
regulator (CFTR) chloride channel generating the
osmotic gradient, which removes water through
alveolar aquaporin channels and paracellular path-
ways from the alveolar air space [5]. TNF is a
powerful down-regulator of alveolar epithelial
sodium channel expression and was found to induce
pulmonary oedema in various animal studies. IL-1
was found to reduce pulmonary alveolar epithelial
sodium channel function and expression and sodium
uptake in alveolar type II cells. IL-1 can also reduce
pulmonary epithelial chloride transport by down-
regulation of prostanoid receptors, which leads
to a reduction in cyclic adenosine monophosphate
(cAMP) and subsequently in cAMP-dependent
CFTR function. Pulmonary oedema in meningo-
coccal septicaemia has recently been associated with
reduced systemic chloride channel function [6]. The
hypoxia found in patients developing ARDS sub-
sequently indicated a reduced fluid clearance asso-
ciated with a direct cytokine effect preceding the
development of ARDS. The association of ARDS
with FFP administration may be related to the fact
that TNF caused a coagulopathy [7] prompting the
administration of FFP. Contributing to the predis-
position to ARDS by inflammatory conditions may
be the upregulation of P-selectins on vascular
endothelial cells, which facilitates the adhesion of
neutrophils in the pulmonary circulation and their
subsequent migration into the alveolar space.
Neutrophil leucocytes are an important source of
IL-1 and TNF production.

Future research needs to focus on treatments that
can prevent the development of ARDS associated

with cytokine-induced reduction of alveolar fluid
clearance. The prophylactic application of beta-
agonists, which are able to up-regulate alveolar
epithelial sodium and chloride transport and were
found to reduce lung water in the recent beta ago-
nist lung injury trial, may be able to reduce the risk
of this complication.

M. Eisenhut
Luton and Dunstable Hospital NHS Foundation Trust

Luton
Bedfordshire, UK
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Echocardiographic detection of pooled air in the right upper
pulmonary vein after minimal invasive atrial septal defect
closure: an alternative approach of de-airing

doi: 10.1017/S026502150700066X

EDITOR:
Cardiac surgery often involves the opening of the
heart and great vessels, whereupon these structures
inevitably are filled with air. Once the air gets
trapped it tends to accumulate at the highest part of
the heart, i.e. it is often found in the left ventricular

apex, the pulmonary veins, the left atrial appendage
and the upper wall of the left atrium. Today de-
airing manoeuvres are part of surgical routine and
include a multitude of techniques such as venting of
the left ventricle and the ascending aorta, manual com-
pression of the heart with the patient alternating
between Trendelenburg and reverse-Trendelenburg
position, shaking of the heart or venting the left
atrium through the right pulmonary vein vent.
Unfortunately, manual de-airing techniques are
unable to completely and reliably eliminate all
retained air [1] and it has been shown that even if
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the aforementioned techniques are meticulously
applied, a large number of microemboli may still
occur [1,2]. Recently, different minimal invasive
open-heart surgery techniques have been applied to
correct intracardiac lesions with excellent results
[3]. However, the limited surgical access in these
procedures prevents manual heart massage as well
as aortic venting, thus increasing the likelihood
of retained intracardiac air and subsequent air
embolism.

The authors report a case of retained air after
minimal invasive atrial-septal-defect closure and
although not new, an alternative approach of
de-airing accompanied by transoesophageal
echocardiography (TOE). A 20-yr-old female was
referred to our institution with a haemodynamically
significant secundum atrial septal defect (ASD II).
Defect closure with an Amplatzer Septal Occluder
(AGA Medical Corporation, Plymouth, MN, USA)
had failed a few days before. Preoperative trans-
thoracic echocardiography showed an ASD II (2.5 3
2.3 cm) with left-to-right shunting across the
defect and a distinct enlargement of the right
atrium and the right ventricle due to volume over-
load. A preoperative chest X-ray revealed a slight
enlargement of the right side of heart. The patient
reported a 5 to 6 month history of abnormal
fatigue without signs of shortness of breath.

After induction of anaesthesia, haemodynamic
monitoring was established and TOE examination
was performed, confirming the aforementioned
diagnosis. The surgical approach favoured at our
institution is based on a modified right antero-
lateral thoracotomy via a submammary mini-incision
[3]. Extracorporeal circulation is then established
via cannulation of a femoral artery and percutaneous
cannulation of the right internal jugular vein and
thereafter cannulation of the inferior vena cava. The
ASD was closed during electrically induced fibril-
lation of the heart. Throughout the procedure
meticulous care was taken to avoid air entrainment
in the left atrium and in the left ventricle by leaving
the left side of heart in a dependent position.
Additionally, air in the left atrium was carefully
evacuated by rotating the operating table and
inflating the lungs immediately before the atriot-
omy was completely closed. However, before final
defibrillation and right after the de-airing man-
oeuvres TOE examination revealed pooled air both
in the right and in the left atrium and also in the
right upper pulmonary vein (Fig. 1). Even after
repeating the aforementioned routine de-airing
manoeuvres, TOE displayed a distinct amount of
entrapped air, especially in the right upper pul-
monary vein leading to an alternative, unorthodox
approach of de-airing: a 22G venting needle was

inserted three times into the right upper pulmonary
vein at the highest position of the left atrium while
the patient was kept in a left semidecubitus posi-
tion. Approximately 10 mL of residual air was
evacuated and after sinus rhythm was achieved and
weaning from cardio-pulmonary bypass was com-
pleted, several repeated TOE examinations did not
reveal any retained air or residual shunting. Post-
operatively the young patient recovered rapidly and
was discharged five days after operation without any
complications.

During the last decade, several authors have
reported on different approaches of minimal inva-
sive closure of ASDs with excellent results [3].
However, one important problem of minimal
invasive cardiac surgery is air embolism and this can
occur because manual heart massage is limited and
aortic root suction in cases of femoral cannulation is
not possible [4]. Pooled air is a common occurrence
in open-heart surgery and is related to several
neuropsychological or myocardial adverse events
including cerebral ischaemia and/or neurologic
dysfunction, ST segment elevation, conduction
disturbances and regional wall motion abnormal-
ities. Despite thorough surgical de-airing, micro-
emboli continued to appear in the left atrium even
up to 20 min after end of cardio-pulmonary bypass
[5]. Although most of these events are transient [6],
routine use of intraoperative TOE is essential for
detecting retained air, guiding the procedure to
eliminate it and assessing the thoroughness of the
de-airing procedure.

In the case presented, accurate and ongoing TOE
examination was able to reveal pooled air even after
meticulous de-airing and, moreover, TOE led to an

Figure 1.
View of the left atrium (LA), the right atrium (RA) and the
right upper pulmonary vein (RUPV) obtained from the mid-
oesophageal view by slightly withdrawing and turning the probe to
the right. Note the retained air in the RA, LA and the marked
area in the RUPV.
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alternative approach of de-airing, which should be
kept in mind.
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