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Abstract

Serum nitrite/nitrate (NOx) levels in the
early phase of septic acute lupg injury (ALL)}/
acute respiratory distress syndrome (ARDS) were
investigated. Both NOx and tumot necrosis factor
a (TNF-a) levels were significantly higher in the
ARDS group than In the ALI group. A negative
correlation was found between the Pa0,/FI10, (P/
) ratio and serum NOx levels. In addition, a positive
correlation was found between the TNF. a and serum
NOx levels. The 30-, 60- and 90-day mortality rates
were 8.7%, 15.2% and 19.6%, respectively, in the
patients with ALI/ARDS. There were no differences

in the P/ ratio, serum NOx levels or TNF- ¢ levels
in the early phase of ALI/ARDS between the 30-day
survival and death groups. On the other hand, the
P/F ratio, sertm NOx levels and TNE- a levels in
the early phase of ALI/ARDS were significantly
higher In the 60- and 90.day death groups than in
the corresponding survival groups. There were
no significant differences in the 90.day mortality
rates between the ALl and ARDS groups. Our
findings suggested that NOx may be involved in the
pathogenesis of ALI/ARDS.
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I. Introduction

Septic acute lung injury (ALI) / acute
respiratory distress syndrome (ARDS)
oceurs in 256 to 42% of patients with sepsis
syndrome, and this frequency further
increases when shock persists” . Acute
respiratory failure (ARF) associated with
sepsis is often a systemic process leading
to multipie organ dysfunction syndrome
(MODS) .

The pathogenesis of ALI/ARDS is
complex, but we have reported some
humoral mediators that may be involved in
the development of septic ALI/ARDS2Y |

3

It has been successively reported that
endothelium-dependent relaxing factor
(EDRF) , which has a vasodilatory effect
and reduces blood pressure, is very similar
in characteristics to nitric oxide (NO) &9,
Several studies have reported strong
involvement of NO in the pathogenesis
of septic shock ™', We have reported
increases of the serum nitrite/nitrate
(NOx) levels and their correlations with
those of tumor necrosis factor- ¢ (‘TNF- a)
and interleukin 8 (IL-8) in septic shock and
also Increase of the serum NOx levels in
septic MODS 19,
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On the other hand, attention has recently
been paid to the involvement of NO and
a reactive nitrogen species, peroxynitrite
(ONQOO " ) , in the pathogenesis of ARDS,
We have also reported the exlstence of a
relationship between ALI/ARDS and serum
NOx fevels 9,

In the present study, we investigated the '

relationship between the serum NOx levels
in the early phase of ALI/ARDS and the
survival prognosis.

1I. Subjects and methods

Consent for participation in this study was
obtained from the patients or their families.
This study was approved by the Ethics
Committee of Iwate Medical University.

Diagnosis of sepsis was made according to
the criteria of the American College of Chest
Physicians/Society of Critical Care Medicine
Consensus Conference Committee ™",

Diagnosis of ALI/ARDS was made

according to the criteria reported by

Bernard et al.'* ; in this study, patients with-

a Pa0,/FI0, ratio (P/F ratio) of =200
but <300 were diagnosed as having ALI,
and those with a P/F ratio of <200 were
diagnosed as having ARDS.

The Acute Physiology and Chronic
Health Evaluation score (APACHE II
score) '™ and Sequential Organ Failure
Assessment score (SOFA score) '®
were used as the indicators of severity.
The severity was assessed by 2 or more
emergency physicians certified as jnfection
control doctors.

The study involved 46 patients with an
APACHE 1 score of =15 seen over the
3year period from April 2008 to March 2011,
who had undergone endotracheal intubation

and from whom blood samples could be
collected within approximately 3 howrs of the
diagnosis of ALI/ARDS. Fourteen patients
had ALI and 32 had ARDS.

The mean age of the patients was 68 %
16 years. The mean age of the male patients
was 65 = 17 years (n=26) and that of the
female patients was 71 £ 13 years (n=
20) , with no significant difference in age
between the male and female patients. The
mean age of the ALI patients was 67 = 15
years and that of the ARDS patients was 68
£ 16 years, with no significant difference in
age hetween the two groups.

The underlying diseases were generalized
peritonitis (n=33) , pneumonia (n=4) ,
burn (n=4) , multiple trauma (n=3) , and
drug intoxication (n=2) .

Sepsis and the associated septic shock
and disseminated intravascular coagulation
(DIC) were treated by the usual measures.
Similarly, MODS was treated with regimens
that have been commonly used for various
states of MODS. ALIZARDS was controlled
by mechanical ventilation at a tidal volume
of 8 to 10 mi/kg and positive end-expiratory
pressure (PEEP) of 5 to 12 cmH,0,
Furthermore, 0.2 mg/kg/h of sivelestat
sodium hydrate was administered while the
patient had an endotracheal tube in place
and for 1 to 2 days after extubation. The
maximum administratlon period was 14 days.

Samples were collected using endlotoxin-
free heparin syringes within approximately
3 hours of the diagnosis of ALI/ARDS.
The samples were immediately centrifuged
at 3000 rpm for 40 seconds to separate
piatelet-rich plasma (PRP) , and endotoxin
levels were measured immediately. The
PRP samples were stored at — 80°C until
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Table 1. Comparison of the clinic-pathological characteristics between ALI and ARDS patients

ALl (n=14) ARDS (n=32) p value
Age {yrs) 666 = 148 683 = 163 0.7206
APACHE If score 250 £ 7.3 323 + 84 0.0056
SOFA score 79+ 33 128+ 48 0.0004
P/F ratio 2443 + 329 1365 + 407 <0.0001
NOx { g molsL) 623 + 223 937 + 608 00031
TNF- a (pg/mL) 1416 * 534 2374 + 1338 00012
Endotoxin {pg/mlL) 24 £ 36 69 =181 0.1876

measturement of the serum NOx and TNF-
a levels,

NOx levels were measured by an
autoanalyser (TCI-NOX 1000; Tokyo Kasei
Kogyo Co.,, Ltd., Tokyo, Japan) , based on
the Griess reaction ™ . The normal range of
NOx is 38.3 = 19.1 umol/L.

TNF- a levels were measured by
enzyme-linked immunosorbent assay
(ELISA) (TFB, Inc., Tokyo, Japan) , the
detection limit of which was 3 pg/ml.

Endotoxin levels were measured by
an endotoxin-speclfic assay using Limulus
HS-T Single Test Wako (Wako Pure
Chemical Industries, Ltd,, Osaka, Japan)
and the Toxinometer (Wako Pure Chemical
Industrles, Ltd, Osaka, Japan) ® . The cutoff
value for the diagnosis of endotoxemia was
1.1 pg/ml®™.

The unpaired t-test was used to analyze
the data for significant differences, and
Pearson’s formula was used to test for
correlations. The X2 test was used for
comparisons hetween the groups, and the
log-rank method was used for survival
curves. A p value<(.,05 was used as the
prohability value for significant differences
in all of the tests.

L Results

On average, the APACHE 1l score was
30 £ 9, the SOFA score was 12 £ 5, the P/
F ratio was 160 + 63, the serum NOx level
was 86 £ 47 u mol/L, the TNF- ¢ level
was 204 = 109 pg/mL, and the endotoxin
level was 5.5 = 15.3 pg/mL in the 46
patlents at the time of diagnosis of ALl/
ARDS. The endotoxin positivity rate was
60.9% (21 out of 46 cases) .

The P/F ratio, APACHE 1I score, SOFA
score, serum NOx levels and TNF- a levels
were significantly higher in the ARDS group
than in the ALI group, but there were no
significant differences in endotoxin levels
between the 2 groups (Table 1). The
endotoxin positivity rate was 50% (7 out of
14 cases) in the ALI group and 65.6% (21
out of 32 cases) in the ARDS group, with
no significant differences between the 2
groups (r=0.3230) .

A significant positive correlation was
found between the TNF- & and serum NOx
levels (r=0.7613, p<0.0001; Fig. 1) . No
significant correlation was found between
the endotoxin and TNF- a levels (r=0.1974,
p=0.1885) . A significant correlation was
found between the endotoxin and serum
NOx levels (r=0.3266, p=0.0268) .

A significant negative correlation was
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Fig.l. A significant positive correlation was
observed between the TNF. ¢ and serum
NOx levels at the time of diagnosis of ALL/
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Fig.2. A significant negative correlation was

observed between the P/F ratio and
serum NOx levels at the time of diagnosls

ARDS. of ALI/ARDS.
Table 2. The 30, 60- and 90-day mortality rates in the ALT and ARDS groups
Mortality
30days GOdays 90days
ALL 0% (0/14) 7.1% (1/14) 7.1% (1/14)
ARDS 125% (4/32) 14.3% (6/32) 250% (8/32)
ALIZARDS B.7% (4746} 15:2% (7/46) 196% (9/46)
¥ AU
found between the P/F ratio and serum 100 :
NOx levels (r= - 0,554, p<0,0001; Fig. 2). '
A negative correlation was also found ©
between the P/F ratio and TNF. a levels
(r = - 0.5800, p<0.0001) . No significant %
correlation was found hetween the P/F % 760
ratio and endotoxin levels (r= - 0.1726, p
=(.,2512). =
A significant positive correlation was 10
found between the serum NOx levels o ' . ‘
and APACHE T score, and between the 0 “ % 90days

serum NOx levels and SOFA score (r=
0.6698, p<0.0001 and r=0.6753, p<0.,0001,
respectively) .

A significant positive correlation was
found between the TNF- ¢ levels and
APACHE 1I score, and between the TNF-
a levels and SOFA score (r=0.6233,
p<0.,0001 and r=0.6662, p<0.0001,
respectively) |

Fig. 8. The Kaplan-Mejer survival curve from the
time of diagnosis to day 90 in the ALl and
ARDS groups. There were no significant
differences in the survival between the 2
grotps.

No significant correlation was found
between the endotoxin levels and APACHE
11 score (¥=0.1716, p=0.2542) or between

the endotoxin levels and SOFA score
(r=0.1281, p=0.3962) .
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Table 3. Compatison of the P/F ratio, APACHE Il score, SOFA score, serum NOXx levels and TNF- a levels
in patients with ALI/ARDS between the 30-day death group and the corresponding survival group

Survivors (n=42) Nensurvivors (n=4) p value
Age {yrs) 664 * 158 823 + 38 <0.0001
APACHE 11 score 28977 425 + 106 ’ 00878
SOFA score 107 £ 46 173 £ 560 00869
P/ ratio 1735 £ 631 1258 + 434 0.1417
NOx (#mol/i) 807 + 422 1450 * B7.1 01156
TNF. a {pg/mlL) 1866 = 91.8 3603 + 950 0.0826
Endotoxin {pg/ml.) 54 % 159 65 + 69 0.7830

Table 4. Comparison of the P/I ratio, APACHE 1 score, SOFA score, serum NOx levels and TNF- ¢ levels
in patients with ALI/ARDS between the 60-day death group and the corresponding survival group

Survivors (n=39) Nonsurvivors (n=7) p value
Age (yrs) 662 + 163 77075 00118
APACHE 11 score 28173 414 7.7 0.0027
SOFA score 104 = 45 166 + 40 0.0062
P/T ratio 177.2 £ 618 1253 £ 636 0.0469
NOx {4t mol/1) 759 + 373 144.1 % 639 00148
TNF- a {pg/mL} 1768 + 757 3891 = 1795 00212
Endotoxin {pg/ml) 30 £ 44 193 & 370 02898

‘T'able 6. Comparison of the P/F ratio, APACHE i score, SOFA score, serunt NOx levels and TNF- a levels
in patients with ALI/ARDS between the 90-day death group and the corresponding survival group

Survivors (n=37) Nonsurvivors {n=9) p value
Age (yrs) 663 = 165 741 £ 108 0:0002
APACHE I score 275+ 70 409 £ 68 00031
SOFA score 100 + 42 168 = 37 00004
P/F ratio 1816 + 604 1187 + 484 0.0050
NOx (ppmol/1.) 728 £ 355 1419 & 473 00021
TNF. a {pg/mL) 17L1 £ 736 - 3214 £ 177 00107
Endotoxin (pg/mL) 31 %45 1564 = 329 0.2965

The 30-, 60- and 90-day mortality rates
were 8,7%, 15.2% and 19.6%, respectively,
in the 48 patients with ALI/ARDS (Table
2) . The 30-, 60- and 90-day mortality rates
tended to be higher in the ARDS group
than in the ALI group, but there were no
significant differences.

The Kaplan-Meier survival curve from
the onset of ALI/ARDS to day 90 is

shown in Fig. 3, There were no significant
differences in mortality rates between the
ALI and ARDS groups.

There were no significant differences .
in the P/F ratio, APACHE II score, SOFA
score, serum NOx levels, TNF- a levels, or
endotoxin levels between the 30-day death
and survival groups (Table 3) |

The APACHE II score, SOFA score,
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serum NOx levels and TNF- a levels were
significantly higher in the 60- and 90-day
death groups than in the corresponding
survival groups (Tables 4, 5) . There were
no significant differences in the endotoxin
levels between the 60-day death and
survival groups or between the 90-day
death and survival groups.

iV. Discussion

Inducible nitric oxide synthase (iNOS) is
induced by the stimulation of inflamnmatory
cytokines and endotexin in macrophages,
neutrophils, vascular endothelial cells, airway
epithelial cells and alveolar epithelial cells,
and produces a large amount of NO. NO
reacts with superoxide (0, ) to produce
peroxynitrite (ONOQ ™). Peroxynitrite
itself is toxic, and hydroxyl radicals (+OH)
generated form peroxynitrite have even
higher toxicity and are known to damage
not only bacteria and tumor cells, but also
normal pneumocytes, thereby acting against
fiving bodies™ . _

Administration of stercids has also been
reported to inhibit the induction of iNOS,
thereby suppressing lung damage™ .
Also, administration of the iNOS
antagonists, aminoguanidine (AG) and
S-methylisothiourea sulfate, has also been
reported to inhibit ARDS expression as well
as iNOS activity, in a canine model of ARDS
#  Because NOS inhibitors suppress the
formation of edema induced by various stimuli
in lung tissue, NO is speculated to be involved
in the formation of inflammatory edema.

The relationship between INOS and other
NOS isoforms, ie., endothelial NOS (eNOS)
and neuronal NOS {(nNOS) , has not been
well understood, but Jeremy et al.” have

reported that AG administration inhibited
iNOS and induced recovery of reduced
eNOS and nNOS in a rat model of sepsis.
The regulatory mechanisms of the 3 NOS
isoforms, mainly by NO, is expected to be
elucidated In the future.

To date, many clinical reports have
shown the involvement of iNOS and NO
in the pathogenesls of ALI and ARDS, and
their relationship with various humoral
mediators has also been suggested #1452
Cells circulating in blood vessels, such
as neutrophils, platelets and monocytes,
and cells in the lung tissue, such as
macrophages, vascular endethelial cells and
alveolar endothelial cells, are known to be
involved in the development of lung injury
seen in ALI/ARDS, In sepsis, endotoxin
and other mediators are released into the
blood, which activate complement and
macrophages, producing TNE, interleukin- 1
(IL-1) , IL-8, etc, which, in turn, activate
neutrophils. Activated neutrophils produce
reactive oxygen species and macrophages
also produce NO™ ., A strong negative
correlation was found between the P/F
ratio and serum NOzx levels in the present
study. Namely, if the P/F ratio is low,
serum NOx levels are high, suggesting the
involvement of NO in the development
of lung injury. In addition, a positive
correlation was found between the TNF-
a and serum NOx levels, as in a previous
study'? , suggesting that TNF- a may be
involved in NO production. A significant
negative correlation was found between
the serum NOx levels and the P/F ratio,
consistent with previously reported results
from animal experiments ®*' . However, it
Is unclear whether NO is directly involved
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in the development of acute lung injury.
It has been reported that synergistic or
additive effects of endotoxin and cytokines
are important for the development of septic
shock™ , and it is possible that endotoxin,
together with cytokines, whose production it
induces, may he involved in NO production.
Also in the present study, there were no
significant differences in the endotoxin
positivity rate, ie, the rate of endotoxemia,
or in the endotoxin levels between the ALI
and ARDS groups. :

The mortality rate of ALI/ARDS was
previously said to be 30 to 40% *
However, a recent study has reported that
the mortality has declined to the range of 20-
20%* | Recently, we reported that the 30-
day mortality rates of patients with ARDS
and AL were 19.5% and 23.0%, respectively,
in 168 patients with ALI/ARDS in the
Tohoku district, Japan®™ , In addition, Oda
et al. have reported, based on a study of 79
patients with ALI/ARDS, that the 28-day
mortality rate of ALI/ARDS was 31.6% % .

In the present study, the 30-, 60- and
90-day mortality rates in the 46 patients
with ALI/ARDS were 8.7%, 15,2% and
19.6%, respectively, which were almost
the same as the mortality rates reported
in our recent study on the relationship
between ALI/ARDS and high mobility
group box 1 (HMGB1) and between ALY/
ARDS and interleukin-18 ¥* | Considering
the APACHE II score of 30 # 9 and SOFA
score of 11 = b, the mortality rates of
the patients seemed to be.very low in the
present study. We aimed at collecting blood
samples within approximately 3 hours of
the diagnosis of ALI/ARDS, that is to say,
the treatment was Initiated at an early

stage, and good results were considered to
be obtained as a result. In addition, there
were no slgaificant differences in the 90.day-
mortality rates between the ALI and ARDS
groups. Namely, the findings suggest that
the P/F ratio alone at the time of diagnosis
of ALI/ARDS does not allow precise
prediction of the prognosis.

There were no significant differences
in the P/F ratio, APACHE II score, SOFA
score, serum NOx levels or TNF- a levels
between the 30.day survival and death
groups. The P/F ratio, APACHE II score,
SOFA score, serum NOx levels and TNF-
a levels were significantly higher in the
60- and 90.day death groups than in the
corresponding survival groups. It appeafs
that if the early NOx values are high, the
tissue and cell damage caused by NOx is
severe. The NOx values gradually declined
even in the group that died, but they
declined more slowly than in the group
that survived. That is why death can be
prevented by multidisciplinary treatment in
the first 30 days, if the early NOx values are
high. However, as one might expect, there is
a limit, and when 30 days have passed, there
appears to be a higher likelihood that organ
dysfunction attributable to the tissue and
cell damage caused by NOx will develop,
and death will ensue.

Thus, our findings suggest that the P/F
ratio, serum NOx levels and TNF. a levels
in the early phase of septic ALI may be
only weakly related to death up to day 30,
but more strongly related to death after day
60. However, the endotoxin levels in the
early phase of ALI were not related to the
mortality up to day 90.

In the present study, 9 out of 46 patients
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with septic ALI/ARDS (19.6%) died,
and the causes of death were MODS in 7
cases and heart failure in 2: As reported
previously * -
very few patients died of ARF alone.
Therefore, It would be important to prevent
the development of MODS associated with
ALI/ARDS for reducing mortality rates,
as pointed out by Suchyta et al.® For this
purpose, jt is considered necessary to initiate
multidisciplinary treatments from as early
a stage as possible, considering that ALL/
ARDS occurs acutely and progresses rapldly.

Serum NOx levels at the onset of septic
ALI were strongly correlated with the
APACHE Ii and SOI'A scores, suggesting
that NO may be strongly involved in the
pathogenesis of sepsis,

. it was confirmed that

NO appears to be involved in the
pulmonary oxygenation capacity in ALY/
ARDS. There were no significant differences
in the mortality rates between the ALI
and ARDS groups. The 30-, 60- and 90-
day mortality rates were 8.7%, 15.2% and
19.6%, respectively, in the 46 patients with
ALI/ARDS.
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2R

septic acute lung injury (ALI) /acute respiratory
distress syndrome (ARDS) % 4 8 Bl 9 nitelte/
nitrate (NOx) #IZDWCIRIL A, ALT BRI L
T ARDS BTt NOx f#, tumor necrosis factor a
(TNF- @) HWFROFREBHE LR L. Pa02/
FI02 (P/FF ratio) & NOx Iz 12 A O OB {8t
Aol Ei, TNF effid NOx @MIZIZIED
HEREEA 2 B/, ALIZARDS @ 30 HEE L
87%, 60 H3ETH X 162%, 90 HILTHER 106%

Thot 30HHECTIE, ALl ZARDS RSN
9 P/ ratio, NOx{f, B & CFTNF- affiiiv§i
LA EBURHNTERRASA Lo ALY
ARDS S350 @ P/F ratlo, NOx {4, B & U TNF-
affizGORH, OBHT, ®AFHIHLCHECEH
MeHBfichol. ALIERE ARDSHTIZ00 A%
CORCHIEFRER IR B Eho 2, ALIVARDS
Sl NOx AESS L CwaMisEhtRR s hie,
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