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Fig. 1. ECG on admission and at 8 days. ECG on admission shows 
ST-segment elevation on inferior and lateral wall. At 8 days, it 
shows normal ST-segment, flat T-wave and prolonged QTc

Fig. 2. Echocardiography on admission and at 8 days. Apical four-
chamber view. On the first day, left ventricular (LV) enlargement 
with lack of apical contraction in systole was observed. Normal 
LV morphology on the 8th day.

Fig. 3. Global longitudinal strain (GLS). Bulls-eye image. De-
creased strain in apical, anterobasal, mid-anterior and septal 
segments on admission. Persistence of alteration in medial and 
apical segments at 48 hours. Improvement in GLS at 8 days.

segments. Severe deterioration of the left ventricular 
function was detected [left ventricular ejection frac-
tion (LVEF) 25%] (Figure 2). Left ventricular diam-
eters were preserved. Lat. S, 5 cm/s; medial S, 4 cm/s. 
Global longitudinal strain (GLS) –11% (areas of api-
cal and anterolateral akinesia). No congenital defects. 
Normal coronary arteries.

Given the regional apical motion abnormality and 
the echocardiographic characteristics, a diagnosis of 
Takotsubo syndrome was considered. Serology and 
cultures were negative. ProBNP was 49,705 pg/ml, 
CPK was 90 U/l, initial troponin I was 731 ng/l and at 
24 h: 1001 ng/l, with progressive decrease on the 6th 
day: 107 ng/l (normal <19 ng/l). Magnetic resonance 
imaging scan was performed on the 5th day, report-
ing signs suggestive of myocardial edema in the fat 
suppression sequences and hyperemia in the pre- and 
post-gadolinium T1 sequences. Delayed enhancement 
was negative. The LVEF was 68%. No regional motion 
abnormalities were observed.

After 48 hours, normalization of the ST-segment, 
flat T-wave, long QTc (Figure 5) and improvement of 
global ventricular function were evidenced, with per-
sistence of abnormal GLS in apical and midventricu-
lar segments. Global longitudinal strain and ventricu-
lar function were normal on the 8th day (Figure 3).

The patient presented with neurological involve-
ment since admission, with altered sensorium. Men-
ingitis was ruled out. The patient presented with sei-
zures and signs of decortication after 72 hours, with 
a disorganized EEG and slowed rhythmicity. Due to 
severe neurological involvement and a history of se-
vere hyponatremia, the MRI of the brain confirmed 
pontine myelinolysis. Nephrologists and urologists 
considered that the severe hyponatremia was possibly 
due to the obstructive urological disease. The patient 
remained hospitalized under multidisciplinary man-
agement.

Takotsubo syndrome, also called ‘stress cardiomy-
opathy’ or ‘apical ballooning syndrome’, is a cardio-
myopathy characterized by severe ventricular dys-

Takotsubo Syndrome in an Infant with Severe 
Hyponatremia

Takotsubo syndrome is an acute reversible cardiomy-
opathy characterized by left ventricular akinesia and 
apical ballooning or abnormalities in basal or mid-
ventricular regional motion. Symptoms and ECG al-
terations resemble acute myocardial infarction. It is 
usually induced by physical or emotional stress lead-
ing to an increase in catecholamines, and it mainly 
affects postmenopausal women. We report the case of 
a 13-month male patient with Takotsubo syndrome 
induced by severe hyponatremia.

The patient who had a history of bilateral pyeloc-
alyceal dilatation, consulted the reference hospital for 
vomiting and dehydrations signs. Initial lab tests re-
vealed leukocytosis, creatinine: 9/mg/l, Na: 108 mEq/l 
and K: 5 mEq/l. He received two sodium corrections, 
with controls 4 hours  (116 mEq/L) and 18 hours later 
(129 mEq/L). Due to clinical deterioration, the patient 
was transferred to our institution 24 hours later. On 
admission, he presented with severe hypotension, 
poor peripheral perfusion, oliguria, weak central puls-
es and respiratory distress. The electrocardiogram 
showed ST-segment elevation on the left lateral wall 
(Figure 1). Initial echocardiography showed akinesia 
of mid-lateral, mid-anterior, mid-anteroseptal and api-
cal segments. Motion was preserved in the rest of the 
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cium overload due to altered Na+/Ca2+ pump in the 
myocyte membrane. (5) In our patient, the severe 
neurological damage secondary to severe hyponatre-
mia could have triggered high levels of catecholamines 
and induced the cardiomyopathy.

Echocardiographic findings of severe dysfunction 
with apical akinesia were typical. Initial longitudinal 
strain showed the alteration of not only apical but also 
midventricular segments. Echocardiographic controls 
in subsequent days showed improvement in systolic 
function at 48 h, although alteration of the deformity 
persisted. The recovery of function was reached with-
in 8 days, with normal GLS in the regions previously 
affected.

Studies evaluating GLS in the acute phase of Ta-
kotsubo in adult patients associated a basal-lateral 
strain > –10 and mid-lateral strain > –7 with major 
adverse cardiovascular events. (6) It was evident that 
although LVEF seemed completely resolved, the anal-
ysis of the myocardial deformation showed delayed 
recovery. This may help determine the duration of 
follow-up for these patients.

Severe hyponatremia can present not only neuro-
logical manifestations, but also potentially produce an 
effect on the myocardium secondary to increased cat-
echolamine secretion. Takotsubo syndrome is rare in 
children; however, it should be considered in cases of 
severe hyponatremia and ECG abnormalities. It is di-
agnosed with the typical regional apical motion abnor-
mality detected by 2D echocardiography. Assessment 
of longitudinal strain can detect subtle abnormalities 
and determine the duration of follow-up.
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The most common ECG patterns are ST-segment 
elevation, diffuse T-wave inversion in the anterior and 
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abnormalities are temporary. In this case, the patient 
presented with marked ST-segment elevation and 
increased troponin levels, which decreased in subse-
quent days and were almost normal at the first week.

Patients with Takotsubo syndrome have abnor-
mally high serum levels of plasma catecholamines 
generated by previous physical or emotional stress. It 
has been shown that the density of left ventricular be-
ta-adrenergic receptors is higher in the apex, suggest-
ing that it is more sensitive to high levels of catechol-
amines. This can not only reduce coronary flow, (1) but 
also produce a negative inotropic effect at high doses 
of catecholamines (it triggers a switch of intracellular 
signaling from β2-adrenoceptor Gs protein coupling to 
Gi protein), which seems to protect against apoptotic 
effects. (3) This explains the selective involvement of 
cardiac function and its temporary character. Other 
mechanisms such as microvascular dysfunction and 
coronary spasm have also been described. (1)

In a review of 37 reported cases of Takotsubo in 
children, underlying neurological disorder was evi-
denced as the most common trigger of the event (sur-
geries, acute hemorrhages, trauma or hypoxia). Other 
triggering factors included sepsis, urolithiasis, peri-
cardiocentesis, emotional stress, and drugs such as 
atomoxetine and anesthesia. (4)

Only a few cases were associated with hyponatre-
mia. Severe hyponatremia may cause altered senso-
rium, seizures, and other neurological manifestations. 
Cardiac manifestations are rare; however, cases of Ta-
kotsubo with sodium levels of 105 mEq/L have been 
reported. (5) In our patient, baseline serum Na+ level 
was 108mEq/L.

The mechanism of how hyponatremia leads to ex-
cessive catecholamines remains unclear. It has been 
suggested that central nervous system dysfunction 
secondary to hyponatremia can result in myocardial 
injury due to elevated catecholamine release. Another 
mechanism would be associated to intracellular cal-
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Bilateral Partial Anomalous Venous Drainage in an 
Adult Patient: a Rare Entity 

Partial anomalous pulmonary venous connection 
(PAPVC) is a rare, often underdiagnosed entity, in 
which one or more pulmonary veins are connected to 
the systemic venous return.

We report the case of a 27-year-old female patient 
with no cardiovascular risk factors and a history of 
asthma in her childhood.

The patient was clinically symptomatic for pro-
gressive dyspnea FCII-III; physical examination re-
vealed wide splitting of R2, ejection systolic murmur 
++/++++ at the base, with symmetrical peripheral 
pulses. Additional tests included an electrocardiogram 
(ECG) showing signs of right ventricular (RV) over-
load, and a chest X-ray showing moderate cardiomeg-
aly and enlarged right atrium. Doppler echocardiogra-
phy revealed enlarged right chambers and extremely 
enlarged right ventricle with no evidence of intracar-
diac shunts, indirect signs of moderate systolic pul-
monary artery hypertension, and good biventricular 
function. The suprasternal axis view showed an image 
consistent with ascending venous flow draining into 
the innominate vein.

In order to rule out causes for RV overload, an an-
giotomography was performed that revealed anoma-
lous connection of the right superior pulmonary vein 
to the superior vena cava, and of the left superior 
pulmonary vein to the innominate vein (Figure 1 A 
and B). The upper and mid-right lobe drained into the 
right superior vein, and the upper lobe and lingula 
drained into the left superior pulmonary vein. The 
findings were also confirmed by digital angiography 
(Figure 1 C and D).

With a diagnosis of bilateral partial pulmonary 
venous return anomaly, corrective surgery was per-
formed. The anomalies described above were evident 
during surgery (Figure 2 A and B). This was performed 
under extracorporeal circulation, which consisted of 
right superior pulmonary vein tunneling with autolo-
gous pericardial patch, creating an atrial septal defect 
(ASD) to the left atrium (LA) (Figure 2 C); the drain-
age in the innominate vein was also closed on the left 
side, and anastomosis of the left superior pulmonary 
vein to the left atrial appendage was performed (Fig-
ure 2 D).

Fig. 1. A and B. Angiotomography reconstruction of cardiac 
chambers. Digital angiography of right superior pulmonary ve-
nous return (C) and left superior and lingula venous return (D).

Fig. 2. Anomalous drainage of the right superior (A) and left 
superior (B) pulmonary veins. Right superior pulmonary vein 
tunneling with pericardial patch (C) and anastomosis of left su-
perior pulmonary vein to left atrial appendage (D).

After an uneventful postoperative course, the pa-
tient was discharged on the 5th day, with favorable 
outcome and early return to normal activities. Follow-
up computed tomography scan showed good pulmo-
nary drainage reconstruction.

Partial anomalous pulmonary venous connection 


