
Abstract

Although neurogenic pulmonary oedema is an uncommon condition, it is found in 20% of
victims with severe head injury. The onset is typically rapid with development of
dyspnoea, cyanosis and hypoxia suddenly and unexpectedly after an intracranial injury.
The pathogenesis is not entirely clear, but both increased hydrostatic pressure and
capillary permeability are incriminated. It is important to differentiate neurogenic
pulmonary oedema from aspiration pneumonia, because the treatment of the two
conditions differ. A combination of measures to reduce intracranial pressure, optimize
body oxygenation, decrease pre- and after-load and improve cardiac contractility is the
mainstay of treatment. Mortality is high despite these measures.
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Introduction

Acute neurogenic pulmonary oedema has been
reported with several neurological disorders including
severe head injury,1 subarachnoid haemorrhage,2

cerebral thrombosis,3 intracerebral haemorrhage,4

intracranial tumours,5 induction of anaesthesia6 and
generalized tonic clonic convulsions.7 Fulminant
neurogenic pulmonary oedema has been described in a
patient with hand, foot and mouth disease due to direct
invasion of spinal cord and medulla by enterovirus 71.8

Shanahan first described acute neurogenic pulmonary
oedema in 1908.9

The true incidence of neurogenic pulmonary
oedema is not known, but pathological data indicate
that it is common in people who die of head injuries10

and in those who die during or shortly after an
epileptic fit. An autopsy series of Vietnam combat
casualties who died of isolated head injuries reported
that 85% experienced pulmonary oedema.11 Bratton
and Davis reported neurogenic pulmonary oedema in

20% of patients with severe head injury (Glasgow
Coma Scale score of 8 or less) (Fig. 1).12

Clinical features

The onset of neurogenic pulmonary oedema is
typically rapid. The patient is usually a child or a
young adult with a history of recent intracranial injury.
It may develop within minutes of blunt head injury.13

Although classic neurogenic pulmonary oedema has an
immediate onset and becomes clinically recognizable
2–12 h after injury, clinical onset may be delayed for
12 h to several days. Dyspnoea, cyanosis and hypoxia
develop suddenly and unexpectedly. The patient may
be peripherally shut down, with a rapid weak pulse,
pallor and sweating.

The important differential diagnosis is from
aspiration pneumonitis, which is common in these
patients. The radiographic features of aspiration
pneumonitis usually evolve over a period of hours and
may take 3 weeks to resolve, whereas the alveolar
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infiltrates of neurogenic pulmonary oedema occur
immediately after the injury.14 (Fig. 2)

Pathophysiology

Pathophysiology of neurogenic pulmonary oedema is
poorly understood, but probably both hydrostatic
pressure and altered capillary permeability play a part
in the pathogenesis, in addition to depressed
myocardial function. An initial hyperdynamic
cardiovascular response to severe head trauma leads to
elevations in blood pressure, heart rate and cardiac
output.15 This response appears to be sympathetically
mediated. Hypothalamus, nucleus tractus solitarius
and area postrema of the medulla have been implicated
in this hyperdynamic response.16 This response may be
blocked by β-receptor antagonists17 and inhibition of
catecholamine release.17

A direct neurogenic cause of neurogenic pulmonary
oedema is suggested by the following observations:
(i) increased pulmonary vascular permeability and
development of acute pulmonary oedema following
raised intracranial pressure in experimental
animals;18,19 and (ii) the protective effect of prior
pulmonary denervation,20 transected cervical cord11 or
pretreatment with α-adrenergic blocking agents.21

Increased intracranial pressure causes α-adrenergic
stimulation, resulting in generalized vasoconstriction
and elevated systemic and pulmonary arterial and
venous pressures.22 This sympathetic response may be
due to disturbance of hypothalamic function, since
experimental hypothalamic lesions have been shown to
cause pulmonary oedema.23 However, Bratton and
Davis24 did not find any correlation between specific
anatomical lesions diagnosed by cranial computed
tomography (CT) scans and neurogenic pulmonary

oedema. This may be due to the limited resolution of
CT for the brain-stem.

The effect of this sympathetic response is a massive
transfer of blood from the systemic to the pulmonary
circulation, resulting in hydrostatic oedema. Pulmonary
oedema persists and increases in volume, despite the
return of pressures to normal. This may be due to
hydrostatic damage to the pulmonary endothelium,
causing a permeability defect and resulting in a high
protein content of the interstitial fluid.25,26

Pulmonary capillaries have extremely thin walls
and raising the capillary pressure results in greatly
increased stresses on the capillary walls. Ultrastructure
damage to the walls is seen at pressures of 40 mmHg
and above.27 These changes include breaks in the
capillary endothelial layer, alveolar epithelial layer and
sometimes all layers of the wall. The very high
catecholamine concentrations in the blood in
neurogenic pulmonary oedema are associated with
high pulmonary arterial and wedge pressures.28

Severe depression of myocardial function has also
been reported in neurogenic pulmonary oedema, as
evidenced by markedly depressed cardiac index and
left ventricular stroke work index, and substantially
elevated pulmonary artery wedge pressure, systemic
vascular resistance index and pulmonary vascular
resistance index.29

Acute inhibition of nitric oxide synthase in brain-
injured rats has been shown to increase mortality,
possibly because of its cardiovascular effects.30 Nitric
oxide synthase is formed from the substrate L-arginine.
Impaired nitric oxide function results in an impairment
of endothelium-dependent vasodilatation. Nitric oxide
has a number of other important functions in the
vessel wall, such as inhibition of platelet aggregation
and of adhesion molecule expression, prevention of
smooth muscle proliferation and modulation of
vascular growth.31

Figure 1. Causes of neurogenic pulmonary oedema.

• Head injury

• Subarachnoid haemorrhage

• Cerebral thrombosis

• Intracerebral haemorrhage

• Intracranial tumours

• Tonic clonic convulsions

Figure 2. Clinical features of neurogenic pulmonary oedema.

• Rapid onset

• Unexpected development of dyspnoea

• Cyanosis and hypoxia

• Rapid weak pulse

• Pallor

• Sweating



A role for endothelin in the pathogenesis of
neurogenic pulmonary oedema has also been suggested
by experiments on rats, where there was a time-
dependent increase in endothelin-1 levels in
bronchoalveolar lavage associated with a raised mean
arterial blood pressure and end-inspiratory airway
pressure and a drop in arterial oxygen partial pressure
with rapid development of pulmonary oedema. Pre-
treatment with endothelin-converting enzyme inhibitor
afforded protection from hypoxia and significantly
reduced peak endothelin-1 levels in bronchoalveolar
lavage fluid.32

The importance of the role of endothelin is also
supported by another experiment where intrathecal
injection of endothelin-1 and endothelin-3 enhanced
vascular permeability in the lungs by 22-fold and
seven-fold, respectively. This was in contrast to
intravenous injection of endothelin, which failed to
produce lung oedema. Prior intrathecal injection of a
selective endothelin receptor antagonist prevented the
increases of lung vascular permeability and oedema.
Intravenous treatment with phentolamine or
pentolinium also abolished the lung vascular
permeability changes evoked by endothelin-1.
Furthermore, the effects of endothelin-1 were almost
abolished in rats subjected to sympathectomy.33

These results suggest that the increases of
pulmonary vascular permeability are due to an intense
vasoconstriction mediated by α-adrenoceptors
following the release of catecholamines in response to
intrathecal injection of endothelin-1, which activates
the endothelin-A receptors in the spinal cord.
Endothelin is the most potent mammalian
vasoconstrictor yet discovered.34 Its three isoforms
play important roles in regulating vascular tone. The
isoforms bind to two major receptor subtypes (ETA
and ETB) which mediate a wide variety of
physiological actions in several organ systems. Specific
and non-specific receptor antagonists and endothelin-
receptor enzyme inhibitors have been developed which
interfere with endothelin’s function. In animals, an
orally active ETA and ETB receptor-blocking agent,
bosentan, has been shown to prevent hypoxia-induced
pulmonary hypertension and pulmonary artery
remodelling.35

Treatment

A logical approach to the treatment of neurogenic
pulmonary oedema involves a combination of
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measures to reduce intracranial pressure and block the
peripheral effects of sympathetic activity. Attempts
should be made to optimize body oxygenation, decrease
pre- and after-load and increase myocardial
contractility.

Thiopentone sodium depresses the central nervous
system activity and metabolism, thereby reducing the
cerebral blood flow and hence intracranial pressure.36

There is conflicting evidence about the potential effect
of positive end expiratory pressure on intracranial
pressure. Controlled intermittent positive pressure
ventilation causes local reflex cerebral vasoconstriction
in response to the reduction of PaCO2. This results in a
fall in intracranial pressure. Care must be taken to
avoid reducing the PaCO2 below 30 mmHg because this
may result in cerebral hypoxia. Surgical decompression
may result in dramatic clinical improvement.36

Alpha-receptor-blocking agents, such as phentol-
amine and phenoxybenzamine, have been used with
success. Droperidol has theoretical advantage as it has
alpha-receptor-blocking properties and it reduces
cerebral metabolism.37 Since neurogenic pulmonary
oedema is generally associated with severe depression
of myocardial function, dobutamine has been success-
fully used to reverse this dysfunction.29

Diuretics and fluid restriction are useful, but
extreme care must be taken, as a proportion of these
patients may be hypovolaemic.

Conclusion

Acute neurogenic pulmonary oedema is an uncommon
condition, occurring in association with a wide variety
of neurological insults. Mortality is high and may
exceed 90%.38 An awareness of the condition and its
treatment is important, since it may improve the
degree of recovery. In the future, treatment with nitric
oxide analogues and endothelin-receptor antagonists
holds promise.

Accepted 20 August 1999

References

1. Wauchob TD, Brooks RJ, Harrison KM. Neurogenic pulmonary
oedema. Anaesthesia 1984; 39: 529–34.

2. Carlson RW, Shaeffer RC, Michaels SG, Weil MH. Pulmonary
edema following intracranial haemorrhage. Chest 1979; 75:
731–4.



intracranial pressure: Role of sympathetic mechanism. J. App.
Physiol. 1977; 42: 335–43.

23. Reynolds RW. Pulmonary edema as a consequence of
hypothalamic lesions in rats. Science 1963; 141: 930–2.

24. Bratton SL, Davis RL. Acute lung injury in isolated traumatic
brain injury. Neurosurg. 1997; 40: 707–12.

25. Theodore J, Robin ED. Speculations on neurogenic pulmonary
edema (NPE). Am. Rev. Resp. Dis. 1976; 113: 405–11.

26. Fein A, Grossman RF, Jones JG et al. The value of oedema fluid
protein measurement in patients with pulmonary edema. Am. J.
Med. 1979; 67: 32–8.

27. West JB, Mathieu-Costello O. Stress failure of pulmonary
capillaries: Role in lung and heart disease. Lancet 1992; 340:
762–7.

28. Sarnoff SJ, Berglund E, Sarnoff LC. Neurohemodynamics of
pulmonary edema. III: Estimated changes in pulmonary blood
volume accompanying systemic vasoconstriction and
vasodilation. J. Appl. Physiol. 1981; 5: 367–74.

29. Deehan SC, Grant IS. Haemodynamic changes in neurogenic
pulmonary oedema: Effect of dobutamine. Int. Care Med. 1996;
22: 672–6.

30. Lu YC, Liu S, Gong QZ, Hamm RJ, Lyeth BG. Inhibition of nitric
oxide synthase potentiates hypertension and increases mortality
in traumatically brain-injured rats. Mol. Chem. Neuropathol.
1997; 30: 125–37.

31. Harrison DG. Endothelial control of vasomotion and nitric oxide
production. Cardiol. Clin. 1996; 14: 1–15.

32. Herbst C, Tippler B, Shams H, Simmet T. A role for endothelin
in bicuculline-induced neurogenic pulmonary oedema in rats. Br.
J. Pharmacol. 1995; 115: 753–60.

33. Poulat P, Couture R. Increased pulmonary vascular permeability
and oedema induced by intrathecally injected endothelins in rat.
Eur. J. Pharmacol. 1998; 344: 251–9.

34. Yanagisawa M, Kurihara H, Kimura S et al. A novel potent
vasoconstrictor peptide produced by vascular endothelial cells.
Nature 1988; 332: 411–15.

35. Chen S-J, Chen Y-F, Meng C, Oparil S. The endothelin receptor
antagonist bosentan prevents short term hypoxia induced
pulmonary hypertension in the rats. Circulation 1994; 90: I152
(abstract).

36. Horton JM. The anaesthetist’s contribution to care of head
injuries. BJA 1976; 48: 767–71.

37. Loughnan PM, Brown TCK, Edis B, Klug GL. Neurogenic
pulmonary oedema in man: Aetiology and management with
vasodilators based upon haemodynamic studies. Anaesth.
Intens. Care. 1980; 8: 65–71.

38. Ducker TB. Increased intracranial pressure and pulmonary
oedema. J. Neurosurg. 1968; 28: 112–17.

65

Neurogenic pulmonary oedema

3. Cameron GR. Pulmonary oedema. BMJ 1948; 1: 965.

4. Weisman SJ. Edema and congestion of the lungs resulting from
intracranial hemorrhage. Surgery 1939; 6: 722–9.

5. Felman AH. Neurogenic pulmonary edema. Observations in 6
patients. Am. J. Roentgenol. Radium Ther. Nucl. Med. 1971;
112: 393–6.

6. Braude N, Ludgrove T. Neurogenic pulmonary oedema
precipitated by induction of anaesthesia. Br. J. Anaesth. 1989;
62: 101–3.

7. Chang CH, Smith CA. Postictal pulmonary edema. Radiology
1967; 89: 1087–9.

8. Chang L-Y, Huang Y-C, Lin T-Y. Fulminant neurogenic
pulmonary oedema with hand, foot, and mouth disease. Lancet
1998; 352: 367–8.

9. Shanahan WT. Pulmonary edema in epilepsy. N.Y. Med. J. 1908;
87: 54–6.

10. Pleuckhahn VD. Head injury in the adolescent; pathological
factors complicating its early management. Med. J. Aust. 1966;
ii: 1185–9.

11. Simmons RL, Martin AM, Heisterkamp CA, Ducker TB.
Respiratory insufficiency in combat casualties. II: Pulmonary
edema following head injury. Ann. Surg. 1969; 170: 39–44.

12. Bratton SL, Davis RL. Acute lung injury in isolated traumatic
brain injury. Neurosurg. 1997; 40: 707–12.

13. Bean J, Beckman D. Centrogenic pulmonary pathology in
mechanical head injury. J. App. Physiol. 1969; 27: 807.

14. Fisher IA, Aboll-Nasr HT. Delayed non-fatal pulmonary edema
following subarachnoid hemorrhage. Case report. J. Neurosurg.
1979; 51: 856–9.

15. Clifton GL, Robertson CS, Kyper K et al. Cardiovascular
response to severe head injury. J. Neurosurg. 1983; 59: 447–54.

16. Kirland LL, Wilson GL. Extracranial effects of acute brain
injury. Prob. Crit. Care 1991; 5: 292–306.

17. Talman WT. Cardiovascular regulation and lesions of the
central nervous system. Ann. Neurol. 1985; 18: 1–12.

18. Brashear RE, Pamintuan RL. Increased pulmonary diffusing
capacity and elevated cerebrospinal fluid pressure. J. App.
Physiol. 1971; 30: 844–6.

19. Bower RE, McKeen CR, Park BE, Brigham KL. Increased
pulmonary vascular permeability follows intracranial
hypertension in sheep. Am. Rev. Resp. Dis. 1971; 119: 637–41.

20. Moss G, Stein AA. The centineurogenic etiology of the
respiratory distress syndrome: Protection by chronic pulmonary
denervation in hemorrhagic shock. J. Trauma 1976; 16: 361–4.

21. Sarnoff SJ, Sarnoff LC. Neurohemodynamics of pulmonary
edema state. Diss. Chest. 1952; 22: 685–96.

22. Malik AB. Pulmonary vascular response to increase in





Copyright of Emergency Medicine is the property of Wiley-Blackwell and its content may not be copied or

emailed to multiple sites or posted to a listserv without the copyright holder's express written permission.

However, users may print, download, or email articles for individual use.


