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Background and Objectives: Brain death may lead to hormonal depletion, metabolic derangement and
multiple organ dysfunction. We have carmied out present study to examine the effects of brain death on
the thyroid function, metabolic indices, and the severity scoring systems.

Methods: 13 adults patients admitted for organ donation or brain death evaluation were examined after
brain death was confirmed. Thyroid hormones measured were .thyroid stimulating hormone (TSH),
trilodothyronine (T3), thyroxine (T4), and free thyroxine (FT4). The metabolic indices measured were arterial
ketone body ratio (AKBR), lactic acid (LA), and base deficit (BD). as for reference to the severity scoring
systems, APACHE IIl arid multiple organ failure score (MOFS) were assessed on the day of brain death
confirmation. Arterial blood was drawn for all measurements.

Results: As for the thyroid function, there were significant decreases in T3 (40.48+20.96 ng/dL) and
T4 (3.47+2.15 ng/dL), but no significant change in FT4 (0.75 0.31 ng/dL) and TSH (1.12£1.37 xIU/mL)
compared to the normal range. Significant decreases in AKBR (0.39+0.31) and BD (—9.46 +5.83 mmol/L),
and significant increase in LA (2.57 -2.46 mmol/L) In metabolic indices, were shown. as for severity scoring
systems, APACHE Il score (101.5419.41) and MOF score (9.11+2.57) indicated a high mortality. There
were significant correlation between thyroid hormones (r=0.565—0.781) but no correlation among other
indices. Also, significant inverse correlations were shown between base deficit and lactic acid (r=— 0.660),
APACHE Il score (r=—0.726) and MOF score {r=—0.604). The highest correlation was observed between
APACHE Il score and MOF score (r=0.851).

Conclusions: As for the thyroid function, significant decrease in T3 and T4, and almost normal range
of FT4 and TSH imply the euthyroid sick syndrome. Abnommal finding of the metabolic parameters indicates
an inhibition of the aerobic metabolic rate of the body as a whole. And the severity scoring parameters
are compatible with high mortality. (Ajou Med J 1999; 4(1). 44~51)

Key Words: Metabolic indices, arterial keton body ratio; base deficit; lactic acid. Severity score, APACHE
Il score; MOF score. Thyroid function, T3; T4; FT4; TSH.
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Table 1. Demographic data of the patients

Age (yr) 2485+ 1561
Sex (M/F) 10/3
BW (kg) 53.65+19.85
Time to brain death decision (h)  44.1:269 (34-201)
Causes of brain death (n)
Traffic accident 6
Cerebral hemorrhage 4
Cerebral infarction 1
Hypoxic brain damage 2
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Table 2. Multiple organ failure (MOF) score

MOF Score
Organ System
1 2
Pulmonary Mechanical ventilation with Mechanical ventilation with
PEEP<10 cmH0, Fi0:<0.4 PEEP> 10 cmH0, FiO,>0.4
Cardiac Hypotension>100 mmHg Hypotension <100 mmHg
dopamine<10 pg/kg/min ;dopamine > 10 ug/kg/min
nitroglycerin<20 wa/kg/min nitroglycerin >20 g/kg/min
Renal Serum creatinine>2 mg/dL Dialysis
(=176.8 pmolll)
Hepatic Serum bilirubin>2 mg/dL Serum bilirubin>6 mg/dL
(=342 pmol/L)or (=102.6 2 mollL) or
SGOT=25 UL SGOT=50 U/L
Hematologic Platelet <50 x 10° cells/L and/or Disseminated intravascular
WBCs>30% 10° celis/L coagulation;WBCs <2.5X 10°
celis/L or=60x 10° cells/L
Gastrointestinal Acalculous cholecystitis Perforated gallbladder

Stress ulcer Bleeding from ulcer>2
units of blood/24 hours;
necrotizing enterocolitis:
pancreatitis

Central nervous Diminished Severely disturbed
responsiveness responsiveness and/or

diffuse neuropathy

MOF score is the total of seven organ failure scores, with maximum of 14points. MOF Score 0; no failure, MOF Score 1; moderate
failure, MOF Score 2; severe failure, PEEP; positive end expiratory pressure, SGOT:; serum glutamic-oxaloacetic transaminase, WBCs;
white blood cells, Originated from Goris, et al®
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Table 3. Summary of thyroid function, metabolic indices and severity scoring systems of the 13 brain dead patients

Patients No  Diagnosis Age Sex T3 T4 TSH FT4  AKBR ALA BE  APACHE Il MOFS

1 TA, ICH 24 M2 3311 3.70 04 1.01* 26 45 -48 91 7
2 TA, SDH 2 R 66.81* 7.00* 370 1.13* .38 1.0* -12 114 8
3 HBD 18 R1 7.19 1.10 03 30 12 6.5 -13 85 6
4 Pontine 46 M2 4858 520 294*  101* 12 1.4* -5.1 9N 10
hemorrhage
5 TA, SDH 50 R1 1180 217 85* .80* 21 8.5 -18 121 12
6 TA, SDH, 17 M2 5660 470 2.71* .96* .68 29 -30 9% 9
EDH
7 TA, ICH 30 M1 2130 219 19 1.09* 19 59 -17.7 9% 9
8 HBD 48 M1 2680 29 31 98* .55 43 -18 149 14
9 SDH 23 M1 420 20 81* 65 .08 1.6* -2.5*% 97 7
10 TA, ICH 29 M1 6930 270 1.38* 89* .65 2.1 6.0 100 8
1 SDH 41 M1 7240* 8.13* 399 1.20* 27 6.3 -12 89 7
12 Cerebral 21 Mt 40.00 1.40 1.30* 78 42 6.2 -12 117 9
infarct
13 SAH 39 M2 4810 6.04* 57* 70 1.47% 1.5*% -2.0* 74 6

*: shows normal level, BW; body weight T3; triiodothyronine, T4; thyroxine, TSH; thyroid stimulating hormone, FT4; free thyroxine,
AKBR; arterial ketone body ratio, ALA; arterial lactic acid, BE: base excess, APACHE Ill; acute physiology and chronic health evaluation
I MOFS; multiple organ failure score EDH; epidural hemorrhage ICH; interacranial hemorrhage HBD: hypoxic brain damage, SAH;
subarachnoide hemorrhage, SDH; subdural hemorrhage, TA: traffic accident

Table 4. Thyroid function, metabolic indices and severity scores of the brain death patients

Unit MeantSD Range Normal range P value

Thyroid function T3 (ng/d) 40.481+20.96 4.20~72.40 60~ 181 0.001

T4 (pg/dl) 347%2.15 09~8.13 6.0~12.0 0.000

FT4 (ng/dL) 0.75£0.31 021~1.13 08~25 0.627

TSH (¢ 1U/mL) 11212137 0.03~37 0.35~550 0.418
Metabolic indices AKBR 0.39£0.31 0.08~1.17 1.0~ 0.000

ALA (mmol/L) 257+246 0985 07~2 0.021

BE (mmol/L) —-9.46+583 —-18.0~2.0 —-3~+3 0.007
Severity scores APACHE 1lI 101.54£19.41 74~149 0~299

MOF 911257 6~14 0~14

T3; triiodothyronine, T4; thyroxine, TSH; thyroid stimulating hormone, FT4; free thyroxine, AKBR; arterial ketone body ratio, ALA: arterial
lactic acid, BE: base excess, APACHE IIl; acute physiology and chronic health evaluation I, MOF; multiple organ failure
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Table 5. Pearson correlation of each variables

T3 T4 FT4 TSH AKBR ALA BE APACHE Il MOF
T3 1.000 781** .609* 753** 456 -.409 198 -.148 -.164
T4 J81** 1.000 621* 754** 330 -.340 129 -.254 -.182
FT4 .609* 621* 1.000 565** .006 .006 -.025 213 2%
TSH 753** 754** .565* 1.000 -.025 -.295 .030 -.067 -.058
AKBR 456 .330 006 ~-025 1.000 =372 270 -.089 -077
ALA -409 -.340 -.140 -.295 =372 1.000 -.660* 224 243
BE 198 A28 -025 030 270 - B60* 1.000 -726**  -604*
APACHE I -.148 -.254 213 -.067 -.089 224 -.726** 1.000 B51%*
MOF -.164 -.182 296 -.053 -077 243 -.604* 851**  1.000

* Correlation is significant at the 0.05 level (2-tailed), **: Correlation is significant at the 0.01 level (2-tailed), T3; triiodothyronine,
T4; thyroxine, TSH;: thyroid stimulating hormone, FT4; free thyroxine, AKBR; arterial ketone body ratio, ALA; arterial lactic acid BE;
base excess, APACHE lI; acute physiology and chronic health evaluation Ill, MOF; multiple organ failure
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