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1  |   CASE PRESENTATION

A 70-year-old man was admitted to our hospital for a sched-
uled invasive coronary angiography due to mild exertional 
dyspnea followed by an equivocal treadmill stress test. His 
past medical history was notable for arterial hypertension, 
mild dyslipidemia, and smoking. He denied any family his-
tory of sudden deaths.

The patient was transferred to the cardiac catheteriza-
tion laboratory asymptomatic. His resting ECG showed 
a slight J point elevation of 1 mm in inferior leads (II, III, 
aVF) (Figure  1A). The transradial coronary angiography 
was performed with Judkins left and Judkins right diagnostic 
catheters of 6F. The radiocontrast used was iopromide, a non-
ionic iodine-based contrast agent of low osmolarity. During 
the procedure, the patient manifested ventricular fibrillation 
immediately after the intracoronary injections in both coro-
nary arteries that required electrical cardioversion. Each ar-
rhythmic episode was preceded by a further elevation of the 
J point in the inferior leads (II, III, aVF) during right coro-
nary artery angiography (Figure 1B) and by J point elevation 
in lateral leads (I, aVL) during left main artery angiography 
(Figure 1C). Of note, a premature ventricular ectopic beat of 

the same morphology preceded both ventricular fibrillation 
episodes. Angiography was then completed by additional 
non-selective infusions from the aortic root (Figure 1D,E,F). 
Coronary angiography did not reveal any sign of obstructive 
disease. Mechanical complications of the procedure such as 
stimulation of the myocardium by catheter manipulation, 
catheter occlusion, deep intubation into the coronaries or su-
perselective engagement were immediately excluded by the 
operator. The timing as well as the mode of the initiation of 
the arrhythmia leaded us to the diagnosis of contrast media-
induced ventricular fibrillation.

Even if the non-spontaneous manifestation of the arrhyth-
mia prohibited the diagnosis of an early repolarization syn-
drome, the pattern in the resting ECG of the patient raised 
our suspicion of an underlying substrate that could increase 
his vulnerability to malignant arrhythmogenesis. The hospi-
talization of the patient was extended during which he un-
derwent a new cardiac ultrasonography with no abnormal 
findings, a treadmill stress test with no signs of ischemia or 
arrhythmia and continuous monitoring with no arrhythmic 
episodes. A ‘Viskin test’, an isoproterenol test, and a flecain-
ide test were conducted with negative results for long QT 
syndrome, premature ventricular contractions, or Brugada 
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Abstract
Malignant arrhythmias during coronary angiography consist a complication of the 
procedure. Clinicians should be aware that intracoronary infusion of contrast medium 
can lead to physiological changes that lower the ventricular fibrillation threshold.
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pattern. The patient was discharged with the diagnosis of 
contrast-related myocardial toxicity.

2  |   DISCUSSION

Malignant arrhythmogenesis is not an uncommon complica-
tion during invasive coronary angiography, even though its 
incidence has declined nearly by half during the last decades 
(1.1% sVT/VF in 1960 vs. 0.6% in 1990).1 The majority of 
these events is related to catheter and wire manipulations 
(direct myocardial stimulation, deep coronary intubation, 
superselective engagement etc) and can be prevented by op-
timizing the equipment and the technique such as preferring 
smaller size catheters with sideholes, avoid prolonged injec-
tions of large amount of contrast medium, or injections into 
the conus branch of the right coronary artery.2 Whenever the 
aforementioned technical issues have been excluded as the 
cause of the arrhythmic event, the etiology can be attributed 
to myocardial toxicity of the contrast agent or underlying 
vulnerability of the patient due to electrolyte imbalance or 
QT prolongation.3

Although ideally a contrast agent should be physiolog-
ically inactive, the iodine-based agents interact with the 
myocardial tissue when injected intracoronary leading to 
physiological changes, not always of clinical significance. 

The pharmacological effects of the iodine-based agents de-
pend on their osmolarity, their sodium concentration, and 
their calcium-binding properties. In greater detail, iodine-
based contrast agents are categorized according to their io-
dine ratio forms. The iodine ratio is calculated by dividing 
the number of iodine atoms in the molecule to the number 
of osmotically active particles that the molecule produces 
in solution. Agents with a ratio of 1.5 belong to the high-
osmolar category (osmolarity 2000 mOsm/kg water), agents 
with a ratio of 3.0 are considered as having low osmolarity 
(600–900 mOsm/kg water), and agents of 6.0 ratio represent 
the iso-osmolar category. High-osmolar contrast agents are 
by definition ionic and can be further divided as calcium or 
noncalcium binding. On the contrary, low-osmolar agents 
can be either ionic or non-ionic.4

Intracoronary injection of iodine contrast agents in-
duces negative inotropic and chronotropic myocardial ef-
fects which are far more prominent when agents of 1.5 ratio 
with calcium-binding properties are used since they tend 
to extract intracellular calcium. Regarding cardiac con-
ductivity, contrast infusion decreases sinoatrial automa-
ticity and atrioventricular conduction leading to transient 
bradycardic events. Moreover, it is well documented that 
the use of contrast agents increases the vulnerability of the 
patient to ventricular fibrillation or sustained ventricular 
tachycardia.5

F I G U R E  1   (A) Baseline ECG of the 
limb leads showing a slight J point elevation 
of 1 mm in inferior leads (II, III, aVF); (B) 
Significant J point elevation in inferior leads 
(II, III, aVF) with a slurred morphology 
preceded ventricular fibrillation during 
right coronary artery angiography; (C) J 
point elevation in lateral leads (I, aVL) 
preceded ventricular fibrillation following 
left main coronary artery angiography; (D) 
Selective right coronary artery angiography; 
(E) Selective left main coronary artery 
angiography; (F) Non-selective left main 
coronary artery angiography
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Murdock et al. in 1984 explored the mechanisms of 
contrast-induced ventricular fibrillation in an experimental 
model. The iodine-based agent used was the most popular by 
the time in the USA, Renografin 76, an agent of high osmolar-
ity. The study revealed that the intracoronary injection of the 
agent leaded to a marked QT prolongation of 116 ± 18 msec 
during the first 6–12 s of the infusion exclusively in the myo-
cardial territory of the LAD, which resolved back to normal 
after 30–45 s. During this time, QT interval was unchanged 
in the LCX territory betraying a marked temporal diversity of 
repolarization between these myocardial regions. When a pre-
mature ventricular beat was introduced spontaneously or by 
pacing during this time of inhomogeneous repolarization, in-
tracardiac bipolar electrograms recorded marked conduction 
delay and fractionated electrical activity that ended to ventric-
ular fibrillation in 23/25 cases.6 In a following study using 
iohexol—a low osmolar non-ionic agent—a similar mecha-
nism of VF induction was proposed. Antiarrhythmic drugs of 
all four classes of Vaughan William's classification failed to 
prevent any contrast medium induced arrhythmias.7 On the 
contrary, the addition of 30 mmol/L of sodium reduced the 
incidence of ventricular fibrillation during this study, a contro-
versial finding according to the rest of the literature. Although 
sodium concentration is recognized as critical for the preven-
tion of malignant arrhythmogenesis caused by ionic agents, its 
ideal concentration differs among studies.8

Newly developed J waves or augmentation of preexisting 
ones during invasive coronary angiography of the right coro-
nary artery have also been reported in a case series of patients 
with vasospastic angina.9 Since vasospasm was not provoked 
during the infusions, the authors hypothesized that the J 
waves were caused by transient ischemia from the contrast 
medium with subsequent conduction delay in the myocardial 
territory of the infused coronary artery. Right coronary artery 
perfuses mainly the inferior wall, the latest myocardial wall 
to be activated during normal conduction. A further delay 
in this area could be visible as elevation of the J point on 
the surface ECG. On the contrary, possible local conduction 
delays in the rest of the myocardial walls from left coronary 
artery infusion occur during systole and can be concealed in 
the QRS complex.9

In our case, every intracoronary injection of contrast 
agent led to intensification of the previously noticed pattern 
of early repolarization with further elevation of the J point 
and manifestation of ventricular fibrillation within 10 s of the 
infusion, initiated by the same premature ventricular ectopic 
beat. These observations led to the diagnosis of myocardial 
toxicity induced by the contrast agent. However, it is not clear 
whether the underlying pattern of early repolarization in the 
resting ECG played an additional role in the event.
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