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Bronchoscopic findings
in post-obstructive
pulmonary oedema

Purpose: To present the first photographed bronchoscopic
findings associated with negative pressure pulmonary oedema
(NPPE).

Clinical features: A previously healthy patient underwent
anterior C~C, disc removal and arthrodesis. Following tra-
cheal extubation he developed acute respiratory distress mani-
fested as stridor, tachypnoea, restlessness, and desaturation.
Once the trachea was reintubated, he displayed the classic
findings of pulmonary oedema. Bronchoscopy was performed
to confirm tracheal tube position and to rule out tracheal
injury secondary to surgical manipulation. Diffuse punctate
haemorrhages were noted throughout the visualised tracheo-
bronchial tree.

Conclusion: We believe that these haemorrhages represent
disruption of the bronchial vasculature and may contribute to
the clinical presentation of NPPE.

Objectif: Présenter les premiéres photographies par broncho-
scopie d'un oedéme pulmonaire provoqué par une pression
pulmonaire négative.

Eléments clniques: Un patient jusque la bien portant subit
une résection antérieure de disque a C,~C, avec arthrodése.
Aprés 'extubation de la trachée, il développe une détresse
respiratoire aigué manifestée par du stridor, de la tachypnée,
de 'agitation et de la désaturation. Une fois réintubé, il révéle
les signes classiques d’un oedéme pulmonaire. Une broncho-
scopie est réalisée pour confirmer la position du tube endotra-
chéal et d’éliminer la possibilité de blessure trachéale secon-
daire & la manipulation chirurgicale. Des hémorragies diffuses
ponctiformes sont notées sur I’arbre trachéobronchigue.
Conclusion: Nous croyons que ces hémorragies représentent
la rupture de la vasculature bronchique et peuvent contribuer
aux manifestations cliniques d’un vedéme pulmonaire associé
a une pression pulmonaire négative.
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Transient, self-limited non-cardiogenic pulmonary oede-
ma occurring immediately or shortly after relief of acute
upper airway obstruction has been the subject of several
case reports and review articles.'-> Typically, a young,
healthy patient develops transient upper airway obstruc-
tion after postoperative tracheal extubation, leading to
abrupt development of pulmonary oedema. This form of
pulmonary oedema has been termed negative pressure
pulmonary oedema (NPPE) and usually resolves over
the ensuing several hours with supportive measures.

We report a case of postobstructive acute pulmonary
oedema during the management of which we had the
opportunity to photograph the tracheobronchial mucosa.

Case report

A 42-yr-old man with a two year history of progressive
upper and lower extremity weakness due to cervical
cord compression was scheduled for anterior C,_, disc
removal and arthrodesis. There was no other medical
history. He was a non-smoker and denied any reflux
symptoms. He weighed 75 kg and was 1.65 m tall. He
denied allergies and was taking no medication. On
examination, he was apyrexial, had a blood pressure
(BP) of 114/85 mmHg with a heart rate (HR) of 94 beats
per minute (bpm).

The day before surgery, an intravenous line was
placed and a regimen of steroid infusion (methylpred-
nisolone) was commenced; this continued throughout
the period of surgery at a fixed rate. He was given pre-
medication of meperidine 75 mg im and promethazine
25 mg im and diazepam 10 mg po one hour before
anaesthesia.

On arrival in the operating room, ECG electrodes
were placed, an automatic blood pressure cuff and a
pulse oximeter finger probe were applied. Initial BP was
138/85 mmHg and HR was 125 bpm; oxygen saturation
breathing room air was 100%.

After the application of oxygen by facemask, anaes-
thesia was induced with thiopentone 425 mg, sufentanil
20 pg and midazolam 2 mg iv. With loss of conscious-
ness and the ability to ventilate the lungs by mask,
vecuronium 10 mg iv was given to facilitate tracheal
intubation which was achieved atraumatically with a 7.5
mm internal diameter polyvinylchloride tube with a high



74

volume, low pressure balloon cuff after easy visualiza-
tion of the vocal cords. Bilateral breath sounds were
auscultated and correct positioning of the tracheal tube
was confirmed with a normal capnograph trace. An oro-
gastric tube was passed and an oesophageal temperature
probe was placed. The lungs were ventilated to maintain
Pe1CO, between 3.6 and 4.8 kPa.

Anaesthesia was maintained with isoflurane in nitrous
oxide and oxygen (1.5% initially, reducing to between
0.4% and 0.8%) delivered via a circle absorber breath-
ing circuit with a fresh gas flow of 5 L-min™\.
Vecuronium was given incrementally to maintain neuro-
muscular paralysis.

Immediately following induction, the BP settled to
90/55 mmHg, the HR slowed to the range of 70 to 80
bpm (sinus rhythm) for the next two hours and the SpQ,
remained between 95% and 99% throughout the case.
Temperature ranged between 35.4 and 35.8°C.

At the completion of surgery, which lasted approxi-
mately 150 min, neuromuscular blockade was reversed
with neostigmine 3 mg /v and glycopyrrolate 0.6 mg iv
given approximately 30 min after the last 1 mg bolus
dose of wvecuronium. Once spontaneous respiration
resumed he was given lidocaine 75 mg iv prior to awake
tracheal tube extubation in the operating room. He was
taken to the post-anaesthesia care unit in halo traction,
where the initial BP recorded was 150/80 mmiHg, pulse
110 bpm and oxygen saturation with supplemental face
mask oxygen was 95%. Coarse breath sounds were
heard over both lung fields. He complained of pain and
shortness of breath and was observed to be restless and
agitated. Incremental doses of morphine (total 6 mg iv)
and midazolam were given in response.

Rapid onset of acute respiratory distress associated
with an SpO, of 85% despite 100% supplemental O, by
non-rebreathing mask developed over the next few min-
utes. Stridor was noted over the suprasternal notch with
considerable respiratory efforts without auscultory evi-
dence of air movement. Copious pink and frothy materi-
al exuded from both the mouth and the nares. Arterial
blood gases showed pH 7.13, PaO, 14.3 kPa (107
mmHg), PaCO, 7.3 kPa (55 mmHg), HCO;~ 19
mmol - L~ and base excess —1. The acidosis and deterio-
rating mental statns prompted awake nasal intubation. A
presumptive diagnosis of pulmonary oedema was made
and furosemide 40 mg iv was administered, in addition
to the 100% oxygen.

Bronchoscopy (Olympus, Dallas, TX) was performed
soon afterwards to confirm the position of the blindly
placed tracheal tube and to rule out tracheal injury sec-
ondary to surgical manipulation. All tracheo-bronchial
secretions were suctioned under direct- vision; there
were no periods of desaturation during the procedure
(saturation remained above 95% throughout). Photo-
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FIGURE 1 Recovery room bronchoscopy at 1230 showing diffuse
punctate haemorrahges throughout the trachea and both mainstem
bronchi, Upper left panel — right mainstem bronchus (the right upper
lobe bronchus is at the bottom of the panel); upper right panel — with-
in the tracheal tube; lower left panel — left mainstem bronchus above
the bifurcation of the lingula and left lower lobe; lower right panel —
trachea just above the left of the carina.

graphs (Video adapter OTV-G2, Olympus, Dallas, Tx;
Sony Mavigraph) were taken (Figure 1). The mucosa of
the trachea and both mainstem bronchi were lined with
numerous punctate haemorrhagic lesions. There was
persistent bleeding from these lesions. A post-bron-
choscopy chest radiograph was consistent with the typi-
cal findings associated with post-obstructive acute pul-
monary oedema and significantly different than the
admission film.?

In the surgical intensive care unit (SICU) the patient
was treated with mechanical ventilation, supplemental
oxygen and positive end-expiratory pressure. The tra-
chea was suctioned every four hours.

Considerable improvement in oxygenation and venti-
lation occurred by the second SICU day and the trachea
was extubated without further complications.

Discussion

This is the first case of post-obstructive NPPE that has
been photographed bronchoscopically demonstrating
large airway mucosal haemorrhages. Our case fits the
typical clinical picture of abrupt onset pulmonary oede-
ma following airway obstruction in a young adult with
rapid resolution within 24 h.! The majority of adult
cases of NPPE have been attributed to laryngospasm
presenting as reflex glottic closure as a result of either
intrinsic or extrinsic laryngeal stimuli.%’ Inspiratory
efforts against an obstructed upper airway result in the
development of negative intrathoracic and transpul-
monary pressures (Mueller manoeuvre).5 (Figure 2)
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FIGURE 2 Proposed mechanisms for development of pulmonary
ocdema postobstructive.

There are three possible mechanisms for the develop-
ment of NPPE and all relate directly to the development
of negative intrapleural pressure.' These describe neuro-
genic (hyperadrenergic), cardiac, and/or hydrostatic
(pulmonary) mechanisms producing NPPE. !

Normal quiet breathing produces inspiratory intra-
pleural pressures ranging from -2 to =5 cm H;0 and
expiratory pressures of +10 cm H,0. However, peak
inspiratory effort can produce pressures as low as —100
to —140 cm H,0.!"" Maximum intrapleural pressures of
—51 c¢m H,0 and —67 cm H,0 have been shown in asth-
matics and adults with upper airway obstruction, respec-
tively.'%13

The observed and postulated clinical effects of large
negative intrapleural pressures are varied and affect sev-
eral organ systems. Breakdown of the alveolar-capillary
membrane occurs.'>* Membrane disruption leads to
leakage of fluid into the gas exchanging units of the
lung. This exudative process produces a high protein
concentration in the oedema fluid relative to that in plas-
ma and is considered the hallmark of the hydrostatic
(pulmonary) model of NPPE."*!0 In addition to leakage
into the alveoli, injury to the pulmonary capillary bed
allows transudation of serum proteins from the pul-
monary capillary space into the pulmonary interstitial
space, further increasing oedema fluid protein content.
In animals, a high ratio of oedema fluid to serum protein
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concentration has been reported in increased permeabili-
ty oedema (0.98 + 0.05), whereas lower values have
been reported in neurogenic oedema (0.48 to 0.84) and
in haemodynamic oedema (0.54 + 0.04).'% Dohi et al."
reported a case of NPPE secondary to bilateral vocal
cord paralysis in which the high protein content of the
oedema fluid was consistent with increased permeabili-
ty. In addition, mechanical stress that develops during
respiration against an obstructed upper airway may fur-
ther contribute to direct pulmonary capillary injury.'s-'”

Negative intrapleural pressures redistribute blood
from the systemic venous to the pulmonary circulation
resulting in an increase in pulmonary blood volume."$
In experimental animals this increase in pulmonary
blood volume has been associated with an increase in
pulmonary lymph flow which. would support the con-
cept that hydrostatic processes contribute to the produc-
tion of NPPE.'®

Negative intrapleural pressure affects cardiac function
directly. In animals, Robotham e al.'® demonstrated
increased left ventricular filling pressures during the
Mueller manoeuvre. However, they did not find
increased pulmonary blood volume and they postulated
that the changes they observed were due to increased
sympathetic tone and its affects on the cardiovascular
system. Subsequently Buda et al.?® demonstrated that
negative intrathoracic pressure (—60 cm H,0) increased
left ventricular preload and afterload, decreased the
ejection fraction, and increased left ventricular end sys-
tolic volume by 18-25%.

Hypoxia associated with the development of NPPE
produces pulmonary vasoconstriction, resulting in
increased pulmonary vascular resistance.? Blood redis-
tribution, decreased perivascular interstitial hydrostatic
pressure (dilutional effect), decreased pulmonary vascu-
lar transmural pressures (arterial, capillary, and venous),
and increased pulmonary intravascular pressures all pro-
mote increased pulmonary capillary hydrostatic pressure
and thus promote oedema fluid exudation into the pul-
monary interstitium and gas exchanging units. Increased
pulmonary intravascular pressures may also rupture pul-
monary capillaries producing focal haemorrhages.*

The pulmonary circulation comprises both the pul-
monary and bronchial vasculatures. The pulmonary vas-
culature is primarily a low-pressure system whose resis-
tance can be affected by oxygen tension. Conversely,
the bronchial circulation is a high pressure system con-
tiguous with the systemic arterial circulation. Changes
in bronchial vascular resistance could mirror alterations
in systemic vascular resistance. The bronchial arteries
supply the trachea, bronchial, and bronchiolar walls.
The bronchial circulation forms a vascular network in
the tracheobronchial mucosa as far distally as the termi-
nal bronchioles. The network drains into the right heart
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via the azygous venous system and into the left atrium
via extensive anastamoses with the pulmonary circula-
tion at the pre-capillary, capillary, and post-capillary
sites and subsequently into the left atrium by the pul-
monary veins.?22

The variety of experimental and clinical effects
demonstrated by negative intrathoracic pressure support
a multifactorial process with an interplay between
hydrostatic (pulmonary), neurogenic (hyperadrenergic),
and cardiac systems.! This interplay could have pro-
duced the focal haemorrhages that we observed. The
punctate haemorrhages may be representative of a
hyperadrenergic state. Increased right and left heart
pressures and increased systemic and bronchial vascular
resistance contribute to increased bronchial intravascu-
lar pressure. This pressure could be reflected in the
mucosal vascular network described previously and
directly lead to loss of vascular integrity. Loss of vascu-
lar integrity could present as focal haemorrhages
throughout the larger airways. Therefore, our findings
may reflect changes in the systemic-bronchial circula-
tion rather than any disruption of the more distal alveo-
lar-capillary system. We believe the photomicrographs
showing diffuse punctate haemorrhages represent
bronchial mucosal network disruption. Disruption of
small vessels in patients with NPPE has been suggested
by others but not demonstrated bronchoscopically as in
our case.'#

In summary, we present a patient with acute post
obstructive NPPE in whom photographs of the tracheo-
bronchial mucosa demonstrate diffuse punctate haemor-
rhages which may contribute to the clinical presentation
of frothy pink secretions. Our findings suggest that the
punctate haemorrhages seen represent disruption of the
bronchial vasculature.
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