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Early, Goal-Directed Therapy for Septic Shock
— A Patient-Level Meta-Analysis

The PRISM Investigators*

ABSTRACT

BACKGROUND
After a single-center trial and observational studies suggesting that early, goal-
directed therapy (EGDT) reduced mortality from septic shock, three multicenter
trials (ProCESS, ARISE, and ProMISe) showed no benefit. This meta-analysis of
individual patient data from the three recent trials was designed prospectively to
improve statistical power and explore heterogeneity of treatment effect of EGDT.

METHODS

We harmonized entry criteria, intervention protocols, outcomes, resource-use
measures, and data collection across the trials and specified all analyses before
unblinding. After completion of the trials, we pooled data, excluding the protocol-
based standard-therapy group from the ProCESS trial, and resolved residual differ-
ences. The primary outcome was 90-day mortality. Secondary outcomes included
1-year survival, organ support, and hospitalization costs. We tested for treatment-
by-subgroup interactions for 16 patient characteristics and 6 care-delivery charac-
teristics.

RESULTS

We studied 3723 patients at 138 hospitals in seven countries. Mortality at 90 days
was similar for EGDT (462 of 1852 patients [24.9%]) and usual care (475 of 1871
patients [25.4%]); the adjusted odds ratio was 0.97 (95% confidence interval, 0.82
to 1.14; P=0.68). EGDT was associated with greater mean (£SD) use of intensive
care (5.3%£7.1 vs. 4.9+7.0 days, P=0.04) and cardiovascular support (1.9+3.7 vs.
1.6+2.9 days, P=0.01) than was usual care; other outcomes did not differ signifi-
cantly, although average costs were higher with EGDT. Subgroup analyses showed
no benefit from EGDT for patients with worse shock (higher serum lactate level,
combined hypotension and hyperlactatemia, or higher predicted risk of death) or
for hospitals with a lower propensity to use vasopressors or fluids during usual
resuscitation.

CONCLUSIONS
In this meta-analysis of individual patient data, EGDT did not result in better
outcomes than usual care and was associated with higher hospitalization costs
across a broad range of patient and hospital characteristics. (Funded by the Na-
tional Institute of General Medical Sciences and others; PRISM ClinicalTrials.gov
number, NCT02030158.)
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N 2001, RIVERS AND COLLEAGUES REPORT-

ed on a 263-patient, single-center, random-

ized, controlled trial of early, goal-directed
therapy (EGDT) versus usual care in patients
presenting with septic shock to an urban emer-
gency department in the United States.! EGDT is
a 6-hour resuscitation protocol for the adminis-
tration of intravenous fluids, vasopressors, ino-
tropes, and red-cell transfusion to achieve pre-
specified targets for arterial blood pressure,
central venous pressure, central venous oxygen
saturation, and hemoglobin level. EGDT reduced
hospital mortality from 46.5% to 30.5%,! prompt-
ing many institutions worldwide to adopt EGDT.?
Three subsequent, government-funded, multi-
center, randomized, controlled trials from the
United States (Protocolized Care for Early Septic
Shock [ProCESS]),® Australasia (Australasian Re-
suscitation in Sepsis Evaluation [ARISE]),* and
the United Kingdom (Protocolised Management
in Sepsis [ProMISe])’ failed to show lower mor-
tality with EGDT than with usual care.

A meta-analysis combining the average re-
sults of the trials also indicated no overall bene-
fit from EGDT.® There is considerable heteroge-
neity, however, in patients in whom septic shock
develops and in usual care across hospitals; con-
sequently, important treatment effects in patient
subgroups or particular settings may have been
missed.’

A prospective meta-analysis of individual pa-
tient data would provide greater statistical power
to identify subgroup effects. The ProCESS, ARISE,
and ProMISe investigators therefore planned this
prospective meta-analysis of individual patient
data (called the Protocolized Resuscitation in
Sepsis Meta-Analysis [PRISM] study) before en-
rollment of the first patient into the first trial
and harmonized entry criteria, intervention pro-
tocols, outcomes, major resource-use measures,
and data collection across the three trials.® The
goals of the current study were to use pooled
data from the three trials to determine the effect
of EGDT versus usual care on 90-day mortality
and secondary clinical and economic outcomes
and to compare the effects of EGDT across pre-
specified patient and care-delivery subgroups.

METHODS

STUDY DESIGN
All three trials evaluated the EGDT protocol, as
described in the article by Rivers et al.! Core
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aspects of best care, including early recognition
of sepsis and prompt delivery of intravenous
fluids and antimicrobial agents, were promoted
in the EGDT groups and the usual-care groups
and reinforced through trial eligibility criteria.

We published the statistical analysis plan and
a priori hypotheses for the current study before
unblinding of any results from the three trials
(ClinicalTrials.gov number, NCT02030158); the
protocol is also available with the full text of
this article at NEJM.org. Each trial supplied in-
dividual patient data after publication®* and after
the trial-level meta-analysis.® Before pooling data,
we compared trial protocols, case-report forms,
and data dictionaries to identify any recoding
needed. We then provided a detailed data-set
specification to each trial team to prepare the
data file for pooling. After receipt of the data,
we checked for missing or duplicate values and
for consistency and plausibility, resolving data
queries through direct consultation with each
trial team before analysis. We did not reassess
risk of bias because that had been performed for
the trial-level meta-analysis.®

The final data-set specification is shown in
Table S1 in the Supplementary Appendix, avail-
able at NEJM.org. The primary outcome measure
was all-cause mortality at 90 days. Secondary
outcome measures were in-hospital and 28-day
mortality; duration of survival to 1 year; dura-
tion of stay in the emergency department, inten-
sive care unit, and hospital; receipt and duration
of invasive mechanical ventilation, vasopressors,
and renal-replacement therapy; and costs and
cost-effectiveness at 90 days.

Prespecified subgroups according to baseline
patient characteristics were age, sex, severe co-
existing conditions (liver, respiratory, cardiovas-
cular, and renal conditions and immunocom-
promised state, all defined according to Acute
Physiology and Chronic Health Evaluation
[APACHE] II criteria), site of infection, and sever-
ity of illness. Severity of illness was operational-
ized in eight ways, according to eligibility crite-
ria met (refractory hypotension, hyperlactatemia,
or both), serum lactate level, illness-severity score
(APACHE II Acute Physiology Score [range, O to
60, with higher scores indicating greater severity
of illness] and APACHE II score [range, 0 to 71,
with higher scores indicating greater severity of
illness]), organ dysfunction (Sequential Organ
Failure Assessment score), treatment (invasive
mechanical ventilation [yes or no] and vasopres-
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sors [yes or no]), and risk of death (derived from
a customized model; see the Supplementary Ap-
pendix). Prespecified subgroups according to
care-delivery characteristics were time from
emergency department presentation to random-
ization, time of randomization (weekday or week-
end and day or night), time from emergency
department presentation to first administration
of intravenous antimicrobial agents (available for
the ProCESS and ARISE trials), and underlying
intensity of care (derived from propensity mod-
els for the use of vasopressors or fluids during
usual care; see the Supplementary Appendix).

The funders had no role in the design or con-
duct of the study, in the collection, analysis, or
interpretation of the data, or in the writing of
the manuscript or the decision to submit it for
publication.

STATISTICAL ANALYSIS
The individual trials each had 80 to 90% power
to detect an absolute difference in mortality of
6.5 to 8.0 percentage points between the EGDT
group and the usual-care group, under the as-
sumption of a baseline mortality of 24 to 40%,
depending on the trial. Because this was a pro-
spective meta-analysis of individual patient data,
the sample-size calculation was undertaken be-
fore the results of the individual trials were
available. On the basis of a control event rate of
25 to 35%, a statistical power of 80%, and a
two-sided P value of 0.05 (with no allowance for
heterogeneity of treatment effect or clustering of
outcomes across trials), this study could detect
an absolute between-group difference in 90-day
mortality of 4 to 5 percentage points and an
interaction effect (odds ratio) of approximately
1.5 or 1.6 for a subgroup representing one half
or one quarter of the total sample, respectively.
We conducted all analyses on an intention-to-
treat basis. We used one-stage, hierarchical re-
gression modeling (patients nested in sites nested
in trials), with site as a random effect and trial
as a fixed effect. We determined heterogeneity
among trials by fitting a fixed interaction be-
tween treatment and trial. We analyzed binomial
outcomes using hierarchical logistic regression,
reported as odds ratios and 95% confidence in-
tervals; survival time (censored at 1 year) using
hierarchical (shared frailty) Cox proportional-
hazards regression, reported as hazard ratios
and 95% confidence intervals; and continuous
outcomes using hierarchical linear regression,
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reported as differences in means and 95% con-
fidence intervals. We presented survival to 1 year
using a Kaplan—Meier survival curve.

We performed a secondary analysis of the
primary outcome using the same hierarchical
regression structure with adjustment for pre-
specified baseline covariates of age, sex, last
systolic blood pressure before randomization
(<90 or 290 mm Hg), APACHE II score, and in-
vasive mechanical ventilation at randomization
(yes or no). Analyses of binomial secondary out-
comes were adjusted for the same covariates. To
determine heterogeneity between prespecified
subgroups, we added fixed interaction terms
between treatment and subgroup to the adjusted
model for the primary outcome. To ascertain
whether any variation in treatment effect across
subgroups was consistent among the trials, we
fitted three-way fixed interactions among trial,
treatment, and subgroup. We analyzed continu-
ous subgroup variables by dividing the cohort
into thirds.

Our cost-effectiveness analysis compared the
outcomes and costs, from the health-services
perspective, up to 90 days after randomization.
We used the combined mortality but reported
cost and cost-effectiveness estimates separately
for each trial because the interpretation of pooled
cost-effectiveness estimates is unclear when
drawn from health care systems with different
cost structures.” The resource use for each pa-
tient was combined with trial-specific unit costs
to report the incremental costs of EGDT versus
usual care. We calculated quality-adjusted life-
years (QALYs) up to 90 days by combining sur-
vival time with quality-of-life scores from the
EuroQol questionnaire (EQ-5D-5L) administered
at 90 days in the ProMISe trial, using the area-
under-the-curve approach.”® We estimated incre-
mental costs and QALYs of EGDT versus usual
care with a seemingly unrelated regression
model,'* with trial as a fixed effect for costs. We
report results for each trial overall and for the
same prespecified subgroups as for the clinical
outcomes. We report incremental net monetary
benefits by valuing QALYs at recommended
thresholds for a QALY gain and performed sen-
sitivity analyses to test the robustness of our
results to alternative assumptions (see the Sup-
plementary Appendix).

All analyses were performed with the use of
SAS software, version 9.4 (SAS Institute), or Stata
software, version 11.2 (StataCorp), and a two-
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Table 1. Patient and Care-Delivery Characteristics at Baseline.*

Characteristic
Patient characteristics
Age —yri
Median
IQR
Male sex — no. (%)
=1 Severe coexisting condition — no./total no. (%)
Site of infection — no. (%)
Lungs
Abdomen
Blood
Central nervous system
Soft tissue
Urinary tract
Other
Unknown
Determined ultimately to have no infection
Entry criterion met — no./total no. (%)
Refractory hypotension only
Hyperlactatemia only
Both refractory hypotension and hyperlactatemia
Last values before randomization
Systolic blood pressure — mm Hg
Median
IQR
Mean arterial pressure — mm Hg
Median
IQR
Serum lactate — mmol/liter
Median
IQR
APACHE Il Acute Physiology Score — median (IQR)§
APACHE Il score — median (IQR)€
SOFA score — median (IQR)|
Customized risk of death — median (IQR)
Care-delivery characteristics
Time from ED presentation to inclusion criteria met — min
Median
IQR
Time from ED presentation to randomization — min
Median
IQR

Receiving antimicrobial agents at randomization — no. /total no. (%)

EGDT
(N=1857)

65
53-75
1065 (57.4)
546/1854 (29.4)

821/1854 (44.3)
717/1854 (38.7)
316/1854 (17.0)

94
83-112

67
59-78

43
2.5-5.9
11 (7-15)
16 (12-21)
4 (2-6)
021 (0.11-0.37)

85
40-150

162
119-223
1726/1856 (93.0)

Usual Care
(N=1880)

65
53-76
1104 (58.7)
526/1880 (28.0)

620 (33.0)
163 (8.7)
172 (9.1)
1.0)
8.1)
371 (19.7)
149 (7.9)
218 (11.6)

(
(
(
9(
153 (
(19
(
(
5(0.8)
833/1830 (44.3)
732/1880 (38.9)
315/1880 (16.8)

94
82-111

67
59-78

42
24-5.9
11 (7-15)
16 (12-21)
4 (2-6)
0.22 (0.11-0.36)

81
36-145

159
115-221
1742/1880 (92.7)
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Table 1. (Continued.)

EGDT Usual Care
Characteristic (N=1857) (N=1880)
Time from ED presentation to first IV antimicrobial agents — min**
Median 75 72
IQR 42-120 42-119

IV fluids administered before hospital presentation until

1801/1846 (97.6) 1818/1871 (97.2)

randomization — no./total no. (%)

Volume administered — ml

Median 2000 2000

IQR 1250-3000 1200-3000
Volume administered per kilogram of body weight — ml

Median 27.5 27.7

IQR 16.5-42.3 16.2-41.7

Data are from the Protocolized Care for Early Septic Shock (ProCESS) trial, the Australasian Resuscitation in Sepsis
Evaluation (ARISE) trial, and the Protocolised Management in Sepsis (ProMISe) trial. The numbers of patients with
data available for analysis were as follows: age, 1857 in the group that received early, goal-directed therapy (EGDT)
and 1879 in the group that received usual care; systolic blood pressure, 1809 and 1824; mean arterial pressure, 1318
and 1352; serum lactate, 1626 and 1645; customized risk of death, 1849 and 1878; time from emergency department
(ED) presentation to inclusion criterion met, 1853 and 1878; time from ED presentation to first intravenous (IV) anti-
microbial agents, 1091 and 1095; volume of IV fluids administered, 1846 and 1871; and volume of IV fluids adminis-
tered per kilogram of body weight, 1723 and 1687. For details on data harmonization, see Table S1 in the Supplementary

Appendix. IQR denotes interquartile range.
7 Age was estimated for 7 patients in the ProMISe trial.

I Severe coexisting conditions were defined according to Acute Physiology and Chronic Health Evaluation [APACHE] II

criteria.

§  APACHE Il Acute Physiology Scores range from 0 to 60, with higher scores indicating greater severity of illness.
APACHE Il scores range from 0 to 71, with higher scores indicating greater severity of illness.

| Scores on the Sequential Organ Failure Assessment (SOFA) range from 0 to 24, with higher scores indicating a greater
degree of organ failure. Baseline urine output was not used in the calculation of the renal SOFA score in the ARISE

and ProMISe trials.

** Shown are data for patients who received IV antimicrobial agents before randomization in the ProCESS and ARISE
trials. All patients in the ProMISe trial received IV antimicrobial agents before randomization (time not recorded).

sided alpha level of 0.05. Complete-case analysis
was used for clinical outcomes because data
were missing for less than 0.5% for all out-
comes; multiple imputation was used for miss-
ing quality-of-life scores. We did not adjust for
multiple comparisons; with 22 planned subgroup
analyses, 1 or 2 significant interaction tests
(P<0.05) would be expected on the basis of
chance alone.”?

RESULTS

STUDY PATIENTS

From March 2008 through July 2014, the three
trials enrolled 4211 patients at 138 hospitals in
the United States (ProCESS); Australia, New Zea-
land, Finland, Hong Kong, and the Republic of
Ireland (ARISE); and England (ProMISe). The
448 patients randomly assigned to receive proto-
col-based standard therapy in the ProCESS trial

N ENGLJ MED 376;23

were excluded from the current study, resulting
in 3763 patients randomly assigned to either
usual care (1892 patients) or EGDT (1871 patients).
After the exclusion of patients who withdrew
consent, underwent randomization in error, or
were lost to follow-up at 90 days, 3723 patients
(98.9%) were included in the primary analysis
and 3511 (93.3%) were followed up to 1 year
(Fig. S1 in the Supplementary Appendix). Patient
and care-delivery characteristics were well bal-
anced at baseline (Table 1, and Tables S2 and S3
in the Supplementary Appendix).

PRIMARY OUTCOME

Mortality at 90 days did not differ significantly
between the two groups. Death occurred in 462
of 1852 patients (24.9%) in the EGDT group and
in 475 of 1871 (25.4%) in the usual-care group
(Table 2). The adjusted odds ratio was 0.97 (95%
confidence interval [CI], 0.82 to 1.14; P=0.68).

NEJM.ORG JUNE 8, 2017

The New England Journal of Medicine
Downloaded from nejm.org on January 14, 2019. For personal use only. No other uses without permission.
Copyright © 2017 Massachusetts Medical Society. All rights reserved.

2227



The NEW ENGLAND JOURNAL of MEDICINE

23700

9.0

|t00°0>

LS50
o

€L'0

sjeu uowe uosuedwo)

uosiiedwo)

anjeA d

LS50

60

¥0°0

<00

89°0
980

89°0

||e42A0

b(s001z0-) z0

L(yz10168°0) SO'T

b(#r10351-) T0-

b(600100) 0

bl00110) 50

b(t003€0-) T0-

L(ST'T 01 18°0) 9670
L(tz10158°0) 20T

L(yT'T0328°0) £60

(1D %56) 1ay3 |euswaiu|

CSF6'T
801¢

(0'62) v£81/¥¥S

9CF6 Y1
JARC RS
6

0'LF6'V
LO¥C

(5'18) zesT
0€¥FCT

€010
T

(9°02) €£81/58¢
(v'61) 8£81/59¢

(v's2) 1£81/SL¥

(0881=N) 248D [ENSn

G§SFTC
801¢

(s°0€) z581/595

SLIF8VL
JARR A

(2°06) ¥891
€EFIT

€010
T

(z02) vss1/sLe
(6'61) £S8T/0L€

(6'v2) zs81/79%

(£s81=N) 1ao3

||e42A0 US|

401

yoddns Suiaedal syuaijed uowe ueipa|y
skep — uoleing
(96) "ou |e303/-0u — 1d193y
NDI Ul UOIE|IIUSA [BDIUBYD3W dAISEAUI :oddns Aiojelidsay

NDI ut uoddns uedio jo uoneinp pue 1d1933. :S9LWL0O2IN0 AIEPUODIIS

uespy
Ele]
uelps|y

§skep — |endsoy uj

||e42A0 US|

40l

paniwpe sjuaned uowe ueipajy
skep — suoissiwpeas 3uipnpul ‘Aess e10]

||e49A0 US|

40l

paniwpe sjuaited Suowe ueipa|y
skep — Aejs 3s414
(%) "ou— n>J 01 paniwipy

noI Ul
ueal\
40l
uelpay

y—aiu

UOIeZILIOPUE.S LU0 AB]S JO UOIJBIND 1SSLIODINO AIBPUODSS
(96) "ou |e101/-0u — sAep gz 1e yieaQg
§(9%) ou |er01/-ou — adieydsip [endsoy 1e yieaq
A11jeioW :S3W021N0 AIepuodas

(96) ou |01/ 0U — SAEp (6 1€ Y1ESP :9LW0DIN0 AiBLlId

|awodIno

%'S9W0dINQ "z ?|qe L

NEJM.ORG JUNE 8, 2017

N ENGL J MED 376;23

2228

The New England Journal of Medicine
Downloaded from nejm.org on January 14, 2019. For personal use only. No other uses without permission.

Copyright © 2017 Massachusetts Medical Society. All rights reserved.



EARLY, GOAL-DIRECTED THERAPY FOR SEPTIC SHOCK

"}S0D [BJUBWIIOUI AY) Iyl wiody Sundesigns pue 000‘00T$ Aq (sso| 40) uted A7y aya Suik|diyinw Aq pajejnojed sem 1iyauaq 1au |eauawainul ayl  §§

‘uonendwi ajdinw Yyim 2103s 3ji|-jo-A)ijenb s jusined yoes 91eLWIISS O] UOIJBLUIOJUI S1BIIBAOD 3|GE|IBAE ||B PaSN am

‘areuuonsanb 76-gs-O7 ue 233|dwod J0u pIp oYM |eL} S|NOI] BY} Ul 3SOY} pUe S|el] ISV PUB SSID0I 33 Ul sjudljed ||e 104 ‘UOIIEZILUOPUES JaYye SKep (g 1B [l 9S|NOId dY3 Ul
sjuaited 2)qi313 01 pasaisiuilipe sem ydiym ‘(341] Jo Aijenb 1oapiad T pue yreap saiedipul 4O 21035 B 6-Q5-O3F) a4ieuuonsanb [odoing ay3 Jo asn sy yum passasse sem 41| jo Alijend
‘painduwi Al diyinw asom erep 3uissiy

(97101920

‘12 9%56) 86°0 @SIINOId PUE {(£2°T 03 8£°0 ‘ID %56) 86°0 ‘ASINV (0T 03 ZT'T ‘ID %56) TS'T ‘SSID0Id 1SMO||0} SE SEM [ELI} 0} SUIPI0DdE (Ol13E4 SPPO PaISNIpE) 10342 [eIUBLIIOUI Y|
(77001 0°0 ‘1D %56) T'0 ‘3SIINOId PUe (€0~ 03 670~ ‘1D %56) 90~ ‘ASINY (20 03 T'0~ ‘1D %S6) €0 ‘SSIDOIJ :SMO||0} SE SEM [BLi} 0} SUIPJODIE (SUBSLU Uil 9IUIYIP) 1942 [BIUSIIDUI BY L
"SUBAW Ul 9DUIBYIP 3Y} SI UMOYS

"|el1 SSID0Id SY3 Ul UOIjeZIWOpUERS Ja)e SKep ()9 1e PaIOSU3D d4am ele(

(82°0=d ‘#T°T 03 #8°0 ‘1D %56) 86°0 Sem awodino Asewrid ayj 1o oljes sppo paisnipeun ay|

*(ou 4o sak) uorre|uan |ediuEYD

-awW aAIseAul Jo 1diadal pue 2103s || IHIVAY ‘(SH ww 06= 10 06>) UOIEZIWOPUEI 210j3q d4nssaid poo|q d1josAs Ise| ‘xas @8k 4oy Juawiisnipe yum ‘oizes sppo paisnipe ayy si umoys 1
"1eak-9)1] paisnipe-Ayjenb

ATVO pUB ‘4un aJed 3AISUSIUI (D] ‘|BAI3UT 2DUSPLUOD Ssajouap D ‘xipuaddy Arejuawaiddng ay3 ul TS 3|qe | 99S ‘UOIIEZIUOWIEBY BIEP UO S|IB}3P 104 "(ST SUBSLU B SIN|EA SnuUIW-Sn|d

s

6¢0 (6971 03 £18¢-) TLTT- ENTARSE]
600 (1€ 018L8%-) ZEOT- ENEL
€7°0 (1781 01 €£€¥-) 9921~ Ss3doid
§§s — sAep 06 1e 1y2ULQ 19U |EIUBLUBIOU|
960 b (000 03 700°0-) 0000 870'07850°0 810'07850°0 skep 06 03 sjusned |e Suowe sATYO
160 b (000°0 01 6£0°0-) 2000~ 60€°0¥579°0 €1€°0FET9°0 sAep 06 1e SIOAIMINS BUOWE 21035 76-Q5-O3
JAN(] b(cgzg 03 81H1-) €811 LT0'9TF906'CT OZT'STFZIT'YT 9SINoid
80°0 b(zser o1 ¥9z-) zv0T 7T8'TTFELE'TT LEL'STFYTO'ST ENEL
wo b(zser o1 66£1-) 9221 0ST'0£¥0€6'0¢ I8T'0€F8LI CE S$S3D004d
¢ — skep pg 01 dn s31s0D [B30 |
l.LsisA[eue ssauaninaya-150D)
660 89°0 b(zoor10-) 00 v'ZF9°0 €EFL0 [|edan0 UBSIN
Lore Lo1T Te]
% I yoddns uiaiedal syuaiied Suowe uelpay
skep — uoneing
160 88°0 L(gz10118°0) 20T (9°01) v81/86T (0'11) Z881/%02 (96) "ou |e303/-0u —1d1a23y
NDI ul Adesayy Juswiade|dai-jeuas :uoddns [euay
750 100 b(s00r10) €0 67791 L'EF6'T |[B49A0 UBDIN
v 011 v 011 40l
z z uoddns uiniedal syuaned 3uowe uelpay
skep — uoneing
070 100°0> Lyotorezt) evt (c6¥) €£81/56 (195) ¥581/0%0T (96) "ou [e103/-0u —1d1209y
NDI u1 sadoJjoul 4o siossaidosen :uoddns ejnasesoipied

2229

NEJM.ORG JUNE 8, 2017

N ENGLJ MED 376;23

The New England Journal of Medicine
Downloaded from nejm.org on January 14, 2019. For personal use only. No other uses without permission.

Copyright © 2017 Massachusetts Medical Society. All rights reserved.



The NEW ENGLAND J

There was no interaction with respect to treat-
ment effect among the trials.

SECONDARY OUTCOMES

Duration of stay in the intensive care unit (first
admission and total days) and receipt of cardio-
vascular support (both percentage of patients
and duration) were greater in the EGDT group
than the usual-care group (Table 2). No other
secondary outcomes differed significantly. Du-
ration of stay in the emergency department was
shorter in the EGDT group than in the usual-
care group in the ARISE trial but not in the
ProCESS or ProMISe trials. There was no sig-
nificant difference in the duration of survival to
1 year between the two groups (hazard ratio,
0.98; 95% CI, 0.86 to 1.11; P=0.75) (Fig. 1).

SUBGROUP ANALYSES

Of the 16 a priori patient characteristics evalu-
ated in subgroup analyses (Fig. 2), only 2 had
significant interactions. In particular, there was
no evidence of benefit associated with EGDT in
the subgroups with the most severe septic
shock, including those with a serum lactate level
of 4.1 mmol per liter or more (1796 of 3258 pa-
tients [55.1%]; mean, 6.7 mmol per liter), those
who presented with both hypotension and hyper-

100+
<3
X s -g
o0
<
=
S 504 Hazard ratio, 0.98 (95% Cl, 0.86-1.11)
a P=0.75
2
g
s P71 —ecor
—— Usual care
0 T T T 1
0 90 180 270 360
Days since Randomization
No. at Risk
EGDT 1857 1391 1287 1209 1119
Usual care 1880 1395 1295 1206 1110

Figure 1. Patient Survival over a Period of 1 Year.

There was no significant difference in the duration of survival to 1 year be-

tween the group that received early, goal-directed therapy (EGDT) and the

group that received usual care. Data with respect to survival were censored
at the actual date that the patient was last known to be alive or at 365 days.
Cl denotes confidence interval.
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lactatemia (628 of 3720 patients [16.9%]; mean
systolic blood pressure, 89 mm Hg; mean serum
lactate level, 6.7 mmol per liter), those in the
upper third of APACHE II scores (1217 of 3723
patients [32.7%]; mean score, 24.6), and those in
the upper third of predicted risk of death (1227
of 3715 patients [33.0%]; 90-day mortality,
46.2%). EGDT was associated with higher mor-
tality among patients with severe chronic liver
disease (117 of 3720 patients [3.1%]) than
among those without such disease and lower
mortality among those with severe chronic re-
spiratory disease (370 of 3720 patients [9.9%])
than among those without such disease.
Among the six a priori care-delivery charac-
teristics evaluated, we found no treatment-by-
subgroup interactions (Fig. 3). In particular,
analyses of treatment effects according to differ-
ences in usual care showed no interaction and
no evidence of benefit at sites providing less
aggressive resuscitation, despite considerable vari-
ation among sites in the propensity to adminis-

Figure 2 (facing page). 90-Day Mortality According to
Patient Subgroup.

For details on data harmonization, see Table S1 in the
Supplementary Appendix. Odds ratios were adjusted
for age, sex, last systolic blood pressure before random-
ization (<90 or =90 mm Hg), Acute Physiology and Chron-
ic Health Evaluation (APACHE) Il score (range, 0 to 71,
with higher scores indicating greater severity of illness),
and receipt of invasive mechanical ventilation (yes or
no). The size of the square corresponds to the number
of patients in each subgroup. Age was estimated for
seven patients in the Protocolised Management in Sep-
sis (ProMISe) trial. The odds ratios according to trial
for immunocompromised state versus no immunocom-
promised state were as follows: Protocolized Care for
Early Septic Shock (ProCESS), 1.26 (95% Cl, 0.72 to
2.20) versus 0.82 (95% Cl, 0.58 to 1.17); Australasian
Resuscitation in Sepsis Evaluation (ARISE), 1.23 (95%
Cl, 0.60 to 2.50) versus 0.96 (95% Cl, 0.73 to 1.26);
and ProMISe, 0.66 (95% Cl, 0.33 to 1.29) versus 1.08
(95% Cl, 0.83 to 1.40). For site of infection, patients
with other or unknown site include those with an infec-
tion in the central nervous system and those who were
determined ultimately to have no infection. Three pa-
tients did not meet the eligibility criteria for refractory
hypotension or hyperlactatemia. APACHE Il Acute Phy-
siology Scores range from 0 to 60, with higher scores
indicating greater severity of illness. Scores on the Se-
quential Organ Failure Assessment (SOFA) range from
0 to 24, with higher scores indicating a greater degree
of organ failure.
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Subgroup EGDT Usual Care Odds Ratio (95% Cl) P Value
Overall Comparison
Comparison  among Trials
no. of deaths/total no. of patients (%)
Overall 462/1852 (24.9) 475/1871 (25.4) 0.97 (0.82-1.14)  0.68 0.73
Age 0.69 0.85
<57 yr 111/611 (18.2)  112/655 (17.1) 1.09 (0.81-1.46)
57-71yr 145/619 (23.4)  139/575 (24.2) 0.96 (0.73-1.25)
=72 yr 206/622 (33.1)  224/641 (34.9) 0.92 (0.73-1.17)
Sex 0.71 0.98
Female 192/790 (24.3)  195/772 (25.3) 0.95 (0.75-1.20)
Male 270/1062 (25.4) 28071099 (25.5) 1.01 (0.83-1.23)
Severe coexisting condition
Liver 0.01 0.12
No 427/1790 (23.9) 455/1813 (25.1) - 0.94 (0.80-1.09)
Yes 34/59 (57.6) 20/58 (34.5) 2.51 (1.12-5.63)
Respiratory 0.01 0.18
No 415/1658 (25.0) 409/1692 (24.2) = 1.05 (0.90-1.23)
Yes 46/191 (24.1)  66/179 (36.9) —_— 0.54 (0.34-0.85)
Cardiovascular 0.84 0.89
No 442/1800 (24.6) 456/1824 (25.0) . 0.98 (0.84-1.14)
Yes 19/49 (38.8) 19/47 (40.4) —_— 0.92 (0.40-2.15)
Renal 0.36 0.69
No 446/1787 (25.0)  454/1808 (25.1) E 3 0.99 (0.85-1.16)
Yes 15/62 (24.2) 21/63 (33.3) ———1— 0.67 (0.29-1.53)
Immunocompromised state 0.92 0.01
No 357/1568 (22.8) 375/1609 (23.3) e 0.97 (0.82-1.14)
Yes 104/281 (37.0)  100/262 (38.2) —e 1.02 (0.70-1.46)
Site of infection 0.39 0.35
Lungs 171/656 (26.1)  172/618 (27.8) —a 0.93 (0.72-1.19)
Abdomen 49/172 (28.5)  43/163 (26.4) — 1.08 (0.66-1.77)
Blood 59/171 (34.5)  60/172 (34.9) —_— 0.98 (0.62-1.53)
Soft tissue 24/154 (15.6)  16/152 (10.5) — 1.58 (0.79-3.16)
Urinary tract 61/354 (17.2)  79/369 (21.4) —e 0.74 (0.51-1.08)
Other or unknown 98/345 (28.4)  105/397 (26.4) —— 1.10 (0.79-1.52)
Severity of illness
Eligibility criterion met 0.09 0.53
Refractory hypotension 121/819 (14.8)  146/831 (17.6) —— 0.81 (0.62-1.06)
Hyperlactatemia 213715 (29.8)  221/727 (30.4) - 0.98 (0.78-1.22)
Both 128/315 (40.6)  108/313 (34.5) 1= 1.32 (0.94-1.83)
Last lactate level before randomization 0.26 0.21
<2.1 mmol/liter 44/313 (14.1)  52/342 (15.2) — 0.92 (0.59-1.43)
2.1-4.0 mmol/liter 64/397 (16.1) 837410 (20.2) —s 0.76 (0.53-1.09)
>4.1 mmol/liter 319/912 (35.0)  297/884 (33.6) 1.07 (0.88-1.30)
APACHE Il Acute Physiology Score 0.95 0.65
<9 96/677 (14.2)  96/643 (14.9) 0.97 (0.71-1.32)
9-13 134/572 (23.4)  135/598 (22.6) 1.03 (0.78-1.35)
=14 232/603 (38.5)  244/630 (38.7) 0.98 (0.77-1.23)
APACHE Il score 0.24 0.82
<14 74/666 (11.1)  58/650 (3.9) 4= 1.30 (0.90-1.88)
14-19 137/576 (23.8)  158/614 (25.7) —=- 0.89 (0.69-1.17)
220 251/610 (41.1)  259/607 (42.7) - 0.94 (0.75-1.18)
SOFA score 0.34 0.47
<3 69/527 (13.1)  75/503 (14.9) —— 0.85 (0.60-1.22)
3or4 127/547 (23.2)  118/579 (20.4) B - 1.17 (0.88-1.56)
=5 266/778 (34.2)  282/789 (35.7) e 0.94 (0.76-1.16)
Customized risk of death 0.65 0.97
<14% 46/617 (7.5) 55/634 (8.7) — 0.85 (0.57-1.29)
>14% and <30% 135/609 (22.2)  133/628 (21.2) 1.06 (0.80-1.39)
>30% 280/619 (45.2)  287/608 (47.2) 0.93 (0.74-1.17)
Invasive mechanical ventilation 0.55 0.62
No 386/1670 (23.1) 401/1708 (23.5) 0.98 (0.83-1.15)
Yes 76/182 (41.8) 74163 (45.4) — 0.87 (0.55-1.37)
Vasopressor infusion 0.17 0.21
No 360/1559 (23.1) 393/1592 (24.7) 0.92 (0.78-1.09)
Yes 101/291 (34.7)  82/277 (29.6) q:-— 1.23 (0.85-1.77)
T T T T 1
0.2 0.5 1.0 2.0 5.0
EGDT Better ~ Usual Care Better
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Subgroup EGDT Usual Care Odds Ratio (95% Cl) P Value
Overall Comparison
Comparison  among Trials
no. of deaths/total no. of patients (%)
Overall 462/1852 (24.9)  475/1871 (25.4) 0.97 (0.82-1.14) 0.68 0.73
Time to randomization 0.83 0.06
<132 min 174/593 (29.3)  190/657 (28.9) 1.00 (0.78-1.28)
132-197 min 161/636 (25.3)  162/598 (27.1) 0.93 (0.71-1.20)
>198 min 127/623 (20.4)  123/616 (20.0) 1.04 (0.78-1.39)
Randomization
Day of week 0.28 0.90
Weekday: Mon.Fri. 408/1621 (25.2)  423/1617 (26.2) e 3 0.95 (0.81-1.11)
Weekend: Sat.—Sun. 54231 (23.4) 52/254 (20.5) —_—— 1.20 (0.77-1.85)
Time of day 0.62 0.99
Day: 8:00 a.m. to 7:59 p.m. 400/1564 (25.6)  411/1566 (26.2) G o 0.96 (0.82-1.13)
Night: 8:00 p.m.to 7:59 a.m. 62288 (21.5) 64/305 (21.0) — 1.06 (0.71-1.58)
Time from ED presentation to first 0.74 0.26
IV antimicrobial agents
<51 min 89/369 (24.1) 94/370 (25.4) —a— 0.92 (0.66-1.29)
51-99 min 68/356 (19.1) 69/360 (19.2) —e 0.97 (0.66-1.42)
>100 min 87/363 (24.0) 83/363 (22.9) —— 1.13 (0.79-1.62)
Intensity of underlying care
Standardized vasopressor use 0.60 0.42
1: lowest use 141/551 (25.6)  140/554 (25.3) 1.02 (0.77-1.33)
2: intermediate use 167/746 (22.4) 187/751 (24.9) 0.87 (0.68-1.11)
3: highest use 139/512 (27.1)  143/534 (26.8) 1.03 (0.78-1.36)
Standardized fluid-volume use 0.45 0.11
1: lowest use 143/610 (23.4)  137/620 (22.1) 1.09 (0.83-1.44)
2: intermediate use 179/700 (25.6)  205/721 (28.4) 0.86 (0.68-1.10)
3: highest use 122/485 (25.2)  126/483 (26.1) 0.95 (0.71-1.27)
T T T T 1
0.2 0.5 1.0 2.0 5.0
EGDT Better Usual Care Better
Figure 3. 90-Day Mortality According to Care-Delivery Subgroup.
For details on data harmonization, see Table S1 in the Supplementary Appendix. Odds ratio were adjusted for age, sex, last systolic
blood pressure before randomization (<90 or 290 mm Hg), APACHE Il score, and receipt of invasive mechanical ventilation (yes or no).
The size of the square corresponds to the number of patients in each subgroup. Data for time from emergency department (ED) presen-
tation to first intravenous (IV) antimicrobial agents are only for patients who received IV antimicrobial agents before randomization in
the ProCESS and ARISE trials; all patients in the ProMISe trial received antimicrobial agents before randomization (time not recorded).
Results for intensity of underlying care were reported for 115 (83%) of the 138 participating sites with at least three patients who re-
ceived usual care.
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ter vasopressors (mean propensity according to
third, 23.2%, 44.2%, and 65.3%) or intravenous
fluids (mean volume according to third, 1.3, 2.0,
and 3.4 liters) in the usual-care group.

In the total of 22 analyses, there were 2 sig-
nificant interaction tests. This finding is consis-
tent with the 1 or 2 such tests that would be
expected by chance alone.

COSTS AND COST-EFFECTIVENESS

In each of the three trials, the average cost up to
90 days was higher with EGDT than with usual
care (Table 2, and Fig. S2 and Table S13 in the
Supplementary Appendix). Average quality-of-life
scores and QALYs were similar in the two groups;
thus, for each trial, the average incremental net
monetary benefit for EGDT versus usual care

N ENGL J MED 376;23

was negative, and the probability that EGDT is
cost-effective was less than 0.25 across all realis-
tic willingness-to-pay thresholds (Fig. S3 in the
Supplementary Appendix). The sensitivity analy-
sis showed that these base case results were ro-
bust to alternative assumptions (Fig. S4 in the
Supplementary Appendix). Although the esti-
mated incremental net benefit of EGDT was
positive for a few of the prespecified subgroups,
these results had wide 95% confidence intervals
that included zero (Table S14 in the Supplemen-
tary Appendix).

DISCUSSION

The results of our prospective meta-analysis of
individual patient data provide a more granular
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and robust insight than the results of the indi-
vidual trials and of our trial-level meta-analysis
into the overall effectiveness of EGDT versus
usual care in patients presenting to the emer-
gency department with septic shock. We found
no evidence that EGDT resulted in lower mortal-
ity than usual care, a finding that is consistent
with the results of our trial-level meta-analysis.®
We also found that, although the three trials
occurred in geographically distinct health care
systems, there was no evidence of any trial-spe-
cific effect.

Concerns exist that the divergent findings
between the trial by Rivers et al.! and the three
large, multicenter, randomized, controlled trials
are because the patients included in the trial by
Rivers et al. were sicker.’* We found no evidence
of treatment benefit with EGDT in patients with
greater severity of illness, despite using several
approaches to identify subgroups of very sick
patients that were considerably larger than the
entire population in the trial by Rivers et al. For
example, the cohort in the upper third of pre-
dicted risk of death, which was more than four
times as large as the entire population in the
trial by Rivers et al., had similar mortality in the
EGDT group and the usual-care group (approxi-
mately 45%); mortality was also similar to that
in the control group in the trial by Rivers et al.
We do not believe, therefore, that differences in
severity explain the differences in findings. There
were treatment interactions between EGDT and
the presence of either severe preexisting respira-
tory or liver disease, but these effects were in-
consistent and probably spurious, given the small
number of patients with these coexisting condi-
tions and the large number of subgroup analyses.

Another important concern raised about the
recent trials was that usual care may have been
superior to that reported in positive studies, ex-
plaining the failure to show a benefit with
EGDT. Our subgroup analyses explored whether
the effect of EGDT depended on the usual resus-
citation practice in an emergency department;
despite wide variation in practice, even in those
emergency departments with the least aggres-
sive practice, there was no evidence of benefit.
As noted previously, all three trials are more
recent than the trial by Rivers et al., and early
recognition of sepsis and prompt delivery of in-
travenous fluids and antimicrobial agents were
promoted in all treatment groups. It remains

N ENGLJ MED 376;23

possible that general advances in the provision
of care for sepsis and septic shock, to the benefit
of all patients, explain part or all of the differ-
ence in findings between the trial by Rivers et al.
and the more recent trials.

Unlike the results of observational studies,***
which were proposed as evidence supporting the
ongoing use of EGDT,>"® this prospectively de-
fined analysis of individual patient data relies
exclusively on random assignment, avoiding
biases related to confounding by indication, re-
gression to the mean, or secular trends in sepsis-
related mortality.’®"” This collaboration among
trial groups also shows that key methodologic
aspects of independently conducted research can
be harmonized in advance, facilitating the gen-
eration of a richer evidence base to guide clini-
cians dealing with complex conditions such as
septic shock. The return on investment for the
patient, investigator, and funding agency is en-
hanced by our model of early collaboration
among research groups, aligning key measure-
ments and using a prespecified plan to perform
a prospective meta-analysis of individual patient
data to answer questions beyond the scope of
each individual trial.

Nonetheless, there are important limitations
to this analysis. Although the overall sample size
is large, some clinically important subgroups are
small, which limits statistical power. The analy-
sis is also limited by the underlying internal and
external validity of the three trials. None were
blinded, which may introduce bias. Patients were
enrolled in both academic and nonacademic
metropolitan and rural hospitals across several
regions of the world. However, the control
groups may not be representative of usual care
in all settings, especially those in low-income
and middle-income countries.

Although our analysis confirms that EGDT as
a packaged protocol of care is not superior to
usual care, there are still unresolved questions
regarding the most effective fluid and vasopres-
sor regimens, the role of hemodynamic monitor-
ing, and appropriate targets in the resuscitation
of patients with sepsis and septic shock. Even
though a policy that mandates routine measure-
ment of central venous pressure and central ve-
nous oxygen saturation in all patients with sep-
sis did not improve outcomes, clinical judgment
should always be applied because, in specific
circumstances, there may be a role for these
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measurements. The future of sepsis therapy may
yet lie with protocols that permit a more indi-
vidualized approach that is based on a greater
understanding of the complex interplay among
host genetics, individual pathophysiological fea-
tures, and the infective agent.'8
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