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Step2 X DR

Protocol-directed therapy — Protocols targeted at the use of a combination of physiologic endpoints to guide fluid
management in patients with severe sepsis and septic shock are common practice [16-18,48-50]. Typically, they
combine the EGDT targets (ScvO2, CVP, MAP and urine output, lactate) for fluid management with early
administration of antibiotics, both within the first six hours of presentation.

There is conflicting evidence regarding the value of protocol-based therapy for sepsis [16-18,50-52]:

eOne single center randomized trial of 263 patients with severe sepsis or septic shock compared a protocol that
included targeting ScvO2 =70 percent, CVP 8 to 12 mmHg, MAP 265 mmHg, and urine output =0.5 mL/kg/hour to
conventional therapy that targeted CVP, MAP, and urine output only [16]. Both groups initiated therapy (including
antibiotics) within six hours of presentation. Mortality was lower in the group where all four targets were used (31
versus 47 percent), suggesting that targeting ScvO2, CVP, MAP, and urine output was a superior strategy. There
was a heavy emphasis on the use of red cell transfusion (for a hematocrit >30) and dobutamine in order to reach
the ScvO2 target in this trial. In addition, the results of this trial may not be generalizable due to the inclusion of a
significant number of sick patients with liver and heart disease that may have potentially biased the outcome
favorably.

e A multicenter randomized trial (ProCESS) of 1341 patients with septic shock reported no mortality benefit with
protocol-based therapies [17]. A protocol-based therapy that used all of the EGDT targets (ScvO2, CVP, MAP and
urine output; protocol-based EGDT; central access required) was compared to a protocol that used some of the
EGDT targets (MAP and urine output; protocol-based standard therapy; central access not required) and to usual
care (no protocol used to direct fluid management). There were no differences in 60-day mortality between the
groups (21 versus 18 versus 19 percent).

oA similarly designed multicenter randomized trial of 1600 patients with septic shock (ARISE) also reported no
mortality benefit from EGDT [18]. Compared to usual care, the 90 day mortality of 19 percent was similar in
patients who received EGDT using the traditional targets outlined in prior studies.
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T'he NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE I

Goal-Directed Resuscitation for Patients
with Early Septic Shock

The ARISE Investigators and the ANZICS Clinical Trials Group®

ARISE Clinical Trials

N Engl J Med 2014; 371:1496-1506
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SIRS criteria and systolic
blood pressure =90 mm Hg
or lactate =4 mmol/liter

'

Assessment
and
consent

Early goal-
directed therapy
{n=130)

Standard therapy in
emergency department
(n=133)

Randomization
(n=263)

Vital signs, laboratory
data, cardiac monitoring,
pulse oximetry, urinary
catheterization, arterial and
central venous catheterizatiy(

| cVP =8-12mm Hg |

| CVP =8-12 mm Hg
tandard Continuous
I MAP =65 mm Hg I % care Scv0, monitoring -.l MAP =65 mm Hg I
and -
Urine output early goal-directed = Urine output
=0.5 ml/kg/hr therapy for =6 hr =0.5 ml/kg/hr

H ital
g ad;si’s)'stiin ‘_] -bl Scv0, =70% I—I
)

Vital signs and labofatory
data obtained eveyy

Sa0, =93% |

\ 12 hrfor 72 hr ' Hematocrit =30% I
Did not | Did not Cardiac index |
complete 6 hr Follow-up complete 6 hr
(n=14) {(n=13)

V02 I

Rivers E et al. N Engl J Med 2001;345:1368-1377.



Early Goal-Directed Therapy

Supplemental oxygen *
endotracheal intubation and
mechanical ventilation

!

Central venous and
arterial catheterization

Sedation, paralysis
(if intubated),
or both

Crystalloid ]_
Colloid

Vasoactive agents

=65 and =90 mm Hg

s =70%
=70% Transfusion of red cells
Scv0, until hematocrit =30% |_=70%

=70% [€ I
Y Inotropic agents |
Aals

achieved

Hospital admission

Rivers E et al. N Engl J Med 2001;345:1368-1377.




TABLE 3. KAr1AN—MEIER ESTIMATES OF MORTALITY AND CAUSES OF IN-HOspPITAL DEATIL *

Earry
GoaL-DREcTED
StanparRD THERAPY THERAPY ReLative Risk
VARIABLE (N=133) (N=130) (95% CI) P VaLue
no. (%)
In-hospital mortalitv
_All patients 5‘2 (46.5) 38 (30.5) 0.58 (0.38-0.87) 0.009
Patients with severe sepsis 19 (30.0) 9(14.9) 046 (0.21—1_.(.)3) 0.06
Patients with septic shock 40 (56.8) 29 (42.3) 0.60(0.36-0.98) 0.04
Patients with sepsis syndrome 44 (45.4) 35 (35.1) 0.66(042-1.04) 0.07
28-Day mortality{ 61 (49.2) 40 (33.3) 0.58 (0.39-0.87) 0.01
60-Day mortalitvt 70 (56.9) 50 (44.3) 0.67 (046-0.96) 0.03
Causes of in-hospital deathf
Sudden cardiovascular collapse 25/119 (21.0) 12/117 (10.3) — 0.02
Multiorgan failure 26/119 (21.8) 19/117 (16.2) — 0.27

*CI denotes confidence interval. Dashes indicate that the relative risk is not applicable.
TPercentages were calculated by the Kaplan—Meier product-limit method.

$The denominators indicate the numbers of patients in each group who completed the initial six-hour study period.

Rivers E et al. N Engl J Med 2001;345:1368-1377.
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Condition EGDT Usual care
(N=793) (N = 798)
Acute concurrent medical conditions - no. @P
Cardiac arrhythmia® 91 (11.5) 97 (12.2)
Acute cardiogenic pulmonary ocedema 17 (2.1) 16 (2.0)
Acute coronary syndrome® 10 (1.3) 20 (2.5)
Acute cerebrovascular hemorrhage or ischemia 3(0.4) 3(04)
[ Status asthmaticus 3(0.4) 1(0.1)
Active gastraintestinal bleeding® 1(0.1) 4(0.5)
Requirement for immediate surgery’ 29 (3.7) 25(3.1)
Seizure 8(1.0) 8(1.0)
Drug overdose 5(0.6) 7 (0.9)
Burn injury > 5% body surface area 0 (0) 2(0.3)
Trauma 4 (0.5) 2(0.3)
Neutrophil count < 0.05 x 109/L 23(2.9) 26 (3.3)
Chroni Didities -0 (%F
Cardiovascular 84 (10.6) 90 (11.3)
Respiratory 73(9.2) 70 (8.8)
Endocrine 156 (19.7) 167 (20.9)
Central nervous system 67 (8.4) 67 (8.4)
Liver 40 (5.0) 43(5.4)
Renal 34 (4.3) 30 (3.8)
Haematological/oncological 129 (16.3) 119 (14.9)
Other 59 (7.4) 69 (8.6)




METHODS®

Randomization
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Figure S1. Early goal-directed therapy resuscitation algorithm
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METHODS®

Statistical Analysis
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Study Patients

RESULTS®

3559 Patients met all study inclusion criteria

1959 Were excluded
769 Met =1 exclusion criteria
23 Were <18 yr of age
72 Had contraindication to superior vena cava
CVCinsertion
6 Had contraindication to blood products
5 Had hemodynamic instability due to active
bleeding
71 Had life expectancy <90 days
43 Were expected to die imminently
329 Had documented limitation of therapy order
or had treating physician who deemed aggres-
sive care unsuitable
116 Had in-patient transfer from another acute
care facility
8 Were confirmed or suspected to be pregnant
96 Were not able to start EGDT within 1 hr after
randomization or to complete 6 hr of EGDT
1190 Were eligible but did not undergo randomization
515 Were outside randomization window
282 Did not have access to a study-team member
18 Were previously recruited into study
39 Were unable to give consent
274 Declined to give consent
62 Had other reasons

1600 Underwent randomization

796 Were assigned to receive EGDT

4 Were excluded

1 Was lost to follow-up
3 Declined to provide
delayed consent

804 Were assigned to receive usual care

792 Were included in intention-to-treat
analysis for primary outcome

8 Were excluded
1 Was lost to follow-up
m— 6 Declined to provide
delayed consent
1 Withdrew prior consent

796 Were included in intention-to-treat
analysis for primary outcome

Figure 1.
Enrollment and
Outcomes.
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Patients with any of the following are excluded:

1. Age < 18 years

2. Contraindication to insertion of a CVC in the superior vena cava
3. Contra-indication to receiving blood products

4. Inability to commence EGDT within one hour of randomisation or
to complete 6 hours

« of EGDT

« 5. Haemodynamic instability due to active bleeding

* 6. Pregnancy; confirmed or suspected

« 7. In-patient transfer from another acute health care facility

« 8. Underlying disease process with a life expectancy <90 days
* 9. Death deemed imminent and inevitable

« 10. A documented “limitation of therapy” order restricting
implementation of the study

protocol or the treating clinician deems aggressive care unsuitable



Study Patients RES U LTS@

Table 1. Characteristics of the Patients at Baseline.*

Table 1. Characteristics of

EGDT Usual Care . .

Characteristc (N=753) (N=758) the Patients at Baseline.
Age —yr 62.7+16.4 63.1+16.5
Male sex — no. (%) 477 (60.2) 473 (59.3)
Usual residence — no. (%)

Home 749 (94.5) 759 (95.1)

Long-term care facility 44 (5.5) 39 (4.9)
Median score on Charlson comorbidity 1(0-2) 1(0-2)

index (IQR)T

APACHE Il scorei: 15.4+6.5 15.8+6.5
Mechanical ventilation — no. (%)

Invasive 71 (9.0) 64 (8.0) . O i :

e * Plus—minus values are means +SD. There were no significant differences in

Noninvasive 60 (7.6) 48 (6.0) baseline characteristics between the two study groups. EGDT denotes early

Vasopressor infusion — no. (%)§ 173 (21.8) 173 (21.7) goal-directed therapy, and IQR interquartile range.
: ; 1 Scores on the Charlson comorbidity index range from 0 to 33, with higher
Total intravenous fluidsY Pk e ;
scores indicating a greater burden of disease.
Volume — ml 25151244 25911331 i A severity-of-illness score that was based on the Acute Physiology and Chronic
Volume per weight — ml/kg 34.6+19.4 34.7420.1 Health Evaluation Il (APACHE 1) variables with the use of data that were re-

corded closest to, but prior to, randomization was calculated to assess base-
line equivalence. Scores on the APACHE Il range from 0 to 71, with higher
Refractory hypotension — no. (%) 555 (70.0) 557 (69.8) scores indicating more severe disease and a higher risk of death.

§ Vasopressor infusions included one or more of the following agents at any

Inclusion criterial

Systolic blood pressure — mm H 78.8+9.3 79.6+8.4
4 2 g dose for at least 30 minutes within 1 hour before randomization: norepineph-
Lactate rine, epinephrine, dopamine, metaraminol, and phenylephrine.
24.0 mmol/liter — no. (%) 365 (46.0) 371 (46.5) § Total intravenous fluids include fluids administered before arrival at the hos-
Valiie st tinieth st citerion was 6.743.3 6.642.8 pital and during the interval between presentation to the emergency depart-

ment and randomization.

met — mmol/liter
/ | Data on systolic blood pressure and lactate are provided only for patients who

Median interval after presentation to met the inclusion criterion for refractory hypotension (a systolic blood pres-
emergencg' department sure of <90 mm Hg or a mean arterial pressure of <65 mm Hg after an intra-
o)l venous fluid challenge of 1000 ml or more administered within a 60-minute

Until final inclusion criterion was 1.4 (0.6-2.5) 1.3 (0.5-2.4) period) or the inclusion criterion for hyperlactatemia (a lactate level of 4.0
met mmol per liter). These values were recorded at the time that the inclusion cri-

Until randomization 2.8 (2.1-3.9) 2.7 (2.0-3.9) terion was met.
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EGDT

Usual care

(N =793) (N =798)
Site of infection - no. (%)
Blood 75 (9.5) 86 (10.8)
Lungs 289 (36.5) 262 (32.8)
Abdomen 63 (8.0) 61(7.6)
Urinary tract 148 (18.7) 160 (20.1)
Soft tissue 90 (11.4) 76 (9.5)
Central nervous system 13 (1.6) 6 (0.8)
Other 52 (6.6) 72(9.0)
Unknown 62 (7.8) 75 (9.4)
Positive cultures - no. (%)°
Blood 301 (38.0) 300 (37.6)
Respiratory 122 (15.4) 106 (13.3)
Urine 142 (17.9) 158 (19.8)
Soft tissue 49 (6.2) 59 (7.4)
Central nervous system 5(0.8) 1(0.1%)
Other 47 (5.9) 51(6.4)
Culture-negative - no. (%) 282 (35.6) 291 (36.5)
Causative organisms - no. (%)
Gram-positive 274 (53.6) 271 (53.5)
Gram-negative 243 (47.6) 254 (50.1)
Fungal 21 (4.1) 29 (5.7)
Parasitic 3(0.6) 2 (0.4)
Viral 35 (6.8) 32 (63)
Other 4 (0.8) 7(14)
Time to antimicrobial therapy - min
First antimicrobial dose, median (IQR)° 70 (38 - 114) 67 (39 - 110)
Appropriate antimicrobial therapy, median (IQR)* 91 (48 - 186) 89 (47 - 170)
Source control - no. (%) 78 (9.8) 97 (12.2)

Time to source control - hours, median (IQR)"

70(29-211)

72(3.3-252)

Corticosteroid administration - no. (%)

280 (36.9)

2845 (35.9)
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Interventions and Therapies
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Interventions and Therapies
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RESULTS®

Interventions and Therapies
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Interventions and Therapies
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RESULTS@

Physiological and Laboratory Values
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Table 2. Study Outcomes.

Table 2. Study Outcomes.

Variable

=Erimaryoutcome: death by day 20— no./total no, (26)

Secondary outcomes
Median duration of stay (IQR)
Emergency department — hr
ICU — days
Hospital — days
Use and duration of organ supporti:
Invasive mechanical ventilation — no./total no. (%)
Median duration of invasive mechanical ventilation (IQR) — hr
Vasopressor support — no./total no. (%)
Median duration of vasopressor support (IQR) — hr
Renal-replacement therapy — no./total no. (%)
Median duration of renal-replacement therapy (IQR) — hr§
Tertiary outcomes — no./total no. (%)
Death by day 28
Death by the time of discharge from ICU
Death by the time of discharge from hospital

EGDT Usual Care Relative Risk Risk Difference
(N=793) (N=798) (95% CI) (95% Cl)*
percentage points
147/792 (18.,6) 150/796 (18.8) 098 (080t0121)  -03(-41t03.6)
1.4 (0.5-2.7) 2.0 (1.0-3.8)
2.8 (1.4-5.1) 2.8 (1.5-5.7)
8.2 (4.9-16.7) 8.5 (4.9-16.5)

238/793 (30.0)
62.2 (23.5-181.8)
605/793 (76.3)
29.4 (12.9-61.0)
106/793 (13.4)
57.8 (25.3-175.0)

117/792 (14.8)
79/725 (10.9)
115/793 (14.5)

251/798 (31.5)
65.5 (23.0-157.9)
525/798 (65.8)

34.2 (14.0-67.0)
108/798 (13.5)
85.9 (29.3-182.9)

127/797 (15.9)
85/661 (12.9)
125/797 (15.7)

0.95 (0.82 to 1.11)

1.16 (1.09 to 1.24)

0.99 (0.77 to 1.27)

0.93 (0.73 to 1.17)

0.85 (0.64 to 1.13)
0.92 (0.73 to 1.17)

P Value

0.90

-1.4 (-6.0to 3.1)

10.5 (6.1 to 14.9)

-0.2 (-3.5t0 3.2)

-1.2 (-4.7 to 2.4)

-2.0 (-5.4t0 1.5)
-1.2 (-4.7 t0 2.3)

<0.001
0.81
0.89

0.52
0.28
<0.001
0.24
0.94
0.40

0.53
0.28
0.53

* Risk differences of less than 1.0 indicate better results in the EGDT group.

T The duration of stay was calculated from the time of randomization, except for the stay in the intensive care unit (ICU), which was calculated from the time of ICU admission.
1 The duration of organ support was calculated from the time of randomization.
§ Data for renal-replacement therapy were censored at 90 days after randomization.

9§ Data for mortality at the time of hospital discharge (for the index admission) were censored at 60 days after randomization.




Figure 2. Probability of Survival and Subgroup
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Table 2. Study Outcomes.

Table 2. Study Outcomes.

EGDT Usual Care Relative Risk Risk Difference
Variable (N=793) (N=798) (95% Cl) (95% CI)* P Value
percentage points
Primary outcome: death by day 90 — no./total no. (%) 147/792 (18.6) 150/796 (18.8) 0.98 (0.80 to 1.21) -0.3 (-4.1t0 3.6) 0.90
Secondary outcomes
Median duration of stay (IQR)
Emergency department — hr 1.4 (0.5-2.7) 2.0 (1.0-3.8) <0.001
ICU — days 2.3(1.4-51) 2.3 (1.5-5.7) 0.81
Hospital — days 8.2 (4.9-16.7) 8.5 (4.9-16.5) 0.89
Use and duration of organ supporti:
Invasive mechanical ventilation — no./total no. (%) 238/793 (30.0) 251/798 (31.5) 0.95 (0.82 to 1.11) -1.4 (-6.0to 3.1) 0.52
Median duration of invasive mechanical ventilation (IQR) — hr 62.2 (23.5-181.8) 65.5 (23.0-157.9) 0.28
Vasopressor support — no./total no. (%) 605/793 (76.3) 525/798 (65.8) 1.16 (1.09 to 1.24) 10.5 (6.1 to 14.9) <0.001
Median duration of vasopressor support (IQR) — hr 29.4 (12.9-61.0) 34.2 (14.0-67.0) 0.24
Renal-replacement therapy — no./total no. (%) 106/793 (13.4) 108/798 (13.5) 0.99 (0.77 to 1.27) -0.2 (-3.5t0 3.2) 0.94
Median duration of renal-replacement therapy (IQR) — hr§ 57.8 (25.3-175.0) 85.9 (29.3-182.9) 0.40
Tertiary outcomes — no./total no. (%)
Death by day 28 117/792 (14.8) 127/797 (15.9) 0.93 (0.73 to 1.17) -1.2 (-4.7 to 2.4) 0.53
Death by the time of discharge from ICU 79/725 (10.9) 85/661 (12.9) 0.85 (0.64 to 1.13) -2.0(-5.4to0 1.5) 0.28
Death by the time of discharge from hospital§ 115/793 (14.5) 125/797 (15.7) 0.92 (0.73 to 1.17) -1.2 (-4.7 t0 2.3) 0.53

* Risk differences of less than 1.0 indicate better results in the EGDT group.

T The duration of stay was calculated from the time of randomization, except for the stay in the intensive care unit (ICU), which was calculated from the time of ICU admission.
1 The duration of organ support was calculated from the time of randomization.
§ Data for renal-replacement therapy were censored at 90 days after randomization.

9§ Data for mortality at the time of hospital discharge (for the index admission) were censored at 60 days after randomization.




RESULTS®

« BI{ERIZONWT., 2RI THEERETGEI o1,
EGDTE T56 A (7.1%). usual-care® T42 A
(5.3%)To7=(P=0.15),

EGDT Usual care
(N =793) (N =798)
Patients with one or more adverse events - no./total no. (%)? 56 (7.1) 42 (5.3)
Total number of adverse events 65 49
Arterial catheter-associated thrombosis 0 1
Bleeding or arterial puncture on ScvO: or CVC insertion 10 1
Pneumothorax on ScvO:2 or CVC insertion 3 0
ScvO:z or CVC-associated thrombosis® 1 0
ScvO2 or CVC-associated infection® 2 0
Arrhythmia® 34 41
Acute pulmonary edema 14 6
Acute myocardial infarction 0 0
Red-cell transfusion reaction 1 0
Serious adverse events® 4 15
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