Protocolized Sepsis Care Is Not Helpful for Patients

Anthony Delaney, MBBS, MSc, PhD, FACEM, FCICM'~

protocol is an accepted or established code of pro-

cedure for a given situation or, more specifically in

a medical context, the established procedure for car-
rying out a course of medical treatment. The publication of
the highly influential study of the early goal-directed therapy
resuscitation protocol for patients with severe sepsis and sep-
tic shock (1) and the subsequent dissemination of the Surviv-
ing Sepsis Guidelines (2) advocating a specific resuscitation
protocol have been important milestones on the current
pathway to reduced mortality for patients with sepsis. As the
mortality rate for patients with sepsis has fallen significantly
over recent years (3), it is tempting to assume that the imple-

mentation of this
in causing the fall in Mortality.

There are however many F€asons to _
fhEEase These include the significant heterogeneity within
the population of patients with S€psis, which essentially-
of therapy. As well,

the[laCKIGFEVIdence that either the COMpoOnents of the resus-
citation protocol or the PFOtOCOl as a WHOIE are associated
with [ffipfoved patient-centered Glifcomes, and the fact that
the [Hprovements inimortality rates for patients with sep-

sis

These reasons all lead to the conclusion that the

protocolized Eare currently being advocated for patients with
sepsis is HOTHeIpfull

Protocolized cate is most applicable to patients whose clini-
cal EOWESE is anticipated to follow a Predetermined pattern and
who have a [iffiited AAmbex of Eomorbidities (4). This is clearly
A6t the case in §€psis. The updated definition of sepsis; [ifé

thireatening organ AySFIRCEHOR caused by a dysregulated host
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response to ififéction, which is operationalized as an increase

in the Sequential OFgan Failiie Assessment score of 2IPOiRts of
more (5), recognizes that the clinical Hianifestations of sepsis

will @8 from patient to patient. This may involve a worsen-
ing of cardiovascular, respiratory, neurologic, hematologic, or
renal function. It is Aifficalf for a SiAgIEProtocol t

datetreatment recommendations to guide clinicians under the

myriad of circumstances that fall under the clinical definition
of sepsis. There is substantial Heterogeneity associated with the

causal [iféCtions @gent, the primary source of infection, the
chronic Eomorbidities of the patients as well as diVersity in the

geneticallj determined host response to infection (6). It is not
possible for a strict protocol to allow for the differing treat-
ment needs of an otherwise healthy young female with urinary
sepsis and a patient with relapsed hematologic malignancy,
and neutropaenic sepsis those with chronic renal disease or
heart failure, who present with severe community-acquired
pneumonia.

In spite of these theoretic obstacles, a single resuscita-
tion protocol for patients has been advocated and is based
on the early goal-directed therapy approach to resuscitation
for patients with sepsis (1). A number of the integral SO~
PONERLS of the resuscitation PrOtOCOl have been assessed and

found not to be associated with improved outcomes. The

liberal use of Pl6Gd TFANSHESION, as used in the early goal-
directed therapy protocol, was associated with [HONproves

in a study of 1,005 patients with severe
sepsis (7). The adoption of a [ieanyarterial bIOOd pressure
- of B5-70MiM Hg was associated with an jncteased
requirement for fenalifeplacement therapy in patients with
PrEEXisting chronic Rypertension in a randomized clinical

trial of 776 patients with septic shock (8), providing evidence

that the Sifiglé blood Pressure farget advocated in the early
goal-directed therapy resuscitation protocol is fiGf neces-
sarily dppropriate for @ll patients with sepsis. Perhaps most

notably, the use of [AfgeVoldmesiof flflid for resuscitation
of patients with sepsis has been recently called ifito qestion

(9). A systematic review of the use of central venous pres-
sure (GVP) to guide fluid management fgither found evi-

dence that @V was a feliablé method to @558 VOIME status
nor fluid FESPORSIVEness (10). Importantly, the results of the
Fluid Expansion as Supportive Therapy study, where the use

of bolus fluid administration was associated with [ficteased
HGFEalify in children with sepsis in Bffi€d, also raises doubts
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regarding the use of large volumes of fluid in the early resus-
citation of patients with sepsis (11).

One may argue that the improvements in care associated
with the use of a complex intervention, such as the early
goal-directed therapy protocol, come not from the individual
components but from the
BS'@WHOIE (12). Again, in the specific case of the early goal-
directed therapy protocol, there is

In fBf€€ large methodologically sound ran-
domised clinical trials, the[fofallBURAIE of therapies that con-
stitute the early goal-directed therapy protocol was Eomipared
with Stafidard €3¢, where treatment was provided by individ-
ual clinicians based on their clinical judgments and therapy
adjusted according to the prevailing pathophysiologic status
of the individual patient (13-15). There is
from any of these trials or from the pooled data from all trials
comparing early goal-directed therapy to standard care (16)
that the specific early is asso-
ciated with [fproOvements in any patient-centered GUECOME.
It is important to draw attention to the fact that protocolized
care was compared with standard care as delivered in the set-
ting of these clinical trials. For example, in the AUStfalasian
Resuscitation In Sepsis Evaluation study (14) foNBENeligible

for [CIESION in the study, patients were required to Have
FecEived at least OO0 of fIid resuscitation @ld a dose
of IV @fifiBiotics. The median time to achieve this in the trial
was [ESsiRan90iminttes. Thus “Standardicare” as delivered in
the setting of these trials fay/notTepresent standard care as

delivered in all clinical settings. It may also be argued that it
is not the specifics of the early goal-directed therapy protocol,
but the mandated attention of additional medical staff with
specific guidance to achieve physiologic goals early on in the
course of the illness that leads to improvements in outcomes.
The Protocolized Care for Early SEptic SHOcK study specifi-
cally sought to address the question of Whetherprotocolized
Gare'per'se, ot specifically the early goal-directed therapy
protocol, is associated with [iffiproved OUtcomes for patients
with sepsis, and found/flolevidence that protocolized Cate was
Bettet than standard care (15). Given that fi€ither the EoMpo-
Hents Ao the fofal BAAAIE that constitutes the resuscitation
protocol is @880¢iated with BEREAES for patients, one must
EORCIdE that Protocolized Gare, as is currently advocated, is
ROEREIPHl for patients with sepsis.

Advocates might argue that the recent falling mortality rate
for patients with sepsis constitutes evidence of the efficacy of
protocolized care. This claim

The Eontinuation of this falling mortality (3) in
more recent times GaNmnot be attributed to the introduction of
Protocolized Eare as it clearly began well before the concept was
introduced into clinical practice. A number of uncontrolled
before and after studies have assessed the impact of the intro-
duction of protocolized care as championed by the Surviving
Sepsis Campaign. They have claimed to show a reduction in
mortality associated with the introduction of sepsis bundles
(18, 19). These studies did not take into account the established
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secular trend of falling mortality rates for patients with sepsis.
It is also notable that thelVastimajority of patientsiincluded
iin"these Studies did fot receive the protocolized interven-
tion, with GRIII0E20% of patients at the end of the period of

observation havin

tion'protocol’(18, 19). This further discredits the notion that

the introduction of a SfiCtTestscitation protocol is associated
with BEHERES for patients with sepsis.

Patients with sepsis do not present with a common set of
symptoms and signs. They frequently have significant preexist-
ing comorbidity that affects their pathophysiologic response to
infection. The host response varies greatly determined largely
by individual’s genetic phenotype (20). The sites of infection
vary, as do the causative organisms.
to therapy for sepsis would seem

to be [appropriate. Recent clinical trials, in flOre than 4000
patients with sepsis (13—15), have[confitmed that_
care is not superior to therapy adjusted by clinicians based on

the patients’ clinical status and response to therapy. This is not
to suggest that clinicians should ignore the general principles
for treating patients with sepsis; individualized resuscitation,
early targeted antibiotics, and control of the source of infec-
tion. Achieving these goals as expediently as possible should
remain a focus of clinical care for each individual patient with
sepsis, as it was in the standard care arms of the Australasian
Resuscitation In Sepsis Evaluation, Protocolized Care for Early
Septic Shock, and Protocolised Management In Sepsis tri-

als (13-15). Although PEOtOEOliZation of sepsis therapy does
Hotleadtolimprovements inotteomes, there is still hope that
with a
§i8) the morbidity and mortality of this common disease can
still be reduced. The future of therapy in sepsis is very likely to

be a fofepersonalized/approachl (20), with treatments based
on the individuals unique phenotype (21) Eofbified with an
ASSessment of their fesponse to fherapy (9) and taking into
account their Prémorbid condition and patient preferences.
Protocolized sepsis care, taking a single rigid approach to all
patients with sepsis, not only lacks a rational pathophysiologic
basis given the heterogeneity of the clinical condition but also
lacks any support in the medical literature. Given the current

state of knowledge,
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Protocolized Early Sepsis Care Is Not Only Helpful
for Patients: It Prevents Medical Errors

Angel Coz Yataco, MD'; Anja Kathrin Jaechne, MD%* Emanuel Phillip Rivers, MD, MPH?**

UNPROTOCOLIZED EARLY SEPSIS CARE: AN

UP CLOSE AND PERSONAL MEDICAL ERROR
The following excerpt from the article “As She Lay Dying:
How I Fought To Stop Medical Errors From Killing My Mom”
is a real-life experience of an emergency physician whose
mother was treated for sepsis in his hometown community
hospital (1):

“When I was entangled in my first medical error, I played an
unexpected role: I was a thirty-three-year-old son trying to save
my mom’s life....On the line was an emergency physician in the
Wisconsin town where I'd grown up, telling me my mom was
sick with sepsis at 9 am. He sounded harried, and I heard papers
rustling in the background....The condition is well known, is
easily diagnosed, and has a clear and standard treatment proto-
col.... The first twenty-four hours of my mom’s hospitalization
would be critical to saving her life. Studies of sepsis have shown
that early and aggressive treatments during that time can make
the difference between life and death.... The hospital now was
twelve hours into its critical opportunity to halt her systemic
infection.... My mom was moved to the ICU around midnight,
fifteen hours after she’d arrived at the hospital. I figured I'd get
a bit of rest once her central-line IV and other treatments were

Key Words: clinical protocols; medical errors; quality improvement; sep-
tic shock; severe sepsis
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started..... By 1 am. I was panicking. The next time I saw my
mom’s nurse, I asked about the treatment plan. Her response
was a not-so-veiled criticism of my mom’s doctor. “We do have
a sepsis treatment protocol,” she said, “but your mother’s doc-
tor hasn’t ordered it.”....But, by the time the sepsis protocol
was finally put in place, it was 8 am the next day. A total of
twenty-three hours without appropriate treatment had passed
since my mom had entered the hospital. She still had a chance
to survive, but because of the squandered opportunity, it was
a small one....Toward the end, in a final moment of brief lu-
cidity, she opened her eyes and whispered, “I never got to say
good-bye.” She was dead by the end of the week.... Today—and
tomorrow—in hospitals across the nation, there are patients
whose survival and well-being will depend on it. Their lives,
like my mom’s, hang in the balance. With lives on the clock, and
as hours and days tick away, we need to listen to every voice and
do everything possible to avoid repeating terrible mistakes (1).”

UNPROTOCOLIZED EARLY SEPSIS CARE IS
DEADLY AND COSTLY

Sepsis is the most deadly and costly diagnosis to hospitals in the
United States. It is also the most frequent ICU admission for the

elderly (2). Of over 1 million patients are diagnosed with sepsis,
approximately 259 die of Sepsis per year in the United States.
SEpsis is the diagnosis for 119% 6fhiospital'admissions but is

responsible for GVer40% ot hospitalldeaths! Sepsis (including

pneumonia) accounts for $33.1 billion o
3). This U.S. system

which includes “unprotocolized” sepsis care is the most costly
and inefficient among industrialized countries in the world (4).

The/ifipatient/costsOf Sepsis care in the U.S. gXeeed th

Although these companies have Protocol§ for quality

and §afetyl for AMEOMODIlEs, our distinguished colleague, Delaney
(5) believes that early goal-directed therapy (EGDT) or -

Eolized early sepsis care (PES@) is not needed. This position is
influenced by recent sepsis trials, the Protocolized Care for Early
Septic Shock (ProCESS), Australasian Resuscitation In Sepsis
Evaluation (ARISE), and Protocolized Management In Sepsis
(ProMISe) trials, that characterized EGDT as a hemodynamic

strategy (5). In contrast
Figs. 1 and 2). We interpret

that the Eqlial GUEEOMES in all of the treatment groups of these
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Figure 1. of observational studies of severe and
septic shock in the United , United Kiigdom, and AUStralid and

New Zealand. References for this figure are provided in the supplement
(Supplemental Digital Content 1, http://links.lww.com/CCM/C301).

trials to multiple methodologic issues of trial conduction and the
assimilation of EGDT into usual care.

PESC IS A SYSTEMS-BASED APPROACH TO
ELIMINATE MEDICAL ERRORS

The Institute of Medicine notes that fiedicallérror]is thdihird
leading cause of death in the United States. Medical error is
the f@illité of a planned @cfion to be EoMpleted as intended
or the use of a Wiong PIaH to achieve an aim (6). Lapse is a
type of medical error which is the iHabili§ to f&&all something
such as the BFdef in which medications are to be given. This

leads to active (ififediate) or latent (delayed) Hafm. Latent

harm results from errors in design, organization, training,

Critical Care Medicine

Figure 2. Outcome studies of protocolized sepsis interventions.
Accompanying the decrease in sepsis mortality is a consistent
reduction in mortality irrespective of study design. The black columns
are the intervention group and the §r@j columns are the Eontral or
nonintervention groups. n represents the number of studies followed
by the total number of patients. The mortality reflects the average of
all studies. References for this figure are provided in the supplement
(Supplemental Digital Content 1, http://links.lww.com/CCM/C301).

or maintenance of skill. As with sepsis care, these Effors are

many times Ridden|, doffant in the SYSEEM for lengthy peri-

ods
(Table 1). OVerctowding of the emergency department
(ED) and early processing sepsis of patients are EXamples of

[&ent failure. This is largely attributed to poor communication
between personnel and specialties; inadequate staffing andiaeK

of supervision.
The [stitite of Healthcare IMprOvEment describes a bundle

(7). The aim is to
convert complex guidelines into meaningful changes in behav-
ior and clinical outcomes. This increases the reliability of patient
care, eliminate turnover errors, and decrease the variation of
clinical practice (Table 1) (8). In keeping with this concept,

EGDT challenged the paradigm of §epsi§ as an FICUIdisease”
in the 19908 by applying Siffiildf protocolized urgent diagnostic
and therapeutic principles used fo

StFoke, and ffalimd at the Eafliest POint of presentation. EGDT
was derived from decades of a longitudinal examination of the
realities of sepsis care, followed by implementation of evidence-
based and best practice interventions (Table 1) (9, 10).

PESC SIMPLIFIES A COMPLEX DISEASE
AND IMPROVES PRECISION CARE

PES@ frequently begins when sepsis is undifferentiated. This
occurs when a healthcare worker (i.e., paramedic, ED triage
nurse, or technician) encounters a patient with sepsis. Thus,
PESCiS ot physicianlCentric; it is a transparent standard oper-
ating procedure that involves many specialties and healthcare
personnel of varying levels of experience. PESC not only pro-
vides structure and accountability; it is amendable to continu-
ous quality improvement (11).
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TABLE 1. History of the Systems-Based Approach to the Development of Early

Goal-Directed Therapy

Addressing

Hypotension,
Lactate and
Fluid
Challenge

the
of
Care in the ED and Treatment

Quantifying the
of the ED
Sepsis

Cultures,
Antibiotics,
and Source

Control

Origin of
Protocolized
Hemodynamic
Optimization

Early
Hemodynamic

for Sepsis Improvement

Of the 120 Prolonged ED The first study From SIRS to
million ED LOSs negatively  using SIRS severe
visits per year  impact outcome. in the ED disease,
in the United revealed that  cardiovascular
States th insufficiency
is most
significant.
The impact morbidity The first
comprises  and mortality and greater investigation
before ICU degree of of SIRS
admission. Many  resource and [actate
ED patients utilization. revealed a
The evidence high degree
for early of sensitivity
cultures, forillness
later succumb antibiotics, severity. A fluid
frequently to an acute and source  challenge and
approaches cardiopulmonary  control shock index
hr deterioration. translates were also risk
nationally and into better stratification
internationally. outcomes. methods

In the The adult EGDTis a
experimental care model of transparent
model EGDT was standard

based on work @efived from  operating
by FiGpKins et the American procedure
al (16). The College of which
hemodynamic Critical Care  increases
optimizations Medicine awareness
reflect half and and
a century of opinion. This  decreases
investigations in protocolized ~ medical
By expert (postresuscitation  care has errors. It
opinion and phase of long been provides a
observation, cardiac arrest, part of the systematic
antibiotic undifferentiated  treatment approach
administration  shock, trauma, for pediatric ~ which can be
and cardiac septic shock.  quantitated
failure) prior to and is
its application to amenable to
sepsis. a continuous
quality
improvement
program.

indicated.

The most insufficiency.
common ICU The
admission in association
the elderly. of SIRS,
inflammation,

organ failure,
and shock was
examined in
cardiac arrest
patients.

ED = emergency department, EGDT = early goal-directed therapy, LOS = length of stay, SIRS = systemic inflammatory response syndrome.
References for this table are provided in the supplement (Supplemental Digital Content 1, http://links.lww.com/CCM/C301).

The Eafl§ hemodynamic perturbations of sepsis are con-
sistent, predictable, and more importantly FeVersiblé when
detected. They consist of hypovolemia (decreased central
venous pressure [CVP]), vasodilatation (decreased mean
arterial pressure), myocardial dysfunction (decreased cardiac
output and central venous oxygen saturation), and increased
metabolic demands which result in cardiovascular insuffi-
ciency (12). These hemodynamic perturbations which lead to
cardiovascular insufficiency are complicated by comorbidi-
ties and chronic therapies (i.e., diuretics and antihypertensive
medications) that may cloud the clinical presentation.

EatlyFiskistratification for undetected and untreated cardio-
vascular insufficiency (CEYPHEISAOCK) is an important aspect of
PESC. (Cardiovascular insufficiency leads to significant morbidity

such as prolonged mechanical ventilation and sudden cardiovas-
cular complications, the FOSEpreventable causes of death in the
RESE2ARGUTS of sepsis care (13-16). PESC detects and mitigate
these early pathogenic mechanisms; Epecialljj when the patient
is in the hands of an [fieXperienced healthcare provider (17). This
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important step of sk Stfatificatio and Remodynamic phenotyp-

ing was included as
which diminishes the treatment effect.

The @8Bat€ continues regarding the Eomponents of PESC

such as systemic inflammatory response syndrome, lactate, fluid
therapy (amount and type), volume assessment, blood pressure
target (vasopressors), transfusion, Scvo,, inotropic therapy, and
mechanical ventilation which were derived from the American
College of Critical Care Medicine (9). In spite of these debates,
these components have been shown to be beneficial when used in
the context of PESC (18). Furthermore,

19, 20). Even when compliance is suboptimal, improved

mortality is seen because of fifiptoved performance tolindivids
Ul targets and 6t the BURAIE as a whole. PESC is a form of
individualized precision medicinie by providing hemodynamic
phenotyping which enhances diagnostic, therapeutic, and out-
come decision making (21). A patient with a Scvo, of 78% and
a normal lactate after 6 hours of resuscitation is prognostically
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much different than a patient with a of 78% and a [4CEate of
B8 mM/L (21). The latter may a defect
(i.e., VaSOpressor foxicity), Eyfopathic tissue hypoxia, or-
equate source control (i.e5 bowellischemia). The mortality dif-
ference between these hemodynamic phenotypes is over 10%
(20). From an outcome trials perspective, enrolling patients of
similar hemodynamic phenotypes can assure a greater degree
of homogeneity. Without accounting for this, the heterogene-
ity of these hemodynamic phenotypes will diminish the treat-
ment effect of an intervention. As a result, promising sepsis
outcome studies (i.e., immunotherapy) may continue to fail
(21,22).

A RESUSCITATION

Although the EGDT study is considered synonymous
with a liberal fluid strategy, patients in ProCESS, ARISE,
and ProMISe trials all received similar volumes during
the resuscitation phase. Because of the

between 2iand 2,61 of fluid was given prior to

Point of View

randomization (Table 2). From hospital arrival to the end of

the 6-hour study period, the/fotalfllidVoltimelranged from
BISGISIST for all four sepsis studies (Table 2). Interestingly,

the fechanical VEREIAEON rate in ProCESS, ARISE, and
ProMISe trials was Half that of the BGDIT trial even though

Sifilat amounts of fIllid were given.

A prompt fluid challenge (30mL/kg or approximately 2i51)
is associated with increased mean arterial pressure, normaliza-
tion of Scvo,, and decreased vasopressor use at 6 hours. This is
also associated with a [HA=62% absollite Mot tality feduction or
a 15-31% relative reduction in hospital/30-day mortality and
hospital length of stay (LOS) (23-25). These findings were seen
even in patients with a history of renal and heart failure (24).
As a result, Lee et al (23) concluded:

” Thus, it appears

that/SIGFfIHId over the iflifials 628 ROUTS is uniformly associated

with fimproved mortality.
In the EGDT study, the greater volume therapy or treat-
ment effect during the resuscitation phase within the first

TABLE 2. Comparison of Treatments Across the Early Goal-Directed Therapy, Protocolized
Care for Early Septic Shock, Australasian Resuscitation In Sepsis Evaluation, and

Protocolized Management In Sepsis Trials
EGDT

EGDT Control

Intervention

4981 3,499 5,059
mL?
Difference between 1,482
groups®, mL
Fluids 6=72hr, mL 8,625 10,602 4,458
Total fluids 0=72 hr, mL 13,443 13,358 7253
Vasopressor 0=6 hr, % 274 803 54.9
Vasopressor 6=72 hr, % 29.1 429 476
Vasopressor 072 hr, % 36.8 51.3 60.4
Inotrope O—6hr, % 13.7 0.8 8.0
Inotrope 6=72hr, % 14.5 8.4 4.3
Mechanical ventilation 53.0 53.8 26.4
0-6hr, %
Mechanical ventilation 2.6 16.8 SBL
6-72hr, %
Any mechanical 55.6 70.6 36.2

ventilation, %

ProCESS ProMISe
PBST
5,511 4,362 4,304 #9916 3987
-452 and 667 175 229
4918 4,354 4274 4,382 4215 4,366
8,193 6,663 6,906 6,672 5946 5844
52.2 441 66.6 57.8 53.3 46.6
46.6 43.2 58.8 515 579 52.6
61.2 53.7 60.5 55.0
1.1 0.9 15.4 26 18.1 38
20 2.2 95 5.0 177 6.5
24.7 21.7 34.8° 32.9¢ 20.2 19.0
31.4 279 38.6° 40.6° 24.4 25.4
34.1 20.6 300 315 274 285

ARISE = Australasian Resuscitation In Sepsis Evaluation, EGDT = early goal-directed therapy, PBST = protocol-based standard therapy, ProCESS =
Protocolized Care for Early Septic Shock, ProMISe = Protocolized Management In Sepsis, UC = usual care.

“The prerandomization period refers to a time-frame prior to the time informed consent for study enrollment. Interventions were initiated as indicated, including

fluid therapy or steroid administration.

“Difference between groups are early goal-directed therapy minus the treatment group in each trial.

Prerandomization and 6 hr of study.
°Combined invasive and noninvasive mechanical ventilation.
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6 hours was associated with a greater reduction (13.8%)
in vasopressor therapy, lower mechanical ventilation rates
(14.2%), and less administered volume (2 L or 23%) between
the EGDT and control group over the subsequent 6-72-
hour time period (Table 2). These findings were evident in
the absence of aggressive glucose control, steroid use, pro-
tective lung strategies, and conservative fluid management
strategies.

PESCIS
DE-RESUSCITATION
Fluid therapy including the #8€ of @V is one of the most

discussed aspects of PESC. Bafly, aggressive fllid fRefapy tar-

geted to endpoints must be distinguished from [At€, aggres-
sive flllid TREapy (9, 13, 23). Weil et al (26) stated “central

venous pressure does not accurately reflect blood volume but
indicates the competence of the heart to accept and expel the

blood returned to it. As such it is an_

volume repletion!” When used
(27). Brotfain et al (28)

found an association between positive fluid balance and mor-
tality in the first 72 hours. However, they also concluded the
following: “on the other hand, we found a

to have a peneficial effect

on survival and to decrease the risk of readmission to ICU
after discharge” (28). DESfestiscitation is ASlimportantias the
acute resuscitation and is associated with decreased mechani-
cal ventilation, cardiopulmonary complications, and health-
care resource consumption (29). De-resuscitation consists of
meticulous prevention of excess fluids (maintenance), quan-
tification, organ assessment (renal and cardiac function), and
fifely feémoval with diuretic therapy or renal replacement
therapy (30, 31). When renal replacement therapy is required
in the treatment of septic shock, mortality approaches 50%.
The optimal timing of renal replacement therapy is not clearly
established (32).

WITH A GOAL-DIRECTED

PEDIATRIC PESC

Aggressive fluid therapy has been a predominant part of
pediatric sepsis management before the publication of
EGDT (33). Furthermore, the essential elements of EGDT
(including Scvo,) have been part of pediatric septic shock
for decades and have been shown to improve organ function
and outcomes (33-37). Dr. Delaney and others understand-
ably refer to a pediatric study to express concerns regard-
ing the negative consequences of fluid therapy. However, the
Eliid EXpansion as Supportive Therapy study, where the use
of bolus fluid administration was associated with increased
mortality occurred in children where filaldfia was the cause
in §7% (38). A recent study using blood (age or new) in chil-
dren with malaria has shown improved hemodynamic end-
points (brain tissue oxygen saturation) and outcomes (39,
40). Therapies confirmed in adults are not necessarily trans-

lated to BEGEA patients whos HGHANINSSI0HESIES
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PESC REPRESENTS AN ERA OF
DIMINISHING MORTALITY

A significant

lemnitimand coincided with seminal studies and the intro-
duction of the Surviving Sepsis Campaign guidelines (Figs. 1
and 2) (18). A recent international examination of over 52
studies (166,479 patients between January 1, 1992, and

December 25, 2015) revealed this periodibegan with'a ot
tality'0f46:5%)(42). This mortality is fdéntical to the Gontrol

group of the BGDT trial which supports its external validity
even though a single-center trial. The findings of the EGDT
have been robustly reproduced in multiple trial designs (Fig.
2). While randomized controlled trials (RCTs) are considered
the standard, large prospective observational studies provide
an equally reliable scientific alternative to RCTs (43).

To declare that we have entered a new era of sepsis care
and have no need for protocolized care is a mistake. There is
already evidence that taking this approach may be deleteri-
ous (44). In the case of trauma, stroke, and acute myocar-
dial infarction, mortality has improved but protocols have
not been eliminated. On the contrary, they are continuously
updated and refined. The majority of patients with acute
myocardial infarction or stroke have comorbidities similar to
those of patients with sepsis (cancer, renal failure, heart fail-
ure, etc). This does not impede the use of protocolized care.
In fact, these dynamic and fragile patients, in the absence of
structured recognition and treatment, may succumb to the
previously described medical errors. For example

PROCESS, PROMISE, ARISE,
AND EGDT
One must proceed with caution when interpreting and gen-
eralizing the results of the ProCESS, ProMISe, and ARISE
trials. There are multiple methodologic issues that warrant

consideration (Table 3). The f@jofity of the 5,000 HoSpitals
in the United Sate§ (over 90%) are Rt fertiary academic

or large medical centers which largely comprised the hos-

pitals in the PFOCESS, ARISE, and PFOMISE trials. Whether
in the United States or other countries,
_community and rural) have-
ities 9=380% higher, as well as [fiereased EO8H of care (45-48).
This mortality is largely félated to iNappropriate triaging
and @elay8 in Eafly FESUSCIfation (49). These hospitals in
resource limited U.S. settings and their issues were [HRFep
trials which
[ifits their EXternal Validify. Williams et al (45) conducted
a paralleling prospective examination of patients presenting
with septic shock at an enrolling site of the ARISE trial. Com-
pared with patients enrolled in ARISE, patients prospectively
observed during the same study period were sicker (higher
Acute Physiology and Chronic Health Evaluation II scores,
19 vs 15.8), had longer LOSs in the ED (9.2 vs < 2 hr), higher
mortality (19.5% vs 14.5-15.7%), lower ICU admission rates
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TABLE 3. Summary of Methodologic Comparisons

Methodological
Consideration

Requisite for
enroliment and
usual care

Enrollment

Fluid challenge

Trial duration and
timing

Blinding

Trial conduction

Comorbidities

Mechanical
ventilation

lliness severity

Hemodynamic
phenotypes

The Trio of EGDT Trials

Considered as standard care:

Screening using systemic inflammatory response syndrome
Fluid challenge

Lactate screening for cryptic shock

Early antibiotic administration
Enrollment (8/site/yr)

=12 hr window of Efifollment in the ED

Weekdays and iolWeeKkends (Protocolized Management In Sepsis)

EXEIUSIoR rate of 25

Fluid challenge—1L or surrogate

P=8I administered BEFORE enroliment

Similar fluid in all treatment groups from ED arrival to 6 hr
Conduction began 7-8 yr after EGDT (2008-2015)

Duration ranging between 4 and 8 yr

Surviving Sepsis Campaign guidelines were published in 2004,
2008, and 2012

Open labeled study in the ICU

Duration of the EDIStayI&IgHE and transferred to ICU

Average ED LOS is > 5hr in reality
Delayed resuscitation bundle completion possible after 6 hr
High volume and tertiary care centers

CVPplacementoverB0%I6fEontrol groups in trio of EGDT trials

The impact of delayed EGDT and it affect on the treatment
effect is unknown.

A reduction in sample size after interim analysis low mortality
Fewer patients with heart failure and liver disease

- patients

Rate of @6%

No delayed increase after enrollment
Protective lung strategies

Conservative fluid management strategies
Acute pulmonary edema excluded

Acute lung injury excluded
Scvo, and CVP goals were met at baseline

50% more vasopressors (vasodilatory)
Steroid use 8-37%

Point of View

Study

No preexisting standards

Usual care was developed as a requisite for
the EGDT study

30mL/kg

42% more volume in EGDT group for
treatment effect

No existing sepsis protocols

3 yr duration

ICU was blinded to care provided in the ED
and study variables.

ICU was blinded to lactate and Scvo, for 72
hr due to use of paper laboratory results
and paper charting

Performed in EDIGAY

6-8hr in the ED

Delayed care improves outcomes

Increased:

Cardiovascular, liver, neurologic, renal disease
Rate of 54%

No protective lung or fluid management
strategies

Increase use of delayed mechanical
ventilation in the control group over 72 hr

Lower temperature, lower Paco,, higher
respiratory rate

Lower Scvo,
Higher lactate
Lower CVP

No steroid use
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TABLE 3. (Continued). Summary of Methodologic Comparisons

Methodological

Consideration The Trio of EGDT Trials EGDT Study

Sudden Not a predominant feature because of early ICU admission Significant reduction from 20% to 10%
cardiopulmonary and treatment team
events

ICU phase of care
(up to 72hr)

Similar fluid, vasopressor therapy, and mechanical ventilation More fluid in control group
Unblinded care
Delayed EGDT possible

Lactate and Scvo, use unblinded

Less vasopressor use, less fluid therapy,
and mechanical ventilation in the EGDT
groups

Blinded care

No use of lactate or Scvo, in the care of
patients.

Preceded these advancements described for
"Trio of EGDT Trials"

Sources of
improved care

Preexisting sepsis protocols, prehospital care, sepsis alerts
and screens, rapid response systems, telemedicine, glucose
control, steroid use, protective lung strategies, conservative
hemoglobin strategies, palliative care, national limits on ED
LOS (Australia and United Kingdom), ultrasound, and other

monitoring.

Generalizability
and external
validity

Transferred patients excluded

Performed in academic centers in industrialized countries

EGDT replicated in community and
academic centers worldwide

Specialized care delivery via sepsis team/ICU hybrid

Effective in delayed care

CVP = central venous pressure, ED = emergency department, EGDT = early goal-directed therapy, LOS = length of stay.
References for this table are provided in the supplement (Supplemental Digital Content 1, http://links.lww.com/CCM/C301).

(37.3% vs 76.9%), and appeared at a rate of 10.2 cases per
month compared with 0.5 cases per month in ARISE (45).
They stated that:

“Study populations are often convenience cohorts and not rep-
resentative of all patients presenting with septic shock. These
were patients who were not indulged with the resources and
attention associated with controlled trials (45).”

IS USUAL CARE THE SAME AS PESC?

The ProCESS, ProMISe, and ARISE trials reveal that pro-
tocolized care yields an all-time low in sepsis mortality. The
alleged controversy surrounds

Gateversus EGDT. When one considers the components of
EGDT (early detection, risk stratification using lactate, antibi-
otics, fluids, vasoactive therapy, and early ICU admission) were
provided in all groups, the conclusions are not surprising as
quoted by ProCESS trial investigators:

“The ephemeral nature of usual care puts clinical trialists in
a quandary. If the goal of a control group is to emulate usual
care, protocolizing usual care based on pre-study information
is no guarantee that this group will reflect usual care during the
conduct of the trial as usual care may change. Randomizing to
unrestricted usual care runs the risk that usual care may merge
with the intervention arm during the trial, narrowing differ-
ences between groups, and resulting in loss of power to detect
a meaningful difference” (50).

In the final analysis, some of the investigators of ARISE and
ProMISe conclude the following:

“In instances where the patient fails to rapidly improve or shows
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signs of organ dysfunction, referral should be made to the in-
tensive care unit. The role of rapid response teams and sepsis
teams in the recognition and management of sepsis needs to be
evaluated further. Although many of the elements of EGDT may
not improve outcomes of severe sepsis, it is possible that proto-
colized care of early sepsis may improve outcomes by (1) provid-
ing an educational framework for bedside clinicians (2); creat-
ing an expected response to initial treatment and escalation of
clinical deterioration (3); minimizing practice variation between
clinicians; and (4) providing clinical indicators that can be mea-
sured and can be the focus of audit and quality improvement
initiatives similar to the ‘door to needle time’ in patients present-
ing to hospital with an acute coronary syndrome. Finally, hospi-
tals should have governance structures in place to review adverse
events associated with sepsis. Audit of sepsis-related morbidity
and mortality should focus on the degree to which clinical prac-
tice adhered to the general principles outlined here.” (51)

CONCLUSIONS

PESC reduces medical errors for the most deadly and
costly cause of hospital admissions. While described as a
hemodynamic optimization strategy, it is a transparent
standardized operating procedure for all healthcare per-
sonnel involved in the landscape of diagnostic and thera-
peutic management of sepsis. PESC provides a template
of accountability, decreases practice variation and is ame-
nable to continuous quality improvement processes. PESC
provides hemodynamic phenotyping which enhances
diagnostic, therapeutic, and prognostic precision. The
introduction of PESC has been associated with an unprec-
edented mortality reduction in the last 15 years and should
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be a national standard of care similar to acute myocardial
infarction, stroke, and trauma.
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