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Extracerebral organ dysfunction after SAH can 
influence outcome.1 Neurogenic pulmonary 

edema (NPE) is a rare and very serious extracerebral 
organ dysfunction in patients with SAH. Neurogenic 
pulmonary edema may effect the outcome, and may 
increase the ratio of death in the SAH patients.2,3 
Neurogenic pulmonary edema may occur in the 
patients with SAH, being mainly due to cardio 
circulatory changes related to imbalance of the 
central neuro-vegetative control.4 Life-threatening 
arrhythmias, ventricular wall motion dysfunction, 
and contraction band necrosis are also seen in 
patients with SAH.5 The myocardial injury in SAH 
may be due to a massive sympathetic stimulation of 
the myocardium in response to rapidly increasing 
intracranial pressure.6 Cardiac dysfunction may 
lead to hemodynamic instability and contribute to 
the NPE. This hemodynamic instability results in 
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pulmonary vasoconstriction, increased alveolar 
permeability, and hemorrhagic pulmonary edema.6,7 

There are very few studies investigating the effects of 
SAH on lung dysfunction. This may be the result of 
the lack of a reliable experimental model to examine 
the association between SAH and lung injury. For this 
reason, this study was conducted to investigate the 
effect of the NPE after SAH by analyzing pulmonary 
histopathologic changes.

Methods. This study was carried out in the 
Ataturk University Experimental Research Center. 
This study was performed on 20 anesthetized adult 
male New Zealand rabbits  [(3.7 ± 0.4 (SD) kg. 
body weight]. They were left hungry 6 hours before 
surgical intervention. Experiments were carried out in 
anesthetized spontaneously breathing rabbits, which 
is known to alter the parenchymal stresses and is, 

Objective: To investigate the effects of subarachnoid 
hemorrhage (SAH) on lung tissue.

Methods: We conducted this study on 20 rabbits in the 
Ataturk University Medical Faculty, Erzurum, Turkey 
in 2005. Experimental SAH was applied to all animals 
under general anesthesia. After 20 days, all animals were 
sacrificed. Their lungs were examined histopathologically. 

Results: Foamy hemorrhagic parenchymal lesions, 
alveolar rupture, and subintimal fluid collection in the 
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pulmonary vasculature were observed in the lungs of the 
non-surviving animals. However, minimal changes were 
found in the lungs of the surviving animals (p<0.01).
 
Conclusions: Our results suggest that luminal narrowing 
of the lung vessels due to subintimal fluid collection 
plays an important role in the development of pulmonary 
hypertension and neurogenic pulmonary edema in SAH.
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in fact, a possible cause of lung lesions. A balanced 
injectable anesthesia was used for reducing pain and 
mortality. After inducing anesthesia with isoflurane by 
a face mask, 0.2 mL/kg of the anesthetic combination 
(Ketamine HCL, 150 mg/1.5 mL; Xylazine HCL, 
30 mg/1.5 mL; and distilled water, 1 mL) was 
subcutaneously injected before surgery. During the 
operation, 0.1 mL/kg anesthetic combination was 
used when required. A 22-gauge needle connected to a 
3-way stopcock was inserted via the atlanto-occipital 
membrane into the cisterna magna (intrathecal space), 
0.5 ml of blood was taken from the auricular vein of 
the animals and injected into their cisterna magna over 
35 seconds. After the injection, the needle was taken 
out, then anesthesia discontinued and the animals 
observed until completely normally. The animals 
were followed up for 20 days. After the 20 days, the 
animals were sacrificed and the left upper lobe of the 
lungs was removed for histopathologic procedures. 
The remaining total wet lung was weighed and then 
dried to a constant weight at 600C over 48 hours in 
an oven. To assess tissue edema, the wet/dry (W/D) 
ratio was calculated as indicators of lung edema. 
In order to observe histopathologic changes in the 
pulmonary tissues, the lungs, after being kept in 10% 
formalin solution for 7 days, were taken into paraffin 
blockage. Sections of 1 µm were obtained and 
stained with hematoxylin–eosin and analyzed under 
light microscope in order to observe histopathologic 
changes in the lungs. Light microscopic analysis was 
performed by blinded pathologists. Lung injury was 
scored under light microscopy from 0 (no damage) to 
4+ (maximum damage), according to the combined 
assessment of pulmonary alveolar edema, interstitial 
or septal edema, alveolar congestion, alveolar 
hemorrhage, perivascular or septal hemorrhage, 
alveolar neutrophilic infiltration, septal neutrophilic 
infiltration, pneumocytes, and alveolar macrophages. 
The scores obtained for each rabbit were recorded. 
Analysis was performed using SPSS for Windows.  
The W/D ratio and histopathologic scores between 
non-survivors and survivors were compared 
statistically (by Mann-Whitney U test). A value of 
p<0.05 was considered significant.

Results. Seven animals died within 20 days of 
the experimental period. The remaining animals 
were followed up for 20 days. The W/D lung weight 
ratio increased in the non-survivors (9.2 ± 0.9 g), 
compared with the survivors (3.4 ± 0.5 g) (p<0.01). In 
the histologic analysis of the lung, significantly more 
alveolar edema, congestion, perivascular-subintimal 
fluid collection, or alveolar septal hemorrhage or 
both, increase in the number of pneumocytes and 

monocytes were observed in the non-survivors 
compared with survivors. In addition, pulmonary 
cortical hemorrhagic focuses were also observed in 
these 7 animals. Macroscopic appearances of lungs 
of the survivors and non-survivors are seen in Figure 
1. The SAH developed brain is seen in Figure 2. 
Normal pulmonary tissue, and massive pulmonary 
alveolar hemorrhage/alveolar infiltration developed 
lung in a non-surviving animal are seen in Figure 3. 
The median (range) of the lung histology scores were: 
survivors = 0 (0-1), non-survivors = 3.5 (3-4). There 
was a significant difference between scores (p < 0.01, 
Mann-Whitney U-test).

Discussion. Many clinical and experimental 
studies reported that SAH may cause neurogenic 
pulmonary edema. Experimental SAH can easily 
be developed by the injection of fresh autologous 
blood into the cisterna magna. In our model, SAH 
was formed similarly to this method. The resulting 
mortality was approximately 35%. Marked or diffuse 
NPE occurred in non-survivors, but minimal changes 
occurred in survivors. Pulmonary vascular subintimal 
fluid collections were more prominent in the non-
surviving animals. Neurogenic pulmonary edema is 
rare in patients with reversible neurological injury, 
but is more common in those with severe and fatal 
neurological diseases.8,9 Weir et al,9 studied 78 patients 
with fatal SAH from ruptured aneurysm and found 
pathological evidence of NPE in 71%. However, 
Hijdra et al,10 reported that SAH lead to NPE in 
17%. The NPE is characterized as an acute, protein-
rich lung edema occurring shortly after cerebral 
lesions associated with an acute rise of intracranial 
pressure. Pathophysiological mechanisms include a 
rise of the pulmonary vascular hydrostatic pressure, 
either due to massive sympathetic innervation with 
pulmonary vasoconstriction, or increased left atrial 
pressure following systemic arterial hypertension, 
or an increase in pulmonary capillary permeability.7 

Massive sympathetic discharge during the initial insult 
to the central nervous system is once thought to cause 
generalized vasoconstriction with a shift of blood from 
the high resistance systemic circulation to the low 
resistance pulmonary circulation. Consequently, this 
condition resulted in fluid overload to the pulmonary 
circulation, damaging the pulmonary capillaries 
and altering their permeability. The leakage of red 
blood cells and high protein edema fluid through the 
pulmonary capillary membrane suggests that there 
might be disruption and damage to the capillary 
endothelium.10-13 Whereas, our results suggested 
that luminal narrowing of the lung vessels due to 
subintimal fluid collection may have an important 
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Figure 1 - Macroscopic appearance of the lung. a) Normal lung in the survivors. b) Severe edematous 
appearance in the non-survivors.

Figure 3 - Microscopic appearances of the lungs (x 100, Hematoxylin & Eosin). a) Normal lung tissue. b) 
Edema, infiltration, and hemorrhage are seen in the lung. A - arteriol, H - hemorrhage.

Figure 2 - Microscopic appearance of the brain showing SAH. 
SAH - subarachnoid hemorrhage, CS - cortex. 
(Hematoxylin & Eosin x 100).

a b
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role in the development of pulmonary hypertension 
and NPE in SAH. Myocardial dysfunction is a risk 
factor in the development of pulmonary edema 
in SAH. 6 Impaired left ventricular hemodynamic 
performance may contribute to cardiovascular 
instability, pulmonary edema formation, and cerebral 
ischemia. Pulmonary artery wedge pressures may 
reach high levels [>16 mm Hg].14 In the end, cerebro-
pulmonary function may be worse and death may be 
inevitable. Hypoxia, increasing intracranial pressure 
may appear due to failed lung function. It has been 
reported that the mean interval between the onset of 
SAH and the diagnosis of NPE on chest film was 2.5 
hours.15 Left ventricular functions return to normal 2-
6 weeks after SAH.14 

Neurogenic pulmonary edema occurs in 
approximately 10-71% of patients with SAH.4,7 In 
patients with sudden death from SAH, more than 90% 
present with acute pulmonary edema.16,17 Walder et al,17 

reported that the development of NPE, characterized 
by an acutely increased capillary permeability to 
proteins, was independent of the degree of intracranial 
pressure increase. Neurogenic pulmonary edema 
secondary to subarachnoid hemorrhage has not been 
clearly reported so far. 

We can conclude that SAH is an important 
predisposing factor in NPE, and there may be a 
positive feedback loop between SAH and NPE. In our 
study, response of stress reaction in the same animal 
species with the same stressor was not the same in the 
survivors and non-survivors. Namely, SAH resolution 
occurred in a short time in the survivors in our study. 
These differences may be explained by genetically 
determined or socially conditioned differences in 
stress regulation. As a rule, the animal model is not 
the same in humans in view of the clinic outcome in 
such conditions. In this study, postmortem anatomic-
histopathologic findings were similar to that in 
humans, as described in the literature.10-13 However, 
we think that this topic needs further investigations.
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