardiomyopathy is the most common 

cardiac pathology encountered in cats. Race predispo-

sition was reported in Main Coon, Persian, British 

Shorthair, Ragdolls, Scottish Fold. 

The pathology determines the moderate to severe 

thickening of the ventricular myocardium, reducing the 

capacity of diastolic filling. Hypertrophy of the muscle 

chamber leads to insufficient blood supply to the myo-

cardium and, as a consequence, it produces ischemia, 

hypoxia, necrosis of the myocardium and fibrosis. 

The circulatory system tries to maintain cardiac out-

put by compensating for an increase in heart rate. In 

more advanced stages, the left atrium becomes ex-

tremely dilated. Because of the stasis of blood at the 

atrial level, thrombi can form which can reach the ge-

neral circulation. Many cats with cardiac hypertrophy 

also suffer from compensatory tachycardia (21). Be-

cause of this, the diastolic function is aggravated due to 

the shortening of its time (Fig. 16).

Fig. 16. Using M-mode echocardiography to assess the 

left atrium and aorta ratio, in a case of HCM – M-mode 

cursor placed in a 2D image obtained from a right para-

sternal short axis view at the aorta level. Here the mea-

surement equals 4.35 showing severe left atrial dilata-

tion. In normal cats the LA/Ao ratio should be < 1.5 

measured in 2D and < 1.3 in M-mode

When performing the preanesthetic examination in 

a patient with cardiac hypertrophy, pathologies such as 

hyperthyroidism or chronic renal failure should be ex-

cluded. As a result, high blood pressure is mandatory 

because in the early stages of hypertrophy we talk a-

bout hypotension, followed by hypertension in the ad-

vanced stages. Due to the presence of this disease, dia-

stolic function is impaired, and the present tachycardia 

should be diagnosed as soon as possible and treated 

using beta blockers, as any increase in heart rate will 

cause a need for increased heart oxygen. As a result, 

substances that reduce recharge by inducing vasodila-

tion (e.g., acepromazine) should be avoided. In con-

trast, administration of 2 agonists at low doses is re-

commended along with pre-oxygenation of the patient 

before induction of anaesthesia (Fig. 17). 

Fig. 17. Patient preoxygenation (A), 

intubation and monitoring (B)

The ideal substance for induction of cats with cardi-

ac hypertrophy is etomidate but, as an alternative, pro-

pofol can be used in low doses. Thiopental and keta-

mine, if possible, should be avoided because of the 

arrhythmogenic effect and the positive inotropic effect, 

they would induce an increase in heart rate.
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Inhalational anaesthetics are recommended to main-

tain anaesthesia of a patient with hypertrophy as a result 

of the decompression effect they have on the myocardium. 

CONCLUSIONS

Before carrying out anaesthesia in a cardiac patient it is 

very important to diagnose the type of the condition with 

the help of electrocardiography and radiography and to 

start the medication in unstable cases. The entire peria-

naesthetic period should be as unstressful as possible for 

the patient. Obtaining venous access, intubating the pa-

tient and providing oxygen are indispensable measures for 

any cardiac patient to be anesthetized. For the majority of 

patients studied, premedication with an opioid and a ben-

zodiazepine and induction of anaesthesia with etomidate or 

propofol at low doses is the right choice. Anaesthesia moni-

toring should include clinical monitoring, EKG, blood pres-

sure, capnography and pulse oximetry. The most affected 

breed of dogs that we took into account was represented 

by the Half Breed. From the total number of 36 patients, 29 

patients had dilated cardiomyopathy and 7 presented mi-

tral valve regurgitation of different stages.
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