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SUMMARY The respective roles of high pressure and high tidal volume to promote high airway
pressure pulmonary edema are unclear. Positive end-expiratory pressure (PEEP) was shown to re
duce lung water content in this type of edema, but its possible effects on cellular lesions were
not documented. We compared the consequences of normal tidal volume ventilation in mechani

cally ventilated rats at a high airway pressure (HiP-LoV) with those of high tidal volume ventilation
at a high (HiP-HiV) or low (LoP-HiV) airway pressure and the effects of PEEP (10 cm H20) on both
edema and lung ultrastructure. Pulmonary edema was assessed by extravascular lung water con
tent and microvascular permeability by the dry lung weight and the distribution space of ml-Iabeled
albumin. HiP-LoV rat lungs were not different from those of controls (7 cm H20 peak pressure ventila
tion). By contrast, the lungs from the groups submitted to high volume ventilation had significant

permeability type edema. This edema was more pronounced in LoP-HiV rats. It was markedly re
duced by PEEp, which, in addition, preserved the normal ultrastructural aspect of the alveolar epi
thelium. This was in striking contrast to the diffuse alveolar damage usually encountered in this
type of edema. To our knowledge, this constitutes the first example of a protective effect of PEEP

during permeability edema. AM REV RESPIR DIS 1988; 137:1159-1164

Introduction

Intermittent positive pressure ventilation
(IPPV) with high inflation pressure (45
cm H20) and high tidal volume (HiP
HiV) results in pulmonary edema in rats
(1). This edema is of the high permeabil
ity type (2). After 5 min of HiP-HiV, it
is confined to interstitial spaces; no ul
trastructural epithelial lesion is visible at
this stage. After 20 min of HiP-HiV, there
is widespread alveolar flooding accom
panied by swelling and disruption of the
epithelial layer (2). It is unclear whether
these lesions are the consequence of the
high alveolar pressure attained during
HiP-HiV or of the resulting overinflation.
A static distention of the same magni
tude was shown not to alter the alveolar
protein permeability of in situ lobes (3).
Moreover, increasing airway pressure at
constant lung volume results in a decrease
in fluid filtration rate (4, 5). Large in
creases in intrathoracic pressure (for ex
ample, during coughing or a Valsalva ma
neuver) have not been considered delete
rious to the lung. Nevertheless, the effects
of large cyclic changes in pressure and/or
volume for several minutes have not been
documented.

The presence of a positive end-ex
piratory pressure (PEEP) of 10 cm H 20
diminishes the amount of edema and pre
vents alveolar flooding during HiP-HiV
(1). The effect ofPEEP on water accumu
lation during hemodynamic or perme
ability type pulmonary edema has been
extensively studied. The beneficial effect
of PEEP on gas exchange is not ex
plained by changes in water content (6
10) but rather by a reopening of pre
viously closed alveoli (11, 12), together
with a shift in edema fluid from alveoli
to compliant perivascular spaces (13).
Surprisingly, little attention has been
given to the effect of PEEP on cellular
lesions observed during high permeabil
ityedema. It is therefore unknown wheth
er preventing alveolar flooding during

HiP-HiV would be accompanied by a
reduction in cellular lesions.

This study was performed to determine
the respective effects of high airway pres
sure and high inflation with or without
PEEP on water content, microvascular
permeability, and ultrastructure of the
lungs of mechanically ventilated rats.
High volume ventilation and not high air
way pressure resulted in high permeabil
ity edema. PEEP was shown to reduce
edema and prevent both alveolar flood
ing and epithelial lesions during HiP-HiV.

Methods

Experimental Procedure
Experiments were performed on male Wistar
rats (Iffa-Credo, Oncins, France) weighing 280
to 320 g. The animals were anesthetized with
intraperitoneal administration of sodium pen
tobarbital, 45 mg/kg body weight. A trache
ostomy was performed, the animals were
heparinized (500 U), and a catheter was in
serted into a carotid artery. The lung micro
vascular protein leakage was assessed by the
30-min apparent volume of distribution of
125I-labeled albumin (see below). All of these
experiments lasted for 30 min, starting with
the injection of radioactive tracers. The animals
were allowed to breathe spontaneously for 10
min and then were mechanically ventilated
(Braun, Melsungen, Federal Republic of Ger-

many) for 20 min before being bled. Airway
pressure was measured through a side port
in the tracheostomy tube using a ± 50 cm
H20 transducer (MP45; Validyne, Northridge,
CA) and was continuously registered. A rough
estimate of tidal volume was obtained with
a small Lilly-type pneumotachograph con
nected to a MP45 ± 2 cm H 20 transducer.
The ECG was monitored on an oscilloscope.
The animals were paralyzed with succinylcho
line (5 mg/kg body weight) before mechani
cal ventilation was started.

There were 5 experimental groups. (1) The
control group (n = 6) was ventilated with
IPPV at a peak inspiratory pressure of 7 cm
H20, resulting in a tidal volume of 13 ± 3
milkg body weight at 60 cpm. (2) A group
was ventilated with high inflation pressure and
a high tidal volume (HiP-HiV, n = 6) as pre
viously described (2), with a peak pressure
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of 45 cm H20, resulting in a tidal volume of
40 ± 3 ml/kg body weight and at a reduced
rate of 25 cpm to avoid excessive hypocap
nia. (3) A group ventilated at the same peak
pressure as HiP-HiV group and a 10 cm H20
PEEP (VT = 25 ± I ml/kg body weight),
immersing the expiratory outlet in water to
a depth of 10 cm (PEEP group, n = 7). (4)
A group ventilated with high inflation pres
sure (45 cm H 20) but a lower tidal volume
(19 ± I ml/kg body weight at 60 cpm) in
order to study the effect of high pressure
per se (HiP-LoV, n = 7). This was achieved
by thoracoabdominal strapping with rubber
bands. (5) A group ventilated with a negative
inspiratory pressure and a high tidal volume
(44 ± 3 ml/kg body weight) by means of an
iron lung (LoP-HiV group, n = 7) at the rate
of 25 cpm in order to study the effects of high
volume ventilation per se.

Physiologic Studies
The lung microvascular protein leakage was
evaluated by the uptake of IlSI-labeled serum
albumin (RISA) obtained from CNTS, Paris,
France. Less than I% free iodine was found
in the injected solution after protein precipi
tation by ethanol. Pulmonary blood volume
was determined with technetium (99mTc)_la_
beled erythrocytes. Ten milliliters of blood
from a donor rat were mixed with the con
tent of a commercially available kit contain
ing tin (CEA ORIS, Gif, France) in an oxygen
free atmosphere for 10 min at room tempera
ture. The mixture was centrifuged, and the
packed red cells were allowed to react with
approximately 0.5 !lCi of 99mTc for 5 min.
The cells were washed twice with saline and
99mTc activity determined in the supernatant
of the last washing. Less than 2% free activ
ity was considered as satisfactory. The mix
ture of 0.3 !lCi of RISA and 0.1 ml of 99mTc_
labeled erythrocytes suspended in the same
amount of isotonic saline was injected into
the dorsal penis vein of the rat at the begin-

ning of the experiment. At the end of the ex
periment, the animals were bled, the thorax
was opened, and the lungs removed and care
fully dissected from mediastinal tissue. The
lungs and a sample of systemic blood were
weighed and tracer activities within deter
mined by gamma counting (CG4000; Inter
technique, Plaisir, France). Bloodless wet lung
weight (WLW) was obtained from the 99mTc_
counting in the whole lung and in the blood
sample. The fraction of blood in the lungs is:

Fb = 1 - (cpm/g lung)/(cpm/g blood).
Then, WLW = lung weight x (I - Fb).

The samples were desiccated for 5 days at
60 0 C. Weight of the blood-free dry lungs
(DLW) was obtained, and extravascular wa
ter content (Qwl) calculated (14). The extravas
cular RISA space was expressed as the space
in which RISA would distribute to the blood
free lung if it were at plasma concentration.
The extravascular (EV) RISA counts were cal
culated from the total lung counts corrected
for the lung blood fraction: EV cpm/g =

cpm/g lung - (Fb x cpm/g blood). The al
bumin space was Alb. Sp. = (EV cpm/g)/
(cpm/g blood). No correction was made for
a possible difference in hematocrit between
pulmonary and systemic blood.

Three additional rats in each experimental
condition were used for systemic arterial
blood pressure (Statham, Hato Rey, Puerto
Rico) and blood gas measurements (Radiom
eter, Copenhagen, Denmark).

Statistical comparisons of group data were
made using analysis of variance. Correlations
between data were obtained using the least
squares method.

Anatomic Studies
Whole lungs from 2 other rats in each group
were removed and fixed intratracheally with
0.1 M cacodylate buffered (pH = 7.4), cold
(4 0 C) 1.7% glutaraldehyde under controlled
pressure (20 cm H 20). The lungs were then
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immersed in the same fixative for 2 h. Three
slices were taken from different levels of the
left superior lobe, cut into small cubes, and
subsequently processed for electron micros
copy: after immersion in fresh fixative for 15
min, they were rinsed in cacodylate buffer,
postfixed in 1% buffered osmium tetroxide,
dehydrated, and embedded in Epon®. Semi
thin sections (1 /lm thick) were cut from 10
randomly selected blocks, stained with azur
II blue and methylene blue, and examined un
der light microscopy to select areas for elec
tron microscopy. At least 5 ultrathin sections
from each block, contrasted with uranyl ace
tate and lead citrate, were examined in a
Philips EM410 Nanoscope at 80 KY. This rep
resented at least 50 random sections by
animal.

The right medium lobe was transferred to
formol, and standard procedures were fol
lowed for light microscopy: dehydration in
graded ethanols, clearance in toluene, and
embedding in paraffin. Sections (6 !lm thick)
were cut from the whole lobe, stained with
hematoxylin and eosin, and examined with
a conventional light microscope.

Results

No animal died before the end of the ex
periment, but LoP-Hiv rats were mori
bund as attested by the low rate of ex
sanguination. Edema fluid was found in
the trachea of all the animals of the HiP
Hiv and LoP-Hiv groups. At gross ex
amination, the lungs were markedly en
larged and congestive. This was in strik
ing contrast with the appearance of lungs
from the PEEP group, which were only
slightly edematous. The lungs from the
HiP-LoV rats were unequivocally normal.

Physiologic Data
Data are presented as mean values ± SD.

QwllBW DLWIBW Alb. sp.
(mllkg) (glkg) (%j

OwllBW DLW/BW Alb.Sp.
** ** (ml/kg) (glkg) (%)r---o r---1

T *** *** ***101 --. 1.2, 100 1 ,------, r--; ,----,
101 1.2. 80

80
0.9 8

0.9 60
6 j I I I I 60

~
6

::Uo06

e
0.6

40 4

2 i I I I I OO:IU u 20 2
0.3

0 - ,-0
0 0 0

Hip·HiV LoP-f-!iV Hip·LoV HiP-HiV LoP-HiV HiP-LoV HiP-HiV LoP-HiV HiP-LoV HiP-HiV Peep HiP-HiV Peep HiP-HiV Peep

Fig. 1 (Jeft). Extravascular lung water (Owl), dry lung weight (DLW), and albumin space (Alb. Sp.) in rats ventilated with high airway pressure and high tidal volume (HiP-HiV),
low pressure and high volume (LoP-HiV), and high pressure and low volume (HiP-LoV). Horizontal dotted lines represent the upper 95% confidence limit for control values.
HiP-HiV and LoP-HiV were always different from controls (p < 0.001). Differences between groups: double asterisk indicates p < 0,01.

Fig. 2 (right). Extravascular lung water (Owl), dry lung weight (DLW), and albumin space (Alb. Sp.) in rats ventilated with high airway pressure and high tidal volume at
zero end-expiratory pressure (HiP-HiV) and with a 10 cm H20 PEEP. Horizontal dolled lines represent the upper 95% confidence limit for control values. HiP-HiV and
PEEP were always different from controls at least at p < 0.05. PEEP reduced all edema indexes; triple asterisk indicates p < 0.001.
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Type I cells were often damaged and dis
rupted, denuding portions of the epithe
lial basement membrane. In such areas,
hyaline membranes composed of cell de
bris associated with fibrinous deposits
were sometimes noted. By contrast, type
II cells appeared preserved (figure 5a).
In those 2 groups, the ultrastructural
changes observed were similar in inten
sity and distribution to those previously
described (2). They were diffuse and pres
ent in each block.

Surprisingly, when PEEP was applied,
no alteration of epithelial cells was ob
served, even after extensive search. The
only modifications were slight and con
sisted of some interstitial edema with very
rare blebs affecting the endothelial cells
(figure 5b).

Thus, according to the experimental
group, the epithelial damages were either
evident and widely distributed or never
encountered. A more sophisticated study
did not appear necessary because these
findings were obvious. Of course, one
cannot exclude that rare epithelial de
structions would exist in the PEEP
group.

Discussion
This study confirms previous findings on
HiP-HiV edema (2): after 20 min of ven
tilation, widespread alveolar edema of
the permeability type occurred with dif
fuse alveolar damage. Several points,
however, are clarified: this edema was
solely related to changes in lung volume
and not in airway pressure. Nevertheless,
mean alveolar pressure modulated the
amount of edema because HiP-HiV rats
had less edema than loP-HiV rats but
more than those of the PEEP group.
Moreover, in addition to its effects on
alveolar edema, PEEP had a protective
effect on the alveolar epithelial layer.

o

TABLE 1

HEMODYNAMIC STATUS AND ARTERIAL BLOOD GASES OF RATS AFTER 20 MIN
OF MECHANICAL VENTILATION'

• Mean :l: SO, 3 rats in each group. At t = 0, there was no difference between groups, and pooled data were: heart rate =

241:l: 17beats/min; systemic arterial pressure (S.A.P.) = 117:!: 17.5mmHg;Pao, = 82.2:!: 9.1 mmHg;PacO, = 34.9:!: 6.8
mm Hg; pH = 7.41 :l: 0.06; total CO, = 21.1 :!: 2.6 mM.

t Different from controls at p < 0.05.
t Different from HiP-HiV at p < 0.05.

Controls HiP-HiV LoP·HiV HiP·LoV PEEP

Heart rate. beats/min 270 ± 28 216 ± 22 240 ± 29 236 ± 19 208 ± 42
SAP., mm Hg 125 ± 17 46 ± 9t 55 ± 5t 96 ± 2 55 ± 8t

PaD" mm Hg 107 ± 13 81 ± 11t 41 ± 2tt 120 ± 7 83 ± 14t

PaCO" mm Hg 26 ± 3 16 ± 2t 23 ± 0.4t 13 ± l.lt 31 ± 4.8t:t:
pH 7.45 ± 0.08 7.44 ± 0.08 7.40 ± 0.03 7.44 ± 0.03 7.29 ± 0.09t:t:
Total CO,. mM 18 ± 2.0 11 ± 1.8t 14 ± 0.8t 9 ± 102tt 14 ± 0.7t:t:

Anatomic Data
Light microscopy. Lung structure was
normal in the control group animals as
well as in those in the HiP-LoV group,
with a uniform distribution of alveoli and
no sign of alveolar edema nor hemor
rhage. Only slight perivascular edema
was noted, probably as the consequence
of the method of fixation.

In animals ventilated with a high tidal
volume (HiP-HiV and LoP-HiV), changes
observed in lung structure were similar
to those previously described (2): no sign
of emphysema-like changes were noted,
but widespread alveolar edema was pres
ent and especially marked in peribron
chovascular and subpleural areas. When
PEEP was applied, only interstitial edema
around large vessels was apparent and
there was no alveolar edema (figure 4a
and b).

Electron microscopy. In both the con
trol and HiP-LoV groups, lung ultrastruc
ture was normal.

Interstitial edema associated with al
terations in the blood-air barrier were
found in rats with high tidal volume.
These changes consisted primarily of the
detachment of some endothelial cells
from their basement membrane, some
times resulting in intracapillary blebs.
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Fig. 3. Correlation between dry lung
weight (DLW) and (awl) in control condi
tions (open triangles), during high air
way pressure-low tidal volume ventila
tion (HiP-LoV; open circles), high tidal
volume ventilation with low airway pres
sure (LoP-HiV; open squares), and high
airway pressure with zero end-expiratory
pressure (HiP-HiV; closed triangles) or
10 cm H,O PEEP (closed circles). All
data lie against the line of 0.07 glml slope
corresponding to plasma protein con
centration (r = 0.98, P < 0.001).

The effects of the type of ventilation on
pulmonary edema and microvascular
permeability indexes are shown in figure
I. Values obtained from the HiP-LoV rats
were within normal range. On the con
trary, high volume ventilation resulted in
permeability edema as attested by in
creases both in Qwl, DLW, and albumin
distribution space. The abnormalities
were more important after LoP-HiV
ventilation.

PEEP dramatically modified the ef
fects of high volume ventilation; hence,
when compared with HiP-HiV group, the
PEEP group showed less increase in all
edema parameters (figure 2), although
these were definitely abnormal.

Nevertheless, whatever the type of pul
monary distension, there was always the
same proportion of protein and water in
the extravasated fluid (figure 3). Indeed,
there was a highly significant linear corre
lation between DLW and Qwl (r = 0.98,
p < 0.001). The slope of the relationship
was 0.07 glml, which roughly corre
sponds to the protein content of plasma.
Such a value would be expected if pure
plasma outpoured from lung vessels.
Similarly, there was a significant corre
lation between Qwl and albumin space
(r = 0.93, p < 0.001), as previously ob
served (2).

Systemic arterial pressure was lower af
ter 20 min of ventilation with high tidal
volume (HiP-HiV, LoP-HiV, and PEEP
groups) than in control and HiP-LoV con
ditions. Heart rate was identical in all
groups (table 1). All rats from these high
tidal volume groups had lower Paoz than
did control rats. This drop in Paoz was
more important in LoP-HiV rats that
were obviously hypoxemic and differed
significantly from those of the HiP-HiV
group. Arterial pH remained normal in
all groups but the PEEP group. All the
animals had a metabolic acidosis that was
more or less compensated by the man
datory low Pacoz (table 1).
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b

Fig. 4a (left). Lung of a rat ventilated with low airway pressure-high tidal volume (LoP-HiV) ventilation for 20 min. Widespread alveolar edema mainly located in subpleural
and perivascular areas. The same aspect was found in lungs of high airway pressure-high tidal volume (HiP-HiV) ventilated rats. (Hematoxylin-eosin stain; original magnifica
tion: x25). b (right). When PEEP had been applied during high pressure-high volume ventilation (20 min), no alveolar edema was found. Some interstitial edema is present
around large vessels. (Hematoxylin-eosin stain; original magnification: x25.)

Effect of High Airway Pressure
Large cyclic changes in airway pressure
together with normal tidal volume for 20
min had no detectable effect on fluid and
protein fluxes. Lung ultrastructure was
normal. Increasing lung volume results
in augmented alveolar permeability in
humans (15), whereas raising alveolar
pressure without changing alveolar vol
ume has no effect (16). Hence, the in
crease in alveolar pressure at low lung vol
ume does not impair epithelial tightness,
which is the most important barrier to

~

AS

~
.('j

\"~,;o"L...;;....~
. , , . Jill'.

"'.,.; , "Ie
f,!\... "

''ltl.:"\.,,0.'.r"

AS

solute passage across the alveolar-cap
illary membrane (II, 17). Lack of edema
in this group was probably not the result
of decreased venous return and reduc
tion in vascular transmural pressure that
even in the presence of abnormal perme
ability would limit edema formation. In
deed, systemic arterial pressure and heart
rate were not different from those of con
trols. The majority of evidence indicates
that an increase in airway pressure with
out concomitant increase in lung volume
does not produce pulmonary edema.

a

AS

Effect of High Tidal Volume Ventilation
In contrast, large cyclic volume changes
resulted in increased capillary permeabil
ity and definitely in lung damage similar
to that observed during both experimen
tal permeability edema (18-20) and the
adult respiratory distress syndrome (21).
It is noteworthy that the level of peak al
veolar pressure modulated the amount
of water and protein extravasated dur
ing high volume ventilation edema. LoP
HiV ventilation resulted in more severe
edema than HiP-HiV despite almost iden-

b

Fig. 5a (left). Lung of a rat ventilated with low airway pressure-high tidal volume (LoP-HiV) ventilation for 20 min. Electron microscopy. A type II epithelial cell (PII) appears
intact, whereas type I epithelial cells are damaged (arrowheads). The epithelial basement membrane is denuded (arrows) and sometimes lined by cell debris and fibrinous
deposits (hyalin membranes, HM). AS: alveolar space; ie: interstitial edema; ca: capillary lumen. (Original magnification: x7,100.) b (right). When PEEP had been applied
during high pressure-high volume ventilation (20 min), type I epithelial cells were intact (arrows) in all examined sections, and the blood-air barrier appeared normal except
in some places where endothelial blebs were noted. AS: alveolar space; ie: interstitial edema; ca: capillary lumen; En: endothelial cell; PII: type II epithelial cell. (Original
magnification: x7,100.)
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tical tidal volumes. Although there was
no difference in systemic arterial pressure,
a possible explanation is that hemody
namic status differed between the 2 ex
perimental conditions. High intrathoracic
pressure reduces venous return and car
diac output (22) and results in a decrease
in vascular transmural pressure (4, 5).
Moreover, phasic increases in intratho
racic pressure result in a phasic decrease
in left ventricular afterload (22), allow
ing for a further decrease in pulmonary
vascular pressure. Then, during HiP-HiV,
vascular transmural pressure and the re
sulting transvascular filtration rate were
probably smaller than during ventilation
with low airway pressure. A larger filtra
tion rate during LoP-HiV ventilation than
during HiP-HiV might have compounded
its effects with altered permeability to en
hance fluid and protein extravasation
(23-25). These hypotheses should be eval
uated on larger animals in which exten
sive hemodynamic measurements would
be possible.

Finally, it should be noted that the en
dothelial and epithelial leaks were very
large since they resulted in the extravasa
tion of pure plasma (figure 3).

Effect of PEEP
Although the peak airway pressure was
the same in the HiP-HiV and PEEP
groups, the latter had less edema and,
in particular, no alveolar edema. This ob
servation was consistent with the find
ings of Webb and Tierney (1). This reduc
tion in the amount of edema is strikingly
different from previous observations on
both hemodynamic or permeability type
edemas. Nevertheless, the protein con
tent of this edema was identical to that
in high tidal volume groups (figure 3).
PEEP improves arterial oxygenation dur
ing pulmonary edema (12), but its effects
on lung water content and distribution
are unequivocal: lung water is not dimin
ished by PEEP (7, 9, 10) and sometimes
may even be increased (6, 8). This was
also the case when expiratory positive air
way pressure was applied before the on
set of edema (26). A likely explanation
for the effect of PEEP on extravascular
lung water is that the increase in lung vol
ume enhances fluid filtration through
extra-alveolar vessels (27, 28). The reduc
tion of the amount of edema during high
volume ventilation by PEEP might have
resulted from the decrease in venous re
turn because of the higher mean in
trathoracic pressure than during HiP-HiV
conditions. This decrease in venous re
turn would reduce vascular transmural
pressure in the lung and affect fluid and

protein filtration rate (23-25). However,
heart rate and systemic blood pressure
were identical to those of HiP-HiV rats.
An alternative mechanism might be that
PEEP preserves normal surfactant func
tion during high volume ventilation (29).
Indeed, the inactivation of surfactant has
no effect on microvascular permeability,
but the resulting increase in surface forces
enhances fluid filtration, favoring the on
set of pulmonary edema (30,31). On the
other hand, PEEP is likely to reopen
fluid-filled alveoli (11) and to favor the
shift of fluid from the alveoli to the in
terstitium (4). Indeed, this redistribution
of edema was documented during both
high pressure and oleic acid edema (13,
32). Possible effects of PEEP on cellu
lar lesions during permeability edema,
however, were never documented. We
never observed alveolar edema in the lung
tissue examined by light microscopy. In
ultrastructural examinations, epithelial
damage was never found. This was in
striking contrast to the lungs from HiP
HiVor LoP-HiV groups, in which the ep
itheliallesions were always easily found.
During HiP-HiV, PEEP apparently pre
served the epithelium from destruction.
To our knowledge, this constitutes the
first example of a "protective effect" of
PEEP during permeability type edema.

The absence of alveolar flooding to
gether with a reduced amount of edema
is consistent with the sequence of events
described by Staub and colleagues (33)
during pulmonary edema. An unresolved
issue is the link between alveolar flood
ing and alveolar lesions. Does the pres
ervation by PEEP of the epithelial layer
impede alveolar flooding because most
of the resistance of solute fluxes into al
veoli is due to low epithelial permeabil
ity (11, 17)? Or, on the contrary, is it be
cause of the absence of alveolar flood
ing that the epithelial lining was preserved
from injury by humoral mediators?

We would speculate that high volume
ventilation edema may not be due solely
to direct mechanical injury. First, very
large static increases in lung volume do
not impair epithelial permeability to al
bumin (3, 34). Second, HiP-HiV pro
duces only moderate alterations in micro
vascular permeability in isolated dog
lungs (35). The elucidation of mecha
nisms for such edema and, in particular,
the relationships between alveolar flood
ing and epithelial lesions requires further
studies.
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