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DONORS, ORGAN PROCUREMENT

Impact of brain death

on hormonal homeostasis
and hepatic microcirculation
of transplant organ donors

Abstract To elucidate the patho-
physiological mechanisms involved
in the deterioration of hepatic graft
viability in brain-dead organ donors,
the impact of brain death on hepatic
microcirculation was investigated
with respect to hormonal homeo-
stasis and graft viability. Rats were
assigned to two groups: group I

(n = 6) served as sham controls, and
in group II (n = 6), brain death was
induced through insufflation of an
intracranial balloon. Mean arterial
pressure was elevated significantly
within 5 min after the induction of
brain death and then decreased sig-
nificantly to below the control value.
Urine osmolality was significantly
lower and serum osmolality signifi-
cantly higher than the control val-
ues. Antidiuretic hormone level was
significantly lower than the control
value. Bile secretion also decreased

significantly. Furthermore, in group
11 there were significantly higher
numbers of nonperfused sinusoids
(15.9% vs 6.2% in group I), and si-
nusoidal stagnant and postsinusoi-
dal venular adherent leukocytes
(53.9/1obule and 258.6/mm? versus
25.2/lobule and 124.8/mm? in group
L, respectively). In summary, sinuso-
idal perfusion is compromised after
brain death, possibly, in part,
through an increased leukocyte ac-
tivation and accumulation in the he-
patic microvasculature, leading to
the deterioration of hepatic func-
tion.
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Introduction

The shortage of donor organs is one of the central prob-
lems in liver transplantation [1. 14]. According to data
from the United Network for Organ Sharing, the num-
ber of patients and also the number of deaths occurring
while on the waiting list for liver transplantation have
been continuously increasing over the past 8 years [18].
Therefore, in order to maximize the utility of potential
grafts, it is important to understand the pathophysiolo-
gical organ changes after brain death. The macrohemo-
dynamic, hormonal and metabolic impairment of the
brain-dead organ donor is often associated with the de-
terioration of graft viability, leading to organ exclusion

or acceptance with a high risk for poor initial graft func-
tion {3,7. 8, 11. 17]. The pathophysiological mechanisms
for the deterioration of graft viability in brain-dead or-
gan donors has not been fully elucidated. In particular,
the impact of brain death on hepatic microcirculation,
which has a close relation to graft viability, has not
been clarified. In this study we therefore developed a
novel experimental model and investigated the al-
terations of hormonal levels and hepatic microcircula-
tion in brain-dead organ donors with respect to graft
viability.
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Table 1 Changes in mean arterial pressure, urine osmolality and bile secretion

Baseline 3 min S min 10 min 1h 2h 3h
Mean arterial pressure (mm Hg)
Group | 107 17 1W06+16  106+19 107+ 18 109+£13 109+ 11 1068
Group 11 107 £17 181 £ 12" 149+ 26%F 91 +19 74+16°F 63+ 20°F 63+20°F
Urine osmolality (mosmol/kg)
Group [ 953+ 284 710 £284 774 £ 325 721 £286
Group 11 1065+ 192 409 + 178°F 185+ 72°F 165 +33'F
Bile secretion (ul/min/g liver)
Group I 1.651+0.26 1.64 £ 0.30 1.60 £ 0.28 1.56 £ 0.26
Group 11 1.61 £0.31 1.30 + 0.43F 1.26 + 0.44F 1.16 £0.25°F
" P <0.05 versus group I, ¥ P < 0.05 vs baseline
Materials and methods Results

Male Sprague-Dawley rats (200-250 g) were anesthetized with
pentobarbital sodium (60 mg/kg 1.p. followed by 6 mg/kg per h
i.v.) and atropine sulfate (0.5 mg/kg). After a tracheotomy they
were mechanically ventilated. Pacq, and Pag,, were maintained at
35-40 mmHg and at 100-130 mmHg, respectively. Lactate Ringer
solution was infused intravenously at the rate of 2 ml/h per 100 g
body weight. For the placement of an epidural balioon (500 pl)
and electrodes for electroencephalogram (EEG) monitoring, the
animals were craniotomized. This was followed by laparotomy for
catheterization of the common bile duct and urinary bladder.
Mean arterial pressure (MAP), bile flow and urine osmolality
were monitored.

After a stabilization period of 30 min the left lateral lobe of the
liver was carefully exteriorized, positioned onto a special stage and
covered with a glass slide for intravital fluorescence microscopy
(IVM) [10]. Sodium fluorescein (2 umol/kg) and rhodamine-6G
(0.1 pmol/kg) were administered intravenously as fluorescence
markers for plasma and leukocytes, respectively. A modified Leitz
Orthoplan microscope with a 100 W HBO mercury lamp attached
to a Ploemo-Pak illuminator was used for epiillumination micros-
copy. Two different kinds of filters were adopted for the visualiza-
tion of fluorescence: 450-490/ > 515 nm (excitation/emission) for
sodium fluorescein and 530-560/ > 580 nm (excitation/emission)
for rhodamine-6G. The observations were recorded using a CCD
video camera and transterred to a video system for offline analysis.
As indicators of hepatic microcirculation, sinusoidal perfusion, and
sinusoidal stagnant and postsinusoidal venular adherent leuko-
cytes were quantitatively evaluated.

After baseline IVM, the animals were randomly assigned to two
groups. The animals in group I (n = 6) were observed for 3 h as con-
trols. The animals in group II (n = 6) were subject to the same pro-
tocol as group I except that after the baseline IVM, brain death
was induced through insufflation of the intracranial balloon. Brain
death was defined as a condition in which no EEG activity was ob-
served. Furthermore, the complete loss of corneal reflex served as
further confirmation. The parameters were measured before and
until 3 h after the induction of brain death. At 3 h after induction
of brain death the second IVM was performed. At the end of the
experiment blood was sampled for the measurement of antidiuretic
hormone (ADH), thyroxin (T,), free thyroxin (f-T,), triiodothyro-
nine (T,), free trilodothyronine (f-T;), and serum osmolality.

Values are expressed as means = SD. The statistical analysis
was performed using the Mann-Whitney U-test and Wilcoxon’s
test. The level statistical significance was set at P < (.05.

In this study current German law on the protection of animals
was followed.

EEG

In animals of group I, EEG activity was present during
the whole course of the experiment. In animals of group
II similar EEG activity was observed at baseline, which
disappeared 2 to 3 min after the induction of brain
death. At 3 h after induction of brain death EEG activi-
ty was completely absent and lack of a corneal reflex
was also confirmed.

Mean arterial pressure

At baseline there was no significant difference in the
MAP between the groups. In group I, the MAP re-
mained constant over the total observation time. In con-
trast, in group Il a significant rise in MAP, a so-called
Cushing response, occurred within the first 5 min after
the induction of brain death. This was followed by a
steady fall to a significantly lower level compared with
both baseline and group I (Table 1).

Urine and serum osmolality

The urine osmolality in group I remained over 700 mos-
mol/kg during the course of the experiment. In contrast,
the urine osmolality in group Il fell significantly below
200 mosmol/kg at 2 and 3 h after the induction of brain
death (Table 1). However, serum osmolality was signifi-
cantly higher in group II than in group I at 3 h after the
induction of brain death (332 + 16 mosmol/kg vs 314 +
14 mosmol/kg in group I, P < 0.05).

Serum levels of ADH, T, t-T,, Ty and {- T,

Serum levels of ADH were significantly lower in group
IT than in group I at 3 h after the induction of brain
death. There were no significant differences in the se-
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Table 2 Serum levels of antidiuretic hormone (ADH), thyroxin
(T,), free thyroxin (f-T,), triiodothyronine (T;), free-triiodothyro-
nine (f-T;) 3 h after the induction of brain death

ADH T, £-T, T, £-T,

(pg/ml) (mg/dl)  (ng/dl)  (ng/ml) (pg/ml)
Groupl 839%21.7 70x13 18+£03 076+£0.08 1.5+02
GroupIl 19+1.7° 65%15 16104 0811015 1.8%+0.6

" P <0.05vs group I

Table 3 Changes in hepatic microcirculation
Baseline 3h

Nonperfused sinusoid (%)

Group | 35+33 62+23"
Group I1 1.5£2.6 159454
Sinusoidal stagnant leukocytes
(n/lobule)
Group [ 17.1£2.6 252+4.6
Group IT 18.8+£4.9 539+15.6F
Postsinusoidal venular adherent
leukocytes (n/mm?)
Group I 787+283 124.8+32.5%
Group I1 747+164 258.6+83.7°F

" P <0.05vs group L, T P <0.05 vs baseline

rum levels of T, {-T,, T; and {-T; between the groups at
3 h after the induction of brain death (Table 2).

Bile secretion

At baseline there was no significant difference in bile se-
cretion between the groups. At 3 h after the induction of
brain death, bile secretion was significantly diminished
in group II as compared with both baseline and group I
(Table 1).

Hepatic microcirculation

At baseline there were no significant differences in the
number of nonperfused sinusoids and stagnant leuko-
cytes in sinusoids between the groups. At 3 h after the
induction of brain death the numbers of nonperfused si-
nusoids, sinusoidal stagnant leukocytes and postsinusoi-
dal venular adherent leukocytes were significantly high-
er in group II than in group I (Table 3).

Discussion

It is well known that macrohemodynamic and hormon-
al impairment occurs after brain death. Macrohemody-
namic changes include myocardial dysfunction and loss
of systemic vascular tonus, leading to hypotension [3,

7]. Concerning hormonal homeostasis, decreases in se-
rum levels of ADH and thyroid hormones have been
reported to occur after experimental and clinical brain
death [2, 6, 11]. The decrease in ADH level leads to di-
abetes insipidus with polyuria and dehydration. The
changes in thyroid hormone levels are characterized
by low T, syndrome (sick euthyroid syndrome) with a
shift from aerobic to anaerobic metabolism {12]. The
factors described above are considered to be responsi-
ble for the deterioration of graft viability {7, 11]. The
brain death model used in this study simulated well
the changes in macrohemodynamics, serum ADH lev-
els, and serum and urine osmolality encountered in
brain-dead organ donors. There was no significant dif-
ference in thyroid hormone levels between the groups
at 3 h after the induction of brain death. Since it has
been found in the brain death model of the dog that Ty
and T, levels significantly fall for the first time at 7 h af-
ter induction of brain death [6], our observation time
may have been too short to detect a decrease in these
hormones. These differences in response of the hor-
mone levels may be due to different half-lives of the
hormones: 5-15 min for ADH [9], 7-8 days for T, and
1 day for T4 [13].

Bile secretion is an energy-dependent process, pro-
viding information on global hepatic function and is
considered to be one of the markers of hepatic function
and viability {4, 15]. The major determinant of bile flow
is the rate of secretion of bile salts across the hepatocyte
canalicular membrane [5], which is an active ATP-de-
pendent process [16]. Therefore, the reduction in bile
secretion after brain death observed in our model is con-
sidered to indicate impairment of hepatic function and
viability.

Our model revealed for the first time the changes in
hepatic microvascular perfusion under the condition of
brain death. Sinusoidal perfusion was compromised
and an activation of leukocyte-endothelium interaction
in hepatic sinusoids and postsinusoidal venules was ob-
served after brain death, associated with compromised
liver function. Perfusion failure of hepatic sinusoids
may be attributable to (1) a reduction of perfusion pres-
sure, (2) intravascular hemoconcentration, (3) leuko-
cyte accumulation in hepatic vasculature and/or (4) ele-
vation of microvascular resistance due to swelling of en-
dothelial cells [19]. However, to the extent of the role of
each of these factors in sinusoidal perfusion failure after
brain death awaits further investigation. Furthermore,
the sinusoidal perfusion failure associated with deterio-
rated hepatic function or the activation of leukocyte-en-
dothelium interaction itself in brain-dead organ donors
may play some role in ischemia/reperfusion injury dur-
ing the ensuing cold preservation and implantation of
the liver graft.

In conclusion, a novel model has been established
which allows hormonal as well as hepatic microcircula-
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tory analysis after brain death in the rat. The results in-
dicate that ADH homeostasis and hepatic microcircula-

tion are compromised within a period of 3 h after induc-

tion of brain death, leading to compromised hepatic
function. The changes in hepatic microcirculation are

characterized by sinusoidal perfusion failure and activa-

tion of leukocyte-endothelium interaction in sinusoids
and postsinusoidal venules.
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