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Clearance of inhated **™Technetium-labelled diethylene triamine penta-
cetate (*"Te-DTPA) from the lung, an index of pulmonary alveolar
epithelial permeability (PAEP), was measured fn 13 patlents with
cardiogenic Interstitial pulmonary oedema (CIPO) and In 7 patients with
adult respiratory distress syndrome (ARDS). Thirty-five normal subjects
(22 nonsmokers and 13 smokers) were evaluated as controls. Half-fime
clearance (t ) values in ARDS patients (meanisp: 1512 min) were sig-
nlficantly lower than in CIPO patients (6219 min). This PAEP increase
In ARDS was impresslve, even in comparlson to heavy smokers. Loss of
the PAEP vertical gradient (apical PAEP>base PAEP) was observed n
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The role of pulmonary endothelial and/or epithelial
damage in the pathogenesis of pulmonary oedema due
w permeability, adult respiratory distress syndrome
(ARDS) and to high pressure (cardiogenic interstitial
pulmonary cedema (CIPO) is still debated [1-3]. Patho-
logical studies of ARDS patients show evidence of
necrosis in the alveolar cpithelium [4]. Even in  experi-
mental models of ARDS, in addition to cellular and
interceilular lesions in the endothelium, damage at the
level of the alveolar epithelium was observed [5, 6].
Among the cell systems involved in ARDS, type II
alveolar cells with surfactant abnormalities [7, 8],
neutrophils recruited into the alvcolar space by macro-
phage chemoattractants {9] and consequent releasc of
noxious oxidanits and unbalanced proteases [10] have
been advocated. Furthermore, it is possible that the
qualitative and quantitative varialions in trans-membrane
electrical fields and of proeoglycans and glycoproleins
at the alveolarcapillary level may alter alvcolar wall
permeability even before morphological damage has
been established [11-13].

The ®*Technetium-labelled diethylene iriamine penta-
cetate (***Tc-DTPA) (hydrophilic solute, MW 492
Daltons) inhaled aeroscl allows one to measure the
pulmonary alvcolar epithelial permeability (PAEF} in
a non-invasive way [14] when the aerosol is admini-
stered to the patient in a particle size that favours
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alveolar rather than bronchial deposition [15]. How the
9nTe.DTPA passes from the alveolar space to the
pulmonary capillary blood has not yet been established,
although it is suspected that there is a passive diffu-
sion through the epithelial and endothelial intercellular
junctons [16). fn vitre stodies show that paracellular
permeability might be increased by oxidants [17].

In man, ***Tc-DTPA assessment of PAEP has bcen
applied 1o the study of numerous conditions: cigaretie
smoking [14, 18], sysiemic sclerosis [19], pulmonary
interstitial diseases [20], chronic bronchitis [21],
hyaline-membrane disease {22], pulmonary thromboem-
bolism [23] and ARDS [24, 25]. The same method was
used to study PAEP due to lung damage from radia-
tion in dogs [16] and from positive end-expiratory
pressure (PEEP) in healthy subjects {26]. Unfortunately,
smoking is a common denominator which reduces the
specificity of ™ Tc-DTPA clearance as a test of lung
injury in chronic bronchitis [21] and cardiogenic pul-
monary oedema [24). The aim of this study is 10
verify whether epithelial permcability to ¥ Tc-DTPA
in ARDS patients (non-cardiogenic pulmonary oedema)
is significandly greater than in cardiogenic interslitial
pulmonary oedema (CIPO).

Materials and methods

The PAEP to ¥"Tc-DTPA was evaluated in two
groups of patients with CIPO and ARDS, respectively;
a group of normals (nonsmokers and smokers) were
evaluated as controls,
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ARDS paticnts were compared.

With respect to nonsmoking nommals {lable 2), both
CIPO and ARDS groups recorded an increase of PAEP,
this being greater in ARDS (p<0.001) than in CIPO
patients. PAEP (t,,) in CIPO patients increased (p<0.05)
with respect to nonsmoking normals only in the middle-
lower ROI of both lungs (whole right lung .,
meantso, CIPO: 6219, normals: 85134 (p<0.05);
middle-lower right ROI, CIPO: 62+7-6448, normals:
89437-85134 (p<0.05)). The apex-basc gradient, that
was demonstrated in nonsmoking subjects by us [29]
and others |20, 30], was abolished in both these patho-
logical conditions {table 3) as well as in the smokers’
lungs (lable 2).

Discussion

ARDS is a life-thrcatening pulmonary disease with a
rapidly progressive decling due mainly to multi-organ
failure, Death occurs in 50-75% of ARDS cases [30]
and in more than 90% when ARDS is associated with
septicacmia [31]. The search for a predicive marker,
uscful in the carly diagnosis of ARDS, is justified by
its high monality rates which arc nol predicuable on the
basis of well-known clinical roentgenographic and func-
tional criteria [32). The present siwdy demonstrates that
ARDS is associaled with a suiking increase in PAEP
which is significanly higher (p<0.001) than in CIPO.
As confirmed by previous dala, PAEP may be increased
after chronic exposure 1o cigaretle smoke [14, 18, 33)
but this damage is quickly reversible by inerrupting the
smoking habit [34]. However, to exclude the influence
of smokc on PAEP, wc chose nonsmoking CIPO
paticnis. They presented (), valucs between normal
nonsmokers and smokers, but were closer to the non-
smokers values. A slatistically significant difference
between CIPO patients and smokers (p<0.01)- whose
clearance limes were [asler- was obscrved,

Among ARDS palticnts, patient no. 1 and patient no.
6 had stopped smoking two wecks before mcasure-
ments: in any casc their |, values were close to those
of other ARDS paticnts, so that their smoking history
is likely 10 have no influence on measurcd PAEP. The
mild enhancement of PAEP in CIPO patients with
respect 1o normal subjects is limited (o the middle-lower
ROI (wble 3). In fact the upper ROI's PAEP (normally
higher than the PAEP of the remaining lung) is not
further increased in CIPO paticnis. We belicve that
gravily may account for the dependent lung arcas of
increased permeahility in CIPO patients.

Two other groups (24, 25| have recently studied
#=Tc.DTPA clearance in ARDS. According to MasoN
el al. [24], the suriking increase in PAEP in all our
ARDS paticnts indicates the high diagnoslic sensitivity
of this paramectcr. Our findings arc also in agreement
with those reportied by BraubE ef al. [25] who lound
that K values were significantly higher in ARDS
paticnts when compared 1o normal conuols. These
investigators failed 1o deiect a significant differcnce
between the K values of ARDS patients (K %-min”,
mecantsn: 5.2+0.9) and those of normal smokers

(K 3.6+0.8) but in our opinion their smokers group was
too small {7 subjects) to allow delinite conclusions.
The smoker's lung is undoubledly more permeable
than the nonsmokcr's, but the degree of this abnormal-
ity is controversial, probably because of the large
interindividual variability in susceptibility of smokers’
lungs 1o the cigaretic-induced damage. The degree of
PAEP increasc in the smokers group studicd by us (13
subjects, age range 18-50 yrs; K 1.9+0.7) [33] com-
pleicly agrees with that reporied by KeNNepy ef al, [18]
(10 subjccts, meantsn: 32.446.4 yrs; K 2.1240.84).
From these figurcs it is clear that PAEP in ARDS
paticnts (K 4.5%1) is significantly higher (p<0.01) with-
out any overlap in valucs observed in otherwisc
“normal” smokers., In ARDS patients PAEP was
increased 5.6-fold with respect to normal nonsmokers
and was increased 2.8-fold with respect to normal
smokers, The finding that the nomal apex-base gradi-
ent of clearance from the lungs is lost in ARDS may
be of great importance in suggesting diffuse epithclial
damage, but its utility as a scparate predictor of ARDs
is limited at the present time by Lwo different consid-
crations: the occurrence of a similar event in smokers'
lungs in CIPO and the lack of data on the time-course
of PAEP in the early and preclinical phase of ARDS.
In conclusion, if an effecuve therapeulic intervention is
found PAEP assessment might be a life-saving tool in
the first six days of this falal disease when the
mortalily is at its lowest level [35, 36).
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