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RESPONSE TO A COMBINATION OF SEVERE HEAD INJURY
AND ACUTE MASSIVE BLOOD LOSS

D. M. Sherman, V. S. Popov, uDpc 617.51-001-036,17-06:616~-005.1
L. T. Zhilyaev, and A. G. Goncharov

Acute experiments on dogs showed that the character of the response to a combina-
tion of craniocerebral trauma and acute blood loss depends on the order of in-
fliction of these extremal conditions, Craniocerebral trauma inflicted in the
early period of hemorrhagic shock does not significantly affect the dynamics and
outcome of the underlying pathological process. Hemorrhagic shock arising after
craniocerebral trauma does so as a result of a much smaller blood loss and it
follows a more severe course.

KEY WORDS: craniocerebral trauma; acute blood loss; hemorrhagic shock.

The writers showed previously that shock does not develop in severe craniocerebral
trauma [1]. Only if craniocerebral trauma is combined with mechanical trauma to the femur
did shock develop, and it was marked by certain special features [2].

In this investigation the character of development of shock arising in response to a
combination of craniocerebral trauma and acute massive blood loss was studied.

EXPERIMENTAL METHOD

Experiments were carried out on 54 adult dogs. The animals were bled as a one-stage
procedure from the femoral artery until the blood pressure was 40-45 mm Hg.

Craniocerebral trauma consisted of infliction of 300-350 blows with an iron hammer
(weight 450 g) on the vault of the skull through a rubber pad 8 mm thick. The changes in
blood pressure in the femoral artery, pulse rate, and respiration, circulating blood volume
(by the T-1824 dye dilution method), bioelectrical activity of the brain (unipolar recording
with needle electrodes from the parietal region), ECG (standard lead II), and EMG (bipolar
recording from the posterior cervical muscles) were recorded on the 4EEG-1 electroencephalo-
graph throughout the experiment. Changes in spontaneous activity and the effect of photic
(10 flashes/sec) and acoustic stimulation (2000 Hz) were investigated. To obtain more
reliable data on the dynamics of the process, the arterial blood pressure was recorded simul-
taneously on two kymographs: on one continuously throughout the experiment with a paper-
winding speed of 14 cm/h, and on the other at the most important stages of the experiment,
with a paper-winding speed of 1 mm/sec. The conjunctival blood vessels were

Experimental Laboratory, L'vov Military Hospital. (Presented by Academician of the
Academy of Medical Sciences of the USSR N. A, Fedorov.) Translated from Byulleten' Eks-
perimental'noi Biologii i Metitsiny, Vol. 83, No. 4, pp. 413-416, April, 1977. Original
article submitted October 15, 1976.

This material is protected by copyright registered in the name of Plenum Publishing Corporation, 227 West 1 7th Street, New York, N.Y.
10011. No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic,
mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A copy of this article is
available from the publisher for $7.50,

476



*I1 S9TI8S UT @50yl woaJ (G0°0 > d) ATIueorzFudis ATTeoFISTIelS SUTISZITP SIOTPUly

0 CFGY «L TFEELI'OFLG| 6°0F6 |0 1IFGEI0OFH'CC{O0F6'LE| «€F 91 | 03F QI |«¥F3e juawriadxo jo
PU2 31035q Ul O¢-S [
*CTF 9 ' TFOV[GOFI S| O'YFIT {9°CFOF9°0F0'¥C|%'0F0°8E| «¥F93 91 F8E1 |+sLF¥S (1o0ys 28eyrsoway
JO UOnRBZIIqE]S Jo
powad) ssof poojq
Jaye Ui 09-0f
01 F0Z| +8 0 FEY |2 0FEE| 6 0Far [e' IFIb| 2 0Fave |9 0F 0 8| 4¥F6z | S1F68I |scTF oS pooIq so1ye UM §
0'TFCh| L'TFI8|I1'0FEC €| L°OFGY [B'IFEY| L0OFO'¥VE|C'0F5 88| ¥F3E | LI F¥31 |8F¥31 BUWINEI} J3}JR W §
6'0Fer| € 1FER|1'0FVv'E| LOFCI [ 1FPle'0F8'9¢|g'0F¢e 88 ¥vFse SIF18 |gF881 SenjeA [REIUL
BUINEY) [RIQDIID0IURID
J133j€ SSO[ POO[q MOV " Al
*6°0FGE] G TFLE|C'0F 0G| «6°0F6 |LVFI¥ «8'0FgIe]0'0F ¢ 28] «3F81 8 FE81 |+V+ €€ jusawinIadxs Jo pus
- g P (o [ PP . - — — 21039q Ul OE-S T
#BO0FCE + 1 1TFGL G 0OFIC| «V 0F6 |0 TFEH V' OTGC €L |{C0FO LE 4V FI9Z [«03FFIG [+LF99 (jooys 218eytio
-9y JO UOKEZIIQE)S JO
powad) UN 09-0p I8V
+80FEC[ 4G ITFIF|{E0F8C| 9°0FCY [ 1FGY S 0OFV €L |G O0OF8 LE] «VFI€ [+05F 981 [+9F9G a:.-:w.:._mu.u.m:__.:m
«L'0FGE[+6°0FCY | S OFE C| 0°TFC1 |0'IFEY V' OFV VS|V OF8LE] «¥F8E |+¥1 FI61 [+GF8Y $50]
g or = PP P A A - _ o _ poo[q 10138 UNU g
20FCF] PIFERICIOFCE| LOFTL BOFOHLOFIOC|T0OFO'8E} CFVY Y68 |LF o8 SonjeA fenyTuf
SS0] POOIQ AA[SSBUI JNDE UO
posodiedns ewinen
[e1gasedoTues)) "I11
6'0F0F] I1'EFVL|VP'OFS €| Y'OFGI [6°1FeH6'0FV'GC|L'0F8'8E| LFV¥ | LEF131 |SFa¢El juswadXa Jo pua
- - [ - — _ _ _ 210J0q UL QE-§1
20T 1| 8 1FO0L g 0Fv'e] G OFII e 1Fe| 8 0F L ge |2 0F¢gi8¢| vIF19 | ¥5F8I1 | 01IF6EI un 09-0p PV
L'OFOV| €'CFOL|G'0OFLE] €OFEI |0'TFV| S OFV 96 |G 0FL 8E[ PIF0G | 61 F2TI |9FLET —UINEI} I9YJE UM §
8 O0Feh| 9'IF8L(G'0OFSC] COFVI ¢ IFLYS'0FRQ'OC|{0'0F9'88| LIF6¥ 6F 68 [gFael sonjeA [en]
euInea)
- JeIqaIa20IURI) {1
«GTFGE + LV FIV (G 0OFG €«C 0FGI [E'IFCGY6°'0F 2 GE|0'0F8 LE| «€F 03 [+61F 081 [+EF93 juoliadxa Jo pue
210Jaq Ul OE-S |
«1CFEG[ +8 CFCY [T'OFV E[«L ' 0FST [ IFVH8'OFV CL| ¥ ' 0F 8 ' LE| xCF LG [»01 F¥ES |x¥ F 39 (yooyso@eylrowoay
JO uonjezt
-8}s Jo vctomw
UKt 09-0t 31V
SFUFEE  «C GFCY | 1°0FLC€] S O0OF VY [FIFEHLOFL'VEL «€0FLUE| «¥ T 68 |+G1 F8OG [+EFSF (uorssaidap jo aseyd)
$$0] POUIQ J3)JR UL §
80FeY | ETF8L{L'OF6 V| €°0F91 |[V'OFO08[S'0FV 06 |6 °0F8 L8| 9F8E | 01F99 [3F1GI SanjuA [BIIIU]
1SS0 poojq 3Ny ']
®oT
w87 | sz | wm3e 2m zw
3 cown{@/1w ‘own| suoriu ° mm m.m mm.m. m.ﬂ% mm
._uw\\»_ﬁ.:omu“u W—_o> poota] oo wam. %8 EEE  [Dotomend E-% ,_:E\wamamn & stusuizad xa
Sunepnop| SunEOND)| (190 payl 25 e @EF |fWeHERsd eag NSl gig 30 598235 pu SaLI0S
: ¥ m.m. = o8 & 1
3 - (@] =1 f~hd
(W ¥ W) SSoOT poolg S3INOY puB BUNBI], TEAQIIID

—OTUBI) paUTquWO) 12313y S§80Q JO 23B3S 9Y3 JO S9OTpul swo§ Uf saduey)

‘T 419VL

477



TABLE 2. OQutcome of Experiments with Combined Craniocerebral
Trauma and Acute Blood Loss (M % m)

Num-iSeverity Volume Outcome
) . berof jof trauma | of blood  |num- jlength of
Series of experiments ani- |(number loss, ml/ |ber [survivalofani-
mals |of blows) kg survivd mals which
ing dled, h
I. Acute blood loss 13 —_ 37,242,0 —_ 2,3--0,4
II, Craniocerebral trauma 21 309-4-39 —_ 3 86,6-+29,2
111, Cran1ocerebra1traunna
in early period of
hemorrhagic shock 10 370452 33,94-0,6 — 3,24-0,5
IV. Blood loss after cranio-~
cerebral trauma 10 320-+-52 15,2-41,9 —_ 1,8-4-0,2
>0,05 <0,05 <70,05

photographed at these same stages of the experiment (MBS-2 microscope, Zenit camera, RF-2
film) and the diameter of the microvessels was then estimated quantitatively [3]. The ex-
periment continued until the animals died or the original values of the various parameters
had been restored.

EXPERIMENTAL RESULTS
The results are given in Tables 1 and 2.

In the experiments of series I the dynamics of the posthemorrhagic reaction was
studied. The results confirmed earlier data on the phasic course of this response, Im-
mediately after bleeding there was a phase of depression, after which the typical symptom
complex of hemorrhagic shock developed, in three stages (early, stabilization, and late).
Next followed the phase of collapse, a terminal state developed, and the animals died. The
changes in these parameters are evidence that the periods of hemorrhagic shock reflect
fundamentally different functional states of the body.

In series II the dynamics of the response of the animal to severe craniocerebral trauma
was investigated. During infliction of the trauma a transient phase of excitation was
observed (restless movements, inhibition of the corneal reflexes, nystagmus, disturbances
of the rhythm and depth of respiration, elevation of the arterial pressure, followed by
a short phase of depression)., The indices then gradually returned to their initial values.
The dogs were taken from the table 4-6 h after trauma. They lay quietly and still, and
sometimes tried to crawl or stand up. Toward the end of the first or on the second day
the state of the animals gradually improved and, in their external appearance and behavior,
they differed only a little from healthy animals. However, toward the end of the second
or on the third day their condition again deteriorated sharply; adynamia, dyspnea, and
convulsions developed, Most of the dogs died, At autopsy cerebral edema with petechial
hemorrhages into the brain tissue and small epidural and subdural hematomas were found.

No specital changes were discovered in the other organs,

In series III craniocerebral trauma was inflicted 15 min after blood loss (in the
early period of hemorrhagic shock). Under these conditions it was accompanied by a less
marked phase of excitation. The motor and pressor responses were almost absent, although
depression of the corneal reflexes, nystagmus, and changes in respiration were of the same
intensity and duration as in the animals in series II. The changes in all the indices 15
min after trauma pointed to the typical phasic course of the posthemorrhagic reaction.
Hemmorrhagic shock developed in the usual way and all the animals died.

In series IV bleeding occurred 15 min after craiocerebral trauma, immediately after
disappearance of the phenomena of excitation and a subsequent depression. Under these
circumstances a smaller volume of blood loss was needed to lower the blood pressure to 40-45
mm Hg. The hemorrhagic shock alse followed a more severe course as shown by the shorter
period of survival of the animals.

It can be concluded from these results that craniocerebral trauma superposed on devel-
oped hemmorrhagic shock does not significantly affect the course of this pathological process.
Criocerebral trauma inflicted before blood loss, however, increases the sensitivity of the
CNS to hypoxia and is adversely reflected in the mechanism of formation of hemorrhagic shock.
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Shock therefore develops after a much smaller blood loss, its course is more severe, and the
pathological changes are more marked. On the whole, when craniocerebral trauma is combined

with acute blood loss the dominant picture is one of hemorrhagic shock and it is this which

determines the character of the pathological process and its outcome.
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