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Abstract

A 22.5-kg, 8.4-year-old female mixed breed dog was presented for an emergency
ovariohysterectomy for pyometra. No neurological abnormalities were observed
on preoperative physical examination. Surgery was completed uneventfully under
fentanyl- and sevoflurane-based anaesthesia. Cardiorespiratory indices remained sta-
ble under mechanical ventilation throughout the procedure. Approximately 23 min
after the discontinuation of fentanyl infusion, the investigator noticed jaw closure and
stiffness and thoraco-abdominal muscle rigidity. To rule out fentanyl-induced muscle
rigidity, naloxone was administered. Following administration of naloxone, there was
a return of spontaneous respiratory effort, indicated by capnogram and visible chest
wall excursion. Based on the clinical signs and response to naloxone administration,
the dog was diagnosed with suspected fentanyl-induced muscle rigidity. Six minutes
after the return of spontaneous respiration, the dog was extubated uneventfully with-
out additional naloxone administration. During 4 days of postoperative hospitalization,
no recurrent muscle rigidity was observed, and the patient was discharged safely. The
total dose of fentanyl administered was 0.61 mg (27 ug kg~1).
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and extension, and neurological signs (Fahnenstich et al., 2000; Roan

Although the underlying mechanism has not yet been defined, opioid-
induced muscle rigidity is well recognized in humans during the
perioperative period and during intensive care unit (ICU) admission
(Dewhirst et al., 2012; Ming & Singh, 2019; Roy & Fortier, 2003; Tru-
jillo et al., 2020). In humans, it has been reported that fentanyl and
other opioids impair skeletal muscle function and cause various symp-

toms, including generalized muscle stiffness, jaw clenching, truncal

et al.,, 2018). In preclinical settings, specific strains of rats (Lai & Lui,
2000; Weinger et al., 1995), rabbits (Soares et al., 2014), and guinea
pigs (Brent & Bot, 1992) developed opioid-induced muscle rigidity
and were considered potential translational animal models in rele-
vant research fields. Furthermore, this phenomenon has been reported
in other animal species as well, including equids (Knych et al., 2015)
and elk (Paterson et al., 2009). Here, we describe the rare case of a
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client-owned dog with jaw stiffness and truncal rigidity during recov-
ery from fentanyl- and sevoflurane-based general anaesthesia for
emergency abdominal surgery.

2 | CASE HISTORY

A 22.5-kg, 8.4-year-old female mixed breed dog was presented for an
emergency ovariohysterectomy for pyometra. Preoperative physical
examination revealed that the blood microfilaria and Dirofilarial anti-
gen tests were positive (CHW Ag test kit; Kyokuto Pharmaceutical
Industrial Co., Ltd., Tokyo, Japan) and that the leukocyte count was
elevated; however, other laboratory data, including complete blood
count, biochemical values, and coagulation profiles such as prothrom-
bin time, activated partial thromboplastin time, and fibrinogen levels
revealed no abnormalities. A diagnosis of pyometra was made based
on the dog’s medical history, namely the recent heat cycle, clinical
signs including anorexia, polyuria/polydipsia, the elevated leukocyte
count, and abdominal ultrasound results. No neurological abnormali-
ties were observed on visual examination. Furthermore, the dog had
no known history of psychostimulant administration, including opioids.
The patient’s owner provided informed written consent for emergency
surgery and publication of this report.

The dog was premedicated with intravenous (IV) fentanyl (10 ug
kg~1; Fentanyl; Daiichi Sankyo Propharma Co., Ltd., Tokyo, Japan), and
general anaesthesia was induced with IV propofol (Propofol; Maruishi
Pharmaceutical Co., Ltd., Osaka, Japan) administered to effect. After
uneventful endotracheal intubation, epidural 0.5% bupivacaine (0.3 ml
kg~1; Marcain Injection 0.125% 0.25% 0.5%; Sandoz, Tokyo, Japan) was
administered at the lumbar-sacral (L7-S1) intervertebral space with
an 18-gauge, 80-mm Tuohy needle (Hakko Disposable Epidural Nee-
dle; Hakko Co., Ltd., Nagano, Japan). Anaesthesia was maintained with
acontinuous rate infusion (CRI) of fentany! (0.2-0.4 ug kg~1 min—1) and
end-tidal concentration of 3-3.5% of sevoflurane (Sevofrane; Maruishi
Pharmaceutical Co., Ltd., Osaka, Japan), with fraction of inspired oxy-
gen (FiO,) of 0.6 (fresh gas flow 2 L min~1) through a semi-closed
rebreathing circle system. Ringer’s acetate solution (SOLACET F;
Terumo Corporation, Tokyo, Japan) was infused intravenously (5-8 ml
kg~ h=1) through the cephalic vein. Inotropes and vasopressors were
not administered during the procedure.

The patient was mechanically ventilated with a volume-control ven-
tilator (PRO-NEXT +i/+s; ACOMA Medical Industry Co., Ltd., Tokyo,
Japan) in the assist-control (A/C) mode. A continuous side-stream gas
sampling system was attached between the endotracheal tube and the
Y-piece of the breathing circuit. Ventilation parameters were adjusted
to maintain partial pressure of end-tidal carbon dioxide (Pgt'CO5)
between 30 and 41 mm Hg (tidal volume [TV], 10-15 ml kg~1; respi-
ratory rate [fr], 10-14 times min—1; inspiratory/expiratory ratio, 1:2;
positive end expiratory pressure (PEEP), 2 cm H,O).

Intraoperative patient monitoring was performed using a multi-
parameter patient monitor with a built-in automated calibration sys-
tem (Life Scope BSM-5192; Nihon Kohden Corporation, Tokyo, Japan)

and a Masimo monitoring system (Radical-7; Masimo Corporation,

Irvine, CA, USA). In summary, vital signs including heart rate, periph-
eral oxygen saturation (SpO,), Pet'CO,, FiO,, end-tidal sevoflurane
concentration (Fgt'Sevo), invasive mean diastolic and systolic blood
pressure, and oesophageal temperature were monitored throughout
the procedure. Intraoperative records were made using an electronic
anaesthesia record-keeping system (paperChart; https://paperchart.
net/ech/), which was established by Dr. Masatsugu Echikawa (Depart-
ment of Anesthesiology, Kobe Kaisei Hospital, Kobe, Japan), connected
to a biological monitor as described earlier.

The emergency ovariohysterectomy was conducted uneventfully,
and cardiorespiratory indices remained stable throughout the proce-
dure. On completion of abdominal wall closure, the CRI of fentanyl
was discontinued, and sevoflurane was decreased to an end-tidal con-
centration of 1.5%. Eight minutes after the discontinuation of fentanyl
administration, skin closure and postoperative abdominal binding were
completed, and sevoflurane was discontinued. During the weaning pro-
cess, the patient was positioned in right lateral recumbency under
the A/C mode of mechanical ventilation (TV, 10 ml kg~1; fr, 10-14;
FiO,, 1; and PEEP, 2 cm H,0), and body temperature was main-
tained above 37.5°C. No specific abnormalities were observed in the

cardiorespiratory indices at this stage.

2.1 | Diagnosis, treatment, and outcome

The anaesthesia chart and treatment course are shown in Figure 1.
Ten minutes after the discontinuation of sevoflurane administration,
no abnormalities were observed in the cardiorespiratory indices and
capnogram under the A/C mode of mechanical ventilation (TV, 10 ml
kg=1; fr, 10-14; FiO,, 1; and PEEP, 2 cm H,0).

Five minutes later, the investigator visually observed the increase
in the peak inspiratory pressure using a pressure gauge. However,
the eye position and palpebral reflex were unchanged, and other vital
signs, including haemodynamic indices, were still within the normal
range. The investigator (Kazumasu Sasaki) noticed jaw closure and
stiffness (Figure 2a) (see Supporting Information Video), although it
was not clear exactly when the symptoms had developed. In fact, the
dog could not open and close its mouth and thus the endotracheal
tube was intact. Furthermore, the thoraco-abdominal muscles tended
to tense on palpation, and the dog was unable to rise. Changes in
peak inspiratory pressure were not identified, and we concluded
that the dog was unable to breathe spontaneously (Figure 2b). Con-
tinuous respiratory management under mechanical ventilation was
required.

In order to rule out fentanyl-induced muscle rigidity, 0.02 mg kg~!
of 1V naloxone (Naloxone Hydrochloride Intravenous Injection “Dai-
ichi Sankyo”; Daiichi Sankyo Co., Ltd., Tokyo, Japan) was administered
(Bednarski, 2015). The symptoms subsided after approximately 40-50
s, and the capnogram showed the return of spontaneous respiratory
effort. Overall truncal muscle tone was recovered, and the relaxation
of jaw tension and chest wall movement were confirmed. Based on
the clinical signs and response to naloxone, we made a diagnosis of
suspected fentanyl-induced muscle rigidity.


https://paperchart.net/ech/
https://paperchart.net/ech/

SASAKI ET AL.

WILEY -2

FiO, 1 0.6 1
F¢'Sevo (%) 3.5 3
Propofol (mg kg) 5
Fentanyl (ug kg) 10
(Mg kg™ min) 0.2 04—0.2
0.5% Bupivacaine (mg kg-')
21:05 22:05 22:45

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

Temperature °C A

5 100 (min)

D |

HR (beats min) 38.2 °C] 38.5 °C] 38.3 °C| 38.5°C
MAP (mm Hg) - o - o
P:'CO, (mm Hg) 100 SpO, - o
A Induction HR
@ Fentanyl 80

discontinuation MAP
5 Sevoflurane 60

discontinuation
¥ Jaw closurelstiffness

Muscle rigidity 40 Pg'CO,

(FIGURE 2 and S1)
) Naloxone

administration 20
B Extubation

0

FIGURE 1 Anaesthesiachart and clinical course of the dog with suspected fentanyl-induced muscle rigidity. Abbreviations: FiO,, fraction of
inspired oxygen; FEt'Sevo, end-tidal sevoflurane concentration; HR, heart rate; MAP, mean arterial blood pressure; PEYCO,, partial pressure of

end-tidal carbon dioxide; SpO,, peripheral oxygen saturation

Six minutes later, the dog was extubated uneventfully without
additional naloxone administration. Meloxicam (Inflacam 0.5%; Virbac
Japan, Osaka, Japan) was administered subcutaneously as an alterna-
tive analgesic prior to extubation and hospitalization. Total anaesthesia
duration (induction to extubation) was 99 min (CRI of fentanyl: 70 min;
sevoflurane administration: 78 min), and 0.61 mg (27 ug kg~1) of fen-
tanyl, 112.5 mg (5 mg kg~1) of propofol, 33.75 mg (1.5 mg kg~1) of
bupivacaine, and 199 ml of Ringer’s acetate solution was administered.

During the 4-day postoperative hospitalization period, no opioids
were administered, and no recurrent muscle rigidity was observed.
Intensive postoperative pyometra management was successful, and
the patient was safely discharged from our clinic.

3 | DISCUSSION

To our knowledge, this is the first description of fentanyl-induced
muscle rigidity in a dog. Symptoms, including jaw muscle stiffness
and thoraco-abdominal muscle rigidity, were observed during wean-
ing from mechanical ventilation. A diagnosis of suspected fentanyl-
induced muscle rigidity was made based on the reaction to naloxone.
In humans, a variety of transient neurological signs including hyperre-
active stretch reflexes, the Babinski reflex, shivering, and decerebrate
posturing were reported during emergence from general anaesthesia

with volatile anaesthetics including enflurane, halothane, nitrous oxide,

and isoflurane (McCulloch & Milne, 1990; Rosenberg et al., 1981). The
underlying mechanism remains unclear, but these observed actions
may be the result of differential recovery rates of the central nervous
system centres. Although there was limited opportunity to perform
diagnosis by exclusion for central nervous system disorders owing to
the urgency of the situation, we excluded the probability of these dif-
ferential diagnoses based on the clinical symptoms and reaction to
naloxone. Although relevant initial medical reports were published by
Hamilton and Cullen in 1953 (Hamilton & Cullen, 1953), and clinical
signs including chest wall rigidity and consequent respiratory depres-
sion are well recognized in people, it is quite rare and challenging to
interpret the present case based on existing information. However,
as described earlier, specific animal species, including rats (Sprague-
Dawley rats and Wistar rats), rabbits (details of the strain were not
described), guinea pigs, equids, and elk can also develop the aforemen-
tioned symptoms and, therefore, it is not surprising that a similar onset
was observed in adog. Although no deterministic factors have been dis-
closed in clinical settings in humans, we need to verify various factors to
interpret the present rare case in a dog based on the medical and pre-
clinical literature. Although it is difficult to identify correlations with
specific physical conditions based on the current reports in humans,
we speculate that since our patient had pyometra, the presence of
underlying disease may be worth considering.

In humans, the patient background is diverse in terms of age,
sex, and underlying disease. Bailey et al. (1985) reported that the
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FIGURE 2 Jawstiffness and apnoea in a dog with suspected

fentanyl-induced muscle rigidity. Jaw stiffness was observed
approximately 23 min after discontinuation of fentanyl administration
(a). The investigator could not open and close the dog’s mouth by hand
and the dog could not chew off the tracheal tube (green arrow). To
clarify the emergence of the spontaneous respiration waveform, we
discontinued mechanical ventilation for a few seconds on a trial basis.
No relevant waveform was confirmed before the administration of
naloxone. Note that we temporarily set the upper limits of the
capnogram value of the PEYCO, as 20 mm Hg for visibility (b).

frequency of fentanyl-induced muscle rigidity onset increases with age;
however, there is no consensus. Fentanyl-induced muscle rigidity has
been reported in patients during sedation, general anaesthesia, and
hospitalisation in the ICU (Tables S1 and S2). In veterinary medicine,
there are currently no studies powered to evaluate the effects of
breed, age, and sex on the development of fentanyl-induced muscle
rigidity.

The relationship between drug dosage and symptom development
should be considered, and conflicting results exist among human cases
(Tables S1 and S2). It has been reported that the symptoms devel-
oped during high-dose fentanyl anaesthesia administration in patients
undergoing cardiac surgery, including open heart, coronary artery
bypass graft, myocardial revascularization, and valve repair in case
reports (Christian et al., 1983; MacGregor & Bauman, 1996; Mirenda
et al., 1988) and clinical trials (Jaffe & Ramsey, 1983), whereas even
low doses of opioids resulted in development of symptoms (Dewhirst
et al,, 2012; Elakkumanan et al., 2008; Roy & Fortier, 2003). There is

no consensus on this subject; thus, we could not discuss our case based

on the administered dose. In fact, Soares et al. (2019) reported that a
high (102 ug kg=1 loading dose; 0.8 ug kg~ min~1 infusion) and low
(33 ug kg1 loading dose; 0.2 ug kg=t min~1 infusion) dose of fentanyl
under isoflurane anaesthesia for 60 min did not result in muscle rigid-
ity in beagles. However, our patient developed symptoms within this

1of

range of fentanyl (10 ug kg=1 of induction, 0.2-0.4 ug kg=1 min~
CRI, total dose of 0.61 mg); thus, similar to studies reported in human
medicine, development of fentanyl-induced muscle rigidity appears to
be independent of the dose of fentanyl administered.

Symptoms associated with muscle and cardiorespiratory dysfunc-
tion (respiratory distress, hypotension, and asystole) were observed in
some human patients who did not undergo tracheal intubation (Table
S1). Anatomical locations, including the neck, jaw, chest, abdomen, and
the whole body, were affected. In addition, some patients developed
laryngeal, neck, and masseter muscle spasms. As aresult of these symp-
toms, patients were unable to undergo spontaneous respiration, and
ventilatory support was required. In animals, rigidity in the gastrocne-
mius soleus muscles of the hind limb (Blasco et al., 1986; Havemann
& Kuschinsky, 1981; Havemann et al., 1980, 1982; Lui et al.,, 1990;
Ossowska et al., 1986; Themann et al., 1984, 1986; Tsou et al., 1989;
Turski et al., 1982a, 1982b, 1982c; Vankova et al., 1996; Wand et al.,
1973; Wardas et al., 1987; Weinger et al., 1988, 1989, 1991, 1995),
rectus abdominus muscles (Lui et al., 1989; Tsou et al., 1989), and sacro-
coccygeus dorsi lateralis muscles (Fuet al., 1994, 1997; Lai & Lui, 2000;
Lee et al, 1995a, 1995b; Lui et al., 1993; Wang et al., 1994) were
observed in rats, and chest wall compliance was decreased in rabbits
(Soares et al., 2014). In guinea pigs, increased abdominal tone and rigid-
ity have been observed (Brent & Bot, 1992). There are no reports on
hemodynamic abnormalities in these species.

In addition to respiratory support by bag-assisted or mechanical
ventilation, naloxone is commonly used for clinical diagnosis and treat-
ment (Ackerman et al., 1990; Bowdle & Rooke, 1994; Chang & Fish,
1985; Coruh et al., 2013; Fahnenstich et al., 2000; Lemmen & Sem-
mekrot, 1996; Lynch & Hack, 2010; Phua et al,, 2017; Roan et al.,
2018; Rosenberg, 1977; van der Lee et al., 2009; Vaughn & Bennett,
1981) (Table S1). We administered naloxone for the treatment, and
this approach is comparable with that used in humans. The symptoms
improved immediately after naloxone administration.

As the symptoms developed in a client-owned dog in a private vet-
erinary clinic, although we visually observed the changes in the peak
inspiratory pressure using a pressure gauge, we did not have access
to a diagnostic system with which we could evaluate muscle rigidity
using quantitative measurements of chest wall compliance, as previ-
ously described in rabbits (Soares et al., 2014) and dogs (Soares et al.,
2019). Naloxone may be useful in the diagnostic treatment of dogs,
although we could not reach this conclusion from this report alone.
Clinical trials have revealed that co-administration or pretreatment
with barbiturates (Vacanti et al., 1991), muscle relaxant drugs (Hill
et al,, 1981; Nakada et al., 2009), and benzodiazepines (Mayumi et al.,
1990; Sanford et al., 1994) in conjunction with opioids prevents, atten-
uates, or decreases the incidence and symptoms (Table S2). Although
the effectiveness of these drugs remains unclear, their administration

may be worth attempting in dogs.
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4 | CONCLUSIONS

We presented the first case of suspected fentanyl-induced muscle
rigidity in a client-owned mixed breed female dog. The symptoms and
timing of onset were similar to those observed in humans, and the dog
was successfully treated with naloxone. Although this was a rare case
and risk factors for the development of symptoms remain unclear, vet-
erinary clinicians should bear in mind that this species could develop
this disorder.
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