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RESUSCITATION OF COMBINED TRAUMATIC BRAIN INJURY AND
HEMORRHAGIC SHOCK WITH KETONE RINGER’S VS,
LACTATED RINGER’S SOLUTION

X. Wang, C.H. Chi, J. Walter, D. Giacherio, S. Stern

University of Michigan; Department of Emergency Medicine, Ann Arbor,

Michigan

INTRODUCTION
Traumatic brain injury (TBI) with accompanying hemorrhagic shock (HS)
represents a common clinical scenario with significant morbidity and mortality.
Epidemiologic and laboratory data demonstrate that morbidity and mortality
from TBI nearly doubles when accompanied by HS. The mechanism for the
poor outcome in patients with both TBI and HS is thought to be loss of cerebral
autoregulation resulting in a secondary ischemic insult to the already
vulnerable brain. For decades, lactated Ringer’s (LR) solution has been near
universally accepted as the crystalloid of choice for resuscitation of these
trauma victims. A promising alternative resuscitation strategy for the patient
with combined TBI and HS is supplementation with metabolic substrate such
as ketone bodies. Ketone bodies are excellent oxidative fuels, free radical
scavengers, and membrane stabilizers. Studies demonstrate that
supplementation with the ketone body B-hydroxybutyrate (BHB):
=  attenuates resuscitation-induced apoptosis and decreases systemic lactate
following hemorrhagic shock (1,2)
= reduces ischemic brain damage in animal models of stroke(3)
=  improves survival in models of global hypoxia (4)
= protects against 1-methyl-4phenylpryidinium (MPP+) in cultured
mesencephalic neurons (5)
The mechanism by which BHB exerts its protective effect is not known, but
may be related to its metabolic effects and enhanced mitochondrial energy
generation.  Studies in working heart preparations support the ability of BHB
to increase metabolic efficiency and in doing so, improve cardiac efficiency
(6,7). These data suggest that in the setting of combined TBI and HS,
resuscitation with BHB has significant potential to reduce the risk of secondary
ischemic brain injury and improve outcome.

OBJECTIVE: Therefore, the objective of this study is to compare the effects
of limited resuscitation with ketone Ringer’s (B-hydroxybutyrate in a Ringer’s
solution; KR) vs lactated Ringer’s in a model of combined TBI and
hemorrhagic shock.
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METHODS
Animal Model N Controlled Hemorrhage with Fluid Percussion Traumatic
Brain Injury (FP-TBI) in swine.
Anesthesia - isoflurane and nitrous oxide
Instrumentation N Swan Ganz, LV pigtail, and arterial and venous catheters;
splenectomy; fluid percussion injury bolt; sagittal sinus catheter; ICP
monitor; left and right cerebral microdialysis probes
Experimental Protocol: A 3 atm FP-TBI was inflicted and hemorrhage was
simultaneously begun from the femoral artery catheter. Animals were
initially bled 40 mL/kg over 30 minutes, at a rate that decreased exponentially
over time. When the MAP reached 35mmHg, the hemorrhage rate was slowed
to 0.167ml/kg/min, and limited resuscitation was begun. For the next 60
minutes, animals were resuscitated with LR versus Ketone Ringer’s (KR)
infused to maintain a MAP of 60mmHg. After 60 minutes, animals were
aggressively resuscitated with the remainder of study solution and shed blood
to normalize physiologic parameters. All animals received a total of 75
mL/kg of study solution. Animals were observed for a total of 4 hours
following initiation of resuscitation.

Qutcome Measures

Continuous ECG monitoring, HR, MAP, ICP, core body temp, CO, ETCO,,
hemoglobin, arterial, mixed and cerebral venous blood gases, arterial and
cerebral venous lactate, serum glucose, pyruvate, and beta-hydroxybutyrate,
and cerebral blood flow (CBF). Cerebral microdialysate was analyzed for
glucose, lactate, pyruvate, and glutamate. CPP, systemic and cerebral O,
delivery (cDO,), cerebral O, extraction ratio (¢O,ER), and cerebral metabolic
rate of O, (CMRO,;) and whole body O, consumption (VO;), and
lactate:pyruvate ratio were calculated from the above measurements.

Statistical A nalysis
Data were analyzed via repeated measures ANOVA, t-test, Fisher’s exact, and

the Log rank test where appropriate (P < 0.05 was considered statistically
significant).
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RESULTS

L- LR KR P-Value
Hemorrhage Vol (mI/kg) 40 (3) 40 (4) 0.708
4-hour Mortality (%) 17% 9% 0.531
Sol’n infused 0-60 min 59(18) 48(21) 0.183
Transfusion requirement 29(6) 23(7) 0.050

= Mean Arterial Pressure was not different between groups (P = 0.549;
rmANOVA).

= Arterial Lactate: Pyruvate Ratio (L/P) was not different between groups
(P = 0.361; rmANOVA). There was a slight trend toward decreased
lactate levels in KR treated animals (P = 0.142; rmANOVA).

= Total Body O, Consumption was not different between groups (P = 0.605;
rmANOVA).

= Sagittal Sinus O, Saturation did not differ between groups. (P = 0.656;
rmANOVA).

* Right Brain Glutamate Concentration was not different between groups
(P =0.326; rmANOVA).

* Right Brain Lactate: Pyruvate Ratio (L/P) was not different between
groups (P =0.361; rmANOVA).

= Cerebral Metabolic Rate of O2 Consumption was not different between
groups (P = 0.829; rmANOVA).

* Plasma Beta-Hydroxybutyrate Concentration increased by 45-fold in
the KR treated animals and was significantly greater than in the LR group
(P <0.001; rmANOVA).

DISCUSSION

In contrast to previous studies, our data demonstrate no significant
improvement in metabolic parameters with resuscitation with KR as compared
to LR. Possible causes for these differences are:

1) The physiologic stress of this model might have been so severe as
to mask the potential beneficial effects of the BHB. This is
suggested by the sagittal sinus O2 saturations of less than or equal to
40% for the initial 60 minutes of resuscitation.

2) The concentration of BHB that we achieved might have been too low
to demonstrate an effect.

The fact that the BHB concentration decreased so quickly does suggest that it
was being utilized. Future studies investigating escalating doses are indicated.
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LIMITATIONS

This study evaluated only short-term survival.
We did not measure markers of cell death.
There was no measure of functional neurologic outcome.

CONCLUSIONS

In this model of combined TBI and hemorrhagic shock, initially limited
resuscitation with KR  (beta-hydroxybutyrate conc = 28 mEq/L) resulted in
only a trend toward improved lactate and a decrease in transfusion
requirements, but no improvement in other measured physiologic parameters.
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