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Abstract 
In recent years clinicians concerned with intensive care have become increasingly aware that pulmonary 
insufficiency may develop shortly after the apparently successful immediate resuscitation of the critically ill. 
The incidence of this complication is high, a figure between 30% and 50% being generally accepted (1). In its 
initial stages respiratory tract infection does not appear to play a part though bronchopneumonia may later 
supervene. 
 
The impact of this adult respiratory distress syndrome (ARDS) on surgeons dealing with extensive trauma, 
sepsis, burns and haemorrhagic shock has been dramatic and since 1968, when the first conference devoted to 
the pulmonary effects of nonthoracic trauma was held (2), investigation into the problem has been energetic. 
Essentially two opposing viewpoints have evolved to account for the occurrence of ARDS. That they are 
interrelated should become clear in the following discussion. 
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PULMONARY INSUFFICIENCY IN THE
CRITICALLY ILL

M alcolm  F. M acN icol

Surgical Research Fellow Harvard University

In recent years clinicians concerned with 
intensive care have becom e increasingly aware 
that pulm onary insufficiency m ay develop 
shortly after the apparently successful im m ed­
iate resuscitation of the critically ill. T h e  
incidence of this com plication is high, a figure 
between 30%  and 50%  being generally accept­
ed  (1). In its initial stages respiratory tract 
infection does not appear to play a part though 
bronchopneum onia m ay later supervene.

T h e  im pact of this adult respiratory distress 
syndrom e (A R D S) on surgeons dealing with 
extensive trauma, sepsis, burns and heamor- 
rhagic shock has been dram atic and since 1968, 
when the first conference devoted to the pul­
m onary effects of nonthoracic trauma was 
held (2), investigation into the problem  has 
been energetic. Essentially two opposing 
viewpoints have evolved to account for the 
occurrence of A R D S . T h a t they are inter­
related should becom e clear in the following 
discussion.

AN IATROGENIC CAUSE?
Serious trauma, sepsis and burns share at 

least one thing in com m on with hem orrhagic 
shock: they all lead to a decrease in the circul­
ating blood volum e with reduction o f tissue 
perfusion. Effective means of flu id  replace­
m ent are now universally available and proper 
concern is given to replenishing losses of the 
form ed elem ents of blood, plasma and electro­
lytes in the proportions required by the in­
dividual case. H owever the practice of fluid 
replacem ent to sustain an adequate circulation 
is not w ithout its dangers. T h e  exuberant use 
of crystalloid solutions, while preserving renal 
function, m ay so load the pulm onary circuit 
that there ensues an interstitial edema conse­
quent on a lowered intravascular osm otic pres­
sure. Therefore the clinician m ust be aware 
of the delicate balance that exists between a 
renal dem and for adequate perfusion and a 
pulm onary sensitivity to fluid overload.

T h e  pulm onary m icrocirculation m ay also

suffer from infusions of blood banked too long 
or inadequately m atched. In this context it 
is often not fully realised that the lung is the 
first vascular bed to m eet and react with 
materials delivered by vein. Thus the sludge 
from old blood, or the potency of pharm aco­
logical agents, exert their maximum  effect on 
the pulm onary vasculature. W h ile  the lung 
appears to perform remarkable feats of detoxi­
fication and inactivation this function can be 
outm atched, especially in the sick patient, and 
thereafter endothelial and alveolar cell damage 
will occur. High pressures of oxygen adm in­
istration will also seriously im pair pulmonary 
function but awareness of this danger has led 
to a cessation of such therapy.

Although A R D S  cannot sim ply be explained 
by errors in clinical m anagem ent, especially 
since it frequently develops prior to hospital 
treatm ent(3), it is salutary to remember that 
the clinician can worsen the respiratory func­
tion of a patient. M oreover any gross m ishand­
ling of drugs or fluids w ill have far more ser­
ious consequences in the critically ill patient 
than in his normal counterpart.

ENDOGENOUS FACTORS?
T h e  other explanation of A R D S  com plicat­

ing nonthoracic injury stresses that anoxic, in­
jured and inflam ed tissue releases a variety of 
deleterious agents into the circulation. These 
products of proteolysis or m em brane dissolu­
tion may be directly injurious to the lung or 
may trigger the release of other pathological 
factors. System ically, activation of Hageman 
Factor will result in kinin form ation and intra­
vascular clotting. Locally, histam ine and sero­
tonin may be released in the lung. N orm ally 
the spread of these agents is containued by 
natural inhibitors. But in prolonged sepsis and 
severe trauma, especially allied to inadequate 
nutrition and hypoxia, the protective m echan­
isms of the body are frequently overwhelm ed.

There is am ple experim ental data to suggest 
that endogenous agents, probably circulating in
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pathological am ounts, can seriously alter pul­
m onary m orphology and fu n ctio n  (4). A  
num ber o f factors have been suggested, with 
various degrees o f clin ical correlation, and 
include en d o to xin  (5), fibrin opeptides(6), m icro- 
em b o li (7), bradyfcinin(8) and fat e m b o lism (9). 
In any individual case o f A R D S  a num ber of 
these agents m ay be im plicated, w orking 
d irectly or indirectly, and perhaps in a 
characteristic sequence yet to be defined.

CHARACTERISTICS OF THE LESION
C lin ica lly  the earliest m anifestation  of 

ARDS is physiological shunting in the lung. 
T h e  results from  both a ven tilation  —  per­
fusion im balance and a change in ventilatory 
pattern in w hich  h yp erventilation  and a reduc­
tion of tidal vo lum e are apparent. A  sh unt of 
over 2 0 %  is one of the m ost sensitive indicators 
o f im pending respiratory failure and few  sur­
vive  shunts of 60 % (3). E v id en ce  o f signific­
ant shunting on adm ission to hospital is assoc­
iated w ith an extrem ely h igh m ortality, thera­
peutic reversal o f the dam age incurred b y  the 
lungs proving w ell nigh im possible w ith cur­
rently available techniques.

T h e  patien t responds to the shunt w ith  h yp ­
erventilation but cannot com pensate fo r its 
effect so that the p 0 2  falls progressively, 
reaching values below  60 m m  o f m ercury. 
W h ile  a respiratory alkalosis is usually evident 
in itially, being superim posed on the attendant 
m etabolic lactacidem ia o f the severely ill 
p atien t, as ven tilatory failure and increasing 
sh unt develop the p C 0 2  begins to rise. In 
m ost instances this is a term inal feature. Radio- 
logically  the chest is often  norm al at the out­
set, in sp ite of a developing hypoxem ia. W ith ­
in one or two days, how ever, a d iffue m ottling 
in both  lung fields appears, to be fo llow ed  by 
the X -ray features o f consolidation and 
atelectasis. T h e se  changes occur either with 
or w ith ou t the clin ical signs and sym ptom s of 
the pneum o nic process. L u n g  com pliance also 
decreases and adds greatly to the w ork o f ven ti­
lation. T h is  is dram atically dem onstrated by 
the increased pressures required to ventilate the 
lungs o f the patien t artificially. O ccasionally  
pressures in excess of 20 cm  o f w ater are neces­
sary, often m aking pressure cycled respirators 
ineffective.

Studies w ith  radioactive in d icators(10) have 
shown that the pulm onary capillaries are rela­
tively im perm eable to the sodium  ion on its 
first passage through the norm al lung. T h is  
characteristic is lost in patients w ith  pulm on­
ary insufficiency fo llow ing m ajor operation or

in jury. Pathological specim ens o f the pneum - 
o n itic  lu ng clearly dem onstrate the result o f 
this deranged fu nction  and the fo llow ing 
features are regularly seen w ith  m ocroscopy, 
although in varying degrees.

1 . an ocdem atous th ickening o f alveolar walls.
2. focal atelectasis and in severe cases the 

form ation  o f hyaline m em branes.
3. erythrocyte and platelet intravascular en­

gorgem ent, diapedesis and intraalveolar 
aggregation.

4. leucocyte proliferation , m argination and 
adherencse to the pulm onary capillary 
endothelium .

C om p ared  to norm al leucocytes these cells 
contain  irregular electronlucent areas and 
appear to have undergone partial degranula­
tio n (1 1 ) . A s observed in the shock state, the 
em igration o f these leucocytes is decreased. 
T h ere fo re  the m em branes and cellu lar elem ­
ents o f the lungs present m any o f the features 
o f the classical in flam m atory response though 
certain differences are evident.

A ccep tin g  that the etio logy o f ARDS re­
m ains controversial and is alm ost certainly 
m ultifacto ria l, its effective treatm ent rests 
solid ly on the accurate and early interpretation 
o f clin ical signs. A  careful assessm ent m ust 
perforce include a w atchfu lness fo r tachypnea, 
fr equent chest physical exam ination w ith 
accom panying X-rays, b lood  gases and electro­
cardiogram s where indicated. O bviously care 
of the prim ary lesion is o f param ount im port­
ance. In  sepsis the eradication o f any septic 
focus, w hether by drainage, resection o f non- 
viable bow el or am putation , is essential. G ram  
negative sepsis is so com m on that it is w ell to 
rem em ber the high resistance of these organ­
isms to the penicillins. System ic kanam ycin, 
gentam ycin and polym yxin  B  are antibiotics o f 
proven efficacy against m ost gram  negative 
bacteria. In  cases o f fu lm in atin g  peritonitis 
lavage o f the peritoneal cavity w ith  kanam ycin 
dissolved in norm al saline is also m eeting w ith  
som e success the critical need of the patien t to 
counter bacterial and endotoxin  invasion from  
the gut reservoir.

C a re fu l assessm ent o f the loss o f vital fluids 
and electrolytes allow s a reasonably accurate 
titration to be carried out in term s o f acid- 
base balance, hydration and haem oglobin  con­
centration , w hich should be m aintained above 
12 .5  g ram s/10 0  m ls if possible. T h e  central 
venous pressure should  n o t be allow ed to rise 
precipitously, and w hile  absolute values can be 
m isleading, rapid fluctuations m ust be care­
fu lly  m onitored . In  cases o f a h igh  central



m ay be of benefit and diuretic therapy m ay be 
necessary; however the increased pressure may 
sim ply reflect the rise in pulm onary artery 
venous pressure elevation of the head and chest 
pressure that accom panies pulm onary damage. 
Respirator support is essential in those patients 
showing a p 0 2  much below 60 mm  of mercury. 
T h e  decrease in lung com pliance in ARDS has 
been attributed to a loss of pulm onary sur­
factant. Saline lung washes from  patients with 
post traumatic pulm onary insufficiency reveal 
a decreased concentration of surfactant(1 ). 
T h e  question is whether this decrease reflects 
dim inished production of surfactant as a prim ­
ary problem  of A R D S  or whether it results 
from  poorer extraction of the surface active 
agent from  lungs made atelectatic by another 
m echanism. W hatever the cause of the dimin- 
ised lung com pliance m ay be, the maintenance 
of continuous positive pressure throughout the 
ventilatory cycle by a respirator is of great 
benefit and ensures that the occurrence of fur­
ther atelectasis is m inimised. W ith  proper use 
of respirators and fastidious tracheal toilet 
patients with severe pulmonary insufficiency 
can be ventilated for several days.

A  variety of drugs have been used in the 
treatment of ARDS. As already m entioned, 
antibiotics and diuretics are of proven efficacy 
provided that their use is appropriate to the 
situation. Steriods, perhaps on account of their 
m em brane stabilising property, have been 
shown, at least experim entally(12), to be of 
some benefit, and in an attem pt to reduce 
intravascular aggregates in the pulmonary 
m icrocirculation both heparin and low m ole­
cular weight dextran have been advocated. If

vasoactive peptides are definitely shown to be 
circulating then the use of antoproteolytic 
agents to block their form ation at source holds 
out much hope, as m ay the use of carboxypep- 
tidases which destroy the kinins.

As a final concept it should be remembered 
that the lung is an actively m etabolising organ 
and not merely a passive m em brane exchanger 
of gases. N orm ally it deals efficiently with in­
fective or toxic agents reaching it from the air 
or blood. However this capacity may be over­
come under conditions of hypotension, severe 
injury and sepsis with resultant inflam m atory 
changes and progressive im pairm ent of pul­
m onary function. I f  ARDS is not recognised 
early a relentless fall in blood oxygen tension 
will seriously impair the recovery processes of 
the critically ill patient and at autopsy will be 
found a heavy, sodden and hem orrhagic pair 
of lungs with numerous areas of atelectasis and 
consolidation.
SUMMARY

A  progressive and pernicious pulmonary 
com plication that often attends nonthoracic 
trauma, sepsis, burns and circulatory disturb­
ances is discussed. T h e  reason for the rise in 
the incidence of this adult respiratory distress 
syndrome (ARDS) is com plex but reflects 
paradoxically the apparent success in the 
im m ediate resucitation of the critically ill. 
Although the etiology of ARDS is probably 
m ultifactorial certain lines of treatment 
suggest themselves and should be vigorously 
pursued. A bove all, early recognition of the 
syndrome may prevent the remorseless deter­
ioration of the lung that so frequently 
accounts for the death of the patient.
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