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Blunt cardiac injury 
and intraoperative 
hypoxaemia 

A 28-yr-old man sustained blunt chest trauma in a motor ve- 

hicle accident. Severe intraoperative hypoxaemia occurred, un- 

responsive to oxygen and positive expiratory pressure therapy. 

Trans-oesophageal echocardiography revealed myocardial con- 

tusion and tricuspid valve rupture. Dobutamine improved left 

ventricular function and ejection fraction resulting in an im- 
mediate improvement in arterial oxygenation and saturation. 

Tricuspid injury and the diagnosis o f  myocardial contusion are 
discussed. The case highlights the importance o f  a non- 

pulmonary mechanism of  hypoxaemia. 

Un homme de 28 ans a subi un traumatisme thoracique ferm~ 
lors d'un accident de la route. II pr~sente une hypoxdmie pe- 
rop~ratoire grave rebelle ~ l'oxyg~nother~rapie et h la ventilation 
m~canique. L'~chocardiographie trans-oesophagienne r~vble 
une contusion myocardique et une rupture de la valve tricus- 
pide. La dobutamine am~liore la fonction ventriculaire gauche 
et la fraction d~jection avec une amelioration immediate de 
l'oxyg~nation et de la saturation. La l~sion tricuspidienne et 
le diagnostic de contusion myocardique font l'objet de la dis- 

cussion. Cette observation souligne l'importance des m~canisme 
non-pulmonaires de 17~ypox~mie. 

Blunt chest trauma may cause life-threatening hypoxae- 
mia by a variety of mechanisms. This report describes 
a severely traumatized patient whose intraoperative hy- 
poxaemia was correctable when a non-pulmonary com- 
ponent was recognized and treated. 
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Case report 
The patient, a 28-yr-old man, was not wearing a seat- 
belt when his car collided with the concrete support of 
a bridge. On arrival at a peripheral hospital he was un- 
conscious and had a left tension pneumothorax and flail 
chest. Following orotracheal intubation with an 8.0 mm 
tracheal tube, placement of a semi-rigid cervical collar, 
insertion of a left chest tube, and resuscitation with blood 
and crystalloid, the patient was transferred to Sunny- 
brook Health Science Centre, a level one trauma centre. 

Radiographic investigation disclosed fractures of the 
odontoid, right maxilla, and ninth thoracic vertebra, and 
the right hip was dislocated posteriorly. Chest radiog- 
raphy showed a fractured left clavicle, multiple left rib 
fractures and patchy air space disease at the right base. 
Computerized tomography (CT) of the head revealed a 
basal skull fracture and features of shear injury to the 
brain. The haemoglobin concentration was 143 g. L -I 
and during mechanical ventilation with an inspired oxy- 
gen concentration (FIO2) of 1.0 arterial blood gases were: 
pH 7.18, PCO2 37 mmHg, PO2 82 mmHg, HCO3 11 
mmol. L-I. 

Diagnostic peritoneal lavage was positive and the pa- 
tient was taken to the operating room for laparotomy. 
Insertion of an intracranial pressure monitoring device 
and closed reduction of the dislocated hip were also 
planned. Muscle relaxation was achieved with vecuro- 
nium bromide, and anaesthesia was provided with mi- 
dazolam and intermittent boluses of fentanyl. Findings 
at laparotomy included capsular tears of both lobes of 
the liver and a retroperitoneal haematoma. 

Intraoperatively the patient's lungs were ventilated with 
a tidal volume of 750 ml, a rate of 20 breaths" min -I, 
and FIO2 of 1.0. Oxygen saturation by pulse oximetry 
was 96 to 98% and end-tidal PCO2 was 16-19 mmHg. 
The abdominal wound was closed without difficulty. At 
two hours after the induction of anaesthesia and during 
closure of the abdominal wound, oxygen saturation de- 
clined acutely to 79%. At this point the heart rate was 
100 and blood pressure 105/65 mmHg. The patient's 
lungs were ventilated by hand with 100% oxygen and 
pulmonary compliance was judged to be normal. Patency 
of the endotracheal tube was checked by passage of a 
suction catheter. No change in airway pressure was noted, 
and breath sounds were audible bilaterally. Salbutamol, 
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eight puffs, was given via the endotracheal tube without 
effect. A right chest tube was placed urgently, but resulted 
in no improvement. An intraoperative chest radiograph 
was unremarkable with exception of the fractured left 
clavicle and mild bilateral pulmonary contusions. No 
pneumothorax was seen. Positive end-expiratory pressure 
(PEEP) 5-10 cm H20 was applied. Blood gas analysis 
confu-med arterial oxygen desaturation: pH 7.26, PCO2 
32 mmHg, PO2 46 mmHg, HCO 3 14 mmol. L -I (02 
saturation 74%). An intracranial pressure monitoring de- 
vice was inserted, and the patient was transferred to the 
intensive care unit 55 rain after the onset of hypoxaemia. 

In the ICU, the patient remained hypoxaemic and the 
clinical findings were unchanged. The extremities were 
cool and mottled, the heart rate was 125 beats, min -1, 
blood pressure 98/70 mmHg, and the neck veins were 
distended. The physical findings were consistent with the 
diagnosis of cardiogenic shock. Oxygen saturation was 
67-68% by pulse oximetry on 100% inspired oxygen and 
10 cm H20 of PEEP. Sinus tachycardia and incomplete 
right bundle branch block were present on the ECG. 

A trans-oesophageal echocardiogram (TEE) revealed 
rupture of the tricuspid valve with free regurgitation. The 
right atrium and hepatic veins were dilated. The left ven- 
tricle was hypokinetic (Grade Ill-IV) with septal dys- 
kinesis. An air contrast study detected no intracardiac 
shunt. 

After infusion of intravenous dobutamine 5 ~g. 
kg -j" min -I, left ventricular function improved markedly 
as assessed by TEE, oxygen saturation increased to 
94-96%, and blood pressure increased to 125/85 mmHg. 
There was a marked improvement in the clinical status 
as assessed by neck vein distension and peripheral per- 
fusion. A flow-directed pulmonary artery catheter was 
then inserted. Mixed venous PO2 (PxTO2) was 35 mmHg, 
while arterial blood gas analysis revealed: pH 7.31, PCO2 
34 mmHg, PO2 78 mmHg. Central venous pressure was 
14 mmHg, pulmonary artery pressure 23/14 mmHg, pul- 
monary capillary wedge pressure was 9 mmHg, and car- 
diac index was 1.6 L-min  -1. m -2. Therapy was then 
directed toward improving cardiac output as judged by 
mixed venous oxygen saturation. 

His postoperative course was complicated by raised in- 
tracranial pressure and worsening hypoxia. Seven days 
after admission the patient deteriorated further. The TEE 
again demonstrated a flail tricuspid valve with severe re- 
gurgitation. It also showed an interatrial septal aneurysm 
with right to left shunting through a patent foramen ovale, 
a normal left ventricle and minimally impaired right ven- 
tricular function. 

The patient was taken to the operating room, and on 
cardiopulmonary bypass, the tricuspid valve was replaced 
and the patent foramen ovale was closed. He remained 

TABLE Pulmonary causes of hypoxia in trauma patients 

Pulmonary contusion 
Atelectasis and collapse 
Aspiration 
Pneumothorax 
Pulmonary oedema 
Diaphragmatic rupture 

comatose postoperatively, however, and brain death was 
declared by the usual clinical criteria 16 hr after surgery. 
Death was attributed to raised intracranial pressure and 
ongoing hypoxaemia. 

Discussion 
The sudden occurrence of hypoxaemia during anaesthesia 
should prompt a rapid evaluation of the patient, breathing 
circuit and anaesthesia machine, as the patient is man- 
ually ventilated with 100% oxygen. Common causes of 
hypoxaemia including circuit disconnection, delivery of 
hypoxic gas mixtures, hypoventilation and endotracheal 
tube blockage or misplacement, should be quickly de- 
tected. In patients who have sustained blunt trauma, sev- 
eral other pulmonary causes of hypoxia should be con- 
sidered (Table). 

Hypoxaemia, after blunt thoracic trauma, when accom- 
panied by hypotension, may indicate cardiac tamponade, 
tension pneumothorax or hypovolaemia from cardiac, 
major vessel, or pulmonary injury. Finally, on rare oc- 
casions, severe myocardial contusion may result in re- 
duced cardiac output leading to hypoxia. 

Diminished oxygen delivery from decreased cardiac 
output results in lower PVaD 2. Any lowering of PvO2 will 
decrease PaO2 in the presence of a shunt. This phenom- 
enon is sometimes overlooked intraoperatively as a cause 
of hypoxaemia. Considerable shunt must exist for hy- 
poxaemia to occur because even though PvO2 may be 
low, oxygen transfer across the alveolar-capillary mem- 
brane is rapid enough to saturate the available haemo- 
globin. 

Our patient had poor myocardial contractility with 
echocardiographic evidence of myocardial contusion. Dis- 
ruption of the tricuspid valve caused regurgitation, and 
further limited cardiac output. The administration of dob- 
utamine was an important resuscitative intervention in 
this patient. The. dramatic improvement in arterial PO2 
was achieved by increasing cardiac output, thereby in- 
creasing oxygen delivery and hence the PV'O2. 

Myocardial contusion is a difficult diagnosis to make. 
Prospective studies of patients with blunt thoracic trauma 
utilizing radionuclide angiography (RNA) or echocardi- 
ography show no correlation with the presence of myo- 
cardial injury and  elevated CPK assays or ECG ab- 
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normalities. J-5 While investigations such as RNA and 
TEE are more sensitive, the significance of a positive find- 
ing with regard to dysrhythmias or haemodynamic in- 
stability remains questionable. 2-4 A prospective study uti- 
lizing continuous holter monitoring and RNA to confirm 
the presence of myocardial contusion failed to show a 
correlation between significant dysrhythmias (those re- 
quiting treatment) and myocardial injury. 2 Other studies 
utilizing RNA and/or echocardiography to confirm the 
presence of myocardial contusion have also failed to show 
a correlation between the presence of myocardial injury 
and haemodynamic instability and death. 2-4 

Traumatic tricuspid valve incompetence is an even rarer 
entity with fewer than 100 cases reported in the liter- 
ature. 6-9 It is usually associated with blunt thoracic 
trauma causing disruption of papillary muscles, chordae 
tendinae or valve leaflets, or complete valve destruction. 
The injury is usually not suspected acutely and patients 
frequently present with mild symptomatology years after 
the traumatic event, with typical signs of tricuspid in- 
sufficiency and a right ventricular conduction disturb- 
a n c e .  6,7 There is little recorded experience with surgical 
treatment in the acute phase, but patients with chronic 
tricuspid insufficiency generally have had their valves suc- 
cessfully replaced. 6,7 

We report this case to remind those dealing with the 
anaesthetic management of patients with blunt thoracic 
trauma that there are causes of intraoperative hypoxia 
outside the lungs. While the priority is airway manage- 
ment and ventilation in the event of intraoperative hy- 
poxia, once those are ruled out as causes, attention should 
be turned to the circulatory system. 
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