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Anaphylactic drug reactions are a rare but potentially serious 
complication of anesthesia. In humans, estimates of anaphylaxis 
during anesthesia vary widely from one study to another, with 
frequencies ranging from 1 case in 210022 to 1 in 20,000, with a 
mortality rate of as high as 10%.11 Although substances known 
to most commonly elicit an anaphylactic response include neu-
romuscular blockers and latex, virtually every anesthetic, with 
the exception of volatile inhalant agents, has been implicated 
in anaphylactic reactions.4,11,12,22 Anaphylaxis occurs in anesthe-
tized veterinary patients as well, but these episodes are less well 
documented than in humans. Evaluation of anaphylaxis in vet-
erinary species is complicated by low sample sizes due to rela-
tive rarity of the condition, and definitive diagnoses are rarely 
made even in successfully managed cases.6,25,32,36,42,44,45,56 An addi-
tional complicating factor for veterinary patients is that different 
species may react with varying severity to the same trigger.2

Although swine have been used as an experimental model 
for anaphylaxis,49,51 review of the literature shows that naturally 
occurring anaphylaxis seems to be either rare or underreported 
in swine. The reports of anaphylaxis in swine that do exist docu-
ment reactions to drugs, usually vaccines, given in the context 
of a meat production setting and not in animals undergoing 
anesthesia.19,54 Ketamine is one of the most common anesthetics 
used in swine and is generally considered to be a safe drug with 

few side effects of concern.15 In the following case series, we 
present 3 adverse events in anesthetized Yucatan minipigs that 
we attribute to ketamine anaphylaxis.

Case Report
The 3 swine presented in the current report were apparently 

healthy, juvenile (age, 5 to 6 mo) Yucatan minipigs (Sinclair 
BioResources, Windham, ME). Prior to arrival, the pigs were 
vaccinated for Haemophilus parasius (Ingelvac HP1, Boehringer 
Ingelheim, St Joseph, MO), porcine circovirus (Circumvent PCV, 
Merck Animal Health, Madison, NJ), Erysipelas rhusiopathiae and 
Mycoplasma hypneumoniae (RespiSure-One/ER Bac Plus, Zoetis, 
Kalamazoo, MI). The source herd tested negative for brucellosis 
and pseudorabies and was free of tuberculosis. On arrival, the 
pigs underwent a routine quarantine and acclimation period, 
during which physical exam and fecal parasite analysis were 
performed. Physical examinations were within normal limits for 
each pig, and fecal exam for ova and parasites showed cysts of 
Entamoeba spp., which is considered a commensal organism of 
the pig gastrointestinal tract. After release from quarantine, each 
animal was enrolled in an IACUC-approved experimental pro-
tocol within the AAALAC-accredited program at the University 
of Pennsylvania. Pigs were given water without restriction and 
were fed standard minipig grower diet (5081, LabDiet, St Louis, 
MO) at rations appropriate to their weight and body condition. 
All pigs were socially housed with at least one conspecific and 
had olfactory and tactile contact with other pigs except for im-
mediately postoperatively.

Clinical case 1 (animal A). In preparation for a protocol-re-
lated surgery in July 2016, a 7-mo-old female pig was sedated 
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with ketamine (20 mg/kg IM) and midazolam (0.5 mg/kg IM) 
and then supplemented with isoflurane through a facemask. 
Glycopyrrolate (0.1 mg/kg SC) and meloxicam (0.5 mg/kg SC) 
were administered approximately 5 min later, according to pro-
tocol. Initial physiologic monitoring included a heart rate of 
90 bpm, respiratory rate of 16 breaths per minute, and SpO2 of 
100%. When the animal was repositioned for intubation, severe 
erythema was noted diffusely on the face and thorax. Sponta-
neous respirations then ceased, and the heart rate increased to 
180 to 200 bpm. Isoflurane was discontinued, and the animal 
was immediately intubated to allow for assisted respiration 
with 100% oxygen. Midazolam was reversed with flumazenil 
(0.01 mg/kg IM). Dexamethasone (1.3 mg/kg IM) and diphen-
hydramine (2 mg/kg IM) were administered. Respirations were 
assisted for 25 min, until the pig again regained spontaneous 
breathing. A catheter was placed in the marginal ear vein, and 
isotonic crystalloid fluid replacement therapy was initiated at 
approximately 60 mL/kg administered over 1 h. Skin coloration 
and vital signs improved over a period of 120 min, and recovery 
from the anesthetic event was prolonged but smooth. Body tem-
perature decreased to 96.8 °F, but returned to normal (101.4 °F) 
with heat support within 4 h. Omeprazole (1.2 mg/kg PO) was 
given for 3 d, given the potential for gastrointestinal upset due 
to poor perfusion during the event. The pig remained quiet but 
responsive with a slightly decreased appetite for 24 to 48 h after 
the event but was clinically normal within 72 h.

Clinical case 2 (animal B). Another pig, also a 7-mo-old fe-
male, was sedated 10 d later by using the same sedation proto-
col and for the same protocol-related surgery as case 1. Animal 
B was a littermate of animal A and arrived to the facility in the 
same cohort. Glycopyrrolate (0.1 mg/kg SC) and meloxicam 
(0.5 mg/kg SC) were administered; the pig was then intubated 
and maintained on 2.5% isoflurane. New bottles of ketamine, 
midazolam, and glycopyrrolate were used for this sedation 
event. The meloxicam originated from the same bottle as for 
animal A, but this bottle had been used for other animals with-
out incident. Initial vital signs included a heart rate of 90 to 110 
bpm, respiratory rate of 26 to 39 breaths per minute, and SpO2 
of 96% to 100%. The pig was transported to the operating suite 
and prepped and draped for aseptic surgery. Prior to the first 
incision, the heart rate increased to 180 to 200 bpm, and the skin 
on the head and trunk was noted to be diffusely erythematous. 
Isoflurane was discontinued, and the animal was maintained 
on 100% oxygen via endotracheal tube. Dexamethasone (0.5 
mg/kg IM) was administered. Recovery was prolonged and 
lasted approximately 90 min, during which time the heart rate 
stabilized at 130 bpm. The temperature decreased to 98.3 °F dur-
ing the event but returned to 99.5 °F within 2 h. As with the 
first pig, omeprazole (1.2 mg/kg PO) was given for 3 d. The pig 
remained quiet for approximately 6 h, after which point she was 
clinically normal.

At 2 to 3 wk after the initial event, both animals A and B were 
sedated to determine a safe sedation protocol to complete the 
experimental objectives and to perform intradermal skin testing 
to evaluate ketamine as a potential anaphylactic trigger. The 
pigs were sedated with midazolam (0.4 mg/kg IM), dexme-
detomidine (0.04 mg/kg IM), and buprenorphine (0.015 mg/
kg IM). After 30 min of stable sedation with no clinical signs 
of anaphylaxis, glycopyrrolate (0.01 mg/kg SC) was admin-
istered. The lack of an adverse reaction was again confirmed, 
and isoflurane was initiated and provided through a facemask 
for 45 min. In addition, 0.05 mL of 100 mg/mL ketamine was 
injected intradermally near the ear to test for an allergic skin reac-
tion (Figure 1). Near the opposite ear, the same volume of saline 

was injected as a negative control. Within 2 min, wheal and 
flare formation developed at the site of ketamine injection; no 
skin reaction was observed at the site of saline injection. At the 
end of the anesthesia trial, isoflurane was discontinued, and 
the pigs recovered from anesthesia. Throughout the procedure, 
heart rate remained below 160 bpm. Indirect blood pressure 
was measured by using a cuff placed just above the stifle. Mean 
arterial blood pressure remained between 68 and 82 mm Hg for 
pig A. For pig B, mean arterial blood pressure remained within 
the same range as for pig A until isoflurane was introduced, 
at which time mean arterial blood pressure decreased to 45 to 
60 mm Hg, consistent with vasodilation secondary to inhalant 
anesthesia. Once isoflurane was discontinued, mean arterial 
blood pressure returned to 68 mm Hg prior to recovery. At the 
end of the procedure, both pigs received atipamezole at 0.4 mg/
kg IM for anesthetic reversal and recovered smoothly. No skin 
erythema or tachycardia was noted during either procedure, 
and only one pig developed mild transient hypotension. A local 
wheal-and-flare skin reaction to intradermal ketamine injection 
persisted for over 5 d, showing a well-circumscribed circular 
lesion of pale skin. Both pigs later successfully and without an-
esthetic complications underwent protocol-prescribed surgery 
by using the altered anesthesia protocol but were premedicated 
with diphenhydramine IM as a precaution due to previous ana-
phylactic response: premedication diphenhydramine (1 mg/
kg), sedation with midazolam (0.4 mg/kg), dexmedetomidine 
(0.04 mg/kg), and buprenorphine (0.015 mg/kg) IM, followed 
with inhaled isoflurane maintenance.

Clinical case 3 (animal C). In July 2017, a 6-mo-old male cas-
trated pig was sedated for use on another experimental protocol 
by using ketamine (20 mg/kg IM; different bottle and lot num-
ber than for pigs A and B) and xylazine (2.2 mg/kg IM). Meloxi-
cam (0.2 mg/kg SC) was administered, an auricular intravenous 
catheter was placed, endotracheal intubation was performed, 
and the pig was provided 2.5% isoflurane. Although the pig 
initially had normal vital signs (heart rate, 90 bpm; temperature, 
100.1 °F; respiratory rate, 40 breaths per minute), approximately 
20 min after premedication, he developed diffuse skin erythema 
and experienced simultaneous respiratory and cardiac arrest. 
Anesthesia was discontinued, atropine (0.04 mg/kg IV) was ad-
ministered, chest compressions were initiated, and the pig was 
ventilated at 10 mL/kg tidal volume with 100% oxygen. When 
asystole continued despite several minutes of continued ven-
tilatory support and cardiac compressions, epinephrine (0.01 
mg/kg IV), an intravenous bolus of 20 mL/kg of a balanced 

Figure 1. Intradermal skin testing in animal A (left image) and animal 
B (right image). In the left image, ketamine (left ear) and saline (right 
ear) were injected intradermally, and the boundaries of the initial in-
jection were marked with a permanent marker. The image was taken 
15 min after initial injection, showing localized wheal and flare at the 
site of ketamine injection and no reaction at the site of saline injection. 
The right image shows marked wheal and flare reaction at the site of 
intradermal ketamine testing after 1.5 h, with initial injection bounda-
ries in black.
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electrolyte solution, and diphenhydramine (2 mg/kg IV) were 
administered; spontaneous circulation ensued (heart rate, 130 
bpm). The researchers elected to abort the surgical procedure 
and to allow the animal to recover from anesthesia.

The pig was recovered with continuous monitoring and sup-
port (heat support, fluid therapy, flow-by oxygen therapy as 
tolerated). Starting when spontaneous respirations resumed, he 
showed moderate tachypnea (70 breaths per minute) despite no 
increase in effort and an appropriate SPO2 (98%); this tachypnea 
resolved over the course of his recovery with no intervention 
beyond supplementation with 100% oxygen. Prior to extuba-
tion, the pig vomited; after receiving maropitant citrate (1 mg/
kg IV), he showed no further signs of nausea. The animal was 
extubated approximately 1 h after initial premedication. The 
diffuse erythema noted immediately prior to cardiopulmonary 
arrest resolved over the course of his recovery, although a 4- to 
5-cm, firm, red wheal at his premedication injection site was 
noted during recovery. His temperature decreased throughout 
the time of the event and recovery (lowest temperature recorded 
97.6 °F), and returned to normothermia with the addition of 
heat support. Approximately 5 h after extubation, vital signs 
stabilized to within the normal range (heart rate, 132 bpm; tem-
perature, 100.8 °F; respiratory rate, 42 breaths per minute), and 
appetite returned.

Over the subsequent week, the red swelling at the pig’s injec-
tion site diminished in size without treatment. Approximately 2 
wk after initial presentation, the pig was successfully anesthe-
tized for his protocol-prescribed surgery by using an alternative 
sedation regimen (dexmedetomidine, 10 μg/kg IM; midazolam, 
0.3 mg/kg IM; hydromorphone, 0.1 mg/kg IM), with anesthesia 
maintenance by using isoflurane. No noteworthy anesthetic 
complications occurred.

Discussion
In the cases we described here, 3 pigs presented with classic 

signs of an anaphylactic reaction during anesthesia, including 
diffuse cutaneous erythema, tachycardia, and suspected hy-
potension. Two of the pigs developed respiratory arrest, and 
one of those pigs experienced cardiac arrest. Treatment varied 
according to each animal’s clinical signs, but emergency treat-
ment included standard interventions for anaphylactic reactions 
under anesthesia, including reversal and discontinuation of an-
esthetic drugs and administration of fluids, epinephrine, other 
resuscitative drugs, respiratory support, corticosteroids, and 
antihistamines.2,27,47 Supportive measures during the recovery 
phase included gastroprotectants and antiemetics tailored to 
the needs of individual animals. All 3 pigs recovered well, with 
no persistent or recurrent clinical signs, and all 3 pigs were later 
successfully anesthetized for protocol-related survival surgeries 
by using alternative drug regimens.

Ketamine is an NMDA-antagonistic dissociative agent com-
monly used for sedation and anesthesia in veterinary patients. 
In addition to inducing anesthesia, ketamine provides analgesia 
and is thought to have some neuroprotective properties.1,3 In 
pigs, ketamine typically is used for minor procedures of short 
duration and for initial immobilization prior to anesthesia by 
using other methods (inhalant or intravenous anesthesia). In 
this species, ketamine is most commonly used in combination 
with other agents, including midazolam, acepromazine, and 
xylazine,5 and it was used in conjunction with other agents for 
each of the 3 pigs in this case. Although we cannot definitively 
rule out a drug reaction to one of the other agents as the cause 
of the clinical signs observed, other than isoflurane, ketamine 
was the only drug common to all 3 of these animals at the time 

of their adverse events (Table 1). Furthermore, each of these ani-
mals was successfully anesthetized with no ill effects at a later 
date by using other agents including midazolam and isoflurane. 
For these reasons and in combination with the positive intra-
dermal skin test response in pigs A and B and the pronounced 
wheal at the induction drug injection site in pig C at the time of 
his anaphylactic event, we believe that all 3 of these cases repre-
sent anaphylactic reactions to ketamine.20,23

Although studies and case reports show that pharmaceuti-
cal preservatives may cause allergic reactions,37,55 there are no 
published reports of anaphylaxis due to benzethonium chloride 
associated with ketamine or with the preservative alone. The 2 
bottles of ketamine were from different manufacturers, but both 
contained benzethonium chloride at 0.1 mg/mL. Benzethonium 
chloride is a common preservative in well-known pharmaceuti-
cal preparations and over-the-counter medicines.17,30 A previous 
rodent study of chronic feeding of benzethonium found little or 
no toxic effects.13 Most publications on benzethonium chloride 
address its use in cosmetics and report little to no toxicity.31

Anaphylactic reactions can be either nonallergic or allergic 
in origin, with allergic anaphylaxis being further subdivided 
into IgE- and nonIgE-dependent mechanisms (Figure 2).23 It was 
once thought that allergic and nonallergic anaphylaxes could 
be distinguished clinically from one another because allergic 
anaphylaxis would require prior sensitization, whereas nonal-
lergic anaphylaxis would not. However, the reality is not this 
simple, given that IgE receptor crossreactivity between struc-
turally similar substances (for example, latex and various fruits; 
some neuromuscular blockers and ammonia-containing disin-
fectants) can result in sensitization to a drug before the patient’s 
first exposure to that drug.2,4 Regardless of the mechanism of 
anaphylaxis, the clinical picture is indistinguishable.2,12,20 Ana-
phylaxis by either origin results in systemic release of inflam-
matory mediators by mast cells and basophils, and the resultant 
sequelae include vasodilation, skin erythema, bronchospasm, 
hypotension, and cardiovascular and respiratory collapse.11,26

Initial diagnosis of anaphylaxis typically relies on clinical 
signs.12 Clinical signs may involve cutaneous (erythema and 
urticaria), cardiovascular (hypotension and tachycardia), respi-
ratory (dyspnea, bronchospasm, wheezing), and gastrointesti-
nal (nausea, vomiting, diarrhea) systems. Clinical presentations 
may vary in time frame, severity, and organ system involve-
ment. Grading systems have been created to describe anaphy-
lactic reactions and range from cutaneous signs only to complete 
cardiovascular collapse and death.8,18,24

Immediate clinical management for anaphylaxis is largely 
supportive and generally includes discontinuation of anesthesia 
when possible, administration of epinephrine and fluids, and 
respiratory support as indicated. In addition, antihistamines 
and corticosteroids are commonly used but are often consid-
ered secondary to the aforementioned stabilizing measures.18,24,26 
Close observation is necessary for at least 24 h to monitor for 
persistent or recurrent respiratory, hemodynamic, or gastro-
intestinal effects. Patients (human and animal) that have ex-
perienced an anaphylactic reaction while under anesthesia are 
commonly premedicated with antihistamines or corticoste-
roids before undergoing a subsequent anesthetic event, with 
the intent to reduce the likelihood of a repeat event; however 
although this practice is unlikely to cause harm, little evidence 
supports that it is effective.2,4,18,24,27 The use of antihistamines is 
unlikely to prevent a severe reaction, but there is still a strong 
benefit to any reduction in severity of clinical signs during an 
anaphylactic response. Management of future anesthetic events 
in cases of known anaphylaxis are based on risk assessment 

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-25



Vol 69, No 5
Comparative Medicine
October 2019

422

by the clinician and often are a matter of clinical preference. In 
animals A and B, the clinician chose to use antihistamine pre-
medication to prevent or reduce the likelihood of recurrence, 
whereas the clinician for case C was comfortable with withhold-
ing antihistamines in future sedations. Alternatively, avoidance 
of the suspected offending drug altogether would be useful but, 
in the absence of a definitive diagnosis, may not be possible. In 
the pigs presented, further anesthetic drug choices excluded 
ketamine, and no additional anaphylactic events occurred.

Confirmation of a diagnosis of anaphylaxis is challenging, no 
single diagnostic test provides a definitive diagnosis. Incidence 
of anaphylaxis is probably underreported, in large part due to 
the difficulty in making a definitive diagnosis.26 Evaluation of 
serum histamine and tryptase, both of which are released from 
mast cells and basophils during degranulation, can be informa-
tive, but these assays must be performed during or shortly after 
the anaphylactic episode and frequently are not performed be-
cause clinicians are focused on patient stabilization during the 
hours after these events.4 Furthermore, these data are best inter-
preted in conjunction with baseline levels of these substances, 
and those samples are often unavailable.46 In humans, assays for 
IgE specific to suspected anaphylaxis triggers are available for 
various substances,4,24 but these tests are not readily available for 
most anesthetic drugs and are only recently being developed for 
veterinary medicine.41,42 Skin testing, either intradermal inocula-
tion or ‘skin prick’ testing can be used to confirm anaphylactic 
triggers, although both false positives and false negatives are 
commonly reported.18,24 To avoid false negatives, testing should 
be performed no sooner than 4 wk after the initial anaphylac-
tic event, to give immune cells sufficient time to recover their 
contents after degranulation.12,35 To prevent an additional se-
dation event, we performed skin testing during our anesthetic 
trial to find a safe regimen for the animals. Although this tested 
occurred just 2 to 3 wk after the initial event, the skin test still 
yielded a positive response. To avoid false positives due to local 
skin reaction, many authors recommend using diluted drug for 
skin testing,18,33 although others do not make this recommen-
dation.4,33 In our pigs, skin testing used undiluted ketamine. 

Although we cannot rule out a local reaction to the undiluted 
drug as the cause of the positive skin reaction that we saw in an-
imals A and B, we believe the positive skin reaction— together 
with the other clinical findings in these animals—supports our 
diagnosis of ketamine anaphylaxis.

Determining a definitive diagnosis of anaphylaxis is challeng-
ing. Identifying the cause of an anaphylactic reaction during a 
surgical event is fraught. Multiple drugs including anesthetics, 
antibiotics, analgesics, and topical antiseptics are used in the 
perioperative period for surgical preparation. Animals are ex-
posed to various other products, such as latex gloves, adhesives, 
and catheter substances.12,26,38 Further complicating diagnosis, 
some of the early clinical signs associated with anaphylaxis, 
such as hypotension and respiratory depression, are expected 
side effects of many anesthetic drugs.4 Furthermore, the patient 
typically is draped, and the initial visual cues of anaphylaxis 
may be missed until the cardiorespiratory effects are observed 
during anesthetic monitoring. Some of the most common vet-
erinary substances associated with anaphylaxis during anes-
thesia include neuromuscular blocking agents, antibiotics, and 
latex; however, there are reports of anaphylaxis to virtually all 
substances associated with anesthesia except for volatile in-
halant anesthetics.4,11,34 Anaphylactic reactions to ketamine are 
considered extremely rare,11 although reports exist for both hu-
mans7,9,21,33,39,40,43 and veterinary patients.45

Several parallels exist between the swine cases presented here 
and published reports of ketamine reactions in humans. First, 
the clinical signs were quite similar. All of the human cases ref-
erenced involve the rapid development of erythema, hives, or a 
rash after the administration of ketamine, and several cases also 
demonstrated respiratory compromise.9,40 All 3 swine developed 
erythema and wheals in association with the ketamine injec-
tion site, and 2 of the 3 also experienced respiratory arrest. Sec-
ond, most human cases of ketamine allergy have been in young 
women, and women are generally considered more likely than 
men to experience adverse drug reactions during anesthesia.4,38 
Two of the 3 cases we presented were young, intact female 
swine. Perhaps young female swine are more likely than males 
to experience adverse ketamine reactions, although additional 
investigation is required to confirm this hypothesis.

After the suspected anaphylactic events involving pigs A and 
B, we contacted the vendor to discuss whether this type of re-
action had been seen at their facility or whether other custom-
ers were reporting similar events. The vendor responded that 
they had not received any similar reports from other institu-
tions using their animals. The vendor did not routinely sedate 
animals with ketamine but did routinely use tiletamine, which 
is structurally related to ketamine. The vendor had not seen 
any allergic-type drug responses in their animals, nor are we 
familiar with any reports of tiletamine-associated anaphylaxis 
in veterinary patients.

Table 1. Drugs administered prior to the presumed drug reaction in pigs A, B, and C

A B C

Glycopyrrolate Xa Xa

Isoflurane Xa Xa Xa

Ketamine X X X
Meloxicam Xa Xa Xa

Midazolam Xa Xa

Xylazine X

All 3 pigs were later anesthetized by using dexmedetomidine, midazolam, an opioid, and isoflurane with no complications.
aDrugs that were used later in the same animal with no ill effects.

Figure 2. Overview of the categorization of anaphylactic reactions ac-
cording to mechanism. Summarized from reference 23.
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Shared food allergies have been reported to occur between 
siblings,14,16,29,53 but drug allergies are infrequently reported to 
have a genetic basis,10,50,52 and there is no known predisposition 
of humans or animals with another allergic disease for having 
an anaphylactic reaction to injectable drugs.2,4 Out of concern 
for a possible congenital component to the adverse reactions, 
we asked the vendor to compare the affected animals’ lineages. 
Pigs A and B were littermates, sharing the same dam and sire, 
which could be suggestive of a genetic predisposition for an ad-
verse reaction to ketamine in these cases. However, additional 
pigs from the same litter and shipment underwent the same 
initial anesthetic regimen as pigs A and B, and none of these lit-
termates demonstrated similar adverse reactions. Pig C had no 
recent genetic relationship to pigs A and B despite coming from 
the same herd. Whether there is a heritable component to the 
reaction that we observed remains unclear at this time.

Conclusion
To our knowledge, this case series contains the first reports 

of suspected anaphylaxis from ketamine in swine. While often 
used in combination with other anesthetic agents, ketamine is 
used very commonly in swine and is frequently touted as a safe 
and effective drug for use even in animals with cardiovascular 
compromise.5,28,48 Even though these 3 cases arose in relative 
temporal proximity to one another, such adverse reactions ap-
pear to be rare. Our institution acquires approximately 50 Yu-
catan swine per year, many are exposed to ketamine, and many 
are anesthetized multiple times for a given protocol, and to-
date we have observed similar reactions in only these 3 animals. 
We have not noticed a similar phenomenon in Yorkshire-cross 
swine, a much more commonly used breed at our institution. 
Nonetheless, we encourage veterinary staff working with Yu-
catan swine to keep this report in mind when selecting an anes-
thetic regimen. Using ketamine-free protocols may be beneficial 
in some cases.

Perhaps the most important lesson to learn from this report 
is that emergency readiness is crucial whenever an animal un-
dergoes anesthesia. Despite our facility’s frequent use of these 
sedation combinations in this breed of swine, 2 of the 3 swine 
presented in this case report experienced respiratory arrest, 
and one required cardiopulmonary resuscitation. But for the 
presence of trained veterinary technical staff and institutional 
standard operating procedures that ensured the availability of 
emergency drugs, the clinical outcomes might have been dif-
ferent. The reactions we saw were unexpected and serious but 
appear to have been completely reversible, and each animal 
recovered fully, enrolled in a surgical study with an alternative 
anesthetic protocol, and reached its planned study endpoint.
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