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Computerized scintigraphy, cmploving the gamma camera, has been used in
this contract to study the dynamics of the pulmonary capillary membrane lcak of
94n,. . : o e - .

Fechnetiwi-taceed human scram albann (Te-HS\j. In prelisinary canine
studies, the severity of an oleic acid-induced albunin leak was proporticnal to
the slope of lung:heart radioactivity ratio and was more sensitive than arterial
blood gases or standard chest roentgenograms. We have called this rising ratio

(3}

the "slope of injury" or "slope index" (S8I). OCur first studies were to compare
this technique to the sheep lung Lymph fistula endotoxin model. TFollowing
cannulation of the right thoracic caudal efferent lymph duct, we noted that
these animals had evidence of a "slope of injury' prior to the administration
of endotoxin. In order to determine whether the acute sheep model developed
evidence of pulmonary injury, we compared sheep with thoracotomy, retraction of
the lung and lymphatic cannulation to sheep that had undergone thoracotomy

only. These data demonstrated a significantly higher "slope of injury" (p<0.01)

following thoractomy, lung retraction and lymph duct cannulation. Further

g

studies are required in animals undergoing thoracotomy only. This suggests
that the acute sheep lung lymph model is associated with acute pulimonary injury
and, therefore, will make subsequent manipulation of the model difficult to
internret. In the first nine months of this contract, we have also studied a
runber of agents in an attempt to prevent oleic acid-induced pulmonary micro-
vascular injury. Following a series of five control dogs, five dogs cach were
studicd with cach of the following agents: mcrhylprcdnisolonc (30 ma/hg),
ibuprofen (12 mg/ke), the superoxide radical scavenger, “W-347 (3 ma/ke), and,
in three dous, calciun gluconute (140 mga/ke). Bach of these agents was given

five minutes prior to administration of oleic acid (0.05 ml/kg). None of these

ii
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agents was able to alter the rise in Lias:heart rudi;dctifify futio following
oleic acid injury. In another study, we have adﬁinistcrcd 0.1N hydrochloric
acid, 2 ml/kg, into the trachea of dogs in the right lateral decubitus position
and have found an acute and reproducible "slope of injury' similar to that scen
with 0.05 ml/kg oleic acid. Further studies are planned to study the effects
of various drugs in the acid aspiration model. Clinical experience has suggested
that a few patients with bleeding esophageal varices treated by endoscopic
sclerosis with sodium morrhuate develop ARDS. Sodium morrhuate is a 5% mixture
of several fatty acid salts. The ARDS in these patients could either be sccon-
dary to aspiration of gastric contents or fatty vcid injury. Three dogs were
given 5 ml and 2 dogs 20 ml of sodium morrhuate i.v. In no instance did a
significant SI occur. Intralipid administration and hyperlipidemia have been
incriminated as possible causes of ARDS in man. Four dogs were given 500 ml of
20% intralipid. Although pulmonary artery hypertension and grossly lipemic
serum were seen, no animal developed scintigraphic evidence of a pulmonary
capillary protein leak., Six dogs were given 2.5 mg/kg endotoxin i.v. and,
again, no scintigraphic evidence of pulmonary microvascular injury was seen. A
nurber of dog and sheep were found to have evidence of a "slope of injury"
during the control period prior to experimental manipulation. This suggests
that somc of the animals may have had a primary pulmonary discase, such as
viral pneumonia, prior to their scintipgraphic studies. We are now planning to
analyze the ipitial "controi' data and, should the slope be positive, the
experiment will be aberted, the animal sacrificed, and the lung examined
grossly and histologically for cvidence of Jdiscase. Two sheep have had this
occur and both gross and microscopic examination confirmea evidence of pul-
monary discase., Further stuldies are planned to investigate endotoxin and
bacterial induced ARDS in the sheep as well as oleic acid ARDS and hvdrochloric

acid aspiration in the dog.
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FOREWORD

In conducting the research described in this report, the investigators
adhere to the '"Guide for the Care and Use of Laboratory Animals," prepared
by the Committee on Care and Use of Laboratory Animals of the Institute of
Laboratory Animal Resources, National Research Council (DHEW Publication No.

NIH 78-23, Rev. 1978).

iv

i

N T

K .

S

BVEY W < g0 B 30 ST e e -t R TR T e




NN Wy YN P WWW%W\VWMW‘WWM BT A A6 AN s 30E A St S RS ".'t'

W WL WAON: € W RPN T

TABLE OF CONIENTS

Swmnry ' il
Forewcrd iv
Table of Contents v

Body of Recport

P EEOCR S5 N VAN S F RS LERS S

A. Problem 1
. Background 1

-

182

-

$._§ Pors b

. Results 8

. ow
. BB~

B
C. Approach to Problem 4
D
E

. Conclusions ) 11

F. Recommendations 13

B i ASPIE

~ Literature Cited S 16

Abstracts § Articles 19

T W
il A N R

L4

Distribution List 20

-
o

PN NIWOT IV

’
B

Ll

_—

VI 2t MRS EISNR VS

<
1
-~



PN Y S T W ST Y UV N UV E T T T TS L LW LY R RPN S WO e TP 870 T8 BTo N e TR B b o A it b et et st aal )

A, Problem

The acute respiratory distress %yndrome (ARDS) is an ill-defined disorder
with multiple etiologies which usually requires mechanical ventilation. Combat
soldiers acquire this disorder from direct lung contusion, burn inhialation
injury, inhalation of toxic substances, aspiration, nultiple transfusions, as a
cemplication of sepsis, etc. The National Heart, Lung and Blood Institute,
Division of Lung Diseases, Task Force on Research in Respiratory Diseases esti-
mated that 150,000 cases occur cach year (1). Many of these are young, previ-
ously healthy persons. The overall mortality is impossible to assess, but must
be quite high. Ninety-one percent of the 90 natients enrolled in the Extra-
Corporeal Membrane Oxygenatory study (EQ0), most of whom probably had ARDS,
died (1). Data from the nine centers participating in the EQY study showed
that more than 75% of the 600 patients receiving inspired oxygen concentration
(FiOZ) greater than 50% died (1). From 1973 to 1976, 119 patients were ad-
mitted to the Respiratory and Surgical Intensive Care Units of San Francisco
General Hospital with a diagnosis of ARDS (7% of all their intensive care upit
admissions) and of these, 53% died (1). Although the majority of these deaths
were not solely duc to respiratory failure, this probably affected their mor-

bidity and mortality.

B.  Backoround

The initial pathophysiologic evert in ARDS is thought to be a leak in the
pulmonary capillary membranc.  This Teads to an increase in pulmonary inter-
stitial water and protein which is then removed by the pulmonary lLymphatics.
If the leak exceeds the Lymphatic capacity, which can increase flow by a factor
of 20, pulmcnary interstitial cdema occurs. When the interstitial compartrient

reaches a critical volume and pressure, the alveolar space abruptly fi.ls,




This’cuuscs an inhibition, or wash-out, of surfactant, which will produce
alveolar collapse and a reduced FRC.* A ventilation-perfusion (V/Q) mismatch
develops, with right-to-lcft pulmonary shunting and arterial hypoxenmia.

There is a critical need for an accurate, sensitive, reproducible and non-
invasive technique co measure the severity and duration of pulmonary capillary
leakage in patients with ARDS. This will permit improvement in both the early
diagnosis of this pathological condition as well as the objectivé evaluation of
therapeutic interventions.

Atterpts to document and guantitate the leakage of water and protein
through the pulmonary capillary membrane ha 2 been fraught with frustration.

Previous studies have been directed at attempts to measure pulmonary extra-

"vascuiﬁf“iﬁﬁémk5£é§ﬁ(EVLW) using isotopic indicator dilution techniques. This

methodology, based on studies by Chinard and Enns (2) has been shown by Korsgren
et al. (3) and Marshall et al. (4) to be inaccurate, since it is flow dependent.
A thernodilution-indocyanine green dye technique has also been applied to
measure EVLW (5,6). This method does not appear to be as sensitive to changes
in cardiac output as thc isotopic indicator dilution techniqies (7,8). The
method provides a static estimate of extravascular lung water and would have to
be repeated frequently to detemine the dynamics of the leak. Brigham et al.

(9) have developed u technique requiring the measurcrent of concentration-time
125

. . . . S1. . 14
curves for four radioactive agents ( lLr-crythrocyros, [-albumin, C-urca,

3 - 4.
and “i-water) from which the extravascular lung water and the ““C-urea perme-

~ability-surface area product is calculated.  This technique would also provide

a static estimate of extravascular lung water, scems cubersome to use, and
would also be affected by alterations in pulmonary vascular recruitment.

Using a panma probe technique, Gorin et al. (10) demonstrated a leakage of

BETS S R % e
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Indiwn transferrin from the chest of sheep following the intravenous in-

jection of Pscudomonas acruginosa bacteria.  The intensity ol radioactive

counts correlated with the directly measured accumulation of this isotope in
lung Iyvmph. The position and aim of the gamma probe would have to be unaltered
for the technique to be reproducible. It requires gamma well-counter analysis
of serun samples which may limit widespread clinical utilization.

Gamma Scintillation Camera Technicue: 1In studies from our laboratory, the

computerized gamma camera was able to record and quantitate the pulmonary

- 99

capillary membrane leak of technetium-tagged hurman serun albumin (Tc-HSA) in
dogs following intravenous olcic acic (11.12). This technique compares the
change in radioactivity over the lung to that over the heart with the construc-
tion of a lung:heart radiocactivity ratio.

Radioactive Tc-lSA «iistributes within the whole body blood pool after
intravenous injection and renains essentially within the vascular compartment.
Its distribution within the body can be imaged with the gamma camera. Using
the computerized garma camers, data are collected at one secend intervals for
60 seconds and then at one-minute intervals for the duration of the study.
During the initial pass of the radiopharmaceutical, it is possible to define
the lungs and the heart anatomically for subscquent computer analysis and con-
struction of iung:heurt radiocactivity ratios. This ratio remains constant
uniess a pulmonary microvascular membrane injury is present when a rising ratio
is present.  We have called this rising ratio the "slope of injury” or "slope
index" (SI).

In previous canine oleic acid studies, we have found that the SI was
proportional to the scverity of injury and was more sensitive than either

arterial blood gas analysis or standard chest roentyenograms (12). Using this
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method in the oleic acid model, it was found that the Icnkyof'fé~HSA was much
greater than the leak of t’gml'c~t:lggc,c\?l RBC's (13), that PEEP did not alter the
rate of pulmonary capillary protein leak (14), that altered pulmonury vascular
recruitment did not produce a rising radioactivity ratio following hemodynmnic
cquilibration (15) and that wmltiple doses of Tc-lISA were associated with
reproducible SI's over six hours following oleic acid administration (16). The
method is noninvasive and has been used clinically to determine the severity

and duration of non-cardiogenic pulmonary edema (17).

C. Approach to the Problem

The animals were anesthetized, intubated and placed beneath a Pho-Garma IV
scintillation camera fitted with a low energy, parallel hole collimator. Data
were collected on '""{loppy disc' using a DEC mobile garma acquisition system and
transferrced to a DEC medical computer for the determinations of regions of
interest. Data were collected at one frame per second for 60 seconds following
the Tc-HSA and then at one frame per minute for the duration of the study.
Lung:heart radioactivity ratios were performmed on a Xerox Sigma-5 computer.

SI's were calculated from 15 to 45 minutes following administration of Tc-HSA.
Animals subsequently found to have a significant SI during the control period
were presumed to have a primary pulmonary illmess (i.e., viral pneuronia) and
were deleted from the study group. In the future we plan to test this hypothesis
by analyzing the control SI prior to experimental manipulation and, should it

se positive, the experiment will be stopped and the lungs removed for gross and
histological examination. This has proven to be the case in two sheep recently
studicd. Intravascular pressures were measurced with a Brush-Could, Model 2400,
4-channel recorder utilizing a Stathwn strain-gauge trunsducer. Cardiac outputs

were measurcd with a Kim-Ray, Model 3500 E thermodilution cardiac output computer.



L. Sheep Studices

Computerized g scintigruphy!hus compared favorably to wet to dry lung
weight ratics, alvoolur epithelial membrane pemmeability, canine lymph flow,
standard radiography and licht microscopy for the measurcemen: of nulmonary
microvascular permeability to albumin. The effects of altered pulmenary vas-
cular recruitment and positive end-expiratory pressurc on the scintigraphic
lung:heart radioactivity have also been studied. Currently, measurement of
volume and protein concentration of lymph from the right caudal efferent 1ymph
duct of sheep is the accepted model for the study of pulmonary permeability
edera (18). It is, therefore, necessary to compare our scintigraphic technique
to this model. We believed that an increased pulmonary microvascular perme-
ability, associated with an increased Iung lymph flow and protc¢in concentration
weuld be accurately detected by alterations in the scintigraphic ''slope index."
In addition, it should be possible to quantitate the amount of teclinetium-
tagged albunin appearing in the lung lymph using a "well" counter. Several
atterpts werce made to scan awake sheep suspended beneath the gamma camera in
the upright position. tiowever, the sheep could not be kept immobilized nor
were posterior images adequate for accurate lung:heart radioactivity ratios.
Therefore, the sheep were anesthetized, intubated, and placed in the supine
position for anterior imaging; and ventilated at a t.dal volume of 20 ml/kg
with 50% O, and 5 cmu PEEP.

Initially, the sheep were subjected to thoractomy and right caudal thoracic
lymph duct cannulation shortly before scanning and administration of endotoxin,
the first pertubation we planned te investigate. However, sheep had very high
SI's during the '‘control” period (see Results). These data led us to hypothe-

size that the "acute™ lung lymph sheep model was associated with significant




pulmohdfy injury; which would make it difficult.fo intcrpréfJﬁ pertubation such
as cndotoxin. We, therefore, clectegd to scan five anesthetized sheep for one
hour following 10 mCi Tc-HSA, pertform a thoracotomy and right caudal thoracic
lymphatic duct cannulation (which is associated with retraction of the right
lung for 30 to 60 minutes) closc the chest and re-expand the lung, inject
another 10 mCi Tc-HSA and scan again for one hour. These results would be
compared to a group of five sheep who would be scanned before and after thora-
cotomy only, without lung retraction or lymph duct cannulation.

2. Canine Studics

Dogs weighing approximately 20 kg, were anesti.etized with 30 mg/kg sodium
pentobarbital, intubated, and ventilated at a tidal volume of 20 ml/kg with 50%

O2 and S cm HZO positive end-expiratory pressure (PEEP).

a. Oleic Acid Injury: This model was chosen because of our exten-

sive previous experience with it as well as the possible relationship of ARDS
to free fatty acids in pancreatitis and the traumatic pulmonary fat embolism
syndrome. We attempted to block the rising SI seen with oleic acid pulmonary
microvascular injury with the following agents administered to five dogs each
five minutes prior to 0.05 ml/kg oleic acid: methylprednisolone (30 il/kg), the
non-steroidal anti-inflammatory prostaglandin blocker, ibuprofen (12 mg/kg),
the superoxide radical scavenger, MK-447 (4 mg/kg), and calcium gluconate (140
mg/kg). If any agent proved effective, we planned to administer it at various
time intervals following oleic acid. lowever, no agent was found to reduce the

rising SI after oleic acid.

b.  Sodiuwm Morrhuate (NaMor): A few patients with bleeding esopha-

geal varices treated by endoscopic variceal sclerosis with sodium morrhuate
have developed ARDS. NaMor is a 5% mixture of several fatty acid salts (8%

palmitate, 12% palmitic oleate, 1% stearate, 2% oleate, 28% linoleate, 15%



archidate, 8% arachidonate, and 20% other). ARDS in these patients could
cither be secondary to aspiration of, gusiric contents and blood, not unusual in
a cirrhotic patient with reduced mental {unction, or fatty acid injury. Three
dogs, weighing approximately 20 kg, were given 5 ml and 2 dogs 20 ml of NalMor
intravenously one hour after 10 mCi Tc-HSA.,  Sccond and third doses of 10 mCi
Tc-HSA were given one and three hours, respectively, after NaMor.

c. Intralipid: This solution of ncutral fat has been-used in
association with total parenteral nutrition and has been incriminated as a
possible cause of ARDS in critically il patients (19). Ihperlipidemia has
also been implicated in ARDS associated with acute pancreatitis (20). To
investigate this possibility in our dog model, four dogs were given 500 ml of
20% intralipid over 15 minutes one hour after 10 mCi Tc-HSA. This equals 100
grams of neutral fat, a very large dose. Pulmonary arterial pressure (PAP),
pulmonary capillary wedge pressures (PCiP), and systemic arterial pressure
(SAP) were monitored throughout the study. Cardiac outputs were measurcd cvery
15 minutes. The animals were scanned continuously beneath the gamaa camera. A
second and third dose of 10 mCi Tc-HSA were given two and four hours after
intralipid, respectively.

d. HCl: Aspiration of gastric contents is a known complication of
traumatized individuals as well as a well-recognized postoperative complica-
tion. In this study, eight dogs were anesthetized with sodium pentobarbital,
intubated, ventilated at a tidal volume of 20 ml/kg, and placed bencath a
computerized gamma camera. Two ml/kg IN HC1 was nebulized into the trachea of
six dogs onc hour after 10 mCi Tc-HSA.  Sccond and third doses of 10 mCi Te-HSA
were given one hour and three hecurs after HCl, respectively. In two dogs, 0.1
N HCl was instilled and the dogs placed in the right lateral decubitus position

one hour after 10 mCi Tc-HSA. The animals werc given a second dose of Tc-HSA




10 miﬁméff;;-ﬁtiugdminigfratién and 5 rL{f]”Bdsc”fﬁd'hours after 1IC1.  The
animals were then sacrificed, the chgst opened, both lungs cxamined grossly, and
sections of affected and unaffected tissue from both lungs obtained for micro-
scopic examination.

e. Lndotoxin: Sepsis is one of the most lethal causes for ARDS.
Other studies have shown the dog to be resistant to sepsis-related ARDS (21,22).
In this study, 6 dogs were given 2.5 mg/kg E. coli endotoxin (Difco) one hour
after 10 mCi Tc-HSA. Scintigraphy was continued for three hours in five dogs

and five hours in one dog. PAP, PCWP, and SAP were monitored throughout the study

period.

D. Results

1.  Sheep

a. An attempt was made to scan three sheep while awake and suspended
bencath the gamma camera. The animals could not be satisfactorily immobilized to
achieve stability of the regions of interest (i.e. lungs and heart).

b. Four sheep were found to have high SI's durng he "control"
period following thoracotomy and lymph duct cannulation. The effect of endo-
toxin administration in these animals could not be interpreted. Two sheep have
recently been studied and found to have rising SI's during the control period.
The study was aborted and the lungs removed. Gross and histologic examination
revealed evidence of a primary pneunonia in both animals.

¢. TFive sheep were studied prior to and following thoracotomy with-.
out lung retractionor lymphatic duct cannulation. Three animals had a high SI
during the control neriod and were deleted from the studv. The S1's in the
remaining two sheep were 0.7 and 0.1 x 1073 U/min during the control period

and 0.3 and 0.5 x 10°° U/min, respectively, following thoracotomy. Little

difference was noted in the slopes in these two animals between before and



after thoracotomy. Scveral more studics are required before this group can be
statistically comparcd to itself orsto the next group (Sce d).

d.  Seven sheep were studied prior to and following thoracotomy,
lung retracvion, and Lymphatic duct cannulation. Two animals had a high SI
during the control period and were deleted from the study. The mean control SI
in the remaining five sheep was 0.6 10.6 x 10'3 U/min. Following thoracotomy,
lung retraction and lymphatic duct cannulation, the SI rose significantly
(p<0.01) to 1.3 0.6 x 10'3 U/min. The acute lymphatic duct cannulation
model, thercfore, appears to have a significant injury to the lung according to
the scintigraphic pulmonary capillary protein leak technique.

2
2. Dogs

a. Oleic Acid Injurv: Of 28 dogs studied, 5 dogs had an SI greater

than 0.6 x 10°° U/min duriang the control period and were deleted from the

study. The following data were obtained:

Study Group SI (xl("'3 U/min)
Control oleic acid (CA) 0.05 ml/kg 2,97 1.0
Methyvlprednisolone (30 mg/kg) + OA 3.8 7 1.9
Ibuprofen (12 mg/kg) + OA 3.8 0.8
MK 447 (3 mg/kg) + O\ 2.9 T 0.3
Ca™™ Gluconate (140 mg/kg) + OA 3.0 2 0.4

Therefore, none of the agents tested were able to prevent scintigraphic evidence
of an olcic acid pulmonary microvascular injury,

b. Sodiwn Morrhuate (NadMor): Neither S ml nor 20 ml of Nalor

produced a significant rise in SI over five hours of study following multiple
doses of Tc-liSA, A slight, but transient, rise in PAP was scen following

iaMor. There was no change in PCWP. This neutral salt preparation of fatty
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acids does not produce pulmonary microvascular injury scen following the free

fatty acid, oleic acid. t
c. Intralipid: A marked increase in PAP (from 17 Tato326

mmilg) was scen following SO0 ml of 20% intralipid with a modest rise in PCWP
(from 8 !3tw16°? 2) in cach of the 4 dogs. The serum became grossly lipemic.
Nevertheless, no rise in SI was seen over five hours in any animal. One must
question any relationship of increased serum neutral fat to ARDS. Similar
results have also been noted in a sheep lung lymph cannulation study (24).

d. 1€l Studics: Six animals were studicd with nebulization of 1.0
N HCl. For reascns that arc unclear, no rise in SI was seen in any of these
animals. Unfortunately, the lungs were not removed for gross or histologic
examination, nor was the pll of the aspirate measured. The reasons for the
failure to sce any scintigraphic effects are unknown. More recently, 2 dogs
were given 2 ml/kg of 0.1 N HC1 injected into the trachea with the ﬁnimal in
the right lateral decubitus position. In each case, a markedly positive SI was
scen, analogous to that scen with 0.05 ml/kg vieic acid and the SI was repro-
ducible two hours following HCI.

e. Canine Endotoxin Studies: Two of the six dogs studied had a

significant SI during the control period and were subsequently deleted from the
study. In the four remaining animals, 2.5 mg/kg endotoxin produced an insignifi-
cant rise in PAP and PCWP and a marked fall (p<0.01) in cardiac output from

3.6 2 1.24 min to 1.7 * 0.7 L/min over two hours. An initial small risce in SI
was seen in two of these four dogs during the first 00 minutes bur was unchanged
from control during the sccond GO minutes. One animal was studied for four
hours and given multiple doses of Tc-I!S\ without a rise in SI developing.

Although more animals need to be studied, there is no scintigraphic evidence
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for publwonary micvovascular injury in Jogs over two hours following endotoxin.
Similar results have been noted by ofher investigators using different techniques

(21,22).

E.  Conclusions

A large number of studies has been performed in the first nine months of
this coentract. The sheep studies showed a significant rise in SI following
thoracotomy, lung retraction and lymphatic duct cannulation. Preliminary data
suggest that thoracotory alone does not cause a rise in SI. Therefore, the
acute lung lymph cannulation model appears to be associsted with a significant
pulmonary micro?ascular injury. Additional studiecs are required before this
can be concluded with certainty. Additional studies will also be necessary
with sheep 24 and 48 hours follewing the lymph cannulation procedure to determine
if the injury persists.

A number of shecp had SI's »0.6 during the control period, prior to injury.
The cause for this is not clear at this time. Perhaps the sheep were ill and
had viral pncumonia. Current plans include chromatography of all Tc-HSA prepar-
ations to assure >95% tagging cfficiency and carly analysis of the control
lung:iwcart radioactivity ratios. If an SI >0.6 is noted, the animal will be
sacrificed and the lung removed for gross and histologic examination. Study of
two such animals. confinned cvidence of pulmonary disease.

Unfortunately, it wuas not possible to study awake, cannulated sheep beneath
the gwmna camera. Perhaps a gamma probe system, with one probe over the heart
and another over the lung, will permit study of awake animals and, of greater
import, will provide "on-line" lung:heart radioactivity ratios.

The dog studies showed that none of the agents tested {methylprednisolone,
ibuprofen, MK-447 or calcium gluconate) werc able to alter the scintigraphic

evidence of oleic acid induced pulmonary microvascular injury when given prior

11




to the administration of oleic acid,  Several studies have sugpested that
methylprednisolone wi}l prevent oleig acid injury (25,20); whereas, other
studies have found no effect on lung water with this medication (27). The data
from our study are quite clear that phamacologic doses of methylpredniso.one
had no effect on the pulmonary capillary leak of albumin.

The studies of the effect of sodiwn morrhuate (NaMor) in dogs demonstrated
no scintigraphic evidence of a pulmonary capillary protein leak. No change in
pulmonary artery pressures (PAP) were noted in these dogs following NalMor. A
study of this agent using the lung lvmph technique in sheep performed in another
laboratory in our institution demonstrated a marked rise in PAP and an increase
in lymph flow with a fall in lympih protein concentration. This agent, therefore,

“does not appear to cause permeability pulmonary edema in either the sheep or
dog. The ARDS scen in patients following sclerotherapy of esophageal varices
is, thercfore, probably related to aspiration of gastric contents or blood or,
perhaps, secondary tc a ﬁarkcd increase in PAP.

Massive infusions of intralipid produced grossly lipemic serum and pulmonary
artery hypertension hut did not cause scintigraphic evidence of a pulmonary
capillary protein leak. DPerhaps infusions of heparin to activate lipoprotein
lipase, or infusion ofthis enzyme itself, mi it release free fatty acids which
would then produce pulmonary microvascular injury. These studies have not yet
becn undertaken.

The 0.1 N HC1 infusicn studies demonstrated a marked rise in SI which
persisted over two hours and vas analogous to the SI scen with 0.05 ml/kg oleic
acid. Severe injury was confirmed by gross and microscopic examination of lung
tissue. This model will soon be ready for study of other agents (i.e. methyl-

prednisolone, ibuprofen) to ameliorate lIC1 aspiration injury.

12



Endotonin (2.5 me/he) produced a significant rise in PAP but did not
produce scintigraphic cvidence of a pulumonary capillary protein leak over two
hours in three dogs and tour hours in one dog. Additional studies are neces-
sary before we can conclude with certainty thut no injury was secen. However,
studies in another laboratory at this institution, using dogs with lung lymph
cannulation, demonstrated no evidence of increased pulmonary permeabiiity.

This agrees with other published data (21,22).

F. Recommendations

Pulmonary contusion and the acute respiratory distress syndrome were major
complications of the Korean conflict, where it was teirmed the '"Traumatic Wet
Lung Syndrome,'" and Viet Nam, where it was called 'Da Nang Lung" (29-32). A
major cause of death following trauma is sepsis which leads to multi-system
organ failure. 1In a 1977 study by Eiseman et al. (33), 42 patients were found
with nultiple system organ failure of whom 29 were septic and 19 died. Average
hospital costs, excluding physician's fees, were conservatively estimated at
$21,000. Fry et a. (34) found that sepsis was the most common cause of multiple
system organ failure and this was the most common fatal expression of severe
sepsis. Of 553 consecutive cuergency surgical patients, 55 died postopera-
tively. Of these, infection was the cause of death in 32. Thirty-four of 123
septic patients had multiple system organ failure. The lung is the most common
crgan injured in the septic patient.

There is no currently accepted objective measurement of a pulmonary capil-
lary protecin lecak that can be used clinically. Tihe themal-cardiogreen method
will purportedly measure the amount of lung water that has already leaked (5-

8), but does not determine if an active protein leak is occurring.

13

O

T . S W A ST .S - . AR BT S &

-

—— CA— - o - - -




The proposed nwtﬁud of computerized pulmonary gimnﬁlsﬁintigruphf“is con-
ceptually simple, noninvasive, reproducible and should permit the objective
cvaluation of the presence and duration of ARDS, and its response to thera-
peutic interventions. Should a treatment be found to be efficacious, the
severity of ARDS should be reduced as well as the attendant morbidity associ-

ated with the leakage of proteinaceous fluid which is a rich culture medium and

the need for prolonged mechanical ventilation. This should improve the resusci-

ation of the severely injured combat soldier so that he can be returned socner
to active duty or more rapidly rchabilitated.
Additional experiments with the scintigraphic technique are required to

complete our shee: acute injury study. However, the results already obtained

suggest that data from the acute sheep lung lymph model must be interpreted

with caution. Additional studies are necessary to evaluate a chronic sheep
model.

A number of sheep and dogs were found to have rising lung:heart radio-
activity ratios during the "control” period. These animals have been excluded
from further analysis. However, the cause for this finding must be found.
Possible etiologies include an incomplete binding of the technetium to the
human serum albumin. Unfortunately, chromatographic analyses of the Tc-HSA
were not perfommed in those studies. Subsequently, all preparations of Tc-FSA
have been checked and found to have more than 98% binding. It is probable that
these animuls had a primary pulmonary condition such as a viral pncumonia
(i.c., distemper)., Therefore, we recommend that lung:heart radioactivity
ratios be checked in future studies during the "control period" and, if a
“slope of injury" is found, the study should be aborted, the lungs excised and
examined for gross and microscopic evidence of disease. Two sheep have recently

been studied and were found to have evicence of a viral pneuronia.

14

S s o . s g

\
i
L]

—

T Y S R T S S W A o A

i
L. mm— -

TAR SRR TR NN A Y R %%t T BT AT U BT LT R M 2 Y .0 ) EEEEEETE V¢



PRI PR AR R IS P IR NS TR S N S NI PP AR R Y W R MWW TN WS TG T S0 L R M WALT W § SRS ML AT W AR W [P R ——
P

!

/

Although methylprednisolone, ibuprofen, a supcfoxidc radical scavenger
(MK-447), and calcium gluconate wercyunable to alter oleic acid injury, a
nunber of other agents should be tested. These include prostacyclin (PGIZ),
since a recent report suggested it to be effective (28), superoxide dismutase
and catalase, and & calcium channel blocker (i.c., nifedipine). In addition,
other free fatty acids, such as linoleic and linolenic acid, should be studied.
These studies are indicated because of the probable relationship between free
fatty acids and the pulmonary fat embolism syndrome of traumatized combat
soldiers, as well as ARDS associated with pancreatitis.

Massive doses of intralipid were not associated with scintigraphic evidence
of pulmonary capillary protein leak. Because of the relationship of pancreatitis
and pulmonary fat embolism to hyperlipidemia and ARDS, onc must question whether
free fatty acids must be released from the neutral fat before an injury can be
seen. We recommend that infusions of intralipid be combined with infusions of
heparin, in order to activate lipoprotein lipase, or combined with the intra-
venous administration of lipase. If scintigraphic evidence of a protein leak
is seen, appropriate controls will be required.

We also plan to study the effect of various agents, i.e. methylprednisolone,
ibuprofen, ctc. on amcliorating the scintigraphic evidence of alveolar injury
in the HC1 aspiration model. Since endotoxin produced no evidence of a pulmonary
capillary protein leak in our scintigraphic studics in dogs, or with bacteria
in other studies (21), the dog will no longer be studied as a septic model for
ARDS.

In conclusion, computerized pulmonary gamma scintigraphy represents a
rapid, noninvasive method for detection and assessment of the severity of a
pulmonary capillary protein leak in experimental animals as well as the response
to a therapecutic interventicn. This should improve over understanding of the

pathophysiology, as well as therapy, in combat soldiers who develop ARDS.
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