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Understanding the pathogenetic mechanisms of SIRS and sepsis
and development of innovative therapies of sepsis
Naoki Aikawa, Seitaro Fujishima
Emergency and Critical Care Medicine, School of Medicine, Keio University

Abstract

The concept of systemic inflammatory response syndrome (SIRS) was introduced in
1992 to define and objectively diagnose sepsis. Over the last decade, the definition of sep-
sis has been used for inclusion criteria of multicenter trials to develop innovative therapies
of sepsis. With the recent understanding of the pathogenetic mechanisms of sepsis, many
drugs have been tested, but only two drugs (activated protein C and neutrophil-elastase
inhibiter) have been approved for clinical use in sepsis or SIRS. Further understanding of
basic pathophysiology of SIRS and sepsis holds promise to develop a new therapeutic strat-
egy to improve survival of patients with SIRS and sepsis.

Key words: SIRS, sepsis, cytokine storm, innovative therapy
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O Abstract—Japan is at a crossroads in the development of
its Emergency Medical Services (EMS). At present, Japan
has an essentially pure scoop-and-run, defibrillation sys-
tem. However, there is a strong movement toward expand-
ing the scope of paramedic practice to include more com-
plex, Advanced Life Support (ALS) and trauma protocols
to its nationally standardized pre-hospital protocols. The
implications of introducing complex pre-hospital protocols
guided by the use of existing scientific evidence to support
such action is discussed in the context of Japan’s unique
opportunity to test many fundamental questions in pre-
hospital medical care and the public’s understanding and
acceptance of these practices. Japan, a technologically ad-
vanced country that is not encumbered by entrenched
“standards of care,” has the opportunity to develop an
efficient and rational EMS system. © 2005 Elsevier Inc.

0O Keywords—EMS; pre-hospital; Japan; paramedic

INTRODUCTION

Japan, a technologically advanced country of 130 million
citizens, has a national Emergency Medical Services
(EMS) system comprised of highly trained Emergency
Life Support Technicians (ELST) whosc complete pro-
tocols appear on six faces of a small, folded card con-
taining the essence of their scoop-and-run-defibrillate
pre-hospital philosophy. ELSTs in Hokkaido, Kyushu, or
giant Tokyo—regions and cities differing in geography,

transport distance, and epidemiology—are bound by the
same protocols. A Japanese ELST can defibrillate ven-
tricular tachycardia, perform CPR, and insert an oral-
esophageal airway in a patient with no detectable vital
signs. An ELST does not administer any drug, except for
oxygen. On more than several occasions, we have heard
and read that Japanese ELSTs and the Japanese public
feel the pre-hospital scope of practice is severely limited
compared with their counterparts in North America and
other countries in the western hemisphere (1).

This is not altogether surprising. By contrast to the
Japanese ELST, a comparably certified paramedic in
New York City, population 8 million, has at least 58
separate protocols (2). Fresno County, California, which
has a mixed rural, suburban and urban environment, has
a population of just 750,000 people. Paramedics serving
this diverse area have over 36 protocols, which run the
gamut of advanced cardiac life support to the treatment
of bums, snakebite, and seizures (3). Paramedics in
Fresno, New York City, San Francisco or Houston,
Texas can administer any one of 30 or more medications
(from aspirin, adenosine, amiodarone and morphine ail
the way to terbutaline and verapamil) based on protocols
developed and elaborated by EMS programs starting in
the late 1960s and early 1970s. A paramedic in Maine or
Sacramento, California can perform naso-tracheal intu-
bation, a cricothyrotomy or decompress a tension preu-
mothorax using a thoracostomy needle. All U.S. para-
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medics can instill intravenous fluids in the sctting of
hypotension and trauma, yet, the evidence for the bene-
fits of pre-hospital management of trauma using intrave-
nous fluids remains controversial (4). Similarly, no clin-
ical trial has yet proven that epinephrine or amiodarone
improves survival to discharge from the hospital and the
most rigorous clinical trials to date only suggest that
endotracheal intubation might have a beneficial effect on
overall survival in the setting of cardiac arrest, despite
well-known and common complications associated with
the procedure (5,6). In some regions of the United States,
many pre-hospital practices are being scrutinized, with
some being withdrawn or curtailed as data on the inef-
ficacy or danger of certain pre-hospital practices have
emerged (7-10). )

In this article, comparisons of health care economics,
health care culture, epidemiology, and topics such as
continuous quality improvement (CQI) are generally
avoided, though useful tools for comparison do exist
(11). Although our focus is the scientific basis for devel-
oping EMS in Japan, it is important to recognize that
politics, the emotional and economic cost to society,
corporate financial profits, and decisions about what pre-
hospital system is right for Japan all enter the equation.
We emphasize that in Japan, EMS is an entirely publicly
funded service and patients do not individually pay the
expense of their ambulance ride to the hospital. Thus, the
economic significance of expanded practice, training
costs, and utilization are not small.

The development of EMS in Japan has some temporal
and philosophical parallels to that in North America. The
Meiji Empress founded the Japanese Red Cross during the
Reformation and Japanese physicians developed field treat-
ments for the sick and wounded during their wars and
natural disasters of the 19 and 20% centuries (12). The first
ambulance services were started in pre-World War I days
by the Tokyo Police Department and were intended for
trauma, rather than medically ill victims. In 1935, there
were six ambulances in the old Tokyo City. In 1961, the
first designated hospitals providing 24-h emergency ser-
vices were assigned (13,14). The impetus for increased
emergency services was twofold. First, an increase in the
economic power of Japan was represented by an increase in
car ownership—and in fatal car accidents, as well as a
successful bid to host the 1964 Olympics. Thus, the first
great expansion of ambnlance services and designated
emergency facilities was organized with the 1964 Tokyo
Olympics in sight (15). Through the 1960s and into the
early 1970s, emergency medical care in Japan was domi-
nated by surgeons (14). It was not untif 1973 that the Japan
Association of Acute Medicine (JAAM) was founded,
largely by surgeons, ironically with little collaborative ef-
fort between surgeons, intensivists, internists and members
of other specialties wishing to provide comprehensive

emergency services in dedicated emergency departments
(EDs). In 1991, members of JAAM, other dedicated phy-
sicians, citizens and politicians collaborated to implement
the Emergency Life Saving Technicians (ELST) Act (13).
That same year saw the introduction of the privately and
publicly funded Foundation for Ambulance Development,
Japanese EMS, in contrast to the U.S. EMS system, is a
government-sponsored service managed through the aus-
pices of the Fire Department. In 2001, there were approx-
imately 5517 ambulances (16). In contrast to U.S. EMS
systerns, even those run by fire departments, patients calling
119, the national equivalent to the U.S. 911, are not charged
for the service of transportation to the ED.

In 2002, approximately 207 ambulance units of the
Tokyo Fire Department, alone, made 629,883 runs in
response to “119” calls. Of these, more than 50% were
made for patients over the age of 50 years (17). Thus, as
the Japanese population ages, the nation faces an impor-
tant issue: What is the agenda for the future of EMS in
Japan?

Two recent events have pushed the EMS development
agenda to the forefront of the Japanese public’s con-
sciousness. The first event was in Akita City, where the
practice of endotracheal intubation was being performed
illegally by pre-hospital ELST units for several years.
‘When this was revealed, and the paramedics indicted, the
citizens of Akita City regarded the paramedics as heroes,
stirring debate about their professionat fates and the
“backwardness” of Japanese EMS. A second occurrence,
in November 2002, was the tragic, sudden cardiac death
of Prince Takamadonomiya at the Canadian embassy in
Tokyo. As a result, there has been public outery to
expand the scope of practice in Japanese EMS from its
basic life-support-based system.

In response to these events, and recent research in Osaka
Prefecture and Tokyo, the Ministry of Public Management
and Home Affairs, along with Japan Medical Association
and JAAM, formed three committees to address fundamen-
tal issues of EMS practice in Japan (18,19). The three
committees are for: 1) defibrillation by paramedics, 2) en-
dotracheal intubation, and 3) the use of drugs. Each com-
mittee is composed of 9 to 10 individuals representing
different specialties and sectors of society. For example, the
defibrillation committee was composed of two physicians
from Emergency Medicine, one pediatrician and one from
the Japanese Medical Society. In addition, there was one
legal advisor, two members from the fire department and
two from related bureaucracies.

COMMENTARY

Until the death of the beloved cousin of the Emperor,
ELSTs could not defibrillate without consent of a base
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hospital physician. This event. and the abundam data
supporting the use of rapid defibrillation to save lives in
the sctting of cardiac arrest, accelerated the policy of
defibrillation without calling into the base hospital (20-
22). Since April of 2003, Japanese ELSTs have been
interpreting, with the aid of interpretive computers, car-
diac monitor rhythm strips in the setting of pulseless
ventricular tachycardias and fibrillation. However, Japa-
nese paramedics are still highly restricted in their scope
of practice. They are trained in the basics of advanced
life support (ALS) and basic trauma life support (BTLS).
Thus, they may maintain and protect the airway using the
bag-valve-mask (BVM), laryngeal mask airway (LMA),
or esophageal obdurator airway (EOA, similar to com-
bitube), but only in the setting of cardiac arrest. Because
they are now permitted to defibrillate without consulting
a base-hospital physician, ELSTs may avoid life-threat-
ening delays in the use of semi-automatic defibrillators,
Consistent with other interventions in the Japanese EMS
system, ELSTs may only start intravenous lines and
administer lactated Ringer’s solution in the setting of
cardiopulmonary arrest. These restrictions in practice
are in sharp contrast to the wide variety of interven-
tions used in North America.

Our observation is that in Japan, there is building
pepular and political pressure to rapidly expand the
scope of practice of ELSTs to be more comparable to that
of North American paramedics and other western EMS
systems. Although appealing, this is bound to be an
expensive and controversial undertaking. By expensive,
it is meant threefold: in economic, social and profes-
sional terms. By controversial, we mean that many of the
general practices of pre-hospital ACLS and BTLS, al-
though appealing and empirically useful, have not nec-
essarily been proven effective by prospective studies
and, at this time, the most rigorous data are lacking
(5,6,23-31). Thus, in the United States and in North
America in general, there are 30 to 50 protocols for any
paramedic to choose from in any given situation——many
of which probably do not require attention in the span of
an ambulance’s arrival and delivery of the patient to an
ED, especially in an urban setting with short transport
times. The most fundamental questions in pre-hospital
care seem to have the same foci: how much to do at the
scene of an accident, a cardiac arrest, an acute exacer-
bation of a chronic illness? For most prehospital inter-
ventions, there is little evidence of a positive effect on
outcome (23,31). However, shorter prehospital time—
inherent in scoop-and-run systems such as that in Japan,
has been shown to be a critical factor for patients with
cardiac arrest and trauma activation of prehospital
systems (32.33).

Japanese ELSTs, as well as many medical doctors, are
professionals who truly believe that expanding their

scope of practice will result in lives saved. All medical
professionals, doctors and emergency life-saving techni-
cians alike, are sincerely dedicated to the proposition that
our first duty is not to harm the patient. Many members
of the medical profession in Japan have met proposed
expansions of EMS services with skepticism and resis-
tance. Because policies are set at a national level, all
cities and prefectures are subject to the policies set by the
Ministry of Health. Many involved in pre-hospital med-
ical services in Japan may harbor resentment toward the
medical profession, which can be perceived as holding
back EMS development for reasons not entirely related
to patient care. It is our opinion that in the long run, the
best chance to help patients and not harm them is to test
each proposed intervention in a randomized (and when
possible, blinded), controlled trial (RCT). This type of
testing is the gold standard of clinical inquiry and min-
imizes bias. For conditions such as cardiac arrest, mean-
ingful endpoints such as “survival to discharge” would
be used, rather than the dubious “return of spontaneous
circulation (ROSC)” or “survival to admission™ (5,23,24).

We know from Japan's centralized, Utstein-based EMS
databases that 5517 ambulance units made 4,399,195 runs
in response to “119” calls in 2001. The mean response
time from call to arrival on scene for 4,399,195 ambu-
lance runs was 6.2 min (35). In the year there were
88,058 out-of-hospital cardiac arrests (16). Japan's EMS
databases and hospital record keeping, and essentially
pure scoop-and-run/defibrillate system make it well sit-
uated to perform first-rate pre-hospital science.

Thus, Japan has an opportunity to test many funda-
mental hypotheses important to the practice of pre-hos-
pital patient care. Though there are legal barriers (e.g.,
nationally uniform pre-hospital practice laws that pre-
vent local and regional clinical trials), and perhaps cul-
tural ones as well, there is no standard of care to interfere
with the ethical performance of randomized controlled
clinical trials of interventions such as endotracheal intu-
bation vs. “simple” hyperventilation by BVM, LMA or
comnbitube. Similarly, there is no technical barrier to a
trial of epinephrine vs. placebo. Even landmark studies
such as the OPALS series from Canada have had to use
retrospective controls (whose results are subject to the
Hawthorne Effect type biases) (6,21,22,32). In Japan,
methodological shorteuts can and should be assiduously
avoided when possible and validated tools, such as the
Utstein template and true randomization, should be stan-
dard and, fortunately, are already the basis for record
keeping by Japanese ESLTs and their base hospitals (36).

The public, anywhere in the world, expects and de-
serves the protection that effective government oversight
provides. Many arguments have been put forth suggest-
ing that endotracheal intubation, vasopressors and anti-
dysrhythmics, applied in certain pre-hospital settings,



240

M. R. Lewin et al.

may save lives (36,37). These interventions deserve the
most rigorous scrutiny and testing (25).

Other interventions, such as pre-hospital administra-
tion of anti-seizure medications, oral dextrose for hypo-
glycemia, and morphine for the pain of a fractured long-
bone indeed may be convenient and warrant less
scrutiny, while broadening the repertoire of Japanese
ELSTs in the field. The tenets of evidence-based medi-
cine suggest that evidence from research is only one
component to be considered in clinical decision-making,
with individual clinical circumstances, patient and citi-
zenry preferences, and clinician’s expertise determining
therapeutic action or restraint. When rigorous scientific
evidence is lacking, yet years of clinical experience and
acumen suggest an intervention is effective and safe, it is
reasonable 1o try that intervention until there are data to
suggest otherwise.

In the broader picture, basic questions are: whose
judgment and under whose control will protocols be
driven, based on what quality of evidence? How much
money will be dedicated to research and how much time
is needed for that research? Who will be accountable
when patients come to harm through ELST error and
how will policy disagreements be handled at a national
level? (10.38) New interventions such as endotracheal
intubation and the administration of potentially danger-
ous medications increase the complexity of the ELST’s
or paramedic’s curricula and will likely add significant
expense to the publicly funded pre-hospital system. In
the United States (even with rapid sequence intubation),
misplaced endotracheal tubes and multiple intubation
attempts in the field are a common and dangerous oc-
currence (39-42). The limited clinical experience of
technicians, lack of evidence for positive effects on out-
come, and the prolongation of scene times the more
interventions are introduced should be primary consid-
erations before the scope of EMS practice is broadened.
Furthermore, skills requiring the most technical knowl-
edge—and judgment—deteriorate fastest, thus increas-
ing danger to patients before they have ever arrived in the
hospital where larger teams can work together with the
ELSTs to clarify the patients’ needs (43). Everyone
needs to consider, also, the cost of expanded protocols in
terms of drugs, equipment acquisition and maintenance,
as well as extra training and re-certification costs. In
Japan, if ESLTs are to start giving medications, their
legal status as healthcare providers certified to do so will
need to be revisited.

The “Chain of Survival” concept that is generally
embraced should be based on rigerous evidence that the
chain, in fact, improves survival and minimizes harm
(44). In North America, we have a system that is based
at least as much on tradition as on evidence. Invasive
field procedures and risky medications may be overused

due to the so-called “technical imperative.” The technical
imperative has been expressed as, “if a procedure can be
taught, it will be used with a frequency greater than its
indication” (45). Any system introducing new practices
should consider this pitfall with the greatest of attention
not only to the risks and benefits of such practices but to
the adversarial relationship that may be created among
physicians, nurses and paramedics (45).

Fortunately, there has been a recent surge in high
quality pre-hospital research that might clarify long-
standing controversies in EMS practice (7,21,22,32,44).
Some research, which has been performed with rigor,
could still introduce new practices prematurely due to
overenthusiastic endorsement or over-interpretation about
its applicability (46—48). Thus, individual studies show-
ing promise for a particular therapy should be repeated
before being put into general practice and sub-group
analyses showing significant effects should be viewed
with caution, though the finding may be excellent for
hypothesis generation (48).

Opportunities for international collaboration to further
the development of EMS in Japan, for its benefit and that
of the rest of the world, abound. The results of systematic
and rigorous scientific inquiry will surely benefit all
Japanese citizens and help enlighten the practice of EMS
worldwide. With good public education and a rational
approach to EMS development, there is good reason for
optimism that victims of cardiac arrest and other criti-
cally ill patients can be given optimal treatment or ther-
apeutic restraint to optimize survival in the out-of-
hospital setting (6,8,49). However, before the people of
Japan commit vast amounts of time, money and emotion
to an expanded EMS system, we urge caution and sci-
entific rigor.
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Abstract

Phospholipid vesicles encapsulating Hb (Hb-vesicles: HbV) have
of the safety evaluations, we analyzed the influence of HbV on th

been developed for use as artificial O; carriers (250 nm ¢). As one
¢ organ functions by laboratory tests of plasma on a total of 29

analytes. The HbV suspension ([Hb]=10 g/dl) was intravenously infused into male Wistar rats (20 ml/kg; whole blood = 56ml/kg).
“The blood was withdrawn at 8h,and 1,2, 3, and 7 days after infusion, and the plasma was ultracentrifuged to remove HbV in order
to avoid its interference effect on the analytes. Enzyme concentrations, AST, ALT, ALP, and LAP showed significant, but minor
changes, and did not show a sign of a deteriorative damage to the liver that was one of the main organs for the HbV entrapment and
the succeeding metabolism. The amylase and lipase activities showed reversible changes, however, there was no morphological
changes in pancreas. Plasma bilirubin and iron did not increase in spite of the fact that a large amount of Hb was metabolized in the
macrophages. Cholesterols, phospholipids, and f-lipoprotein transiently increased showing the maximum at 1 or 2 days, and
returned to the control level at 7 days. They should be derived from the membrane components of HbV that are liberated from
macrophages entrapping HbV. Together with the previous report of the prompt metabolism of HbV in the reticuloendothelial
system by histopathological examination, it can be concluded that HbV infusion transiently modified the values of the analytes
without any irreversible damage to the corresponding organs at the bolus infusion rate of 20ml/kg.

© 2003 Elsevier Ltd. All rights reserved,
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1. Introduction

Liposomes or phospholipid vesicles have been exten-
sively studied for the application of drug delivery
system, and some are now approved for a clinical use
as antifungal or anticancer therapies [1]. Another
promising application is to use vesicles for encapsulating
a concentrated human Hb. The resulting Hb-vesicle
(HbV) can serve as an Oz carrier with ability compar-
able to red blood cells (RBC) [2-4]. The advantages of
the Hb-based O, carriers (HBOCs) are the absence of
blood-type antigens and transmission of known and
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unknown blood-borne disease, the possibility to im-
prove the rheological properties of blood flow according
to the needs of patients, and stability for long-term
storage. These characteristics will make it possible to use
the HBOCs both in elective and emergency situations
[5.6]. In this sense, the infusion of HBOCs becomes
superior to the conventional blood transfusion that still
has the potential of mismatching, infection such as HIV
and hepatitis virus, and the problems of only 2-3 week
preservation period. The acellular Hb modifications
including polymerized Hb and polymer-conjugated Hb
are now undergoing the final stages of clinical trials
[7.8]. However, the cellular structure of HbV (particle
diameter, ca. 250nm) most closely mimics the char-
acteristics of natural RBC such as the cell membrane
function of physically preventing direct contact of Hb




