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History of Present Illness 
A 61 year old man was seen in consultation after undergoing a laparoscopic 
repeat Nissen fundoplication with mesh reinforcement.  He developed worsening 
hypoxia postoperatively. He was initially extubated without difficulty to nasal 
cannula. However, he had progressive hypoxemia requiring a nonrebreathing 
mask, followed by BiPAP and eventually reintubation. Discussion with the 
surgeons revealed he had gastric contents present on intraoperative 
esophagogastroduodenoscopy (EGD). There was a small perforation of the 
fundus, with possible contamination of the peritoneum.  
 
PMH, FH, SH 
He has a long history of a paraesophageal hernia and reflux esophagitis and had 
previously undergone a Nissen fundoplication. There was also a history of atrial 
flutter and a 4.8 cm thoracic aortic aneurysm. A pre-operative echocardiogram 
was othewise normal. There was no remarkable family history. He was a non-
drinker and non-smoker.  
 
Physical Examination 
Vital signs: Heart rate 79 beats/min, BP 95/67 mm Hg, Temperature 99.4°F, 
SpO2  78% on 100% FiO2.  
His lungs were clear interiorly.  
No murmurs or gallops were heard on cardiac auscultation.  
His abdomen was post-surgical and distended but soft and nontender. 
 
Which of the following is true regarding hypoxemia? 

1. Most hypoxia is secondary to alveolar-capillary block 
2. A normal pCO2 excludes hypoventilation as a cause of hypoxemia 
3. Low inspired FiO2 is a common cause of hypoxia in the ICU because of 

attaching air to the oxygen line on the ventilator.  
4. A normal chest x-ray excludes ventilation-perfusion mismatch as a cause 

of hypoxemia 
5. The patient’s age of 61 excludes a congenital heart lesion 
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Correct! 
2. A normal pCO2 excludes hypoventilation as a cause of hypoxemia 

 
There are five causes of hypoxemia (1).  

1. Ventilation-perfusion mismatching is the most common cause and 
occurs when blood passes through non- or poorly ventilated alveoli. 
Diseases such as pulmonary embolism can also be associated with 
hypoxemia but the cause is not the lack of perfusion but the release of 
mediators by the clot which cause ventilation-perfusion mismatching in 
other areas of the lung.  

2. Hypoventilation results when a lack of alveolar ventilation results in an 
increased PaCO2 and a decreased oxygen tension in the blood. In the 
postoperative setting this is most commonly due to excessive 
administration of narcotics for pain.  

3. Low inspired FiO2 can cause hypoxemia but reversing the lines on the 
ventilator is virtually impossible because the oxygen and air connections 
differ.  

4. Alveolar-capillary block occurs when there is insufficient time for the 
blood passing through a capillary to become fully saturated before 
returning to the left side of the heart. This is due to thickening between the 
capillary and alveolus because of collage formation. Most hemoglobin is 
fully saturated after one-tenth of its passage through the capillary and this 
reserve makes this unlikely at rest. Alveolar-capillary block only becomes 
a clinical factor with a marked reduction in transit time mostly commonly 
due to exercise.  

5. A right-to-left shunt in the heart or lung results in non-oxygenated blood 
passing to the arterial circulation. Many of the causes are congenital but 
can present in adulthood.  

 
The patient had an arterial blood gas with a PaO2 of 49 mm Hg, a PaCO2 of 35, 
and a pH of 7.35 on ventilator settings of a FiO2 of 100%, synchronized 
mandatory intermittent ventilation (SIMV) of 12 breaths/min, tidal volume of 600 
ml, pressure support of 14 cm H2O, and peep of 8 cm H2O.  
 
A chest x-ray was taken (Figure 1).  
 

Southwest Journal of Pulmonary and Critical Care/2012/Volume 5 236



 
Figure 1. Post-operative portable chest x-ray. 

 
Which of the following is true? 

1. A normal chest x-ray in a hospitalized hypoxic patient should prompt a 
search for a pulmonary embolism.  

2. The endotracheal tube is misplaced which is the likely cause of the 
hypoxemia. 

3. The chest x-ray shows left lower lung atelectasis and/or pleural effusion 
which likely explain the hypoxemia.  

4. The chest x-ray shows pulmonary edema.  
5. The chest x-ray shows bilaterally paralyzed diaphragms.  
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Correct! 
1. A normal chest x-ray in a hospitalized hypoxic patient should prompt a 

search for a pulmonary embolism. 
 
The post-operative portable chest x-ray is fairly unremarkable. There is loss of 
the left diaphragm shadow which would be expected from left lower lung 
atelectasis and/or pleural effusion which usually occurs with a Nissen. However, 
these are relatively small and unlikely to explain the hypoxemia seen with a FiO2 
of 100%. The endotracheal tube is in satisfactory position about 2-3 cm above 
the main carina. The lungs are relatively clear. Although the diaphragms are 
somewhat elevated, paralyzed diaphragms require a sniff test for diagnosis. 
Furthermore, hypoxia from paralyzed diaphragms would be accompanied by 
pCO2 retention and relieved by mechanical ventilation.  
 
Pulmonary embolism is common and frequently misdiagnosed in hospitalized 
patients. In patients who do not have a good explanation of their hypoxemia a 
search for pulmonary embolism would be a logical next step. A chest CT 
angiography was performed (Figure 2).  
 

 
Figure 2. Representative images from the thoracic CT scan. 

 
Which of the following is true regarding the CT scan? 

1. There is a large saddle embolism which should be surgically removed.  
2. There is a filling defect in the pulmonary artery and the patient should be 

anticoagulated.  
3. There is a filling defect in the pulmonary artery and the patient should 

have an inferior vena cava filter inserted.  
4. There is a large pleural effusion which should be drained.  
5. There is no pulmonary embolism.  
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Correct! 
5. There is no pulmonary embolism. 

 
The CT scan shows the aforementioned left pleural effusion and atelectasis. 
There is no pulmonary embolism. Had there been a pulmonary embolism 
surgical therapy is rarely done except in the presence of massive embolism with 
right heart failure. Anticoagulation would carry increased risk because of the 
recent operation.  
 
What should be done next? 

1. Repeat echocardiogram with a bubble study 
2. Pulmonary angiogram 
3. Chest tube insertion to drain the left pleural effusion 
4. Intermittent positive pressure breathing to relieve the atelectasis 
5. Surgical correction of the leaking thoracic aortic aneurysm 
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Correct! 
1. Repeat echocardiogram with a bubble study 

 
Most causes of ventilation-perfusion mismatch have been excluded or are very 
unlikely. A right-to-left shunt is one pathophysiologic mechanism that needs to be 
excluded and a repeat echocardiogram with a bubble study is appropriate. The 
study showed bubbles on the left side of the heart after only 2 cardiac cycles 
indicative of a right-to-left shunt.  
 
Which of the following is appropriate therapy at this time? 

1. Inhaled nitric oxide to lower pulmonary artery pressure 
2. Surgical correction of a patent foramen ovale 
3. Surgical correction of a patent ductus arteriosus 
4. Percutaneous closure of a patent foramen ovale 
5. Surgical correction of Ebstein’s anomaly 
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Correct! 
1. Inhaled nitric oxide to lower the pulmonary artery pressure 

 
In a previously asymptomatic 61year old with a right-to-left shunt the most likely 
explanation is that the operation caused an increase in pulmonary artery 
pressure opening a congenital heart defect. This could be from increased 
intrathoracic pressure from elevation of diaphragms or local hypoxia from 
splinting and atelectasis. Regardless of the cause lowering the pulmonary artery 
pressure would be an appropriate therapeutic strategy. Nitric oxide is a potent 
pulmonary vasodilator which can be given by inhalation (2). The patient was 
placed on inhaled nitric oxide at 40 ppb. Within minutes his oxygen saturations 
increased to the 90s. He was rapidly weaned from mechanical ventilation and 
extubated the following day.  
 
A transesophageal echocardiogram (TEE) revealed an 11 mm patent foramen 
ovale with a right-to-left shunt. A cardiac surgery consult felt it best to wait until 
the patient recovered from his abdominal surgery to correct his aortic root 
aneurysm and patent foramen ovale (PFO)  
 
PFO is a flap-like opening in the atrial septum of the heart and is the most 
common cause of a right to left shunt in an adult (3). PFO is seen in as many as 
one in four adults and is associated with an increased risk of migraine and stroke. 
Most experts recommend observation in a patient with asymptomatic PFO but 
closure either surgically or percutaneously if the PFO produces hypoxia or results 
in an embolic event.  
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