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Recent studies have shown that the rapid inflow of serum ionized calcium (iCa’™*) into cells may
be the main cause of cell damage and apoptosis in shock, tissue ischemia, and reperfusion. Since pa-
tients with serious trauma are often associated with shock and respiratory failure leading to tissue
ischemia, reduced serum iCa’* after being injured may be useful for predicting the severity, urgency,
and prognosis of patients with trauma. The intracellular inflow of serum iCa’"was reported to acti-
vate constitutive nitric oxide synthase (cNOS), which is an invasion mediator. This study measured
serum iCa?", tissue NO, and inflammatory cytokines interleukin-8 (IL-8) and tumor necrosis factor-o
(TNF-o), and examined histopathological samples in an experimental rat model of heavy bleeding, in
order to determine if heavy bleeding, a major morbid state of serious trauma, influenced the meas-
urements of serum iCa?*, tissue NO, IL-8, and TNF-c..This study also measured serum iCa*"in emer-
gency patients with trauma on admission and through the subsequent hospitalization period to ex-
amine its relationship with other indicators including trauma severity score (ISS), time from being in-
jured to arrival, presence of shock, blood gas findings, clinical course, and prognosis, thereby evaluat-
ing the diagnostic and therapeutic importance of serum iCa**. The results with the experimental rat
model of heavy bleeding showed serum iCa** lowered significantly and IL-8 and TNF-o increased sig-
nificantly after 30% of the whole blood was exsanguinated, and that tissue NO tended to increase
over time. The results from patients with trauma showed serum iCa’" lowered in serious cases lead-
ing to death and those with high ISS, heavy bleeding, shock, and metabolic acidosis. These results in-
dicate that serum iCa**can be a useful indicator for predicting severity, reaction to treatment, and
trauma prognosis.

Introduction lated to a narrow range of 1.12 to 1.30 mmol/L by

Intracellu}ar calcium plays an important role in the endocrine system”. A recent study has re-
maintaining cellular functions. Serum ionized cal- vealed that the rapid intracellular inflow of serum
cium (iCa*') with physiological activity is regu- calcium may be a main cause of cellular damage
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and apoptosis from shock, tissue ischemia, and
reperfusion”. Since patients with serious trauma
develop shock and respiratory insufficiency lead-
ing to tissue ischemia, the reduced serum iCa**af-
ter injuries may be useful for predicting the se-
verity, urgency, and prognosis of patients with
trauma. Another study has reported that ¢cNOS, a
NO synthase that mediates invasion, is activated
by the intracellular inflow of serum iCa®.

This study was designed with the following ob-
jectives :

1) Histopathological images were examined in
a rat model of heavy bleeding, serum iCa®*", and
tissue nitric oxide NO, and, at the same time,
interleukin-8 (IL-8) and tumor necrosis factor-o
(TNF-0.), which are inflammatory. cytokines,
were also examined in order to determine
whether heavy bleeding, a main morbid state of
severe trauma, influences serum iCa**, tissue NO,
IL-8, TNF-¢, and organs.

2) Serum iCa** in emergency patients with
trauma was measured on their arrival at the hos-
pital and during their subsequent hospitalization
periods in order to examine its relationship with
indicators such as trauma severity score (ISS),
time from injury to arrival at the hospital, shock,
blood gas findings, clinical course, and prognosis,
thereby evaluating the diagnostic and therapeu-
tic importance of serum iCa®" in patients with
trauma.

Materials and Methods

The control and treatment of experimental ani-
mals for this study was approved by the Institu-
tional Committee of Fukui Medical University.

1. Experimental subjects and methods

Twelve male Sprague-Dawley (SD) rats with
body weight from 350 g to 450 g purchased from
Clea Japan Inc. (Jcl: SD Retire) were used for the
experiment. A polyethylene tube (PE50 tube) was
placed in the left cervical artery under anesthesia
with sodium pentobarbital (50 mg/kg, ip) to ex-

sanguinate blood and collect blood samples. At.
the same time, the abdomen was opened to place

a fine NO electrode (¢200 um; Intermedical Corp,

Nagoya) on the renal outer membrane, which was

used to measure tissue NO.

The following experiment was performed after
24 hours to avoid the effect of the surgical pre-
treatment on the experimental results. At first,
blood samples were collected from the cervical
artery for all the animals and considered as con-
trols. Immediately after that, 20% (n=6) and 30
% (n=6) of the estimated amount of the whole
blood (8% of body weight) was exsanguinated in
15 minutes. Blood samples were collected again
from the 20% and 30% exsanguination groups 3
hours after the completion of the exsanguination.
Serum iCa’", IL-8 and TNF-a by measurement
kit, EIA method PRF081 (Panapharm Laborato-
ries Co. Kumamoto) were measured in both
groups to compare the results. At the same time,
the renal fine NO electrode was used to record
the change in the tissue NO production in real
time®?.

2. Clinical patients and methods

The subjects were 256 emergency patients
with trauma who arrived by ambulance at the
emergency room of Fukui Medical College from
January 1997 to December 1998. The patients
who arrived at the emergency room and died
there were excluded. The patients were 185
males and 71 females with a mean age of 47.7
24.2 years. The most frequent cause of trauma
was traffic accidents in 184 cases (72%), followed
by tumbling in 31 cases (12%) and falling in 25
cases (9.7%). Seventeen patients died after they
were hospitalized, and 15 of them died in less
than 2 days after admission. The causes of death
included hemorrhagic shock in 11 cases, head
trauma in 2, and suffocation in 2. The remaining 2
patients died in less than 3 months after admis-
sion: one from cerebral death and the other from
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Table 1 Difference in serum iCa?*,IL-8, TNF-a in rat heavy hemorrhagic model

Control 20% 30%
ontro exsanguination exsanguination
(grinig) group group
n= (n=6) (n=6)
iCa2* (mmol/L) 1.326=0.006 13100012 1.220=0.015% *
[ J
IL-8 (ng/mL) 0.23+0.19 0.21+0.03 048+0.05%
| |
TNF (pg/mL) <160 <160 26.83+394*
*p<0.05, **p<0.0l.
multiple organ failure. (NPCI)&jgeneration
. .. . NO production
The 256 subjects were divided into the de- 6500 |

ceased group of 17 patients and the surviving 6000 | e _

. . 5500 B "..
group of 239 patients to compare their serum 000 |
. . . . . .. Yy i 30% inati
iCa*" on arrival, ISS, time from being injured to 4500 B o Brotp
arrival, presence of shock (maximum blood pres- 4000 I

. 3500 | Hemorrhagic invasion ™7

sure of 80 or lower) on arrival, and base excess 2000 1~

" O O T . »
(BE). The 239 surviving patients were sub- 2500 | 20% exsanguination group
divided into 2 groups consisting of 29 patients 2000 0 15 30 45 60 75 min

with serum iCa®" of less than 1.12 mmol/L (low
iCa®" group) on arrival and 210 patients with nor-
mal serum iCa’*of 1.12 to 1.30 mmol/L (normal
iCa** group) to compare ISS, presence of shock on
arrival, and BE. The change in serum iCa’* dur-
ing the hospitalization period was investigated in
some patients by measuring it with i-STAT (Fuso
Chemical Industries, Kanazawa).

For statistical processing, Student’ s t-test was
used to test significant differences between the 2
groups, with a probability level of less than 0.05
being considered significant. All data were shown
as mean * standard deviation.

Results

1. Experimental results

Serum iCa*" was 1.326 £ 0.006 and 1.310 = 0.012
mmol/L in the control (n=12) and 20% exsan-
guination groups (n=6), respectively. No signifi-
cant difference in serum iCa** was observed be-
tween the 2 groups, although it was slightly
lower in the latter group. It was significantly
lower, however, at 1.220 = 0.015 mmol/L in the 30

Fig.1 Change of NO in renal tissue
PA: picoampere.

% exsanguination group (n=6). The serum IL-8
and TNF-o. measured at the same time were
0.23%0.19 ng/mL and<16.0 pg/mL in the control
group and 0.21 +0.03 ng/mL and<16.0 pg/mL in
the 20% exsanguination group, respectively, with
no significant difference. In contrast, they were
0.48+0.05 ng/mL and 26.83 + 3.94 pg/mL, respec-
tively, in the 30% exsanguination group, which
were significantly higher than those in the con-
trol group (Table 1).

Renal tissue NO production increased only
slightly in the 20% exsanguination group, but
quickly increased after hemorrhagic invasion to
reach a peak 20 minutes later. Then it tended to
gradually become lower in the 30% exsanguina-
tion group (Fig. 1).

2. Clinical results

1) Comparison between the deceased and sur-
viving groups (Table 2)
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Table 2 Difference in serum iCa?~ and clinical feature between deceased
and surviving groups with trauma

Deceased group Surviving group

(n=17) (n=239)
iCa2* (mmol/L) 0.64 ~ 1.16 058 ~ 1.28
(0921 +0.183) * (1.147 +0.155)
[ J
1SS 26 ~ 66 1~ 59
(mean: 42) * * (mean: 12)
L J
Time from being injured to arrival
Less than 1 hour 13 209
Less than 4 hours 4 29
More than 4 hours 1
Number of patients with shock on arrival
(Systolic blood pressure <80)
15 13
(88.2%) * * (5.4%)
| J
Base excess (mmol/L) -30~+2 20 ~+7

(-1362£220) **

(-0.35+0.19)
| J

*p<0.05, * * p<0.01.

The serum iCa**on arrival at the hospital was
0.64 to 1.16 (mean: 0.921 =0.183) mmol/L in the
deceased group and 0.58 to 1.28 (mean: 1.147 =
0.155) mmol/L in the surviving group, with a sig-
nificant difference between the groups. ISS was
26 to 66 (mean: 42) and 1 to 59 (mean: 12), respec-
tively, indicating a significantly higher score in
the deceased group. The time from being injured
to arrival at the hospital was less than 4 hours for
all the patients but one, with no significant differ-
ence between the deceased and surviving
groups. The rate of patients with shock on arrival
was 88.2% (15/17) in the deceased group and 5.4
% (13/239) in the surviving group, indicating a
significantly higher rate in the former group. BE
was —30 to+2 (mean: 13.62=220) mmol/L in the
deceased group and —20 to +7 (mean: — 0.35 =
0.19) mmol/L in the surviving group, indicating
that BE was significantly lower in the former
group. ,

2) Comparison of low and normal serum iCa**
groups in surviving patients (Table 3)

The same parameters were compared be-
tween the low and normal serum iCa** groups of
the surviving patients. ISS was 10 to 50 (mean:
29) in the low serum iCa® group and 1 to 34
(mean: 9) in the normal iCa* group, indicating
that ISS was significantly higher in the former
group. The rate of patients with shock on arrival
was 37.9% (11/29) and 1.0% (2/210), respectively,
indicating a significantly higher rate in the for-
mer group. BE was —20 to +6 (mean: — 4.38 +
0.98) mmol/L and — 5 to + 7 mmol/L (0.25+0.13),
respectively, indicating that it was significantly
lower in the former group.

3) Change of serum iCa®"during hospitalization

The change of iCa’ during the hospitalization
period in 13 evaluable patients is shown in Fig. 2.
The serum iCa*'value was low on arrival or fell
below the normal range during the hospitaliza-
tion period without recovery in 3 patients who
died in the hospital. In contrast, the remaining
surviving patients showed that the value was

normal immediately after they were injured or
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Table 3 Comparison of patients with low and normal iCa?* in the surviving

patients with trauma (n=239)

Patients with

low iCa2* normal iCa2*
(<1.12 mmol/L) (1.12 ~ 1.30 mmol/L)
(n=29) (n=210)
Sex Male 23 150
Female 6 60
Age (years) 12~59 (mean: 29) 10~91 (mean: 53)
iCa2* (mmol/L) 0.58~1.11 1.12~1.31
(0.966+0.040) * * (1.156 =0.002)
[ J
1SS 10~50 1~34
(mean: 29) * * (mean: 9)
L |
Number of patients with shock on arrival
(Systolic blood pressure <80)
11 (37.9%) ** 2 (1.0%)
L |
Base excess (mmol/L) -20~+6 —5~+7
(—438+098) ** (025+0.13)

**p<0.01.

iCca®*
mmol/L
1.4

Admission

1.2

101

08

06 |

/ m—: surviving grou
04 F J g group

| | =«xse : deceased group

02 p

0 Il I Il a2
0 12 24 36 48

Time after admission (hr)

Fig.2 Change inionized calcium in patients with
serious trauma

returned to normal during the hospitalization pe-
riod.
Discussion

There are 3 types of calcium in blood: protein-

bound calcium, complex calcium, and serum
iCa?". Only serum iCa?" has physiological activ-
ity?. The metabolism and transportation of serum
iCa®" in the body are regulated by parathyroid
hormone, calcitonin, and activated vitamin D. The
factors to reduce serum iCa’* include measure-

”® blood collection,

ment conditions (blood dilution
and measurement error) and reduced hormone
activity” ™. Like vitamin D, however, parathy-
roid hormone plays a minor role in acute change
in serum iCa®*, as shown by its half-life in blood
being several hours. Although the blood half-life
of calcitonin is ten or more minutes, calcitonin is
secreted by the stimulation from increased se-
rum iCa’*and is not considered to reduce normal
serum iCa**. Moreover, serum iCa’" is known to
become lower when it forms complexes with ani-
ons of citric acid, lactic acid, and bicarbonate to
form a complex-type calcium. The serum iCa’" is
also reduced through tissue deposition by pan-
creatitis and rhabdomyolysis. Recent studies
have also shown that the reduced serum iCa®’
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from the inflow into cells plays an important role
in cell damage and apoptosis after tissue ischemia
and shock™ ™,

Although cells consume sufficient ATP to keep
the difference in ion concentration between the
inside and outside of cell membranes, tissue ische-
mia and shock may eliminate the difference due
to the following: @ iCa** flows into cells from the
concentration gradient resulting from the dis-
turbed energy-dependent iCa** exchange mecha-
nism; @ iCa** flows into cells with the Na*/Ca*"
exchange system due to the increased cellular
Na" from ischemia; ® the increased a-receptor
density during ischemia promotes the iCa?" over-
load after reperfusion; and @ iCa** flows into cells
from the concentration gradient due to advanced
cellular membrane disorder'®”. The above ®is
considered the most important™. iCa® that enters
mitochondria disturbs ATP production, thereby
causing the cell energy shortage to become
worse'”. The final damage from iCa’* includes
oxidation from free radicals, damage to ion
pumps, hydrolysis of membrane phospholipids,
and destruction of high polymeric substances in
cytoplasm, nucleus, and mitochondria®?’.

The present SD experimental rat model of
heavy bleeding showed significant reduction of
serum iCa*" and significant increase in IL-8 and
TNF-a in the animals in which 30% of the whole
blood was exsanguinated®. This indicates that
heavy bleeding, a main morbid state of serious
trauma, can reduce serum iCa’", and that inflam-
matory cytokines, such as IL-8 and TNF-o, may
be involved in reducing serum iCa*" %

Renal tissue NO production quickly increased
to reach a peak after hemorrhagic invasion, and
then tended to gradually decrease. NOS exists as
2 isoforms™: one is constitutive NOS (cNOS) that
constitutively exists in vascular endothelial cells
or nervous tissue and has iCa’"dependent activ-
ity® and the other is inducible NOS (iNOS) that

is induced to macrophages and neutrophils by cy-
tokines and endotoxin and does not depend on
iCa®*¥*_ In another experiment of ours?”, renal
tissue NO production was not suppressed by S-
methylisothiourea (SMT), a NOS inhibitor with
high selectivity for iNOS, but was suppressed by
N®monoethyl-L-arginine (L-NMMA), a NOS in-
hibitor with low selectivity for iNOS and ¢NOS, in
the 30% exsanguination group®. This suggests
that the activation of ¢cNOS and reduction of se-
rum iCa’" may be involved in tissue NO produc-
tion by hemorrhagic invasion. Fibrin thrombi, a
histopathological DIC finding, were observed in
the renal and pulmonary microvascular vessels in
the 30% exsanguination group. This suggests
that DIC may be related to the reduced serum
iCa®" and NO production® ",

Our clinical results showed that the patients
who died from trauma showed significantly lower
serum iCa*” and BE values and significantly
higher ISS and shock rates than the surviving pa-
tients. Among the surviving patients, those with
low serum iCa®" showed significantly higher ISS
and shock rates and significantly lower BE than
those patients with normal serum iCa?'. Among
the patients with low serum iCa**, those patients
whose serum iCa®" returned to normal from
treatment recovered. These clinical data demon-
strate that the serum iCa*" reduction may be a
good indicator for predicting seriousness and
prognosis? 19

These results indicate that the serum iCa®" is a
useful hematological indicator for predicting se-
verity, reaction to treatment, and trauma progno-
sis. There has not been a specific hematological
indicator that can be used for predicting severity,
reaction to treatment, and trauma prognosis.
Only BE and serum lactic acid have been used as
hematological factors for unspecific serious dis-
eases. Clinicians should recognize the importance

of serum iCa®" in diagnosing and treating serious
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trauma because it can be easily determined by
blood gas analysis.
Conclusions

1. When 30% of the whole blood was exsan-
guinated in the SD experimental rat model of
heavy bleeding, serum iCa*" lowered signifi-
cantly, IL-8 and TNF-o increased significantly,
and tissue NO increased. This suggests that iCa**
dependent ¢cNOS may be involved in tissue NO
production.

2. In patients with trauma, serum iCa*" was
lower in serious cases leading to death and those
with high ISS, heavy bleeding, shock, metabolic
acidosis, and high inflammatory cytokines.

3. Serum iCa®** can be a useful hematological in-
dicator for predicting severity, reaction to treat-
ment, and trauma prognosis.
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Yg vy RSB - EERROMBES - MIREOERFERDS, SRRMERA A ALIVTY
A (iCa?) OHIBANEATH B Z L AL DOWIFETH L A2 &o'(lﬂz) HEMEREZ, Yav 7
PIPEAL 2 BB S0 5 2 L 55, ZEHROMEF iCa DR TAYHMEREDEIESE - B
AELTREEETLIOERTHLEEND L. T2, BEOXF 4 -5 —Thb NO GHE
# (cNOS) 1ZIfiEH Ca* OFIBINFH A X D IHEHAL S B Z EARES N TS, KIFETIE, TV
F W KEBIIEFVIZBWT, iCa?, MM NO BXOREEY A b A ¥ ThD IL-8, TNF-
a2 HE LFEBICHEGREGERET LI LI, BEEMEOERETH 5 KE MM AT
iCa?*, #&MN NO, IL8, TNF-0 ICHB %5 2 20 G 2R Lz, £/, BEHE S AIMBERIC
BWT, BARE X OARRBICIIES iCa®* 2 HI%E L, injury severity score (ISS), % bIHMAET
O, Ya vy, MEFAFR, BEGE, THSOKREL, mMEFiCa™ & OMEEZRE TS
LX), AMBEREICBTAIETR Ca OB, BELOBZRLBRH L. ZOKR, SDIv M E
v BRI EERETFVICBWT, Mo 30% il iCa® IFA BT L, IL-8 TNF-a i BEE
W ER L. T77, SEA NO IR ICIMER 2R Lz, T/, AMEEZE oM iCa® 3BT
B HERER, 1SS BME, KEMIM, Yav 2y, REE7 Y F—YAFICIVET L. LLORERD?S
Mg iCa®* 1, WMBOEREE, WEDER, TREPEETAIAHLIMBFHERL R )L LEEIOLN
7z.
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