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Tension Pneumothorax on Extracorporeal Membrane Oxygenation
Leading to Significant Pneumoperitoneum
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Abstract: Veno-venous and veno-arterial extracorporeal membrane oxygenation (ECMO) therapy is used to support the
cardiac and pulmonary systems in the setting of acute failure. Maintaining adequate ECMO flow is crucial for the success
of the therapy. Sudden decrease in venous return on ECMO has multiple etiologies, such as intravascular hypovolemia,
malposition or kink of the venous cannula, suction occlusion of a cannula, and venous or arterial thrombi. Pathology
within the chest, including pneumothorax, tension hemothorax and pericardial tamponade, may also decrease the ECMO
flow because of compression of the cannula and decreased atrial volume. Air from a tension pneumothorax may be
transmitted from the pleural space to the pericardial and contralateral pleural spaces, as well as the peritoneal cavity if
significant pressure is applied to either side of the diaphragm, even without diaphragmatic disruption. The case presented
here represents a unique presentation of sudden and sustained decrease of ECMO flow secondary to tension
pneumothorax, as well as pneumoperitoneum, following a central venous catheter insertion.
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INTRODUCTION

Extracorporeal membrane oxygenator (ECMO) therapy is
used as a temporary measure to support the cardiac and
pulmonary systems in acute failure. Two different
configurations of ECMO exist, including veno-arterial and
veno-venous ECMO. Veno-arterial ECMO (VA-ECMO) can
be used for both cardiac and respiratory support and involves
draining deoxygenated blood from the venous system and
returning oxygenated blood to the arterial system. VA-
ECMO thus performs the oxygenation function of the lungs
as well as the perfusion function of the heart. Veno-venous
ECMO (VV-ECMO) is used in cases of respiratory failure,
in which deoxygenated blood is drained from the venous
system and oxygenated blood is returned to the venous
system. VV-ECMO thus performs the oxygenating function
of the lungs [1].

Flow of ECMO may decrease if the arterial or venous
cannula is obstructed or compressed. Common causes of
decreased ECMO flow include hypovolemia that responds to
fluid challenge or malpositioning of a cannula resulting in
obstructed flow. Compression can also be precipitated by a
sudden change of intra-thoracic pressure. Tension
pneumothorax may constrict the pericardium leading to
decreased venous return and decrease of the ECMO flow,
similar to tamponade physiology of tension pneumothorax
on a functioning heart. Cardiac tamponade can decrease
ECMO flow via a similar mechanism.

The increased intra-thoracic pressure from pneumo-
thorax, especially tension pneumothorax, can spread across
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the mediastinum to the contralateral pleural space or through
the diaphragm into the peritoneal space. Incomplete fusion
of the pleura or congenital fenestrations creates a conduit for
air between the pleural spaces without sternotomy or surgical
intervention. In the setting of increased pleural cavity
pressure, air can transfer into the peritoneum through
diaphragmatic disruptions. Without a disruption in the
diaphragm or trauma, spontaneous pneumoperitoneum,
which can be managed conservatively, may also occur.

We report on our experience with a patient supported on
VA-ECMO who developed an acute decrease of ECMO flow
resulting in hypotension from a tension pneumothorax and
pneumoperitoneum, following an attempted left internal
jugular central venous catheter placement.

CASE PRESENTATION

A 56 year-old male with a history of non-ischemic
dilated cardiomyopathy developed decompensated heart
failure =~ with  episodes of sustained ventricular
tachyarrhythmia complicated by acute renal failure. The
patient was placed on VA-ECMO using the femoral vessels
to bridge the patient either to a more permanent mechanical
support device or to heart transplantation.

Initially, the patient maintained adequate ECMO flows of
6 L/min and trans-esophageal echocardiogram confirmed
correct positioning during placement. Between 01:00 and
03:00 on post-operative day 1, twelve hours post-operation,
the ECMO flow decreased to 2.8-3.5 L/min. Volume in the
form of 2.5 L of 5% albumin was given in 500 mL
increments, resulting in a transient improvement of the
ECMO flow. The ECMO venous cannula was manipulated
to optimize return after the fluid challenge failed to increase
flow. The ECMO flow stabilized to a rate of 4.0 L/min until
04:30 on post-operative day 2, when it again decreased
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to 2.5-3.0 L/min. The venous cannula was again manipulated
at the bedside. The ECMO flow transiently improved to
3.0-3.3 L/min and the patient was brought to the cardiac
catheterization laboratory at 06:00 for fluoroscopic
positioning of the ECMO venous cannula. The cannula was
found to be kinked and was successfully re-positioned under
fluoroscopy. The patient suddenly became hemodynamically
unstable in the cardiac catheterization laboratory while left
internal jugular central venous access was attempted.
Immediately after line placement, the ECMO flow decreased
from 4.5 L/min to 3.0 L/min despite optimal placement of
cannula; mean arterial pressure decreased from 80 mm Hg to
60 mm Hg. An arterial blood gas was drawn at 09:15,
revealing a metabolic acidosis with a pH of 7.16, PaCO2 of
58 mm Hg, PaO2 of 375 mm Hg, bicarbonate level of 18
mmol/L, compared to a pH of 7.30, PaCO2 of 41 mm Hg,
PaO2 of 426 mm Hg, bicarbonate level of 20 mmol/L drawn
at 07:50. The drapes were removed and it was noted the
patient’s abdomen had become significantly distended.

At 11:30, lactate level increased to 6.9 mmol/L from
2.3mmol/L at 01:30 on same day. Diminished breath sounds
were noted bilaterally on physical examination. A chest
radiograph was immediately obtained and revealed a large
bilateral pneumothorax (Fig. 1). A left-sided chest tube was
placed under the assumption that the right pneumothorax
was related to the large left pneumothorax and that the right
pneumothorax would resolve with the placement of a single,
left-sided chest tube. After the placement of the chest tube,
the ECMO flow improved from 3.0 L/min to 4.7 L/min. The
patient’s abdomen was still distended at this time. Due to the
metabolic acidosis and elevated lactate, there was a concern
for abdominal pathology. The patient was sent to computed
tomography (CT) scan at 19:07, which revealed a right
tension pneumothorax with mediastinal shift (Fig. 2) and a
large amount of pneumoperitoneum (Fig. 3). A right-sided
chest tube was placed, which further increased the ECMO
flow to 4.8 L/min. The patient underwent emergency bedside
exploratory laparotomy at 22:00 on post-operative day 2 to
rule out abdominal pathology due to his elevated lactate
level, metabolic acidosis, and his physical examination. No
intraperitoneal pathology was discovered.

Fig. (1). Chest x-ray shows bilateral pneumothorax.
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Fig. (2). Axial CT image of the chest shows tension right
pneumothorax.

Fig. (3). Axial CT image of the abdomen shows significant
pneumoperitoneum.

DISCUSSION

The case presented here reveals two important
manifestations. First, a decrease in ECMO flow can be a sign
of  significant  intra-thoracic = pathology.  Second,
pneumoperitoneum may be the result of severe tension
pneumothorax without an obvious defect in the diaphragm.

The maintenance of adequate ECMO flow is a frequent
issue encountered during this therapy. Initial technical issues
must be considered, including hypovolemia or malposition
of the cannula causing an obstruction. These issues can be
addressed with an initial fluid challenge. If no improvement
in flow is noted after the administration of fluid, imaging and
re-positioning of the cannulas is recommended [1]. When the
ECMO flow initially dropped to 2 L/min, the patient was
resuscitated with 2.5 L of 5% albumin. The flow did not
return to the flow of 6 L/min that had initially been
maintained as expected, ruling out hypovolemia as a cause of
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the decreased ECMO flow. Two attempts were therefore
made at the bedside to re-position the ECMO cannulas with
transient improvement of flow, until the cannulas were re-
positioned under fluoroscopy in the cardiac catheterization
laboratory. It is believed that the initial decrease in ECMO
flow was secondary to the malposition of the venous cannula
until the pneumothorax was created in the cardiac
catheterization laboratory during attempted left internal
jugular central venous access.

The decrease in ECMO flow secondary to significant
intra-thoracic pathology including pneumothorax, hemo-
thorax, and pericardial tamponade is well-described in
neonatal ECMO patients [2]. However, it has not been
clearly described in the adult ECMO population. The
increased pressure from tension pneumothorax significantly
increases the intra-thoracic pressure, which decreases venous
return to the right atrium and the venous cannula, causing
decreased ECMO flow. Decreased ECMO flow caused
systemic hypotension and hypoperfusion, leading to
metabolic acidosis. The mechanism is similar to that of
tension pneumothorax in the setting of a normal heart, where
increased intra-thoracic pressure places pressure on the
pericardium and decreases venous return to the right atrium.

Pneumothorax spreading across the mediastinum is
common in the setting of post-sternotomy and significant
pulmonary disease [3]. However, it is also important to
recognize that there can be a communication between the
right and left pleural spaces without any previous
intervention. This communication can represent incomplete
fusion of the pleura or small congenital fenestrations [4]. In
this case, we believed the bilateral pneumothoraces were a
result of a single injury, as central venous catheter placement
had been attempted multiple times only on the left side.
Therefore a single chest tube was placed under the
assumption that it would resolve both pneumothoraces. The
patient’s abdominal distension developed acutely and further
imaging was obtained to evaluate for the resolution of the
pneumothorax as well as to evaluate for abdominal
pathology. The CT scan revealed  significant
pneumoperitoneum and the remaining right-sided thoracic
pathology. The amount of air in the abdomen and sudden
metabolic acidosis experienced in this case was significant
enough to suspect visceral pathology, which prompted the
surgeon to perform a bed-side exploratory laparotomy.

Few cases of pneumoperitoneum secondary to tension
pneumothorax have been described, although numerous
pneumothoraces secondary to pneumoperitoneum have been
reported [5-8]. Spontaneous pneumoperitoneum secondary to
blunt chest trauma has only been reported in severe blunt
thoracic trauma in a patient without diaphragm injury [9].
Approximately 10% of pneumoperitoneum is attributed to
“spontaneous pneumoperitoneum,” or “free air not
associated with a perforated viscera.” [9] Spontaneous
pneumoperitoneum is often managed conservatively, while
pneumoperitoneum with perforated viscus necessitates
emergent surgery [10, 11]. The primary concern for this
patient was the occurrence of perforated viscus secondary to
visceral ischemia. The patient was also at increased risk for
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acute ischemic bowel secondary to embolism, as the ECMO
oxygenator can be the source for thromboembolism. To
differentiate spontaneous pneumoperiteonum and pneumo-
peritoneum secondary to perforated viscus, clinical
correlation is required. However, in a patient on ECMO it is
difficult to assess the clinical manifestations of intra-
abdominal pathology due to the frequent use of sedatives and
paralytic agents, the persistent inflammatory state that is a
direct result of ECMO, the metabolic acidosis related to the
primary cause of the cardiopulmonary failure, and the
difficult transport of the patient for appropriate imaging
studies. As a result, based on the acute abdominal distention,
imaging studies, increasing lactate level, and worsening
metabolic acidosis of our patient, an unnecessary bed-side
exploratory laparotomy was performed.

The above case presentation is unique for two reasons.
The first feature recognizes decreased ECMO flow as an
indication of intra-thoracic pathology in an adult patient. The
second feature recognizes spontaneous pneumoperitoneum
in the setting of intra-thoracic pathology without diaphrag-
matic disruption, which can be managed conservatively.
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