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Absorption of fluid by red blood eells accompanied by an increase in their
volume, fragility and hemol¥sis was reported by Rosenfeld (1) in dogs under
shock by histamine, trypsin, peptone or bothropic venom. Since these subs-
tances, with exception of bothropic venon, do not produce any change of the
red blood cells “in vitro”, these modifications were considered b¥ Rosenfeld
as due to shock induced by the drugs and not as a direct effeet of the drugs
mentioned. If that is the case, then absorption of fluid by erythroeytes should
be a constant finding in shock. In part it would also explain the decrease in
plasma volume, known to occur in shock, which has so far been attributed to
loss of blood plasma through the walls of the blood vessels.

Rosenfeld, Nahas, Schenberg and Beraldo (2) observed later the same
phenomenon in tourniquet shock in dogs. As the alterations were the same and
appeared even before arterial pressure fall, theX seemed to be produced by ve-
nous stasis. In order to test these hypothesis, the modifications that occurred
under experimental venous stasis were studied.

MATERIAL AND METHODS

A laparotomy was done to clamp the abdominal veins or to handle the vis-
cerae of dogs maintained under Nembutal anesthesia (35 mg/kg). The carotid
blood pressure of most animals was also recorded during the experimental pe-
riod. From the exposed femoral veins, 5 ml of blood were collected at each
time. To avoid clotting 0.1 mg of heparin per milliliter of blood were added.
Red blood eell ecounts were done in 1/5 mm?® after shaking mechanically blood
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and pipets (2). Wintrobe hematoecrits were used and all were eentrifuged for
15 minutes at 4,000 rpm. Hemolysis was estimated in the spectrophotometer
from the hemoglobin concentration present in the supernatant plasma of he-
matoerit determination.

RESULTS

Clamping of the vena cava just below the renal veins provoked a gradual
and slight fall of blood pressure (fig. 1) followed by hemoconcentration, mean
corpuscular volume inerease and hemolysis (table 1 and graph 1). On elamp
release, after this clamp had acted for 50 minutes, a transitorial rise of blood
pressure appeared but the hematological modifications remained.

Clamping of the mesenteric vein near to its junection in the vena ecava
produced a gradual and more marked fall of blood pressure (fig. 2) with the
same blood alterations. On eclamp removal, the modifications became more
marked (table 2, graph 2). In a dog (fig. 3) there was very small pressure
fall, although the same blood alterations were observed (table 3, graph 3).

Removal of viseera from the abdominal cavity and its handling also pro-
voked pressure fall (fig. 4) and the same blood modifications (table 4, graph 4)
which remained even after replacement of the viscerae and normalization of
the blood pressure. It was observed that during this experiment stasis oecurred
in the mesenteric veins as shown by dilatation and c¥anosis of the intestines.

Controls were done (fig. 5, tables 5 and 6, graphs 5 and 6) in order to
find out if anesthesia or the incisions to expose femoral or carotid artery were
sufficient to provoke alterations of the same kind. In these experiments he-
moconcentration did not oeeur; and a marked or constant inerease of mean
red blood eells volume eould not be observed. In one of these animals (table
5) hemolvsis appeared and the dog died during the experiment. In another
control which had neither been anesthetized nor submitted to incisions, no al-
teration took place (table 7, graph 7).

TABLE 1

Dog 5-52-C1. Clamping of the vena cava for 50 minutes

i Time in minutes
| Before After Clamping \fter Clamp remaoval
Clamping |
T e P B | S T 60
Red blood cells X 10%............ 6.0 | L 6.7
Hematoerit 95. .. cnni insanniins 45.0 820 | M5 52.0 545
Mean Corpuscular Velume p?. ... 74.2 802 | 813 70.1 81.7
Hemolysis Hb. gm %........... 0.06 0.98 020 | 020 ! 0.40
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TABLE 2

Climpinz of the m~senteric vein for 45 minutes

sease-t SESmeESe— S wmriE s mesm el

Red blood i‘E'll > 10%. . ...
Hematoerit 95.

Mean Cr;r,}uwr:]*-r Ve l'm'nﬂ ity -, ;

Hemolv=is.

—
|
Time In mintutes

Bafore After Climping After Clamp removal

lamping | T R z TR B
5 ) 15 15 | 150 } 240
74 6.6 6.4 6.4 75 | 82 | 89
51.0 50.5 46.1 46.5 502 | 64.5 : 64.7
68.9 76.5 0.7 73.8 S0.0 3.7 | T2.0
0 1 w ki 1oy FEsd s dpaidE

Dog 26-52-C1.
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TABLE 3

Clam»ing of the m2senteriec vein for 60 minutes

Time 1In minutes

Bfore After Clamping Alter Clamp

|
10 20 | &0 30 150
Red blood ezll= X 10¢ 5.9 6.2 6.9 7.0 7.3 7.1
Hematocerit %...... : 36.3 16.0 19,0 21.0 3.0 a0
Mean Corpuscular Volume ;_1‘ - 6.5 742 72.0 T2.8 73.2 12.4
Hemolv=is Hb gm 95 0.1 0.1 0.1 0.05 )1 0.1
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TABLE 4

=iy

22-{’. Vizeeral haniling for 20 min:tes

- Time 1n minutes
After han-l-

== —

Bef

lore vis- | ng beforere-| .. . intesti

eeral handl- | plicement \fter replace m_' _n'l! of intestines
Ing 60 l 180 | 240
Red blood cells > 105........ 5.5 r - 1.4 1.6 02
Hematoent 95...... 15.0 a4 (0.0 G1.7 62.5
Mean C Orpuset ilar Vi I me 'J." 8.0 ri i <1.0 21.1 G7.9
Hemolysiz Hbh gm 9. 0 0.30 .35 (L55 (.60
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Dog 30-52-C. Control. Anesthesia, exposure, handling of femoral veins and pressure
recording. This animal died during the experiment.
i Before Time in minutes
rath | I
et 0 | 100 | 160 340
Red blood ecells x 104, , .. 6.3 6.2 6.0 ; 6.4 5.7
Henatocrit 9. ....0c0evenen.. 46.0 40.0 13.0 47.1 13.1
Mean Corpuscular Volume p?. 73.0 64.5 1.7 73.6 75.6
Hemolysis Hb gm 9%......... 0" 0 0.1 0.2 0.3
TABLE &6
Dog 32-52-C. Control. Anesthesia and femoral vein exposure.
Time in houirs
Bfore : . xg .
S nasib s __-."i[“'r anesthesia and wvein exposure
' : 1 | 2 ’ 3 5
Red blood cells X 10%............ 6.9 7.1 7.0 6.3 6.3
HemALOITIE B viv e vt caenonannses 49.4 52.4 .4 474 15.0
Mean Corpuscular Volumes p?. . 71.6 3.8 14.7 75.2 714
Hemolysis Hb gm ... . 0 | 0 0 0
TABLE 7
Dog 33-53-C. Control. Without anesthesia or veins exposure
Time in hours
0 ’ ! | Yol bl IR 1
Red blood cells X 105, ....... 5.0 1.6 4.3 4.6 4.5
Hematoerit %......... L L 37 | 31 33 31 33
Mean Corpuscular Volume p?, 740 67.4 76.7 67.1 73.3
Hemolysis Hb gm %.......... 0.16 0.12 0.12 0.16 0.16
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DISCUSSION

The mesenteric region was chosen to study the venous stasis as the site
where a large amount of blood accumulates during common shock. In this
location a great aceumulation of blood easil¥ oceurs and probably the altera-
tions due to stasis there take place with more intensity. In fact, clamping of
the mesenterie vein produeces modifications which are more marked than when
the vena cava 1s elamped.

It was observed the same hematimetric modifications noted by Rosenfeld
(1) and Rosenfeld et al (2) in different kinds of shoek, even before the actual
appearance of shock Evidence was presented which indicates that the inerease
of the volume of the red blood cells observed is not due to an inerease of COs
in the cells because the technie used for the homogenisation of the blood for
the hematimetric determinations was sufficient to eliminate the excess of
CO, if present, as was demonstrated by Rosenfeld et al (2). Hemoconeentra-
tion which according to Moon (4) is the first sign of capillary circulatory dis-
turbanece, appears even before an arterial pressure fall occur. Even without
shock and even with normalization of the arterial blood pressure, the increase
in mean corpuscular volume remained and hemolysis continued.

It seems that stasis in some regions is sufficient to provoke intense red
blood eells modifications altering their permeability and thus provoking a di-
sappearence of a great part of plasmatic liquid from the ecireulation. As a
consequence, there is an increase of red blood cells fragility, and hemolysis
occur, even without a traumatism.

SUMMARY

An inecrease of the mean corpuseular volume, hemolysis and hemocon-
centration of the red blood cells were observed as a consequenee of clamping
of the vena cava or mesenterie vein in dogs. These changes appeared even when
there was no appreciable fall of the arterial blood pressure. Venous stasis
seems to provoke a modification of the permeability of the red blood eells thus
indueing an inerease of their volume by absorption of plasmatie fluid. Pro-
bably part of the blood fluid loss in shock is due to this mechanism.

RESUMO

Foi provocada estase sangiiinea pelo pincamento da veia cava ou da me-
sentér.ca em cies laparotomizados. Essa estase, assim como a simples mani-
pulacio das visceras exteriorizadas, provocou aumento do volume médio das
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hemdcias, hemdlise e hemoconcentracio, observadas em sangue retirado da
veia femural. Essas modificacoes apareceram mesmo quando ndo havia que-
da apreciavel de pressio arterial. A estase venosa provoca portanto nma mo-
dificacdo da permeabilidade das hemiecias com absorcdo do liguido plasmatico
que passa para eésses globulos, causando hemoconcentraciao e explicando parte
da perda de plasma sangiiinea no choque.

BIBLIOGEAPHY

1. Rosenfeld, G. — Hematimetric Studies in shoek produeced by animal venoms, Trypsin,
Histamine and snake venom; absorption of fluid by red blood eells, Proe. Third
Internat. Soc. Hematology (Cambridge, 1950), New York, Grune & Stratton, 1951,
pp. 54-91.

2. Rosenfeld, G., Nahas, L., Schenberg, 8., Beraldo, W. T. — Absorption of fluid by red
blood ecells and hemolysis in shoek indueed by tourniquet: Mem. Inst. Butantan,
28; 131, 1958,

3. Moon, V, H. — Bhock and Related Capillary Phenomena, New York, Oxford University
Press, 1938, pp. 297,



