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Summary

An experimental model was designed to study hemodynamic and left ventricular functional changes
in the course of and after brain death in 13 mongrel dogs. Brain death was induced by creating intra-
cranial hypertension by inflating a balloon inserted into the subdural space. Hemodynamic parameters
and left ventricular systolic function as assessed by echocardiography were measured before and during
intracranial hypertension and 30 min and 1, 2, 3, 5 and 8 hrs after brain death.

During intracranial hypertension, heart rate, systemic and pulmonary blood pressures, cardiac out-
put and systemic vascular resistance raised significantly. After brain death, all parameters decreased
rapidly and significantly, and then stabilized. On comparison with values obtained before intracranial
hypertension, systemic blood pressure decreased markedly following brain death, while no marked change
was noted in cardiac output. This result is attributable to a marked reduction in peripheral vascular
resistance following the induction of intracranial hypertension. The left ventricular end-sys tolic pre-
ssure-volume relationship (Emax) deteriorated after brain death. The left ventricular end-diastolic
and end-systolic diameters did not change; consequently, fractional shortening did not change, either.
The Weissler’s index improved after brain death, reflecting a marked reduction in systemic vascular
resistance. This indicates limited usefulness of afterload-dependent cardiac indices. At the agonal period
of brain death, three of 13 dogs died because of ventricular fibrillation or a marked decline in systemic
blood pressure. Within five to eight hours after brain death, seven dogs died because of intractable
acidosis.

These results represent the specific hemodynamic features occurring after brain death. It is thought
that recognition of these features is useful in managing cases of brain death and in selecting donors for
heart transplants.
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Fig. 1. Schematic drawing of the method used
for producing an experimental model of brain
death created by intracranial hypertension.

Balloons inserted into the subdural space are in-
flated.
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Fig. 2. Carotid arteriograms before (left) and after (right) brain death in a dog.
Intracranial areas are indicated by arrows. As shown in this figure, intracranial vessels are not filled

after brain death.
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\Fig. 3. Top: Simultaneous recording of left
ventricular echocardiogram and aortic and left
ventricular (LV) pressures obtained during par-
tial clamping of the aorta.

The internal diameter of the LV cavity and sys-
tolic pressure increase concomitanly with the clamp-
ing of the aorta.

Bottom : Serial LV pressure-volume (P-V) loops
obtained during the clamping of the aorta.

LV end-systolic P-V relationship (Emax) is deter-
mined from the slope connecting the left upper shoul-
ders of the P-V loops.
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Fig. 4. Hemodynamic changes occurring during intracranial hypertension and after

brain death.

*: p<0.05 (by paired t-test in comparison to the values before intracranial hypertension).

HR=heart rate; AOm=mean aortic pressure; PAm=mean pulmonic pressure; CO=cardiac out-
put; SV =stroke volume; TSR =total systemic vascular resistance; PRE =before intracranial hyperten-
sion; ICP]=intracranial hypertension; 30 min~8 hr=time after brain death.
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Fig. 5. Effects of the duration of elevation
of the left ventricular systolic peak pressure
(LVpeakP) and mean left atrial pressure (LAmean)
at the agonal period on survival of canines at
the acute phase of brain death.

Elevated LA pressure (over 20 mmHg) for a dura-
tion of 3 minutes or more is essential for inducing
early death at the agonal period of intracranial hy-
pertension as indicated by a broken line. The dura-
tion of elevated systemic pressure (over 200 mmHg)
is not important.
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Fig. 6. Representative echocardiograms of the left ventricle before (left) and 2 (middle)

and 8 (right) hours after braindeath.

Note that neither end-diastolic nor end-systolic diameter changes significantly throughout the
course of brain death despite a significant fall in systemic blood pressure.

—%, WIEHZOLEEOE E LT, MItic
X D EEN AL, AR MITHREOBRET T
DR 2B R FIRFICZ T TV A% Th S, L
D> LIMBERNC 35 15 % 22 SBULHERE (< B 3~ 2 i 13 7
Pode. AENFLDT 2 =KL Y Bk
EEZEGOBRP L2, 205 bIUEREE-4
FiBAfR (Emax) &, AR, #BARM, OHkh &
DRV I IR TH VY, Kk MR T
TOFMICIEEL TW5D. = 080 5 Z2AuE K
L OLERETIH L IR T LTV, Z DR
LLTCTRO3ISOERPEZ NS FI
TEDIR T2 b 5. —RICEFER TR ER
2R 70 mmHg (€T LTh, TS
TN U 72k <k 40 mmHg ¢4, H O FEik
RRICX D Rz 5 L Sh 59, Rl T B
JE~OIEFRE R S HI2 /S o bbb 2ol
FREHETELY. HE2ZORFLLTMEIZES
R OB IE 2 b 5. BipFEERc E
FEOGIMERZEIC X Y EBIUFEO K T 2338 0 5

MOOD, 2 SRR ) B KA SN BN
TA—NTIVORBICE D LENS. SRloE
BREF VRO TH ZORFRIYKRELS LT
5. MEICIVREIBERHMELOONFa—LT I
DWHERTF LIth 52 —A7 2 v 35845 =
LEEREBAOLND. BRARIC X Y AR
KFLEARXIC B Teyh— Xy fiphs=
=T IVOERERL L, &6 ICIUHEREBMET
THZENRRENRTVWSY., bbb HETOL
WHEETICZZOERFICEZbonkEneEx
b, 33 ORF L L CMETCER OB R
WICHEIC X 20 B~ DT e W T Hh 5 9
. — R R B BRI E ST-T %
LI L TH, % H % 000 I 3 REE 2 b
DFBO LR WEBL WD LA LIKBEFIC IR
i, EZBOW, FiCe oA OMEHE o
BI85 < 3B 5 2323 H 512710, - o
PR EAE O SB EAFICE <R bh, JHE
WoZ L KMEDBRERMICER AW &

—792 —



(mm)

59 Dd

351

254
(6) (6) (6) (6) (6) (5) (2)

15 4

(%)
45 %FS

35 1

254

(6) (6) (6) (6) (6) (5) (2)

154

r
PRE 30mn 1 2 3 5 8 hr

(mmHg/ml

JRZERE .0 AT BN D 45 Bedt

50 PEP/ET

20

107

(6) (6) (6) (6) (6) (5) (2)

r T T
PRE 30mn 1

N -
w
w
(-]
¥
3

Fig. 7. Changes in echocardiographic parameters after brain death.
*. p<0.05 (by paired t-test in comparison to the values before intracranial hypertension).
Dd =left ventricular end-diastolic diameter; % FS = %fractional shortening ; PEP/ET =(pre-ejection
time) | (ejection time); Emax=left ventricular end-systolic pressure-volume relationship.
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Fig. 8. Schematic diagram of experimental
set-up of an isolated heart (Langendorff’s method)
for studying the relationship between volume
and the minor axis of the left ventricular cavity
at ventricular systole.

Several optional volumes of the left ventricular
cavity can be set by inflating a balloon inserted into
the cavity. Coronary flow is maintained using a pump-
oxygenator. The left ventricle contracts isovolumical-
ly, and the internal diameter is measured by M-mode
echocardiography during systole.
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Fig. 9. Regression between volume and the
minor axis of the left ventricular cavity in 54
different measurements in 5 dogs.
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