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Echocardiogram examination, sub-xyphoid view, demonstrating 
severe right ventricular dilatation with bulging of both the 
interventricular and inter-atrial septum into the cavity of the 
left ventricle and atrium, respectively. Agitated saline injection 
demonstrates bubble passage through a patent foramen ovale 
into the left atrium and, subsequently, the left ventricle (arrow). 

We describe the rare case of an open-
ing of a patent foramen ovale, which 
although not a true mechanical com-
plication but a hemodyamic one, led to 
the severe complication of acute right 
ventricular myocardial infarction.

Patient descriPtiOn

A 52 year old man was hospitalized in 
the intensive cardiac care unit due to an 
inferior and right ventricular myocardial 
infarction complicated by ventricular 
fibrillation and complete atrioventricu-
lar block. During coronary angiogra-
phy a complete occlusion of both the 
left anterior descending artery and the 
right coronary artery was observed, the 
latter suspected to be the infarct-related 
artery. Initially, an intraaortic balloon 
pump was inserted, followed by throm-
bus aspiration, balloon inflation and a 
coronary stent placement, after which 
a grade 3 TIMI flow was achieved and 
sinus rhythm was regained. 

Despite this seemingly successful 
intervention, the patient's hemodynamic 
condition deteriorated after he returned 
to the intensive cardiac care unit. He 
became hypoxemic with very low blood 
pressure, but there was no objective evi-
dence of further myocardial ischemia. 
Mechanical ventilation accompanied 
by treatment with noradrenaline was 
initiated. While mechanically ventilated 
with 100% oxygen, the saturation ranged 
between 75% and 85% with PO2 levels 
of 45–55 mmHg. An echocardiographic 
examination demonstrated akinesis of 
the basal part of the interventricular 
septum and of the left ventricular infe-
rior wall. In addition, the right ventricle 
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m ost of the life-threatening hemo-
dynamic changes that occur after 

a myocardial infarction are due to 
mechanical complications involving the 
infarcted tissue. The typical mechanical 
complications accompanying an acute 
myocardial infarction are ruptured pap-
illary muscles that result in severe mitral 
insufficiency, ventricular septal defects, 
or rupture of the free left ventricular 
wall leading to acute tamponade.

was severely dilated with moderately 
decreased function and bulging of the 
interventricular septum and inter-atrial 
septum into the cavities of the left com-
partments. An agitated saline injection 
study demonstrated passage of bubbles 
from the right to the left atrium through 
a patent foramen ovale [Figure].

Aggressive treatment with positive 
inotropic agents and inhaled nitric oxide 
did not improve the patient's condition, 
which continued to deteriorate rapidly, 
leading within a few hours to refractory 
shock and his demise. 

cOmment

During right ventricular infarction the 
right heart filling pressures (central, 
venous, right atrial and right ventricu-
lar end-diastolic pressures) are elevated, 
whereas left ventricular filling pressure 
is normal or only slightly raised. This 
disproportionate right-side filling pres-
sure elevation may cause right-to-left 
shunting through a patent foramen 
ovale or atrial septal defects. 

Despite the relatively high incidence 
of a patent foramen ovale in the general 
population (25–30%) [1], the incidence 
of right-to-left shunting through a 
patent foramen ovale in acute right 
ventricular infarction has never been 
reported. The morbidity and mortality 
rates of this rare complication were high 
in a study of eight cases [2]. Treatment 
strategies must focus on measures to 
support the failing right ventricle. 

Many treatment options have been 
suggested. Currently, prompt reperfu-
sion in order to improve right ven-
tricular performance is considered the 
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most effective therapy. Other accept-
able treatment options include volume 
loading to maintain adequate systemic 
preload, positive inotropic support to 
increase the afterload of the left ventricle 
in an attempt to reverse the shunt [3], 
temporary cardiac pacing to maintain 
atrioventricular synchrony in patients 
with heart block [4], and inhaled nitric 
oxide, which was reported to improve 
hypoxemia [5]. It should be noted that 
while afterload reduction may prove 
somewhat beneficial initially, its use 
may eventually lead to an increase in the 
right-to-left shunt and further deterio-
ration with detrimental consequences. 
The closure of inter-atrial defects (either 
surgically or percutaneously) is generally 
not indicated because the right-to-left 
shunt tends to decrease as right ven-
tricular function improves. This option, 
however, may be considered should the 
above treatment options fail and patients 
remain hemodynamically unstable 

and hypoxemic. In the case presented, 
the patient's very rapid deterioration 
accompanied by severe and refractory 
hemodynamic instability prevented us 
from attempting this additional, more 
complicated, invasive procedure.

In summary, during acute inferior 
myocardial infarction complicated 
by cyanosis and hypoxia (particularly 
when the condition does not improve 
with increasing oxygen supplementa-
tion), patency of the foramen ovale (or 
a previously not diagnosed atrial septal 
defect) causing intracardiac shunting 
should be considered and echocardio-
graphic evaluations (transesophageal 
echocardiogram or contrast-TTE) per-
formed in order to make the diagnosis. 
Appropriate management should be 
directed to improve right ventricular 
performance, primarily by early revas-
cularization.

TEE = transesophageal echocardiogram
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Tamiflu, or oseltamivir, has been extensively stockpiled by 

several governments in anticipation of a dangerous influenza 

pandemic. So far, its large-scale use has not been required, 

but, despite this, resistance has emerged in seasonal strains 

mediated by a single point mutation of histidine to tyrosine in 
the 274 residue (H274Y) of neuraminidase. When the resistant 

virus was first discovered in 1998, it grew poorly, but by 2008 

the virus was reinvigorated and the mutation had spread 

worldwide in seasonal influenza. So what happened that 
improved viral fitness so radically? Bloom et al. show that 
the H274Y mutation hinders the folding of the neuraminidase 
enzyme. In the more vigorous recent oseltamivir-resistant 

isolates, other mutations compensate for the deleterious 
effect of H274Y and restore fitness to the virus.
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The transfer of T cell receptor (TCR) genes can be used to 
induce immune reactivity toward defined antigens to which 
endogenous T cells are insufficiently reactive. This approach, 
which is called TCR gene therapy, is being developed to 
target tumors and pathogens, and its clinical testing has 
commenced in patients with cancer. Bendle et al. show that 
lethal cytokine-driven autoimmune pathology can occur in 
mouse models of TCR gene therapy under conditions that 
closely mimic the clinical setting. The authors show that the 

pairing of introduced and endogenous TCR chains in TCR 
gene-modified T cells leads to the formation of self-reactive 
TCRs that are responsible for the observed autoimmunity. 
Furthermore, we demonstrate that adjustments in the 
design of gene therapy vectors and target T cell populations 
can be used to reduce the risk of TCR gene therapy-induced 
autoimmune pathology.

Nature Med 2010; 16: 565

Eitan Israeli

capsule

lethal graft-versus-host disease in mouse models of t cell receptor gene therapy




