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Abstract

We investigated the plasma levels of cytokinesymokphonuclear elastase (PMN-E) and
endotoxin in 83 patients with septic acute lunguinj(ALI) or acute respiratory distress
syndrome (ARDS) in the early stage after onset.rékalts revealed that the plasma levels of
tumor necrosis factoo (TNF-0), interleukin 8 (IL-8) and PMN-E were all signiéintly
higher in the ARDS group (n = 48) as compared wuitbse in the ALI group (n = 35).
Complications by septic shock occurred in 42.9%hefALl patients and 85.4% of the ARDS
patients. The overall 30-, 60- and 90-day mortatittes from ALI/ARDS were 4.8%, 10.8%
and 12.0%, respectively.

The PaQ/FIO, (P/F ratio) and plasma levels of TN&-L-8 or endotoxin in the early stage
after the onset of ALI /ARDS did not significanttiiffer between the survivor and non-
survivor groups at 30 days. However, the P/F ratid plasma levels of TN&; IL-8 and
PMN-E in the early stage after the onset of ALI ARwere significantly higher in the non-
survivor groups than in the corresponding survigmups at 60 and 90 days. No significant
differences in the plasma endotoxin levels weresthdietween the survivor group and the
non-survivor group. The present data suggest tissilpitity that the serum levels of TNE-
IL-8 and PMN-E measured in the early stage of ARIAS may serve as useful predictors of

the long-term prognosis.
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[. Introduction

Acute respiratory failure in patients with sepsevelops prior to the onset of acute lung
injury (ALI) or acute respiratory distress syndro(@&RDS). ALI and ARDS are non-specific
reactions to diverse local and systemic disordeepticemia is one of the most universally
known prodromal symptoms of ALI/ARDS. It has been started that the causes of sepsis
most profoundly related to the development of AIRIBS are pulmonary and intraperitoneal
infections®. ALI/ARDS has been estimated to occur in 25 to 4@Mpatients with sepsis,
with further increase of the incidence associatéti persistence of the shock stiteAcute
respiratory failure complicating sepsis is oftecagnized as a systemic process leading to
multiple organ failure.

The etiology of ALI/ARDS is complex, and we haveaeed on several humoral mediators,
primarily cytokines, which might possibly be invely in the development of septic
ALI/ARDS *". We have also reported elevations of the plasmeldeof many mediators,
such as inflammatory cytokines and polymorphonuctgastase (PMN-E), in patients with
septic shock &9

The reported mortality rate from septic ALI/ARDSiImsthe range of 30 to 70%, which has
essentially remained the same for over 30 yearedinis disorder was first described ™
although some studies have demonstrated improveofetite survival raté®. However,
according to a recent report, septic ALI/ARDS stidis a poor prognosid. We reported 30-
day mortality rates from ALI and ARDS of 11.4% aR@.4%, respectively, in our recent
survey of 158 ALI/ARDS patients in the Tohoku distrof Japan*®. In a survey of 79
patients with ALI/ARDS reported by Oda et al., @@ -day mortality rate from ALI/ARDS
was 31.6%".

In the present study, we investigated the relahigpssbetween the serum levels of tumor



necrosis factoo (TNF-0), interleukin 8 (IL-8), PMN-E and endotoxin (ET)easured in the

early stage of septic ALI/ARDS, and the survivalgmosis.

[I. Subjects and Methods

Consent for participation in this study was obtdifrem the patients or their families. This
study was approved by the Ethics Committee of IMéeical University.

Sepsis was diagnosed in accordance with the Disigrosteria of the American College of
Chest Physicians/Society of Critical Care Medid@imnsensus Conference Committ8e

Diagnoses of ALI/ARDS in this study were made is@dance with the criteria reported by
Bernard et af*”, according to which ALI is diagnosed when the F&E; ratio (P/F ratio) is
=200 but <300, and in this study ARDS is diagnoseémthe P/F ratio is <200.

The Acute Physiology and Chronic Health Evaluatimore (APACHE Il score}® and
Sequential Organ Failure Assessment score (SOF&)scbwere employed for grading the
severity of the patients’ clinical condition. Theverity grading was performed through
consultation among a plurality of acute medicinecsglists qualified as infection control
doctors.

The study population comprised 83 tracheally intebgatients with APACHE Il scores of
=15, in whom blood sampling was feasible within ab@uhours of the diagnosis of
ALI/ARDS, during the 5-year period from April 20@6 March 2011. There were 35 ALI
patients and 48 ARDS patients, with a mean age af612.9 years. The underlying disease
was panperitonitis in 54 patients, burns in 11gyds, pneumonia in 9 patients, polytrauma in
6 patients, and drug intoxication in 3 patients.

Treatment of sepsis and associated septic shoskerdinated intravascular coagulation

(DIC), etc., consisted of generally prescribed @peutic measures. Treatment of MODS also



consisted of generally prescribed conventional ajpentic measures to combat various
pathophysiologic states.

Respiratory management for ALI /ARDS was carrietaa tidal volume of 8 to 10 mL/kg
and a positive end-expiratory pressure (PEEP)tof B2 cmH20. Patients received sivelestat
sodium hydrate at 0.2 mg/kg/h during tracheal iatidm and over 1-2 hours after removal of
the endotracheal tube. The maximum duration of adhtnation of sivelestat was 14 days.

Sample collection was performed using a heparinizaatlotoxin-free syringe within
approximately 3 hours of the diagnosis of ALI/ARD®@mediately after they were drawn, the
samples were centrifuged at 3000 rpm for 40 sectmdsparate platelet-rich plasma (PRP),
which was immediately assayed for ET. The PRP wa®d frozen at -8 until assay for
TNF-a, IL-8 and PMN-E.

TNF-a and IL-8 levels were determined by enzyme-linkeanunosorbent assay (ELISA)
(TFB, Inc., Tokyo, Japan), their determination tifeéing set at 3 pg/mL.

PMN-E was also quantitated by ELISA (Merck, Darrdst&ermany). Its normal range was
21-165 ng/mL.

ET was measured on a Toxinometer (Wako Pure Chénmdastries, Ltd., Osaka, Japan)
using Limulus HS-T Single Test Wako (Wako Pure Cigaimindustries, Ltd., Osaka, Japan),
an ET-specific assay systéf The cutoff value for endotoxemia was set at /i .

The unpaired-test was used to test the significant differene@s| Pearson’s formula was
used to test significant correlations. Tletestwas used for comparison of significant
difference between the groups, and the log-rankhaotktvas used for testing the significance
of survival curves. A p value <0.05 was used as phabability value for significant

differences in all of the tests.



[ll. Results

For the 83 cases of ALI/ARDS, the mean APACHE brscwas 28.5, and the mean SOFA
score was 10.5.

There were 35 ALl patients and 48 ARDS patientbl@d).

The age and ET levels were somewhat higher in tR®% group than in the ALI group,
although there was no significant intergroup ddfege in either of the parameters. The
APACHE 1l score, SOFA score, P/F value, THHevel, IL-8 level and PMNE level were all
significantly higher in the ARDS group than in #kl group.

Fifty-five patients developed septic shock, while temaining 28 patients did not (Table 2).
Thus, ALI/ARDS was complicated by shock in 66.3%atif cases (55/83), but not in the
remaining 33.7% (28/83), the difference being stally significant (p < 0.0001). The
shock-complicated group exhibited significantlyheg values of all the assessed parameters,
except ET, than the non-shock-complicated groug EM levels tended to be higher in the
shock-complicated group as compared with thosehm non-shock-complicated group,
although the intergroup difference did not reaetistical significance.

For the ALI and ARDS groups combined, the over@H, $0- and 90-day mortality rates are
shown in Table 3. The overall 30-day mortality rais 4.8%, 60-day mortality rate as 10.8%,
and 90-day mortality rate was 12.0%.

In a comparison of the parameters between thewarrand non-survivor group at 30 days,
age was found to be the only parameter that ddfeignificantly between the two groups,
being significantly higher in the non-survivor gpothan that in the survivor group (Table 4).

Comparison of the parameters between the surviadr reon-survivor group at 60 days
revealed significantly higher values of all of tharameters, except ET, in the non-survivor

group as compared with those in the survivor grftable 5). As for the ET levels, they



tended to be higher in the non-survivor group ttiese in the survivor group, although the
intergroup difference did not reach statisticahgigance.

Comparison of the parameters between the surviadr reon-survivor group at 90 days
revealed significantly higher values of all the graeters, except ET, in the non-survivor
group as compared with those in the survivor greupilar to the data for day 60.

In the early stage after the onset of ALI/ARDS,(89.0f the patients (49/83) presented with
endotoxemia (E® 1.1 pg/mL).

There was no significant difference between thé&Ryroup and the ALI group in overall

90-dau mortality (Fig. 1).

IV. Discussion

Cytokines are secreted from a variety of cells.h#is been demonstrated in several
experimental models that TN&-among others, causes pulmonary disorders, augnieat
effects of other mediators, and has preclottingviggt which can influence the development
of microthrombosis in the lung 22 Both TNFa and IL-13 not only increase neutrophil
degranulation, reactive oxygen species (ROS) ptamlu@nd lysozyme liberation, but also
induce an increase in the synthesis of chemotéatiors for endothelial adhesion factors,
neutrophils and monocytés.

Several studies have shown that the levels of @iNdd other cytokines in the BALF are
elevated in early-phase and late-phase ARDS patiéntThe mortality rate is higher in
ARDS patients with higher plasma TNF{evels on the 1st hospital day and persistent
elevation of the levels for a long period of tinhan in those with lower plasma TNFlevels
at the onset and rapid decline of the levels thiene®’. It is thus inferred that cytokines

adversely affect the endothelium and epidermisatgsse an increase in their permeability in



the early stage of ARDS and interact with fibrobdasvhich facilitate fibrosis in the late stage
of the syndromé&* 2

The present data indicate that the more severeetigratory distress, the higher the plasma
TNF-a and IL-8 levels, and suggest the possibility lasma TNFa and IL-8 levels in the
early stage after the onset of ALI/ARDS may be r@tyorelated to the 30-day survival
prognosis, but definitely serve as late-stage poetia factors for 60-day or 90-day survival.

Inflammatory cytokines are widely recognized to éaa profound bearing on the
development of septic shofk?®. It is also universally recognized that septicckhoan be
complicated by ALI/ARDS, and the present data iathca significantly higher incidence rate
of ALI/ARDS and elevated plasma TNfand IL-8 levels in the shock-complicated group.

PMN-E liberated from neutrophils has become theugoaf interest and investigation as an
etiologic factor for lung disorders associated vBIRS?®. Elastase has proteolytic effects on
pulmonary connective tissue proteins such as elastilagen, fibronectin and proteoglycan,
and a vascular permeability-enhancing effect, dsd mduces the production of leukocyte
chemotactic factors (C5a and IL-8). It has beentep that pulmonary disorders are induced
via these effects of PMN-E; high elastase levetsdmtected in the BALF of ARDS patients,
and the elastase elevation has been reported torbelated with depression of pulmonary
function. The present authors also reported elenstiof the serum IL-8 and PMN-E in
patients with ALI/ARDSY. There is the possibility that TN IL-8 and PMN-E are each
mutually involved in the production/release of dikers.

As is the case for the plasma levels of Téland IL-8, the more severe the respiratory
distress, the higher the plasma levels of PMN-Eyoalgh its relation with the 30-day
prognosis was remote. The results of our studyesitghat, on the other hand, it may serve as

a 60-day or 90-day late-stage prognostic factor.



Thus, the plasma levels of PMN-E, TNFand IL-8 were all significantly higher in the
ARDS group than those in the ALI group, althoughddlthese elevations showed only a
remote relationship with the 30-day prognosis. Téeems to indicate that, while these
humoral factors might give rise to tissue damagéhe early stage of the disease, various
counterbalancing effects probably prevent deatherearly stage.

As for ET, our previous report documented thatsteim level of ET had no influence upon
the risk of development of septic shdtkand the present data suggest that the seruns lef/el
ET do not reflect the prognosis. When it is consdethat 59.0% of the patients presented
with endotoxemia, however, it is likely that ETrstilated cytokine production in these cases.
The absence of any obvious relation between thars&T levels and the risk of development
of septic shock or ALI/ARDS is considered to beatetl to the patient sensitivity to ET, and
the present data suggest that ET even in tracetijgarcan function as an immunologically
active factor.

In the present series of ALI/ARDS cases, the ov&@l, 60- and 90-day mortality rates
were 4.8%, 10.8% and 12.0%, respectively. Thesesrate remarkably lower than those
reported previously” ' but are considered to be reproducible data, at they are
essentially comparable to the previously obtainei @t our institutiofl, despite the varying
periods.

There were 472 patients with sepsis treated airibigution during the 5-year period of this
survey, of whom 206 patients (43.6%) had ALI/ARDO®e average APACHE Il score was
25.9, and the overall mortality rate was 9.2% (ulighed data). The higher overall 28-day
mortality rate despite the lower severity than ihahe present series seems to be attributable
to a noticeable proportion of the study populatiemg studied after a lapse of time following

the onset of ALI/ARDS.



We do not employ low tidal volumé® at our institution. We make it a rule to perfor@ 4
hour methylprednisolone infusion (41.7 mg/h) at digcretion of the attending physician in
patients showing poor improvement of the P/F riltjcand to have the patients placed in a
prone position for 30 minutes twice daily (in themming and afternoon).

We make it a rule to administer sivelestat sodiuydrate, a PMN-E inhibitor that is
available only in this country, to all patients. llda the STRIVE study?, we believe in the
usefulness of sivelestat sodium hydrdte

Besides, no particular therapeutic measures ottt tonventional therapy for sepsis and
ALI/ARDS are undertaken at our institution.

The gratifying therapeutic results obtained at aaostitution, although subject to
confirmation in future studies, seem to be diretitiiged to the feasibility of early initiation of
treatment via an integrated start-to-finish procges the initial therapeutic approach to
surgery and intensive care management.

Although 10 of the 83 patients died, the cause of death was MODS in 7 cases,
complications of heart failure in 3 cases. It would seem important to prevent the
onset of MODS as a complication of ALI /ARDS in order to decrease the mortality
rate. Consequently, since ALI /ARDS is a pathological condition that has an acute
onset and rapidly progresses, it appears necessary to institute multidisciplinary
treatment as soon as possible in the early stage.

Many humoral factors are considered to be involvetthe development of ALI/ARDS, and
we would like to pursue improvement of our therdjperesults by further investigation of the

relationships of these factors with the pathopHggical states.
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83 fil> septic acute lung injury (ALI)/acute respiratory distress syndrome
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Legends

Table1  Comparison of the background charactesistiche early stage between the ALI
group and the ARDS group

Table 2  Comparison of the background charactesisticthe early stage of ALI/ARDS
between the shock-complicated group and the nooksbomplicated group

Table 3 Comparison of the overall 30-, 60- and 89-thortality rates between the ALI
group and the ARDS group

Table4 Comparison of the background charactesisticthe early stage of ALI/ARDS
between the survivor and non-survivor groups ai&®gs

Table5 Comparison of the background charactesisticthe early stage of ALI/ARDS
between the survivor and non-survivor groups ad®s

Table 6 Comparison of the background charactesisticthe early stage of ALI/ARDS
between the survivor and non-survivor groups at&gs

Fig. 1 Comparison of the overall 90-day mortaligyes between the ALI group and the
ARDS group
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