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Negative-pressure
pulmonary edema:
a cautionary tale

45-year-old black woman with a his-
tory of asthma was admitted to the
hospital because of rib fractures sus-
/1 tained in a motor vehicle accident
L A that day. While in the hospital, she
contracted pneumonia and experienced wors-
ening of her asthma.

Because the bronchospasm was severe, the
patient had to be intubated and admitted to
the intensive care unit. She received standard
treatment, which included antibiotics, 32-ago-
nists, theophylline, and steroids. Her condi-
tion improved, and by the ninth day she
was ready to be weaned from the ventilator.
FIGURE 1 shows a roentgenogram of the chest
taken that morning.

Abruptly, while the respirator was still in
place, the patient became extremely short of
breath, and her respiratory rate increased to
approximately 50 per minute. She was con-
fused and agitated. Up to this time she had
been alert and oriented and had been able to
respond to questions with gestures, but now
she could not indicate what was wrong.

On physical examination, her blood pres-
sure was 160/79 mm Hg, heart rate 130 per
minute, and temperature 100.4°E She was
using accessory respiratory muscles and had
severe bilateral wheezing, diminished breath
sounds, and bilateral rales. There were no
asymmetrical findings or other signs suggestive
of pneumothorax. The skin was cyanotic.
There were no new heart murmurs.
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The alarm on the ventilator that indicat-
ed high inspiratory pressure was sounding con-
stantly; the ventilator was in assist-control
mode, and the fraction of inspired oxygen
(F10,) was set at 40%. The oxygen saturation
was 86%. The patient’s respiratory rate
decreased to 16 per minute after sedation.
Before this acute event the patient had been
comfortable and required sedation only rarely
with intravenous lorazepam and morphine.

We disconnected the ventilator and
inflated the patient’s lungs manually, slowly.
The respiratory therapist noticed considerable
resistance to the entry of air, and could not
pass a suction tube through the endotracheal
tube easily. In addition, when he pulled the
suction catheter out, thick mucus plugs were
sticking to the tip.

A chest roentgenogram performed at 2 pm
showed a new pattern of bilateral alveolar
infiltration and an increase in pre-existing
interstitial findings, compatible with pul-
monary edema (FIGURE 2). The patient had no
known heart disease, and the electrocardio-
gram remained unchanged during the episode.

We performed a bronchoscopy, and found
that the endotracheal tube was severely
obstructed by dry mucus plugs. We changed
the tube immediately, and the patient experi-
enced dramatic relief, followed by diuresis of
300 to 500 cc/hour. A repeat chest
roentgenogram taken at 4 pm (FIGURE 3) showed
that the alveolar infiltrate had decreased. We
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8 am. Routine portable chest roentgenogram, anterior-posterior (AP) view.
Note the underlying atelectasis. A subclavian central line and an endotracheal
tube are visible. No evidence of pulmonary edema is present.

2 pm. Note the hilateral pulmonary edema. The patient was extremely short of

breath.
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removed the tube 3 days later, and the patient
did well.

&1 DISCUSSION

Acute pulmonary edema due to upper airway
obstruction is infrequently reported in
adults,’.2 but may be underdiagnosed and
therefore underreported.? We believe that
upper airway obstruction caused by obstructed
endotracheal tubes may at times be an unrec-
ognized cause of pulmonary edema in inten-
sive care units. However, to our knowledge,
only one other case has been reported; the
patient had bitten down on the endotracheal
tube, causing it to collapse.’

Causes of airway obstruction

Laryngospasm during intubation or after anes-
thesia is the most common cause of upper air-
way obstruction leading to pulmonary edema
in adults, accounting for 42% to 50% of
cases.240 Other causes include strangulation,!
epiglottitis,? croup,? thyroid goiter,” upper air-
way tumor,! acromegaly, mediastinal tumor,?
foreign-body aspiration,2# insertion of a per-
oral prosthesis,” child abuse (attempted stran-
gulation),!0 oral or pharyngeal surgery,
temporomandibular  joint  arthroscopy,!!
obstructive sleep apnea,!? obesity,” hypothy-
roidism,!? hematoma compressing the airway,
difficulty in intubation resulting in tracheal
tear, and malpositioning of an endotracheal
tube against the tracheal wall.l?

How airway obstruction can cause

pulmonary edema

Several factors may contribute to this type of
pulmonary edema.

Negative intrathoracic and transpul-
monary pressure generated by trying to inhale
against an obstructed upper airway is the main
mechanism proposed.l*11 Called “the Miiller
maneuver” when performed voluntarily
against a closed glottis, this effort increases the
pulmonary blood volume and decreases the
pulmonary capillary perivascular pressure,
both of which favor the formation of pul-
monary edema.2’,6913,14 The transcapillary

Downloaded from www.ccjm.org on July 15, 2025. For personal use only. All other uses require permission.


http://www.ccjm.org/

gradient can reach 75 cm H,O.

An acquired permeability defect in the
alveolar capillary membranes may also con-
tribute to pulmonary edema. Some investiga-
tors describe an intrinsic capillary membrane
injury secondary to vigorous inspiration.’

Hypoxia can injure the pulmonary capil-
laries,®1> allowing proteins to transudate into
the pulmonary interstitial space.l® This
process probably accounts for the high protein
level in the interstitial fluid.

Inflammation, reflected by inflammatory
cells (particularly neutrophils) within the
alveoli and their septa, may contribute to a
permeability defect.2,8,9,13,14,16

Reflex wasoconstriction, induced by
hypoxia, may increase pulmonary arterial and
capillary pressures.213 Simultaneously, right
ventricular preload increases, leading to
increases in right ventricular stroke vol-
umet017 and left atrial pressure and, therefore,
to pulmonary edema.

Left ventricular pumping function is
decreased by the high negative transmyocar-
dial pressure around the pumping chamber,!?
by the increase in afterload caused by reflex
catecholamine release,*!! and by the global
myocardial ischemia that results from pro-
longed hypoxia.26 The left ventricular end-
diastolic pressure increases because of
paradoxical septal bulging due to an increase
in right ventricular volume.? The reflex sym-
pathetic activation also leads to peripheral
vasoconstriction and shunting of more blood
to the central circulation. 41!

Preventing this problem
Risk factors for endotracheal tube obstruction
are prolonged or frequent mucus production
(eg, in acute or chronic bronchitis, pneumo-
nia, asthma), prolonged endotracheal intuba-
tion, bronchopulmonary bleeding with clot
formation (eg, in pulmonary hemorrhage, pul-
monary contusions), unusually tenacious
secretions (commonly found in dehydrated
patients), and small endotracheal tube size.
The problem could be averted by periodi-
cally changing the endotracheal tube, or at
least checking its patency, in patients with risk
factors for obstruction.

Clinical picture

The pulmonary edema resulting from acute air-
way obstruction usually develops immediately,
producing respiratory distress, tachypnea, and
pink frothy sputum. Auscultation reveals rales
and rhonchi, and the chest roentgenogram
shows diffuse interstitial and alveolar infiltra-

4 pm. Note the rapid resolution of the edema. The patient had improved.

tion, mostly distributed centrally.

Airway obstruction should be suspected if
unexplained pulmonary edema develops in an
intubated patient. Difficulty in passing a suc-
tion catheter provides a clue to the diagnosis.
Increases in the peak inspiratory pressure and
in the peak-to-pleateau pressure gradient offer
another clue.

Treatment

The initial treatment is to relieve the obstruc-
tion. Fluid restriction, diuretics, and possibly
steroids are supplemental interventions.® Note
that such patients may be dehydrated, and car-
diovascular instability can follow relief of the
obstruction.!” m
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