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Abstract Nowadays, imaging diagnosis play an important role in veterinary medicine, magnetic
resonance imaging (MRI) being considered the top tool in diagnosing pathologies of different
tissues and organs. Same as in pediatric medicine, this procedure has an impediment,
represented by general anesthesia, whose effects upon the organism can increase risks.
The importance of anesthesia during imaging diagnosis stands in the fact that the patients
have to be motionless in order to achieve good quality images. General anesthesia for small
animals during these procedures can be done with either the use of a total intravenous
anesthesia or by using inhalation anesthesia. Both techniques described in studies have
provided good results and are intended in helping practitioners all over the world.

The purpose of this article is to highlight the most common anesthetic protocols and
risks associated with them, as well as the aspects most seen by an anesthetist and imagist
during an MRI scan.
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Introduction

Anesthesia is often required for patients undergoing
diagnostic procedures that utilize dangerous devices or
whenever the animals are not co-operative or are under-
going painful procedures.

The use of anesthesia also facilitates positioning the
animals in correct position for the scan (Marcus, A., 2009;
Toby T. et al, 2018). Moreover, it is important to achieve
these effects in order to reduce the stress and anxiety of
the patients as well as to obtain good quality images for
a proper diagnosis (Leppénen, M. K. et al, 2006).

Magnetic resonance imaging (MRI) utilizes a powerful
static magnetic field, the main component of it being the
magnet. MRI is a procedure which is widely used in the
veterinary medicine as a modality for diagnostic imaging
(Stefania Scarabelli et al, 2016). At this moment in time, it
is considered to be the most versatile technique that is able
to identify the anatomical, functional and physiological
features of different tissues and organs (Driehuys B. et al,
2008). The high accuracy of this technique allows for a
better diagnostic of different neurological, musculoscheleal
and also oncological pathologies (Marian Soare & Constantin
Vlagioiu, 2012).

MRI also provides the advantage of nonionizing 3D
imaging as well as the benefit of its noninvasive quality,
meaning that animals are not exposed to radiations.
The difference between human and animal MRI protocols
is that animals have to be anesthetized meaning the
exposure to risk is then associated with the general
anesthesia (Jordi L. Tremoleda et al, 2018). In human
medicine, anesthesia has been used for children during
the MRI scan, with different anesthetic protocols being able
to immobilize the patients and at the same time erase
anxiety, thus ensuring a satisfactory outcome of the scan
(Mahmound Reza M., et al, 2017). It has been shown that
noise reduction can also allow lighter planes of anesthesia
in children (Ogurlu, M. et al, 2012).

Pre-anesthetic management and
anesthesia protocols in animals under-
going imaging diagnosis procedures

Before any sedation or general anesthesia, it is
important to follow a set of preparatory steps. The pre-
anesthetic evaluation’s purpose is to provide any
information related to patient’s status, such as: individual
risk factors, history, physical examination, laboratory and
cardiac exams. Once the patient belongs to an ASA group
risk (ASA Physical Status Classification System), the
anesthetist can then create an individualized anesthetic
plan (Richard B. et al, 2011).

Premedication consists in the administration of
tranquilizers, sedatives, opioids or combination of these
drugs. All these drugs help in restraining the animal,
reducing its stress and lowering the dose of induction
and inhalant anesthetic used. Choosing the most suitable

medication for the patient can be a challenging task.
The decision has to be taken according not only to patient’s
health status but also to patient’s temperament and type,
the duration of the procedure and personal preference
(Bednarski, R. M. et al, 2015).

Induction of anesthesia can be performed with the use
of propofol and alfaxalone or a combination of ketamine-
midazolam, ketamine-propofol. Studies have shown that
propofol and alfaxalone are drugs that allow for an
appropriate intubation while also offering the patient a
good and rapid recovery (Alessandra Mathis et al., 2012;
Maria Amengua et al, 2013).

General anesthesia is typically maintained with inhalant
anesthetics, like isoflurane or sevoflurane, although it can
be achieved with the use of injectable drugs, in repeated
boluses or as a continuous infusion (Richard B. et al, 2011).
During maintenance of general anesthesia, fluidotherapy
has to be performed in all patients, usually with the use of
crystalloids at a rate of 3-5 ml/kg/hour.

Recovery has the same importance as any other step
of a general anesthesia due to the fact that complications
can be seen throughout this period.

Magnetic resonance imaging is a diagnostic tool
widely used in veterinary species where a contrast study
is often required for diagnosis. MRI remains the most
versatile imaging modality used for anatomical, functional
and physiological characterizations of tissues and organs
(Driehuys B. et al, 2008). One of the challenges associated
with MRI in animals is considered to be the need of general
anesthesia which can alter more or less the organism and
different body functions (Tremolda L. et al, 2018).

Injectable and inhaled anesthetics are both used
in imaging diagnosis procedure. However, inhalational
anesthesia is the recommended method as it provides a
more rapid induction and recovery. The use of injectable
agents often causes a prolonged recovery time compared to
inhalant agents and, in order to achieve a steadier plasma
concentration, some injectable drugs are used via infusion
(Lovell DP, 1986; Tremolda L. et al, 2018). The first step
in performing general anesthesia is the premedication
period. The purpose of premedication is to ensure the loss
of anxiety in the patient and to smooth the recovery from
anesthesia (Dugdale, 2010). The administration of a com-
bination between an opioid and a benzodiazepine or a
dissociative agent, in premedication has reduced the dose
of required propofol for intubation or during general
anesthesia for MRI, compared to the use of an opioid alone
(Degan A. et al, 2018).

There have been various studies performed regarding
the effects of different anesthetic protocols on different
periods of general anesthesia. Compared to other diagnosis
imaging techniques, MRI strictly forbids the use of any
tools or equipment containing metal during the scanning
procedure. For this reason, if the anesthetic machine is not
fitted with compatible equipment, monitoring the patient
can prove to be very challenging (Julie A. Smith, 2015).
During the last few years, premedication of patients
undergoing an MRI scan has involved the use of anesthetics
belonging to different classes of drugs, most commonly with
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a combination of an opioid and a tranquilizer. The majority
of available studies show propofol or alfaxalone being used
as induction agents before the maintenance period (Lozano
A.J. et al, 2009; Carolina P. Jimenez et al, 2012). In one
study, the authors used meperidine in a dose of 3 mg/kg IM
as premedication and propofol IV for induction. Dogs were
allocated to three different groups, depending on the
volatile anesthetic (Isoflurane, Sevoflurane, Desflurane)
used. The results have shown that all three anesthetics are
suitable for use in dogs. Recovery times were significantly
faster for the patients in receiving desflurane than the ones
receiving isoflurane, for both extubation and sternal
recumbency (Lozano AJ. et al, 2009). A rapid but calm
recovery is desirable especially in patients with neuro-
logical disease, in order to avoid excitement and an increase
in intra-cranial pressure. The premedication and also the
recovery time are important factors when keeping in mind
the wellbeing of the patient (Scheller et al, 1990; Clarke,
1999). The importance of good quality sedation was also
demonstrated by Jimenez C et al. (2012), where patients
that were more sedated in the preoperative period recovered
better than the less sedated ones. Besides the degree of
sedation, the recovery can be influenced by many factors,
like the drugs used and animal’s behavior. In the case
of horses, the same results were obtained after the use of
desflurane compared to isoflurane (Bradbrook et al, 2006).
Compared to animals, the use of sevoflurane in children
during the maintenance phase of general anesthesia can
increase the restlessness in the postoperative period,
compared with propofol or halothane (Cravero et al, 2000;
Picard et al., 2000). Both propofol and alfaxalone are short
acting hypnotic agents with a rapid onset of actions, used
in the induction of anesthesia. One study focused of a group
of 42 dogs which were premedicated with methadone
(0.2 mg/kg IM or 0.1 mg/kg 1V) and induced with propofol
or alfaxalone. As the purpose of this study was to assess
the recovery quality, the results obtained by the time the
animal was able to maintain their sternal recumbency,
demonstrated that dogs receiving alfaxalone recovered less
well than those sedated with propofol. Even so, the quality
of the recovery in all animals was generally good (Jimenez
C.etal, 2012).

Another technique of performing and maintaining
a general anesthesia is the use of a total intravenous
anesthesia (TIVA), instead of inhalation anesthesia.
In pediatric medicine, this technique is well studied and
described. Propofol, usually used as an induction agent can
also be administered in continuous infusion in order to
maintain anesthesia. A TIVA of propofol was used in
children where the protocol seemed to have an effective
sedative effect, especially when a low dose of dexmedeto-
midine (0.5 mcg/kg) was added. The difference in a group
of children that had an addition of dexmedetomidine
compared to those receiving only propofol was statistically
significantly (p value<0.0001) (Nagoshi M. et al, 2018).
A good preservation of upper airway patency and a rapid
recovery was obtained after the administration of a
propofol TIVA in a study conducted on children patients
undergoing an MRI procedure (Usher AG. et al. 2004).

In a study involving dogs suffering from intercranial
disease, the patients were prepared for an MRI by either
receiving propofol in CRI or isoflurane. None of the
patients were premedicated and all were induced and
intubated with the use of propofol IV to effect. Patients
maintained with propofol had higher arterial pressure,
decreased regimens for dopamine and better recoveries
compared to those who had received isoflurane (Caines D.
et al, 2014).

In order to achieve a good quality induction or even a
better recovery from anesthesia, anesthetists use different
protocols which include co-induction agents like ketamine
or benzodiazepines (Martinez T.F. & Leece E.A, 2014).
During the induction period, the use of midazolam in
combination with either propofol or alfaxalone for patients
undergoing an MRI or CT procedure, was evaluated. Dogs
were premedicated with Fentanyl IV and the anesthesia
was maintained with a TIVA of propofol or alfaxalone.
Induction was made either with propofol and saline,
propofol with midazolam, alfaxalone with saline or
alfaxalone with midazolam. The results of the study
showed a decrease in the induction doses of propofol and
alfaxalone, as well as an improvement in the quality of
induction and a decrease in the rate of propofol used for
TIVA (Liao P. et al, 2017).

Monitoring and complications during
general anesthesia for imaging diagnosis

Due to the fact that all anesthetic procedures are
related to complications and possible death, it is important
to make a proper evaluation of the patient and assess the
anesthetic risk so as to minimize the unpleasant changes.
Hence the physical health status assessment is an important
preanesthetic consideration. Most of the anesthetic agents
cause cardiopulmonary depression and neurological depres-
sion. (Hall LW et al, 2001). Using inhalant anesthesia the
risks for an emergency situation are decreased but not
eliminated. The most common problems expected are
hypoxemia, hypoventilation, hypotension, cardiac arrhythmias,
acidosis and hypothermia (Costea R., 2016). Hyperthermia
is less common compared to hypothermia, hypercapnia
and hypocapnia are complications also seen, in which case
the ventilator settings have to be adjusted so the end-tidal
carbon dioxide EtCO is between 35-45 mmHg.

Monitoring of the patients during every general
anesthesia is as important as any other step of anesthesia.
Considering that most monitoring equipment and acces-
sories are not designed for use in the MRI environment,
monitoring the patients can be more difficult and in some
cases the anesthetist has to work with less tools which can
lead to increased risks (Julie A.S., 2015).

Hypothermia is a concern as MRI rooms can be very
cold. At the present time, there are no commercially
available electrical warming systems designed for use in an
MRI room. Hot water blankets or simple blankets can be
used, but it might be necessary to remove them depending
on the region scanned (Julie A.S., 2015). Even the use of
a heat and moisture exchanger (HME) cannot help in
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preventing heat loss and preserving body temperature
during MRI (Khenissi L. et al, 2017). HME is a device
placed between the patient and the breathing system and
has the aim to conserve exhaled water and return it to the
patient in the inspired gas (Dorsch & Dorsch 2014). For a
study involving dogs, patients weighing less than 10 kg
(Khenissi L. et al, 2017) were premedicated with an opioid
(butorphanol) and dexmedetomidine, induced with propofol
and maintained with isoflurane in 100% oxygen during the
entire MRI scan. Whilst the use of an HME had no benefit
in preserving body temperature, the patients premedicated
with dexmedetomidine maintained better rectal tempera-
ture compared to dogs that were administered other drugs.
Unfortunately, hypothermia can affect the cardiovascular
system, producing arrhythmias, hypotension and brady-
cardia. It also bares consequences on the respiratory system
and can decrease metabolic rate (Amstrong et al, 2005).

Some breeds, like Dachshunds might experience
lower heart rates much more frequent than others, probably
due to a lower rectal temperature during general anesthesia.
Therefore, breeds with fine-hair coating can be expected to
require anticholinergic drugs and warming during MRI
(Rebecca Harrison et al, 2012).

One of the most common complications seen during
general anesthesia is hypotension which in most of the
cases can be corrected by reducing the inhalant anesthetic,
increasing fluid rate and using inotrope and vasopressor
drugs. The purpose of fluidotherapy is to maintain the
homeostasis, loss covering or fluid resuscitation. Colloids
were not used frequently compared to crystalloids. Greater
fluid volumes are required to meet the same targets with
crystalloids than with colloids with an estimated ratio of
2.77. There is no evidence from randomized controlled
trials that resuscitation with colloids reduces the risk of
death, compared to resuscitation with crystalloids (Costea
Ruxandra et al, 2017). A 7 year old Bull Terrier underwent
an MRI procedure which unfortunately was aborted due
to severe hypotension. Patient was premedicated with
acepromazine and meperidine, induced with ketamine and
propofol and maintained with isoflurane in oxygen. Despite
the fact that all the measures above where taken in order to
combat hypotension, they returned no beneficial result.
Furthermore, the administration of dopamine aggravated
the hypotension (Carvalho, E. R et al, 2018).

Besides all these side effects that general anesthesia
has on the main functions of the body, has also been
demonstrated it plays an important role in decreasing tear
production. Therefore an adequate supply of tears covering
the partially exposed anterior segment of the globe and
the associated adnexa is necessary for optical integrity,
maintenance of the cornea and normal eye function.
The combination of Midazolam and Butorphanol in
premedication, followed by Propofol and maintenance with
Isoflurane is a commonly used and appropriate anesthetic
protocol for geriatric dogs, this drug combination
reduces aqueous tear production as determined by use of
the STT-Shirmer test (Tudor R. et al, 2018).
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