532

Anesthesiology
65:532-534, 1986

CLINICAL REPORTS

Excessive Airway Pressure due to a Malfunctioning Anesthesia Ventilator

STEVEN ROTH, M.D.,* ERIC TWEEDIE, M.D.,} RICHARD M. SOMMER, M.D.}

A case is described wherein high airway pressures and
circulatory collapse occurred due to an anesthesia venti-
lator malfunction. The problem was traced to the venti-
lator muffler of the Drager Narkomed® 2A anesthesia
machine.

REPORT OF A CASE

A 55-yr-old, 75 kg man was scheduled for elective cholecystectomy.
One year earlier, a successful aortic valve replacement was performed,
and the patient was discharged taking digoxin 0.25 mg daily. There
were no complaints of dyspnea or edema, and his lung fields were
clear. No heart murmurs were audible. Due to his past history, a 7F
balloon-tipped, triple-lumen Swan-Ganz catheter was placed easily via

FIG. 1. View of a Drager Narkomed® 2A from the rear. The muffler
(arrow) is in the upper right corner of the machine.
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FIG. 2 A (upper). Muffler viewed from below. The foam rubber ma-
terial inside (arrow) became saturated with water. B (lower). Muffler
viewed from above (machine side).
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FIG. 3. 1 = compressed gas relief valve. 2 = Venturi. 3 = Venturi intake opening. 4 = bellows chamber. 5 = breathing system relief valve
pilot line. 6 = breathing system connector. 7 = connection to scavenging system. 8 = breathing system relief valve. 9 = bellows. Open arrows
indicate flow of compressing gas during inhalation. Closed arrows indicate gas flow during exhalation.

the left internal jugular vein. The cardiac output was 6.0 1/min, and
pulmonary artery diastolic pressure 12 mmHg. No pneumothorax was
detectable on chest roentgenogram. The surgical course and anesthesia,
with fentany! 500 ug iv, pancuronium 10 mg iv, nitrous oxide 60%,
and oxygen 40%, were uneventful. Six hours postoperatively, tachy-
cardia and a decrease in hematocrit from 35 to 25% prompted return
to the operating room for laparotomy for suspicion of intraabdominal
hemorrhage. Anesthesia was induced and maintained with fentanyl
500 pg iv, pancuronium 10 mg iv, nitrous oxide 60%, oxygen 40%,
and isoflurane 0.5% inspired. The patient was monitored with an ECG,
arterial catheter, Swan-Ganz catheter, and a Biochem® (Biochem Cor-
poration, Waukesha, WI) CO, monitor attached between the Y-picce
and endotracheal tube. The identical anesthesia machine as in the first
procedure, a Drager Narkomed® 2A (North American Drager, Telford,
PA), was employed. The ventilator, a standing bellows model, Drager
AV-E, was set for a 650-ml tidal volume at a rate of 10 breaths/min.
Two hours postinduction the heart rate suddenly decreased to 40 beats/
min, and the arterial blood pressure became unobtainable. The Pco,
sampled between the Y-piece and endotracheal tube was 0 mmHg.
Pulmonary artery diastolic pressure increased from 10 mmHg to
greater than 40 mmHg. Airway pressure was 70 cmH;0, and the con-
tinuing and high pressure alarms sounded on the machine. The ven-
tilator was immediately turned off, and the lungs ventilated manually

with the reservoir bag. This allowed airway pressures to return to
normal. Within 10 s of restoration of normal airway pressure the blood
pressure returned to 110/80 mmHg and heart rate to 70 beats/min.
A different anesthesia machine was used allowing uneventful comple-
tion of the procedure. An intraabdominal hematoma was evacuated,
the patient was brought to the recovery room, and the trachea was
extubated several hours later. No signs of barotrauma were detected,
and his postoperative course was uncomplicated.

After surgery, the same ventilator and anesthesia machine were used
with a reservoir bag as a model lung. The same high airway pressures
and ventilator malfunction occurred, but could be relieved by removal
of the ventilator muffier (figs. 1 and 24 and B), which is distal to the
compressed gas exhaust. The muffler was examined and found to be
saturated with water, It was dried, placed back on the machine, and
subsequently functioned normally.

DISCUSSION

Numerous case reports have described barotrauma due

to ventilator malfunction. Causes include failure of an

. . . 3
expiratory valve,'*® misplacement of an expiratory valve,
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incorrect assembly of an anesthetic circuit,* closed ven-
tilator port,® and defective ventilator gas evacuation outlet
valve.” This is the first case report of high airway pressure
due to a malfunction of the compressed gas exhaust system
of a ventilator.

The ventilator muffler (fig. 24 and B) of the Drager
Narkomed® 2A is designed to silence the exhaust of driv-
ing gas from the ventilator. It is located in the rear of the
anesthesia machine (fig. 1). The breathing system of the
Drager Narkomed® 2A is shown diagrammatically in fig-
ure 3. The valve numbered 1 is the compressed gas relief
valve. At expiration the pressure inside the bellows cham-
ber (4) is released through valve 1, and the bellows (9) is
allowed to ascend. Because of the obstruction to outflow
at the muffler, which is located distal to valve 1, gas failed
to exit at valve 1, and the pressure inside the bellows
chamber exceeded that of the patient’s airway. The bel-
lows remained in the fully descended end-inspiratory po-
sition. This prevented exhalation from occurring (patient—
circuit relief valve 8 failed to open), and high airway pres-
sures resulted as gas continued to flow into the system at
6 1/min. That the muffler was the cause of the malfunction
was proven by normal ventilator function after its removal
and/or drying, and recurrence when the wet muffler was
placed back on the ventilator. There are two plausible
explanations for why the muffler became wet and pro-
duced a sudden obstruction to exhalation. The muffler
may have been cleaned and then added to the system
immediately before the event occurred. To our knowl-
edge, however, the muffler was in place from the start of
the operation. The most plausible explanation is that the
muffler became saturated with water during the anes-
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thetic. Perhaps the fluids were accidentally sprayed on it
or water entered from an unknown source, which was
unlikely to be the compressed gas because it is dry.

Our patient suffered no harmful effects due to rapid
recognition of the problem and implementation of cor-
rective action. Simultaneous continuing pressure and high
pressure alarms that sound when the pressure exceeds 15
cmH;0 for 10 s and 65 cmHzO for any period of time®
assist one in recognizing this ventilator malfunction. Be-
cause of the potential danger from the ventilator muffler,
we recommend either removing it from the machine or
making certain it is kept dry.
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Hypoxia Caused by an Esophageal Stethoscope
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The esophageal stethoscope is a relatively noninvasive
monitor that provides extremely useful information. Mis-
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placement of this device into the trachea has been de-
scribed!? and is probably not regarded as potentially life-
threatening. We describe such a misplacement that re-
sulted in serious hypoxemia and probably would have
gone undetected except for the use of a hemoglobin sat-
uration monitor.

REPORT OF A CASE

The patient was a 19-yr-old man with cerebral palsy, who was
chronically bedridden and severely retarded. At the age of 16 yr, he
had suffered a spontaneous intracranial hemorrhage that had left him
with chronic obstructive hydrocephalus, for which a ventriculoperi-
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