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Feasible induction of coronary artery vasospasm occurred during cardiac 
catheterization in a microminipig
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ABSTRACT. A 14 month-old intact microminipig, weighing 8 kg, showed ST-segment elevation in A-B lead electrocardiogram during cardiac 
catheterization followed by ventricular tachycardia, which degenerated into ventricular fibrillation. Although a direct current defibrillation 
of 360 J was applied, ventricular tachycardia re-occurred for another 2 times and the direct defibrillation was repeated. After returning to 
normal sinus rhythm, a marked ST-segment elevation was still observed on leads II, III and aVF together with a remarkable decrease in 
contractility of inferior wall. The heart was excised for precise macroscopic and histological examinations, but there was no dissection, 
embolus or thrombus in the coronary arteries. These findings suggest that right coronary artery vasospasm could have caused the ischemic 
attack, leading to lethal arrhythmias.
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A miniature pig has been used in biomedical research as 
a laboratory animal, because of its similarities to humans 
in many of the organs including cardiovascular, urinary, 
integumentary and digestive systems [11]. However, there 
are many reports describing that pigs are generally sus-
ceptible to stress, resulting in the onset of various types 
of illnesses [3, 8]. Microminipig is the smallest pig in the 
world optimized for life-science research by Fuji Micra Inc. 
(Fujinomiya, Japan) [5, 6, 10]. Recently, we encountered 
one case of microminipig showing myocardial ischemic 
attack leading to the onset of lethal arrhythmias during car-
diac catheterization. Since the onset mechanism of a sudden 
death in swines including miniature pigs or microminipigs 
still remains unknown, we analyzed this case to clarify pos-
sible pathophysiology that caused ischemic attack.

Male microminipigs were obtained from Fuji Micra Inc. 
to evaluate the cardiovascular effects of new chemical 
compounds. The experiment was approved by the Animal 
Research Committee for Animal Experimentation of Toho 
University (No. 15-52-275) and performed in accordance 
with the Guidelines for the Care and Use of Laboratory Ani-
mals of Toho University. The microminipig of 14-month-old, 
weighing 8 kg, was pre-anesthetized by an intramuscular 
injection of ketamine (16 mg/kg; Ketalar®, Daiichi Sankyo 

Co., Ltd., Tokyo, Japan)/xylazine (1.6 mg/kg; Celactal®, 
Bayer Health Care Co., Ltd., Osaka, Japan). Propofol 
(Frensenius Kabi Co., Ltd., Tokyo, Japan) was intravenously 
administered in a dose of 10 mg/body over 20 sec through 
the superficial auricular vein. Endotracheal intubation was 
performed with the 5 mm cuffed tube. Anesthesia was 
maintained with 1% halothane (Fluothane®, Takeda Phar-
maceutical Co., Ltd., Osaka, Japan) vaporized with 100% 
oxygen with volume-limited ventilator (SN-480-3; Shinano 
Manufacturing Co., Ltd., Tokyo, Japan) in order to exam-
ine the utility of microminipigs for assessing drug-induced 
QT-interval prolongation in comparison with that of dogs. 
A tidal volume and respiratory rate were set at 10 ml/kg and 
15 strokes/min, respectively. The microminipig was placed 
in supine position. A-B lead electrocardiogram was obtained 
by using a polygraph system (RM-6000; Nihon Kohden Co., 
Ltd., Tokyo, Japan). Heparin calcium in a dose of 100 IU/kg 
(Caprocin®, Sawai Pharmaceutical Co., Ltd., Osaka, Japan) 
was intravenously administered to prevent blood clotting. 
A clinically available 6F-size, catheter-sheath set (FAST-
CATH®, 406108; St. Jude Medical Daig Division, Inc., 
Minnetonka, MN, U.S.A.) was inserted into the left femoral 
artery to measure blood pressure. A 4F-size, catheter-sheath 
set (RADIOFOCUS®, RR-A40G10A; Terumo Corporation, 
Tokyo, Japan) was inserted into the left femoral vein to ob-
tain blood sample. After the catheter-sheath set was inserted, 
halothane was decreased to 0.5%. After 1 hr of stabilization, 
the blood pressure and heart rate were 65/35 mmHg and 
50 bpm, respectively. In our database on microminipigs, the 
blood pressure and heart rate (measn ± SD, n=40) were 81 
± 16/52 ± 12 mmHg and 75 ± 20 bpm, respectively, under 
the currently used experimental condition, indicating that the 
blood pressure and heart rate in this case were relatively low, 
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but each value was more than the levels of mean –1.5 SD. 
A 5F-size, pig-tail catheter (Cordis Corporation, Fremont, 
CA, U.S.A.) was inserted through catheter-sheath placed at 
the left femoral artery, tip of which was set out to be placed 
in the left ventricle to measure the left ventricular pressure. 
However, we could not place the pig-tail catheter into the left 
ventricle even under fluoroscopic guidance, because of the 
difficulty for its tip to pass through the aortic valve. About 
10 min after the removal of it, we alternatively inserted a 5F-
size; external diameter 1.7 mm “Amplatz catheter for right 
coronary artery” (Cordis Corporation) into the left ventricle 
under fluoroscopic guidance by using a guide wire technique 
and then started to monitor the left ventricular pressure.

About 5 min later, we noticed that the ST-segment in the 
A-B lead electrocardiogram was elevated (Fig. 1A, middle 
panel). Then, polymorphic ventricular tachycardia occurred 
within 1 min after the onset of ST-segment elevation (Fig. 1A, 
lower panel), which degenerated into ventricular fibrillation. 
The direct current defibrillation of 360 J was applied, which 
terminated the ventricular fibrillation, returning to a normal 
sinus rhythm. About 5 min after the initial direct current defi-
brillation, the blood pressure and heart rate were 32/21 mmHg 
and 33 bpm, respectively. Next, atropine sulfate hydrate (0.5 
mg; Mitsubishi Tanabe Pharma Corporation, Osaka, Japan) 
and adrenaline (0.1 mg; Bosmin®, Daiichi Sankyo Co., Ltd.) 
were intravenously administered to increase the heart rate 

and blood pressure, respectively. However, in less than 1 min 
after the drugs were administered, ventricular tachycardia 
re-occurred, which degenerated into ventricular fibrillation. 
The direct current defibrillation of 360 J was applied another 
2 times, and the latest one terminated the ventricular fibrilla-
tion, resulting in a return to normal sinus rhythm. The blood 
pressure and heart rate became 100/81 mmHg and 120 bpm, 
respectively. We recorded limb-lead electrocardiogram to 
clarify the ischemic lesion in the heart by using electrocar-
diogram recorder (FCP-4101; Fukuda Denshi Co., Ltd., To-
kyo, Japan). A marked ST-segment elevation was observed 
in leads II, III and aVF, whereas ST-segment depression was 
found in leads I and aVL (Fig. 1B), suggesting the presence 
of the transmural ischemia in the inferior wall. Transthoracic 
echocardiography (Vivid i® cardiovascular ultrasonic scan-
ner, GE Medical Systems, Tokyo, Japan) was performed to 
confirm the abnormality of wall motion of the ventricles. 
Echocardiographic images in the long- and short-axis views 
are depicted in Fig. 2. Severe hypokinesis was observed in 
the inferior wall, and we decided to terminate this experi-
ment.

In order to clarify the pathophysiology occurred in this 
animal, 1 hr after the echocardiography, we sacrificed the 
microminipig with injection of 20 ml of KCl in 6 M solu-
tion (Wako Pure Chemical Industries, Ltd., Osaka, Japan). 
The heart was excised and immediately fixed in 4% (w/v) 

Fig. 1. Electrocardiograms during the study. (A) The upper panel shows the electrocardiogram (A-B lead) before insertion of 
Amplatz catheter via the femoral artery. Middle panel represents ST-segment elevation about 5 min after the insertion of Am-
platz catheter. The lower panel shows polymorphic ventricular tachycardia that was observed within 1 min after the onset of ST-
segment elevation. (B) Limb-leads electrocardiogram revealed ST-segment elevation in II, III and aVF, indicating transmural 
ischemia in the inferior myocardial wall. The vertical scale of 2 mV in the figure is common to A and B.
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paraformaldehyde solution (Wako Pure Chemical Indus-
tries, Ltd.). The heart later underwent detailed necropsy. 
Macroscopic analysis indicated that there was no dissection, 
embolus or thrombus in the right or left coronary artery. A 
microscopic study for whole heart also showed no histologi-
cal change of inflammation, necrosis or hemorrhage in the 
tissue sections examined (Fig. 3).

In domestic pigs, porcine stress syndrome has been re-
ported as one of the causes of sudden death, which is linked 
to a single point mutation in the skeletal muscle ryr gene 
[4]. However, there is no report about the stress-induced 
responses of the microminipig. In this case, ST-segment el-
evation was observed in leads II, III and aVF, suggesting the 
presence of transmural ischemia in the inferior myocardial 
wall, which may be supported by the regional wall-motion 
abnormality in the echocardiography. There are several 
known etiologies that can induce transmural ischemia, i.e. 
coronary artery occlusion by embolism, dissection, throm-
bus and/or vasospasm, etc. [1, 2, 7]. In our case, coronary 
artery occlusion by embolism, dissection or thrombus was 
not identified by macroscopic pathological observation of 
the heart. No histological changes indicating acute myo-
cardial infarction were observed in the tissue sections that 
were obtained 1 hr after the ST-segment elevation. The tip 
of catheter was placed in the left ventricle without fail, since 
the left ventricular pressure was measured. Thus, there was 
no possibility of obstruction at the inlet of coronary artery 
by “Amplatz catheter” itself. More importantly, we speculate 
that during the insertion of the catheter into the left ventricle, 
it might have injured the inlet of the right coronary artery, 
which would trigger the vasospasm. In addition, side effects 
of propofol and/or individual factors like low blood pres-
sure could also be considered as substrates for the attack. 
While coronary artery vasospasm has been reported in the 

Fig. 2. Echocardiographic images after ST-segment elevation. Arrows indicate the 
region of contractile dysfunction. Parasternal long-axis at end-diastole (A) and at 
end-systole (B); and parasternal short-axis at end-diastole (C) and at end-systole 
(D). LV: left ventricle, and RV: right ventricle.

Fig. 3. Microscopic study. (A) The myocardium of inferior wall 
of the left ventricle at risk for ischemia is composed of bundles 
of cardiomyocytes, which are regularly arranged with a portion 
containing delicate blood vessels. There was no finding showing 
the presence of inflammation, necrosis and hemorrhage. Scale bar: 
1 mm. (B) Higher magnification of (A). The individual cardiomyo-
cyte has central nucleus with a clear zone. Lack of inflammation, 
necrosis or hemorrhage in the myocardium indicated absence of 
acute myocardial infarction. Scale bar: 200 µm.
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atherosclerotic miniature pig [9], this is the first report that 
described feasible induction of coronary artery vasospasm in 
the healthy normal microminipig, which may partly explain 
the onset mechanism of a sudden death in swine. However, 
incidence as well as reproducibility of this attack still re-
mains unknown.
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