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ABSORPTION OF FLUID BY RED BLOOD CELLS AND
HEMOLYSIS IN SHOCK INDUCED BY TOURNIQUET*

G. ROSENFELD, L. NAHAS, S. SCHENBERG AND W. T. BERALDO®**
(Laboratory of Hematology, Instituto Butantan, Sdo Paulo, Brasil)

Coonse et al (1) observed hemolysis in dogs submitted to trauma‘tic shock
but he failed to observe it in those dogs submitted to hemorrhagie shoek. Ro-
senfeld (2) observed that shock induced by histamine, trypsin, peptone, bra-
dykinin and bothropie venom provoked in dogs an increase in mean corpus-
cular volume accompanied by an inerease of the fragility of ervthroeytes and
hemolysis. These red blood cell alterations were not due to the substances in-
jected because, with exeeption of bothropie venom, none of them modified
the red blood cells “in vitro”, even in coneentrations higher than those injected.
Rosenfeld concluded that the liquid absorption by the erythroeytes with the
consequent alteration were not due to the substances injected but to the shock
conditions induced bY them. By this mechanism the red blood cells are res-
ponsible for the disappearance of a great part of the plasmatic liquid loss pe-
culiar to shock.

According to these facts, shock induced by other means would also pro-
voke these red blood eells alterations. In the present paper the modifications
that oceur in shock induced by tourniquet are studied.

MATERIAL AND METHODS

To dogs anesthetized with Nembutal by intraperitoneal route (35 mg per
kg of body weight), a wire torniquet was fastened tight on a hind leg and man-
tained for six hours or more.

The first blood sample was collected from the femoral vein of the other
hind leg while under anesthesia, before the tourniquet fitting, immediatly be-
fore torniquet removal, and 5, 15, 30 and 60 minutes thereafter. 5 ml of blood,
with 0.1 mg of heparin per ml were collected at each time.

* This study was supported by the Anastacio Paschoal and M. Pedro Fellowship, and
by the Conselho Nacional de Pesquisas. Part. of this paper has been presented at the
IV International Congress of the International Society of Hematology, 1952,

**From the Department of Phisiology, Faeulty of Medicine, U.S.P..



29() ABSORPTION' OF FLUID BY RED BLOOD CELL
— IN SHOCE INDUCED BY TOURXNIQLEIL
For erythrocyte counting the blood sample was first shaken mechanically
for 2 minutes by means of the shaker usuall¥ employed for hahn reaction and
then diluted. In order to obtain better results, the pipette containing the
sample and diluting fluid was shaken mechanieally for 1 minute by means of
a standard shaker. All cells present in an area of 0.2 mm= of the hematimeter
were counted.

For hematoerit determinations, the blood samples were eentrifuged in a
Wintrobe tube, for 15 minutes at 4.000 rotations per minute.

Hemolysis was qualitativel¥ estimated in the supernatant plasma of the
hematocrit. In one case the absolute hemoglobin quantity was determined in
a spectrophotometer. Other hematologic data were studied and will be pu-
blished_elsewhere. Blood pressure from the carotid artery was recorded by the
nsual method.

RESULTS

Data from seven dogs are presented in Table 1. With exception of 1 R
all showed hemoconeentration. In dog 1R which showed hemodilution, the
tourniquet was maintained for 18 hours, while in the others it was maintained

for 6 hours

All but one dor showed hematoerit inerease in a proportion larger than
the inerease of red blood cells thus indicating a mean corpuseular volume in-

Creases,

Hemol¥sis oceurred in 6 dogs. In all cases it appeared only after tour-
niquet removal and remained till the end of the experiment. Free plasma he-
mogzlobin of dog 2-52 Cg reached 0,528 /100 ml, amounting to :_',H‘r‘ of total
hemoglobin.

Graph 1, prepared with the mean values presented in table 1, indicates

that hemoconcenetration appeared alter tourniquet fitting and that the hema-
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Fig. 2 — Arterial blood pressure recording of dog 1

R. exposed to-tourniquet for 13 hoars.
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TABELA |

RED BLOOD CELL COUNTS. HEMATOCRIT AND HEMOLYSIS DURING THE TOURNIQUET SHOCK IN DOGS
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toerit Increase was greater than that of the ervthroeyte countings, thus sho-

wing an inerease in the mean corpuscular volume.

F16. 1 — Arterial blood pressure recording of dog 4 C. exXpo

for 4.4 hoors.
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In all cases the blood pressure fell soon after removal of the tourniquet,
but remained normal while the latter was on. This ean be seen from figures
1 and 2: it must be mentioned that the former is a record of hlood pressure
of dog 4 C, which was exposed to tourniquet for 4.4 hours, while the latter be-
longs to dog 1 R, exposad te tourniquet for 13 hours.
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DISCUSSION

Tourniquet fitting is sufficient to produce hemoconeentration and mean
corpuscular volume increase even before a fall in the blood pressure as it can
be seen from the Fig 1 and 2 and table 1. On removing the tourniquet, a fall
in the blood pressure was noted and 5 minutes thereafter the deseribed modi-
fications were found to be more intenses, the corpuseular volume inereased and
hemolysis appeared. The alterations remained during the next 60 minutes,
period of time in which observations where done. It would seem that the tour-
niquet induces hematological alterations peeuliar to shock probably due to
blood stasis in the neizhborhood of the place where the tourniquet was fitted.

As reported in this paper hemoconcentration appeared even wi.th the tour-
niquet on, a phenomenon which cannot be explained b¥ elimination of the eir-
culaticn through the leg to which the tourniquet was fitted, sinee during this
experimental period, it swelled, increased markedly in volume, and acquired a
hemorrhagic aspeet. This indicates that the swollen region was drawing blood
from the general circulation; therefore the venous circulation was probably
interrupted while the arterial flow was not totally blocked. Besides, at this
staze the was already a trend towards an inerease of the mean corpuscular vo-
lume which showed that more marked alterations took place. Hemol¥sis ap-
peared on toruniquet removal, when pressure fall and hematological modifica-
tions become more intense. Hemolysis could also be due to hemoglobin libe-
ration by the red blood cells demaged in the region near to the tourniquet.

Our attention was called to the fact that hemodilution occurred specially
in dog 1 R, which had been submitted to tourniquet for a longer time than the
other dogs. According to Moon (4), hemodilution would be characteristic of
primary shock, while hemoconeentration would be proper of secondar¥ shock,
when endothelial damages appear and cause alterations in the liquid equili-
brium, but what was observed does not agree with this coneept. In dog 1 R,
which presented hemodilution, secondary shoek should aectually have oceurred
because it was submitted to tourniquet during a period of time three times lon-
ger than others and it was the only dog that died spontaneously. Besides, the
noticeable increase of the mean corpuscular volume showed that an alteration
of red blood cell permeability had oceurred, probably by the same mechanism
that affects the endothelium of the blood vessels.

These results showed that in shock indueced by tourniquet there i1s an in-
crease in red blood cell volume by fluid absorption and eonsequent hemolysis.
These alterations oceur even before the arterial pressure falls, and are pro-
bably due to stasis or maceration of the tissues adjacent to the place where
the tourniquet was placed.
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In order to see if the inerease of the red blood cells volume could be due
to an increéase of the CO. concentration with consequent a fluid absorption,
the following experiments were done:

A'sample of venous blood of dog taken with Eth¥lenediam’netetraacetic
acid, disodium salt, as a anticoagulant (1 mg/ml of blood), under the technical
condutions used in the laboratory (3). 5 ml of blood was transfered to each
of three tubes of 20 ml eapacity. Close to the surface of the blood contained
in the first two tubes a stream of oxygen or carbon dioxyde was injected for
several minutes in order to substitute the atmospherie air and to saturate the
eells: the stream was regulated so as to provoke agitation of the blood without
foaming.

After a gentle rotation of the tube, two portions of the O. saturated blood
were transfered to two Wintrobe tubes for hematoerit determination. The 0.
la¥er contained in the tube was carefully replaced by air, the sample was me-
chanically shaken for 2 minutes, as for hematimetric determinations, and he-
matoerit was determined again. The CO.-satured sample was treated in a
s.milar manner. The sample contained in the third tube served as control and
was treated in the same way, but replacing Os; or CO: by air. The whole ex-
periment was repeated using blood taken from a second dog. The results obtai-
ned are presented in table 2 where the averages of the two replicates are regis-

TABLE 2

Hematocrit changes produced by saturation of the blood sample with C0s, 02 or air. Each
figure represents the average of 2 determinations

(ia= saturated and shaken
afterwards in atmospheric air

(Gas saturated

Experimental conditions

Hematoent Variation Hematoenit Variation
%o To Yo %
Atmospheric air (control). .. 43,6 — 432 -0,9
Y I I s v ain o g 2 e 424 - 28 42,8 - 1.8
Carbon dioxyde........ 46,8 + 7.3 44,6 + 23

tred. The results indicate that, as expeeted, the volume of the red blood cells

decreases in presence of 0. (-2,8%3 and inereases in presence of CO. (47,3%) ;
but their size change again towards the normal values when shaken mechani-
cally in presence of air under the conditions of shaking as for hematimetrie
determinations. In fact the final hematoerit variation was -1,8% and 4 2,3%
for the portions of blood which ad been saturated with O. and CO; respectively.

A second experiment was done to see if the cells obtained after a venous
stasis, in wich an inereased volume was observed, they diminished when shaken
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in an atmosphere of O.. A blood sample was obtained from the vein of the
dog leg without tourniquet or stasis; after this, a tourniquet was put to pro-
voke stasis for 5 minutes and another sample was taken. 5 ml of each blood
was put in tubes of 20 ml. The tubes were mechanically shaken fer 5 minutes
and the hematimetriec values were determined. Afterwards the air was substi-
tuted by Os: by means of a stream no so strong as to provoke agitation of the
blood contained in the tube, and shaken again the hematimetrie values were
determined once more.

All determinations were made in duplicate and the results of Table 3
are the means obtained.

TABLE 3

INFLUENCE CF AIR CR CXYGEN CN THE HEMATOCRIT VALUE AND MEAN
CORPUSCULAR VOLUME OF DCG BLOGCD COLLECTED WITH OR WITHOUT STASIS

i , :
l Erythrocytes | Hematoerit | Mean corpuseular | Variation
Blood - . |
| mm? X 10° | % | ! %
Without Stasis + atmospheriz air | 4,43 ' 35,3 | 79,7 —
Without Stasis +0°........... i 4,39 5.0 79.7 0
""""""" e e i s Al (e |
With Stasis 4 atmospherie air. . | 4,63 | 30.4 85,1 | + 6,78
With Stasis + 0*.............. | 4,64 | 32,3 | 84.7 . + 6,27

The results obtained in this connexion shew that the mechanical shaking,
either with air or with O., is not sufficient to annul the inerease in erfthroeyte
volume produced by stasis, This finding seems to indieate that this increase
in erythroeyte volume is not due to inereased saturation with CO., since the
excess of this gas should have been eliminated by the mechanical shaking as
indicated b¥ the results of the first experiment (table 2). This seems to be
more so, sinee, in the second experiment, a 5 minutes mechanical shaking with
oxygen was unable to reduce the ervthroeyte volume towards the normal figure.

The results presented in this paper show, therefore, that, in tourniquet
shock, there is a marked absorption of fluid b¥ the red blecod ecells. This leads
to the conclusion that the loss of plasma volume whieh accompanies this type
of shock is due in part to fluid absorption by the red blood cells and not only
to the loss of blood plasma through the membrane of the blood vessels, as
usually accepted. Since similar findings have been reported by Rosenfeld (2)
in shock produced by histamine, trypsin, bradykinin and bothropie venom, it
would seem that this ma¥ perhaps apply to all types of shock independently
of its cause.
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SUMMARY

In the shock induced by tournmiquet in dogs there is an increase of the
mean corpusenlar volume of the red bloed eells by absorption of fluid with
consequent hemolysis. These alterations appear even before the fall of blood
pressure. In this kind of shock a part of the plasmatic fluid that disappears
enters 1n the red blood eells, so that the hemoconeentration seems not to be
caused only b¥ escape of plasma from the blood vessels, as is the classie coneept.

RESUMO

No choque produzido pelo torniquete em edes hi um aumento do volume
médio das hemacias pela absoreiio de liquido e consegiiente hemdlise. Essas
alteragbes aparecemw mesmo antes de se observar queda da pressio arterial.
Controles indicam que éste aumento de volume das hemicias nio é devido ao
eventual aumento de CO, conseqiiente i defie'éncia cireulatéria, pois as téeni-
cas usadas parecem eliminar esta causa de érro. Nesse choque uma parte do
liquido plasmatico que desaparece penetra nas hemdcias, ¢ portanto a hemo-
centracao nao & devida somente a uma saida de liguido dos vasos ecmo é eon-
ceito classico,
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