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Duration of hypotension before initiation of effective antimicrobial
therapy is the critical determinant of survival in human septic shock™
Anand Kumar, MD; Daniel Roberts, MD; Kenneth E. Wood, DO; Bruce Light, MD; Joseph E. Parrillo, MD;

Satendra Sharma, MD; Robert Suppes, BSc; Daniel Feinstein, MD; Sergio Zanotti, MD; Leo Taiberg, MD;
David Gurka, MD; Aseem Kumar, PhD; Mary Cheang, MSc
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Empiric Antibiotic Treatment Reduces Mortality
in Severe Sepsis and Septic Shock From the
First Hour: Results From a Guideline-Based
Performance Improvement Program*
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The Impact of Timing of Antibiotics on Outcomes
in Severe Sepsis and Septic Shock: A Systematic
Review and Meta-Analysis*®

Sarah A. Sterling, MD; W. Ryan Miller, MD; Jason Pryor, MD; Michael A. Puskarich, MD;

Alan E. Jones, MD

NJ77—21& 3BFfE LA

lmli

S iE AN IMAES U (SN

TEE >3y ERHILTHS

1 H%F53L1W®}R¥ET2%(J
RN ZE(CTHFESULRL

Crit Care Med 2015; 43: 1907-

1 C



A

Ferrer (2014) . 1.23(1.94, 1.3
Puskarich (2011) ] 0.51(0.22 1.10)
Galeski (2010) o 1.30 (0.70, 238
Vilella (2014) B 0.79 0.35 1.73
Joo (2015) k3 1.54 (0.99, 239
Bruce (2015) 0 1.24 (049 296
Pooled OR . . - 1.6 0.92 1.4§
22 0% H 1

Odds Ratio (95% Confidence Interval)

~NU 7
3EFfEIAANDINE
AT

—SP5

IS

»z'd)léaﬁﬁ

Ferrer (2014) 1.07 (0.95, 1.20)
Puskarich (2011) B 0.77 (0.35, 1.68)
Galeski (2010) 1.65(0.93. 2.89)
Ferrer (2009) —.— 1.43(1.14, 1.78)
Kumar (2006) + 7.33(544. 997
Yokota (2014) 1.13 (0.68, 1.85)
Ryoo (2015) 1.09 (0.64, 1.86)
Bloos (2014) 1.06 (0.74, 1.51)
Pooled OR {:> 1.46 (0.89, 2 40)
02 0s 1 2 10

Odds Ratio (95% Confidence Interval)

Y

WI NIcEWLWTEBRELEDE

F A A DA
T ’2‘*0)551??

(j:mlh\w ?

Figure 2. Surmmary of forest plots. A, Pooled odds ratios for mortality and time to antibiotics in less than or
more than 3hr from triage time. B, Pooled odds ratios for mortality and time to antibiotics in less than or maore
than 1 hr from severe sepsis/shock recognition.
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Table S1. Details of the 3- and 6- hour severe sepsis and septic shock bundles

Bundle | Eligible Elements
Severe Administration of antibiotics within 1 hour of protocol initiation
3-hour | sepsis or Drawing blood cultures prior to administration of antibiotics

septic shock
Measurement of blood lactate within 3 hours of protocol initiation

hypotension Administration of a 30cc/kg intravenous fluid bolus

6-hour | (SBP<90) or

Administration of vVasopressors for refractog hypotension
serum lactate

24.0 mmol/L_ | Re-measurement of serum lactate within 6 hours of protocol initiation

* To be considered compliant with the 3-hour bundle within 3 hours in the primary statistical analysis,
broad spectrum antibiotics were considered complete if within 3 hours after the protocol was
initiated.
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Table S2. Sample of New York State audit of database variables, including sepsis
characteristics, comorbidities, laboratory veﬂlues, and 3 and 6-hour bundle elements.

Proportion of
No. of charts cases with
Variable audited agreement (%)
Sepsis data .
Severe sepsis / shock present 7,492 98.4 %E@%ﬁ%t L/_C\
Infection etiology 7,492 87.8
Site of infection 5,452 98.9
Comorbidities ! ~ o/ > 3 y
Chronic respiratory failure 2,039 89.9 (it/\lt(igO 95 /OLXJ:EEEé_n_C(:\%
Congestive heart failure 2,039 93.4 ULHU. 30ml/kgDEFARAIMR—3 A (3%
Chronic renal failure 2,039 92.7 — - '
Laboratory values and vital signs EEZ"‘_—‘&: LJ_C 7 5 O/ (0) *EFE _C 37)5
Platelet count 5,452 97.7
Lactate level 7,492 93.9
Hypotension 7,492 90.0
Bundle elements
Blood cultures obtained 7,492 96.7
Lactate reported 7,492 99.0
Antibiotics given 7,492 92.5
30cc/kg 1V fluid bolus completed 7,492 75.2
Vasopressors given 7,492 97.3
Outcome data
ICU admission 7,492 99.3
Discharge status 7,492 99.2
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— AUC C statistic 0.77
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Statistical analysis
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Results



All cases, 185 hospitals

Figure S1

. Patient accrual.

N=111,816
Duplicate encounters N=8,171
Age<18 years N=1,105
Clinically contraindicated N=3,763
Excluded Advanced directive present N=2,840
" Declined participation N=1,013
Enrolled in concomitant trial N=1
Transferred from another hos pital N=2,566
Hospital with fewer than 50 cases N=587
¥
Eligible cases, 149 hospitals
N= 90,770
Protocol initiated outside of ED N=32,665
Excluded | protacol initiated > 6 hrs after ED arrival ~ N=3,648

3-hour bundle not completed within 12 hrs  N=4,758
Discharged within 12 hrs of protocol initiated N=367

Study population, 149 hospitals
N=49,331

:

'

3-hr bundle completed
N=40,696

3-hr bundle not completed in 3 hrs
N=8,635
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Table 1. Characteristics of the Patients.

Characteristic

Percentage of patients
Age at admission — yr
Median
Interquartile range
Female sex — no. (%)
Race — no. (%) T
White
Black
Asian

Other

Hispanic ethnic group — no. (%)

Coexisting condition — no. (%)
Chronic respiratory failure
Congestive heart failure

End-stage renal disease

All Patients
(N=49,331)

100.0

73
6083
23,634 (47.9)
33,075 (67.0)
8,269 (16.8)
2,167 (4.4)
5,820 (11.8)
4,851 (9.8)
5,738 (11.6)
10,092 (20.5)
5,207 (10.6)

3-Hr Bundle Completed in 3 Hr

Yes No
(N=40,696) (N=8635)
82.5 17.5
73 71
61-84 59-82
19,157 (47.1) 4477 (51.3)
27,605 (67.8) 5470 (63.3)
6,487 (15.9) 1782 (20.6)
1,774 (4.4) 393 (4.6)
4,830 (11.9) 990 (11.5)
4,022 (9.9) 829 (9.6)
4,656 (11.4) 1082 (12.5)
8,311 (20.4) 1781 (20.6)
4,109 (10.1) 1098 (12.7)

P Value*

<0.001

<0.001
<0.001

0.39

0.004
0.67
<0.001
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Table 1. Characteristics of the Patients.

Admission source — no. (%)
Home
Skilled nursing facility
Otherz
Site of infection — no. (%)
Urinary
Respiratory
Gastrointestinal
Otherf
Positive blood cultures — no. (%)
Serum lactate — mmol/liter
Median
Interquartile range
Septic shock — no. (%)
Teaching facility — no. (%)
In-hospital death — no. (%)

33,464 (67.8)
13,233 (26.8)
2,634 (5.3)

13,439 (27.
19,839 (40.
4

(27.2)

(
4,649 (9.

(

(

)

11,404 (2

3.1)
14,574 (29.

2
2
)
1
5)
2.7
1.7-4.4
22,336 (45.3)
40,257 (81.6)
11,251 (22.8)

27,306 (67.1)

11,247 (27.6)

2,143 (5.3)

10,963 (26.9)

16,806 (41.3)

3,580 (8.8)
9,347 (23.0)
12,322 (30.3)

2.8
1.8-4.4
18,393 (45.2)
7,739 (19.0)

* P values are based on Pearson’s chi-square test for categorical variables and the Wilcoxon rank-sum test for continuous

variables.

7 Race and ethnic group were determined from medical records.
1 Other locations include clinic or unknown.

9,213 (22.6)

§ Other site of infection includes skin, central nervous system, and unknown.

6158 (71.3)
1986 (23.0)
491 (5.7)

2476 (28.7)
3033 (35.1)
1069 (12.4)
2057 (23.8)
2252 (26.1)
2.5
1.6-4.1
3943 (45.7)
7300 (84.5)
2038 (23.6)

<0.001

<0.001

<0.001
<0.001

0.43
<0.001
0.05

NIOR

3EFfE/ N> BRIV Z 3EFfE A
ANICE T TETCLVBREAR
DFFEEL T

-BEMSHDEN
- BEMENONZ )

¢ @En)ﬁ X 73\\/}\78(\
PR EHZS L)

- MIBZERNF L)

- [RAAFETEHEL
- B EhEERE AN R




Table S4. Additional patient characteristics

3-hour bundle completed in 3

hours
All patients Yes No P value'
No. 49,331 (100.0) 40,696 (82.5) 8,635 (17.5)
Site of infection, no. (%) Urinary 13,439 (27.2) 10,963 (26.9) 2,476 (28.7) <0.001
Respiratory 19,839 (40.2) 16,806 (41.3) 3,033 (35.1)
Gastrointestinal 4,649 (9.4) 3,580 (8.8) 1,069 (12.4)
Skin 3,480 (7.1) 2,921 (7.2) 559 (6.5)
Central Nervous System 239 (0.5) 201 (0.5) 38 (0.4)
Other 3,770 (7.6) 3,073 (7.6) 697 (8.1)
Unknown 3,915 (7.9) 3,152 (7.8) 763 (8.8)
ﬁsitive blood cultures, no. (%) <0.001
Gram positive 7,178 (14.5) 6,078 (14.9) 1,100 (12.7)
Gram negative 6,431 (13.0) 5,455 (13.4) 976 (11.3)
Other # 965 (2.0) 789 (1.9) 176 (2.0)
None 34,757 (70.5) 28,374 (69.2) 6,383 (73.9)
Tho. (%) = 14,143 (28.7) 11,941 (29.3) 2,205 (25.5) < 0.001
Persistent hypotension, no. (%) 19,469 (39.5) 15,915 (39.1) 3,554 (41.2) < 0.001

T p-values based on Pearson chi-square for categorical variables and the Wilcoxon rank-sum

test for continuous variables

A Other includes anaerobic, mixed, viral, fungal, and yeast cultures
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Cumulative Probability
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Figure 1. Cumulative Probability of Completion of the
3-Hour Bundle, Administration of Broad-Spectrum
Antibiotics, and Completion of the Initial Intravenous-
Fluid Bolus after the Time That the Sepsis Protocol
Was Initiated.

The 3-hour bundle for the care of patients with sepsis
or septic shock had to include receipt of the following
care within 3 hours: obtaining of a blood culture before
the administration of antibiotics, measurement of the
serum lactate level, and the administration of broad-
spectrum antibiotics; however, protocols could be tai-
lored by each hospital. We also assessed the time to
the administration of broad-spectrum antibiotics and
the time to the completion of an initial bolus of intra-
venous fluids.
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A 3-Hr Bundle
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Subgroup No. of Patients Odds Ratio (95% Cl)

All patients 49,331 - 1.04 (1.02-1.05) -U- j\g\\) l/ - jﬁg*ﬁ

Sex
Male 25,689 —— 1.04 (1.02-1.05)
Female 23,634 —e— 1.03 (1.02-1.05)
Vasopressor use
Yes 16,721 —— 1.05 (1.03-1.07)
No 32,610 —e—i 1.02 (1.00-1.03)
Admission source %E%;F{ﬁ} Eﬂ;t\‘ (j:
Home 33,464 —e— 1.04 (1.02-1.05) =

Other 15,867 —e—i 1.04 (1.02-1.06) 3 H% FEﬁ} K\\/ I<) I/

Coexisting condition

Congestive heart failure 10,092 I 1.06 (1.04-1.09) 5+E\L_ EE t‘\ O) H% Fﬁﬁ t

Hemodialysis 5,207 —— 1.06 (1.03-1.09)

Chronic respiratory failure 5,738 i 1.06 (1.03-1.09) B}:E W §E TI__ g d) F;g Eb\\iﬁﬁ k/ \

Site of infection

Respiratory 19,839 ——i 1.03 (1.01-1.06)
Urinary 13,439 —e—i 1.03 (1.01-1.06) e %
Other 16,053 —— 1.04 (1.02-1.06) [my"_ % — :5
Bacteremia GPC J—.EIL‘J\ - (Lj(l \t
Gram positive 7,175 —fo—i 1.01 (0.98-1.05) F;'a Eh\'ﬂfﬁ L)
Gram negative 6,431 —— 1.05 (1.01-1.09) -
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Figure 2. Risk-Adjusted Odds Ratios of In-Hospital Death in the Primary Model and Prespecified Subgroups.

Shown are odds ratios, with 95% confidence intervals, for in-hospital death for each hour that it took to complete
the 3-hour bundle. Other site of infection includes gastrointestinal, skin, central nervous system, and unknown.
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Figure S3. Risk-adjusted odd ratios of in-hospital mortality with 95% confidence interval for
each hour until administration of broad spectrum antibiotics from primary model and multiple a

priori subgroups
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Figure S4. Risk-adjusted odd ratios of in-hospital mortality with 95% confidence interval for

each hour in time to completion of the initial IV fluid bolus from primary model and multiple a
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priori subgroups
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Table S6. Sensitivity analyses 3BERS/CS RIL o FIEIET
R MBS R-352
No. of OR (95%CI) for | OR (95%CI) OR (95%Cl) for
enéounters one hour for hour hour change in
Model in the change in change in completing the
model completing the | administration | initial IV fluid
3-hr bundle of antibiotics bolus
1.036 1.046 1.009
Primary cohort 49,331 (1.023 -1.048) | (1.030-1.061) | (0.995 - 1.022)
p < 0.001 p < 0.001 p=0.215
Includes protocol 1.035 1.044 1.001
initiated within 24 51,573 (1.023 -1.047) | (1.029 = 1.059) | (1.000 - 1.002)
hours after ED arrival p < 0.001 p < 0.001 p = 0.029
All encounters with
3-hour bundle 1.023 1.034 1.001
completed up to 24 49 921 (1.015-1.030) | (1.028 —1.045) | (1.000 - 1.003)
hours after protocol p < 0.001 p < 0.001 p=0.012
initiated
Up to 24 hours for
protocol initiated and 1.025 1.037 1.001
up to 24 hours to 52,902 (1.018 - 1.033) | (1.027 — 1.048) | (1.000 - 1.002)
complete the 3 hour p < 0.001 p < 0.001 p=0.019
bundle
. e 1.032 1.037 1.009
53;."”3' as “time 49,331 | (1.023-1.048) | (1.023 —1.051) | (0.995 - 1.024)
p < 0.001 p < 0.001 p=0.198
Including hospice 1.034 1.044 1.009
discharges as in- 49,331 (1.021 - 1.046) | (1.039-1.059) | (0.995-1.023)
hospital deaths p < 0.001 p < 0.001 p=0.226
Excluding bundle
1.036 1.043 1.012
elements (hal 0ccur | 30,782 | (1.022-1.047) | (1.027-1.059) | (0.996 - 1.027)
P P p < 0.001 p < 0.001 p=0139
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Reliability-Adjusted Rate of Completion of 3-Hr Bundle (%)
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Figure 4. Reliability-Adjusted Rate for Each Hospital for Completion
of the 3-Hour Bundle in 3 Hours, According to Hospital Rank.

The 149 hospitals that were included in the study were ranked from lowest
to highest, with higher numbers indicating a greater likelihood of complet-
ing the 3-hour bundle within 3 hours. I bars represent 95% confidence in-
tervals.
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Table S7. Hospital characteristics stratified by quartile of reliability-adjusted rate of completing

the 3-hr bundle within 3 hours.

HEREOAN. SEFRIARD 3R> RILERER MEL MR

Quartiles of the probability of completing the 3-hour bundle
Characteristic in 3 hours
15t znd 3!"{1 4'“1
Lowest n?:ll?;l nﬁ::i:: Highest
No. of hospitals 38 41 35 35
No. of patients 12,647 12,048 12,891 11,745
Serum lactate, median [IQR], 28[1.8-45] | 27(1.7-43] | 27[1.7-44] | 27[1.7-43
Seru 8[1.8-45] | 27[1.7-43] | 27[1.7-44] | 27[1.7-4.3]
Area, no. (%) *
Metro 37 (97.4) 32 (78.1) 30 (85.7) 31 (88.6)
Rural 1(2.65) 9 (21.9) 5 (14.3) 4 (11.4)
Teaching facilit
8 (21.0 14 (34.1 10 (28.6 16 (45.7
. Yes | 30(79.0) | 27(659) [ 25(71.4) 4
Namy o nospitatbeds. median 1 34 (223-464) | 265 (130-362) | 312 (192-514) | 228 (171-375)
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Early Lactate-Guided Therapy in Intensive Care

Unit Patients

A Multicenter, Open-Label, Randomized Controlled Trial

Tim C. Jansen', Jasper van Bommel!, F. Jeanette Schoonderbeek3, Steven ). Sleeswijk Visser?,
Johan M. van der Kloosters, Alex P. Lima', Sten P. Willemsen?, and Jan Bakker!, for the LACTATE study group*

'Department of Intensive Care, Erasmus MC University Medical Centre, Rotterdam, The Netherlands; ?Department of Biostatistics, University
Medical Centre Rotterdam, Rotterdam, The Netherlands; 3Department of Intensive Care, Ikazia Hospital, Rotterdam, The Netherlands; *Department
of Intensive Care, Reinier de Graaf Hospital, Delft, The Netherlands; and 5Department of Intensive Care, St. Franciscus Gasthuis, Rotterdam,

The Netherlands
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TABLE 4. MORTALITY

Vanakle

SEEIRE CIRETDE
FLEMESN A REET
BEARIZE T HMEL Y

Unadjusted analysis, % {n)*
In-hespital mortality
28-d mortality
ICL maortality

In-hospital mortality

Control Group {n 177) Lactate Group (n = 171) Relative Risk {(95% CI) P Value

28-d mortality

ICL martality

43.5 (77177} 33.9(58171) 0.78 (0.60-1.02) 0.067
35.6 (631177) 30.4 (521177} .85 (0.63-1.16) .30
34.5 (61/177) 28.7 (49/171) 0.83 (0.61-1.14)  0.24
Adjusted analysis, hazard ratio (95% CI)'
.61 (0.43-0.87% 0.006
0.75(0.52-1.09} 0.134
0.66 (0.45-0,98) 0.037

Am J Respir Crit Care Med 2010; 182:752-61.
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