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TRADITIONAL CONCEPTS about shock have been largely modified by the recent 
experimental work in this field. New light has been thrown on this syndrome, 
with the result that shock is no longer identified with collapse. Its diagnosis is 
no longer merely implied from systemic arterial hypotension, even if many 
authors agree that severe hypotension is a cardinal sign of shock, and even 
though hypotension, according to Archibald and MacLean, is still considered by 
many a causative factor in shock. 1 

Either cardiogenic, neurogenic, haemorrhagic, or septic in nature, shock nowa- 
days appears as a "final common pathway." The purpose of this defence reaction 
is to protect by any means coronary circulation and principally brain irrigation, 
even to the detriment of some other body functions. ~ Its cause is a particular 
state of circulatory distress which requires an adaptation of the vascular bed to its 
reduced content. The normal cross section of the vascular bed shrinks to face new 
priorities; the reduced cardiac output is then diverted to preferential circuits, 
mainly to brain and coronary circulations2 In this situation, a sluggish peripheral 
circulation leads to a well-known clinical picture: the skin is pale, cold, and 
cyanotic; urine output is scant; respiration is disturbed; and finally, arterial blood 
pressure undergoes miscellaneous changes, the most usual variation being a nar- 
rowing of the pulse pressure. 

Different phenomena may induce major disturbances in the evolution of 
shock. (a) Ischaemia of the skin and muscles may lead to metabolic acidosis. 
(b) Ischaemia of the gastrointestinal tract may cause the reabsorption of bac- 
terial toxins, which enter the portal system. (c) Circulatory disturbances in the 
liver result in metabolic alterations; moreover, this organ can no longer function 
as a barrier to intestinal toxins. (d) Finally, renal function is reduced, and 
sometimes anuria becomes a threat. 

The mechanism underlying this condition is essentially a vasoconstriction in 
all these tissues; this vasoconstriction principally affects those vessels supplied 
with alpha-adrenergic receptors. These are stimulated by the catecholamines 
liberally secreted by the adrenal medulla and the sympathetic endings, in re- 
sponse to the initial state of circulatory distress. 4 

These events occur in two successive stages, called by some authors reversible 
and irreversible shock. 5,6 During the first stage, vasoconstriction narrows the pre- 
capillary arterial and post-capillary venular sphincters throughout a wide vas- 
cular territory which thus becomes isolated from central circulation. The car- 
diac output, so diverted from most of its regular circuits, remains adequate to 
meet myocardial and cerebral perfusion. The systolic arterial pressure is well 
maintained in central vessels, but the diastolic pressure increases, leading to a 

*Translated by Dr. R. D&y, Quebec, P.2. 

208 



~NQImT et al.: CHANCES IN CATECHOLAMINE LEVELS DURING SHOCK 209 

narrowing of the pulse pressure. Peripheral tissue perfusion soon becomes in- 
adequate. Conditions are set for the occurrence of metabolic acidosis and for 
functional disturbances in the liver, the intestinal tract, and especially the kid- 
ney. Then the second stage begins, in which the pre-eapillary arterial sphincters 
open, while the post-capillary venous sphincters remain closed. Owing to this 
new pattern in the microcirculation, large amounts of blood begin to pool in the 
isolated capillary bed. Capillary hydrostatic pressure rises to values which ex- 
ceed colloid osmotic pressure, so that abundance of plasma diffuses towards 
interstitial spaces. The precarious blood volume which could previously support 
an adequate systolic pressure in central vessels is thus suddenly decreased, first 
by blood sequestration in dilated capillaries, then by plasma leaking into inter- 
stitial tissues. This results in a generalized circulatory collapse which may lead 
to irreversible shock and death. 

The difference between the peculiar response of pre-capillary and post-capil- 
lary sphincters has received various interpretations. Among these, the most 
widely accepted is the fact that pre-capillary arterial sphincters are more sensi- 
tive to acidosis than post-capillary ones, and accordingly become less and less 
responsive to catecholamines. 

In  view of these considerations of the function of eatecholamines in the micro- 
circulation, we decided to measure adrenaline (A) and noradrenaline (N) levels 
during shock states in men. We thus measured circulating cateeholamines in 
wounded men with severe shock, and we compared the results with those of 
normal individuals. In the same way, we measured the adrenal catecholamines 
in wounded men who died in shock, and compared the results thus obtained 
with those found in the adrenals of individuals without shock. 

TECHNIQUES 

Measurement of blood catecholamines 
In normal subjects. Twenty millilitres of blood were sampled from 21 normal 

adults under ambulatory hospital treatment. In order to prevent catecholamine 
auto-oxidation, 0.5 ml. of a 0.02 per cent solution of ascorbic acid was immedi- 
ately added to the blood sample. After centrifuging, plasma was collected and 
the haematocrit was measured. Determination of plasma amines was performed 
following the fluorometric method of yon Euler and Lishajko; 7 plasma was 
passed, along with EDTA, on an alumine column at a pH of 8.4; catecholamines 
were then eluted with 0.25 N acetic acid. They were oxidized with KsFe(CN)6 
and converted into fluorescent lutines with a mixture of NaOH and ascorbie 
acid. Measurements were obtained with a Zeiss spectrofluorimeter. 

In subjects in shock. Determinations were the same as those in normal subjects. 
Blood samples were obtained in 14 patients from the Centre de rtanimation du 
Service de Chirurgie de rHtpi tal  de Bavi~re; these patients were under treat- 
ment for various diseases, most often for trauma, and every one was in a clinic- 
ally evident shock state. Serial samples were obtained in the same patient, up 
to, whenever possible, the end of the clinical shock syndrome. 
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Measurement of catecholamines in the adrenal medulla 
In normal adrenal glands. Adrenal glands were obtained in patients with obli- 

terative arteriopatl-.ies; if we except this particular disease, every patient in this 
group enjoyed a normal cardiovascular function and was undergoing a thera- 
peutic adrenalectomy under general anaesthesia. As soon as removed, the adre- 
nals were carefully cleaned, weighed, and pounded in 5 per cent triehloracetic 
acid. Their catecholamine content was determined by spectrofluorometry fol- 
lowing von Euler's and Lishajko's technique. 7 

In the adrenals of patients in shock. Adrenal glands were obtained immediately 
after the death of individuals who died in shock. They were processed as pre- 
viously mentioned. 

RESULTS ANY DIsctrssmN 
Blood catecholamines 

Table I shows the values of blood catecholamines expressed in/zg/L of blood, 
in normal individuals. Noradrenaline content was always higher than the adre- 
naline, and generally (in 16 cases out of 21) the sum of both catecholamines 
remained below 4 pg/L. 

Table II illustrates, besides the results of eatecholamine determinations in the 
patients in shock, the causes of shock, age of the patients, their cardiovascular 
state, and their hourly urine output. In these fourteen patients, the following 
clinical pictures were found: five post-traumatic effusions of blood into the peri- 
toneal cavity, from rupture of the liver, the spleen or a hollow viscus, five retro- 

peritoneal haemorrhages from pelvic fractures, one severe haemorrhage from 
external trauma, one haemorrhage from gastric origin, one skull fracture with 
severe neurovegetative reactions, one septic shock. 

These patients showed signs of severe shock, with intense vasoconstriction 
and frequently with skin lividity. In ten cases, hourly urine output fell below 
50 ml during the syndrome, while arterial blood pressure decreased below 100 
mm Hg in only five. Every patient in this group received the best treatment 
required by his clinical condition; they were given perfusions, and, ff necessary, 
blood transfusions. No vasopressors were administered. 

Plasma catecholamine values were found to vary considerably from patient to 
patient. In five patients out of the fourteen included in this study, plasma epine- 
phrine was higher than 3.97/~g/L, which is the highest value obtained in our 
normal controls (mean of the controls: 1.58/zg/L). Norepinephrine values aver- 
aged 2.35 /zg/L in the controls, the highest figure reach/rig 4.80 in one indi- 
v/dual. This last value was exceeded in six out of fourteen patients in shock. 

Moreover, the mean results obtained in our whole experiment clearly dis- 
dosed higher plasma cateeholamines in the shocked patients as compared with 
the controls. During shock, mean results for adrenaline were 3.30 /zg/L, for 
noradrenaline 7.34 /zg/L, and for total catecholamines (A + NA) 10.64 /~g/L; 
while in our controls, adrenaline remained within normal limits at 1.58/zg/L, 
noradrenaline at 2.35/zg/L, and total catecholamines at 3.93/zg/L. 

Thus an increased catecholamine release occurs during shock, giving evi- 
dence of an intense and prolonged stimulation of the orthosympathetic system. 



ItANQUIET et al.: CHANGES IN CATECHOLAMINE LEVELS DLrlLING SHOCK 211 

Seemingly, this stimulation does not refer only to the adrenal medulla, but to 
the whole peripheral adrenergic system, which is intensely excited, as indicated 
by high plasma catecholamine levels. 

This hypercatecholaminaemia disappears on recovery from shock. Six hours 
after their recovery from shock, three patients out of 14 displayed a mean plas- 
ma adrenaline of 0.91 beg/L (controls: 1.58 /zg/L); noradrenaline was as low 
as 2.17/zg/L, as compared with 2.35/zg/L in the controls; total catecholamines 
amounted to 3.08/zg/L (3.93/zg/L in normal controls). 

The relationship between hypercatecholaminaemia and arterial hypotension 
was far from evident. Let us consider the five cases (nos. 3, 5, 9, 11, and 12) in 
which we found a total catecholamine levels higher than 8/xg/L. This is twice 
the mean result in our controls. In these patients, only three (nos. 5, 9, and 11) 
displayed a systolic arterial pressure below 90 mm Hg during recovery from 
shock; in contrast, patients 3 and 12 had systolic arterial pressure above 110 
mm Hg. 

On the other hand, a severe reduction in urinary output was seen with the 
highest catecholamine levels. Actually, patients 5 and 9, who exhibited the 
highest catecholamines (58.05 and 15.11 /zg/L) developed overt anuria during 
their recovery from shock. 

Adrenal gland catecholamines 
The intense stimulation of the adrenal medulla during shock is well demon- 

strated by our comparative studies of these glands both in the normal individual 
and in patients who died in shock. Table III illustrates our results. 

In the group of adrenal glands from normal individuals we observed cateeho- 
lamine contents of 6.95/zg/10 mg for adrenaline, 3.76/zg/10 mg for noradre- 
naline, and 8.54/~g/10 mg for total catecholamines. It is interesting to note that 
the corresponding values from the adrenals of patients ha shock were 2.35, 2.23, 
and 4.48 /xg/10 mg of tissue. Shoek induces a stimulation which places a very 
high demand upon the adrenal medulla. There is not enough time for synthesis 
to counterbalance the large amount of catecholamines freely discharged from 
the adrenal tissue. 

However, the low level of adrenal catecholamines observed in the patients 
who died in shock remains seemingly sufficient to meet casual needs. Likewise, 
as demonstrated by Hardaway, 8 plasma catecholamines never fall to inadequate 
levels during shock. 

CONCLUSION 

These results demonstrate the magnitude of the adrenergie stimulation during 
shock in man. Such stimulation leads to a rise in plasma catecholamines and to 
a relative impoverishment of the catecholamine stores in the adrenal medulla. 
The clinical effectiveness of this stimulation is, however, not evident in every 
case. From a clinical point of view, the state of shock and the subsequent hyper- 
catecholaminaemia are not necessarily related to a severe decrease in the arterial 
blood pressure. On the other hand, a reduction in the urine output goes with 
the highest plasma catecholamine levels. 
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