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SEPSIS:	1992	/	2001	Definition

Suspected /	documented infection
+	SIRS	(Systemic Inflammatory Response Syndrome):	

Two or	more	SIRS	criteria:
• Temperature >38°C	or	<36°C	
• HR	>	90/min
• RR	>	20/min	or	PaCO2	<	4.3	kPa
• WBC	>	12	000/mm3	or	<4000/mm3	or	>10%	immature forms

Severe	sepsis
• =	Sepsis	+	Organ	failure

Septic shock
• =	Sepsis	+	Hypoperfusion
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IMPORTANCE Definitions of sepsis and septic shock were last revised in 2001. Considerable
advances have since been made into the pathobiology (changes in organ function,
morphology, cell biology, biochemistry, immunology, and circulation), management, and
epidemiology of sepsis, suggesting the need for reexamination.

OBJECTIVE To evaluate and, as needed, update definitions for sepsis and septic shock.

PROCESS A task force (n = 19) with expertise in sepsis pathobiology, clinical trials, and
epidemiology was convened by the Society of Critical Care Medicine and the European
Society of Intensive Care Medicine. Definitions and clinical criteria were generated through
meetings, Delphi processes, analysis of electronic health record databases, and voting,
followed by circulation to international professional societies, requesting peer review and
endorsement (by 31 societies listed in the Acknowledgment).

KEY FINDINGS FROM EVIDENCE SYNTHESIS Limitations of previous definitions included an
excessive focus on inflammation, the misleading model that sepsis follows a continuum
through severe sepsis to shock, and inadequate specificity and sensitivity of the systemic
inflammatory response syndrome (SIRS) criteria. Multiple definitions and terminologies are
currently in use for sepsis, septic shock, and organ dysfunction, leading to discrepancies in
reported incidence and observed mortality. The task force concluded the term severe sepsis
was redundant.

RECOMMENDATIONS Sepsis should be defined as life-threatening organ dysfunction caused
by a dysregulated host response to infection. For clinical operationalization, organ
dysfunction can be represented by an increase in the Sequential [Sepsis-related] Organ
Failure Assessment (SOFA) score of 2 points or more, which is associated with an in-hospital
mortality greater than 10%. Septic shock should be defined as a subset of sepsis in which
particularly profound circulatory, cellular, and metabolic abnormalities are associated with
a greater risk of mortality than with sepsis alone. Patients with septic shock can be clinically
identified by a vasopressor requirement to maintain a mean arterial pressure of 65 mm Hg
or greater and serum lactate level greater than 2 mmol/L (>18 mg/dL) in the absence of
hypovolemia. This combination is associated with hospital mortality rates greater than 40%.
In out-of-hospital, emergency department, or general hospital ward settings, adult patients
with suspected infection can be rapidly identified as being more likely to have poor outcomes
typical of sepsis if they have at least 2 of the following clinical criteria that together constitute
a new bedside clinical score termed quickSOFA (qSOFA): respiratory rate of 22/min or greater,
altered mentation, or systolic blood pressure of 100 mm Hg or less.

CONCLUSIONS AND RELEVANCE These updated definitions and clinical criteria should replace
previous definitions, offer greater consistency for epidemiologic studies and clinical trials, and
facilitate earlier recognition and more timely management of patients with sepsis or at risk of
developing sepsis.
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for Sepsis and Septic Shock (Sepsis-3)
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IMPORTANCE Septic shock currently refers to a state of acute circulatory failure associated
with infection. Emerging biological insights and reported variation in epidemiology challenge
the validity of this definition.

OBJECTIVE To develop a new definition and clinical criteria for identifying septic shock in adults.

DESIGN, SETTING, AND PARTICIPANTS The Society of Critical Care Medicine and the European
Society of Intensive Care Medicine convened a task force (19 participants) to revise current
sepsis/septic shock definitions. Three sets of studies were conducted: (1) a systematic review
and meta-analysis of observational studies in adults published between January 1, 1992, and
December 25, 2015, to determine clinical criteria currently reported to identify septic shock
and inform the Delphi process; (2) a Delphi study among the task force comprising 3 surveys
and discussions of results from the systematic review, surveys, and cohort studies to achieve
consensus on a new septic shock definition and clinical criteria; and (3) cohort studies to test
variables identified by the Delphi process using Surviving Sepsis Campaign (SSC)
(2005-2010; n = 28 150), University of Pittsburgh Medical Center (UPMC) (2010-2012;
n = 1 309 025), and Kaiser Permanente Northern California (KPNC) (2009-2013;
n = 1 847 165) electronic health record (EHR) data sets.

MAIN OUTCOMES AND MEASURES Evidence for and agreement on septic shock definitions
and criteria.

RESULTS The systematic review identified 44 studies reporting septic shock outcomes (total of
166 479 patients) from a total of 92 sepsis epidemiology studies reporting different cutoffs
and combinations for blood pressure (BP), fluid resuscitation, vasopressors, serum lactate level,
and base deficit to identify septic shock. The septic shock–associated crude mortality was 46.5%
(95% CI, 42.7%-50.3%), with significant between-study statistical heterogeneity (I2 = 99.5%;
τ2 = 182.5; P < .001). The Delphi process identified hypotension, serum lactate level,
and vasopressor therapy as variables to test using cohort studies. Based on these 3 variables
alone or in combination, 6 patient groups were generated. Examination of the SSC database
demonstrated that the patient group requiring vasopressors to maintain mean BP 65 mm Hg
or greater and having a serum lactate level greater than 2 mmol/L (18 mg/dL) after fluid
resuscitation had a significantly higher mortality (42.3% [95% CI, 41.2%-43.3%]) in risk-adjusted
comparisons with the other 5 groups derived using either serum lactate level greater than
2 mmol/L alone or combinations of hypotension, vasopressors, and serum lactate level 2 mmol/L
or lower. These findings were validated in the UPMC and KPNC data sets.

CONCLUSIONS AND RELEVANCE Based on a consensus process using results from a systematic
review, surveys, and cohort studies, septic shock is defined as a subset of sepsis in which
underlying circulatory, cellular, and metabolic abnormalities are associated with a greater risk of
mortality than sepsis alone. Adult patients with septic shock can be identified using the clinical
criteria of hypotension requiring vasopressor therapy to maintain mean BP 65 mm Hg or greater
and having a serum lactate level greater than 2 mmol/L after adequate fluid resuscitation.

JAMA. 2016;315(8):775-787. doi:10.1001/jama.2016.0289
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IMPORTANCE The Third International Consensus Definitions Task Force defined sepsis
as “life-threatening organ dysfunction due to a dysregulated host response to infection.”
The performance of clinical criteria for this sepsis definition is unknown.

OBJECTIVE To evaluate the validity of clinical criteria to identify patients with suspected
infection who are at risk of sepsis.

DESIGN, SETTINGS, AND POPULATION Among 1.3 million electronic health record encounters
from January 1, 2010, to December 31, 2012, at 12 hospitals in southwestern Pennsylvania, we
identified those with suspected infection in whom to compare criteria. Confirmatory analyses
were performed in 4 data sets of 706 399 out-of-hospital and hospital encounters at 165 US
and non-US hospitals ranging from January 1, 2008, until December 31, 2013.

EXPOSURES Sequential [Sepsis-related] Organ Failure Assessment (SOFA) score, systemic
inflammatory response syndrome (SIRS) criteria, Logistic Organ Dysfunction System (LODS)
score, and a new model derived using multivariable logistic regression in a split sample, the quick
Sequential [Sepsis-related] Organ Failure Assessment (qSOFA) score (range, 0-3 points, with 1
point each for systolic hypotension [!100 mm Hg], tachypnea ["22/min], or altered mentation).

MAIN OUTCOMES AND MEASURES For construct validity, pairwise agreement was assessed.
For predictive validity, the discrimination for outcomes (primary: in-hospital mortality;
secondary: in-hospital mortality or intensive care unit [ICU] length of stay "3 days) more
common in sepsis than uncomplicated infection was determined. Results were expressed as
the fold change in outcome over deciles of baseline risk of death and area under the receiver
operating characteristic curve (AUROC).

RESULTS In the primary cohort, 148 907 encounters had suspected infection (n = 74 453
derivation; n = 74 454 validation), of whom 6347 (4%) died. Among ICU encounters in the
validation cohort (n = 7932 with suspected infection, of whom 1289 [16%] died), the predictive
validity for in-hospital mortality was lower for SIRS (AUROC = 0.64; 95% CI, 0.62-0.66) and
qSOFA (AUROC = 0.66; 95% CI, 0.64-0.68) vs SOFA (AUROC = 0.74; 95% CI, 0.73-0.76;
P < .001 for both) or LODS (AUROC = 0.75; 95% CI, 0.73-0.76; P < .001 for both). Among
non-ICU encounters in the validation cohort (n = 66 522 with suspected infection, of whom
1886 [3%] died), qSOFA had predictive validity (AUROC = 0.81; 95% CI, 0.80-0.82) that was
greater than SOFA (AUROC = 0.79; 95% CI, 0.78-0.80; P < .001) and SIRS (AUROC = 0.76; 95%
CI, 0.75-0.77; P < .001). Relative to qSOFA scores lower than 2, encounters with qSOFA scores of
2 or higher had a 3- to 14-fold increase in hospital mortality across baseline risk deciles. Findings
were similar in external data sets and for the secondary outcome.

CONCLUSIONS AND RELEVANCE Among ICU encounters with suspected infection, the
predictive validity for in-hospital mortality of SOFA was not significantly different than the
more complex LODS but was statistically greater than SIRS and qSOFA, supporting its use in
clinical criteria for sepsis. Among encounters with suspected infection outside of the ICU, the
predictive validity for in-hospital mortality of qSOFA was statistically greater than SOFA and
SIRS, supporting its use as a prompt to consider possible sepsis.
JAMA. 2016;315(8):762-774. doi:10.1001/jama.2016.0288
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The	Third	International	Consensus	Definitions	for	Sepsis	and	Septic Shock (Sepsis-3)	
Mervyn Singer	et	al.	JAMA.	2016;315(8):801-810.	

Sepsis is	a	‘life-threatening organ	dysfunction due	to	a	dysregulated host	response to	
infection’.

The	key element	of sepsis-induced organ	dysfunction is	defined by	‘an	acute change
in	total	SOFA	score	≥	2	points consequent to	infection,	reflecting an	overall	mortality
rate	of approximately 10%’.

Septic shock is	now defined as	a	‘subset of sepsis	where underlying	circulatory and	
cellular/metabolic abnormalities are profound enough to	substantially increase
mortality’.	Clinical criteria identifying such condition include the need for	
vasopressors to	obtain a	MAP≥	65mmHg	and	an	increase in	lactate concentration >	2	
mmol/L,	despite adequate fluid	resuscitation.	Mortality >	30	%.





Klinisk	mistanke	om	infeksjon	+	2	av	følgende:

BTsyst ≧ 100	mm	Hg

Respirasjonsfrekvens ≧ 22

Glasgow	coma	score ≦ 14

qSOFA
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Time Windows for Measuring qSOFA Variables
When qSOFA variables were measured in the time window
from 3 hours before/after or 12 hours before/after the onset of
infection in KPNC data (eTable 4 in the Supplement), results
were not significantly different from the original model (P = .13
for 3 hours and P = .74 for 12 hours). When qSOFA variables
were restricted to only the 24-hour period after the onset of
infection, the predictive validity for in-hospital mortality was
significantly greater (AUROC = 0.83; 95% CI, 0.83-0.84;
P < .001) compared with the primary model.

Additional sensitivity analyses are shown in eTable 4 in the
Supplement. The predictive validity of qSOFA was not signifi-
cantly different when using more simple measures, such as any
altered mentation (GCS score <15 [P = .56] compared with the
model with GCS score ≤13). The predictive validity was also not

significantly different when performed after multiple impu-
tation for missing data and in a variety of a priori subgroups.

Discussion
The Third International Consensus Definitions Task Force de-
fined sepsis as a “life-threatening organ dysfunction due to a
dysregulated host response to infection.”5 In the absence of a
gold-standard test for sepsis, several domains of validity and
usefulness were used to assess potential clinical criteria to op-
erationalize this definition. Among encounters with sus-
pected infection in the ICU (Figure 3), SOFA and LODS had sta-
tistically greater predictive validity compared with SIRS criteria.
Outside of the ICU, a simple model (qSOFA) of altered menta-

Table 5. AUROCs for In-Hospital Mortality for qSOFA in External Data Sets

Data Set and Infection Type
No. of Patients With
Suspected Infection

AUROC (95% CI)

Baseline Model Baseline Model + qSOFA
KPNC (all suspected infections) 321 380 0.67 (0.67-0.67) 0.78 (0.78-0.78)

ICU patients 7031 0.64 (0.62-0.66) 0.72 (0.70-0.73)

Non-ICU patients 314 349 0.68 (0.67-0.68) 0.78 (0.78-0.79)

VA (all suspected infections)a 377 325 0.73 (0.73-0.74) 0.78 (0.78-0.79)

ALERTS (hospital-acquired infections) 1186 0.55 (0.51-0.60) 0.73 (0.69-0.77)

KCEMS (community-acquired infections) 6508 0.59 (0.57-0.62) 0.71 (0.69-0.73)

Abbreviations: AUROC, area under the receiver operating characteristic curve;
ICU, intensive care unit; KCEMS, King County Emergency Medical Services;
KPNC, Kaiser Permanente Northern California; qSOFA, quick Sequential
[Sepsis-related] Organ Function Assessment; VA, Veterans Administration.

a The VA data did not include Glasgow Coma Scale scores; the qSOFA is a
modified 2-variable model (systolic blood pressure and respiratory rate only),
with a range from 0 to 2 points.

Table 4. Odds Ratios for Baseline Model and qSOFA Variables for In-Hospital Mortality in the UPMC Derivation
Cohort (N = 74 453)

Total No. With
Categorical Variable

Deaths, No.
(% of Total)

In-Hospital Mortality, Adjusted
Odds Ratio (95% CI)

Baseline risk modela

Age, yb 1.03 (1.03-1.03)

Charlson comorbidity indexb 1.13 (1.11-1.15)

Race/ethnicity

White 56 617 2470 (4) 1 [Reference]

Black 10 360 319 (3) 0.89 (0.79-1.01)

Other 7476 383 (5) 1.37 (1.22-1.53)

Male

No 42 843 1467 (3) 1 [Reference]

Yes 31 610 1705 (5) 1.56 (1.45-1.68)

qSOFA modelc

Respiratory rate, /min

<22 45 398 676 (1) 1 [Reference]

≥22 29 055 2496 (9) 3.18 (2.89-3.50)

Systolic blood pressure, mm Hg

>100 44 669 789 (2) 1 [Reference]

≤100 29 784 2383 (8) 2.61 (2.40-2.85)

Altered mental status, Glasgow Coma
Scale score

14-15 66 879 1677 (3) 1 [Reference]

≤13 7574 1495 (20) 4.31 (3.96-4.69)

Abbreviations: qSOFA, quick
Sequential [Sepsis-related]
Organ Failure Assessment;
UPMC, University of Pittsburgh
School of Medicine.
a Fully parameterized using fractional

polynomials in final analyses.
b Odds ratios correspond to a

comparison between encounters
separated by 1 unit change in age or
Charlson comorbidity index score.

c Multivariable logistic regression
model of qSOFA variables illustrates
their association with in-hospital
mortality. The odds ratios compare
groups of encounters with vs
without the specified criteria.
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NEWS	
	
	 3	 3	 2	 1	 0	 1	 2	 3	

A	
B	

Respiratory	rate	(breaths/min)	 ≤8	 		 9–11	 12–20	 		 21–24	 ≥25	
O2	saturation	(%)	 ≤91	 92–93	 94–95	 ≥96	 		 		 		
Added	O2	 		 Yes	 		 No	 		 		 		

C	 Systolic	BP	(mmHg)	 ≤90	 91–100	 101–110	 111–219	 		 		 ≥220	
Heart	rate	(bpm)	 ≤40	 		 41–50	 51–90	 91–110	 111–130	 ≥131	

D	 Level	of	consciousness	 		 		 		 A	 		 		 V,	P,	U	
E	 Temperature	(C)	 ≤35.0	 		 35.1–36.0	 36.1–38.0	 38.1–39.0	 ≥39.1	 		

	
BP blood pressure, A alert, V responds to verbal stimuli, P responds to pain only, U unresponsive to stimuli. In the NEWS scoring missing values 
are interpreted as normal values 
	
qSOFA	
	
	 Klinisk	mistanke	om	infeksjon	+	2	av	følgende	
BTsyst	 <	100	mm	Hg	 x	
Respirasjonsfrekvens	 >	22	 x	
Glasgow	coma	score	 <	15	 x	
	
RETTS	
	
	 Rød	 Oransje	 Gul	 Grønn	
A	 Ufri	luftvei	/stridor	 Uten	anmerkning	 Uten	anmerkning	 Uten	anmerkning	

B	 RR	>	30	/	<	8	
SpO2	<	90	m	/O2	

RR	>	25	
SpO2	<	90	u	/O2	 SpO2	90-95	u/O2	 RR	8-25	

SpO2	>	95	u	/O2	

C	 HR	>	130	r	/	150	ur	
BT	<	90	mm	Hg	 HR	>	120	/	<	40	 HR	>	110	/	<	50	 HR	50-110	

D	 Bev.	løs,	GCS	<	9	
Kramper	 Somnolent,	GCS	9-14	 Akutt	desorientert	 Våken	

E	 	 Temp	>	41	el	<	35	 	Temp	>	38,5	 Temp	35	-	38,5	
	



SIRS	
	
	 Klinisk	mistanke	om	infeksjon	+	2	av	følgende	
Temperature	 >	38	°	C	or	<	36	°	C	 	
Respirasjonsfrekvens	 >	20	per	min	or	pCO2	<	4.3	kPa	 x	
Heart	rate	 >	90		 x	
WBC		 >	12	000/mm3	or	<4000/mm3	or	>10%	immature	

forms	 	

	
Severe	sepsis	
=	Sepsis	+	Organ	failure	

Septic	shock	
=	Sepsis	+	Hypoperfusion	

	
qSOFA	
	
Klinisk	mistanke	om	infeksjon	+	2	av	følgende	
BTsyst	 <	100	mm	Hg	 x	
Respirasjonsfrekvens	 >	22	per	min	 x	
Glasgow	coma	score	 <	15	 x	
	
SOFA	
	
Organsystem	 Score		 0	 1	 2	 3	 4	
Respirasjon	 PaO2/FiO2	(kPa)	 >53,3	 <53,3	 <40	 <26,7

a
	 <13,3

a
	

Koagulasjon	 trombocyttall	(x10
3
/μl)	 ≥150	 <150	 <100	 <50	 <20	

Hepatisk	 Bilirubin	(μM)	 <20	 20-32	 33-101	 102-204	 >204	

Sirkulatorisk	 MAP	(mm	Hg)	 >70	 <70	 DA	<	5	
DB	

DA	5,1-
15	
A≤0,10	
NA≤0,10	

DA	>15	
A>0,10	
NA>0,10	

CNS	 Glasgow	koma	skala	
(15/15)	

15	 13-14	 10-12	 6-9	 <6	

Nyrer	 kreatinin	(μM)	 110	 110-
170	

171-
299	 300-440	 >440	

	 urinproduksjon	(mL/døgn)	 		 		 		 <500	 <200	
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Our approach to hyperlactatemia within the clinical criteria for
septic shock also generated conflicting views. Some task force
members suggested that elevated lactate levels represent an
important marker of “cryptic shock” in the absence of hypotension.
Others voiced concern about its specificity and that the nonavail-
ability of lactate measurement in resource-poor settings would
preclude a diagnosis of septic shock. No solution can satisfy all con-
cerns. Lactate level is a sensitive, albeit nonspecific, stand-alone
indicator of cellular or metabolic stress rather than “shock.”32 How-
ever, the combination of hyperlactatemia with fluid-resistant hypo-
tension identifies a group with particularly high mortality and
thus offers a more robust identifier of the physiologic and epide-
miologic concept of septic shock than either criterion alone. Identi-
fication of septic shock as a distinct entity is of epidemiologic rather
than clinical importance. Although hyperlactatemia and hypoten-
sion are clinically concerning as separate entities, and although
the proposed criteria differ from those of other recent consensus
statements,34 clinical management should not be affected. The
greater precision offered by data-driven analysis will improve
reporting of both the incidence of septic shock and the associated
mortality, in which current figures vary 4-fold.3 The criteria
may also enhance insight into the pathobiology of sepsis and
septic shock. In settings in which lactate measurement is not avail-
able, the use of a working diagnosis of septic shock using hypoten-
sion and other criteria consistent with tissue hypoperfusion
(eg, delayed capillary refill36) may be necessary.

The task force focused on adult patients yet recognizes the need
to develop similar updated definitions for pediatric populations and
the use of clinical criteria that take into account their age-
dependent variation in normal physiologic ranges and in patho-
physiologic responses.

Implications

The task force has generated new definitions that incorporate an
up-to-date understanding of sepsis biology, including organ dys-
function (Box 3). However, the lack of a criterion standard, similar
to its absence in many other syndromic conditions, precludes
unambiguous validation and instead requires approximate estima-
tions of performance across a variety of validity domains, as out-
lined above. To assist the bedside clinician, and perhaps prompt an
escalation of care if not already instituted, simple clinical criteria
(qSOFA) that identify patients with suspected infection who are
likely to have poor outcomes, that is, a prolonged ICU course and
death, have been developed and validated.

This approach has important epidemiologic and investigative
implications. The proposed criteria should aid diagnostic categori-
zation once initial assessment and immediate management
are completed. qSOFA or SOFA may at some point be used as
entry criteria for clinical trials. There is potential conflict with cur-
rent organ dysfunction scoring systems, early warning scores,
ongoing research studies, and pathway developments. Many of
these scores and pathways have been developed by consensus,
whereas an important aspect of the current work is the interroga-
tion of data, albeit retrospectively, from large patient populations.
The task force maintains that standardization of definitions
and clinical criteria is crucial in ensuring clear communication and
a more accurate appreciation of the scale of the problem of sep-
sis. An added challenge is that infection is seldom confirmed
microbiologically when treatment is started; even when micro-
biological tests are completed, culture-positive “sepsis” is
observed in only 30% to 40% of cases. Thus, when sepsis epide-

Figure. Operationalization of Clinical Criteria Identifying Patients With Sepsis and Septic Shock

Sepsis

Despite adequate fluid resuscitation, 
1. vasopressors required to maintain 
MAP ≥65 mm Hg
AND 
2. serum lactate level >2 mmol/L?

qSOFA ≥2?
(see       )

Monitor clinical condition; 
reevaluate for possible sepsis
if clinically indicated

Monitor clinical condition; 
reevaluate for possible sepsis
if clinically indicated

Yes Yes

Yes

Septic shock

Yes

No

No

No

Assess for evidence 
of organ dysfunction 

No

Patient with suspected infection

A
Sepsis still
suspected?

SOFA ≥2?
(see       )B

SOFA Variables 
PaO2/FiO2 ratio
Glasgow Coma Scale score
Mean arterial pressure
Administration of vasopressors 
with type and dose rate of infusion
Serum creatinine or urine output
Bilirubin
Platelet count

qSOFA Variables 
Respiratory rate
Mental status
Systolic blood pressure

A

B

The baseline Sequential [Sepsis-related] Organ Failure Assessment (SOFA) score should be assumed to be zero unless the patient is known to have preexisting
(acute or chronic) organ dysfunction before the onset of infection. qSOFA indicates quick SOFA; MAP, mean arterial pressure.
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SOFA-score	(Sequential organ	failure assessment)

Organsystem Score 0 1 2 3 4

Respirasjon PaO2/FiO2	(kPa) >53,3 <53,3 <40 <26,7a <13,3a

Koagulasjon trombocyttall
(x103/μl) ≥150 <150 <100 <50 <20

Hepatisk Bilirubin (μM) <20 20-32 33-101 102-204 >204

Sirkulatorisk MAP	(mm	Hg) >70 <70 DA	<	5
DB

DA	5,1-15
A≤0,10
NA≤0,10

DA	>15
A>0,10
NA>0,10

Sentralnerve-
system

Glasgow	koma	
skala	(15/15) 15 13-14 10-12 6-9 <6

Nyrer kreatinin (μM) 110 110-170 171-299 300-440 >440

urinproduksjon	
(mL/døgn) <500 <200
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crease in serum lactate level using complete case analysis
(n = 18 840) and imputed analyses (n = 22 182) were similar
(1.09 [95% CI, 1.08-1.10]; P < .001 vs 1.09 [95% CI, 1.08-1.09];
P < .001, respectively). The imputed and complete case analy-
sis probabilities of hospital mortality were also similar (36.4%
and 35.5%, respectively).

EHR Data Sets
The UPMC and KPNC EHRs included 148 907 and 321 380 adult
patients with suspected infection, respectively (eTable 10 in
the Supplement). Forty-six percent (n = 5984) of UPMC pa-
tients and 39% (n = 54 135) of KPNC patients with 1 or more
SOFA score points and suspected infection fulfilled criteria for
1 of the 6 potential septic shock groups described. Patients
meeting group 1 criteria (hypotension + vasopressor
therapy + serum lactate level >2 mmol/L) comprised 5.3%
(UPMC) and 14.9% (KPNC) of the EHR population of patients
with suspected infection and had a mortality of 54% and 35%,
respectively. Similar to the SSC database, crude mortality rates
within each group were higher among those with higher se-
rum lactate levels (Table 5).

Discussion
The systematic review illustrated the variability in criteria cur-
rently used to identify septic shock, whereas the meta-
analysis demonstrated the heterogeneity in mortality. In-
formed by this systematic review, a Delphi process was used to
reach a consensus definition of septic shock and related clini-
cal criteria. Three large data sets were then used to determine
the predictive validity of these criteria. Septic shock was de-
fined as a subset of sepsis in which circulatory, cellular, and
metabolic abnormalities are associated with a greater risk of mor-
tality than sepsis alone. The clinical criteria representing this
definition were the need for vasopressor therapy to maintain a

MAP of 65 mm Hg or greater and having a serum lactate level
greater than 2 mmol/L persisting after fluid resuscitation.

The proposed definition and criteria of septic shock differ
from prior definitions1,2,111 in 2 respects: (1) the need for both a
serum lactate level and vasopressor-dependent hypotension
(ie, cardiovascular SOFA score ≥2) instead of either alone
and (2) a lower serum lactate level cutoff of 2 mmol/L vs

Figure 4. Serum Lactate Level Analysis
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Adjusted odds ratio for actual serum lactate levels for the entire septic shock
cohort (N = 18 840). The covariates used in the regression model include region
(United States and Europe), location where sepsis was suspected (emergency
department, ward, or critical care unit), antibiotic administration, steroid use,
organ failures (pulmonary, renal, hepatic, and acutely altered mental state),
infection source (pneumonia, urinary tract infection, abdominal, meningitis,
and other), hyperthermia (>38.3°C), hypothermia (<36°C), chills with rigor,
tachypnea (>20/min), leukopenia (<4000 cells/µL), hyperglycemia (plasma
glucose >120 mg/dL [6.7 mmol/L]), platelet count <100 ×103/μL, and
coagulopathy (eMethods 3 in the Supplement). The adjusted odds ratio (OR)
for the 6 groups presented in eTable 7 in the Supplement and the adjusted
OR for the individual variables (lactate, vasopressor therapy, and fluids)
are reported in eTable 8 in the Supplement. To convert serum lactate values
to mg/dL, divide by 0.111.

Table 4. Characteristics of Serum Lactate Level Cutoff Values for Complete Case Analysis and Imputation Analysis Using Surviving Sepsis
Campaign Database

Characteristic

Serum Lactate Level, mmol/L

>2 >3 >4

Died/Total % (95% CI) Died/Total % (95% CI) Died/Total % (95% CI)
Complete Case Analysis (n = 18 795)

Hospital mortality, % 5757/18 795 30.6 (29.9-31.4) 6101/18 795 32.5 (31.8-33.2) 6456/18 975 34.3 (33.7-35.0)

Sensitivity, % 5372/6509 82.5 (81.6-83.4) 3779/6509 58.1 (56.8-59.3) 2811/6509 43.2 (42.0-44.4)

Specificity, % 2748/12 286 22.4 (21.6-23.1) 6418/12 286 52.2 (51.4-53.1) 8564/12 286 69.7 (68.9-70.5)

PPV, % 5372/14 910 36.0 (35.3-36.8) 3779/9647 39.2 (38.2-40.2) 2811/6533 43.0 (41.8-44.2)

NPV, % 2748/3885 70.7 (69.3-72.2) 6418/9148 70.1 (69.2-71.1) 8564/12 286 69.8 (69.0-70.7)

Imputed Missing Serum Lactate Level (n = 22 182)

Hospital mortality, % 6965/22 182 31.4 (30.8-32.0) 7363/22 182 33.2 (32.6-33.8) 7772/22 182 35.0 (34.4-35.7)

Sensitivity, % 6457/7748 83.3 (82.5-84.2) 4461/7748 57.6 (56.5-58.7) 2931/7748 37.8 (36.7-38.9)

Specificity, % 3341/14 434 23.1 (22.5-23.8) 7833/14 434 54.3 (53.5-55.1) 10 801/14 434 74.8 (74.1-75.5)

PPV, % 6457/17 550 36.8 (36.1-37.5) 4461/11 062 40.3 (39.4-41.2) 2931/6564 44.6 (43.4-45.8)

NPV, % 3341/4634 72.1 (70.8-73.4) 7833/11 120 70.4 (69.6-71.3) 10 801/15 618 69.2 (68.4-69.9)

Abbreviations: NPV, negative predictive value; PPV, positive predictive value.
SI conversion factor: To convert serum lactate values to mg/dL, divide by 0.111.
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dow. Continuous data are expressed as means 
with standard deviations or as medians with in-
terquartile ranges, depending on normality. Cat-
egorical variables are shown as proportions. The 
range and variability in the times to treatments 
are shown with the use of histograms and cumu-
lative proportions.

Multivariable modeling of the association 
between the time to treatment and in-hospital 
mortality was performed with the use of logistic 
regression, with adjustment for covariates. Binary 
variables were modeled as indicator covariates, 
and continuous variables were included as linear 
covariates, after assessment for nonlinear rela-
tionships with the use of fractional polynomials 
(P>0.05 for all models).14 We used multilevel re-
gression with a random effect of hospital to ac-
count for hospital-level clustering. Each exposure 
(i.e., time to completion of the 3-hour bundle, 
time to the administration of broad-spectrum 
antibiotics, and time to completion of initial bolus 
of intravenous fluids) was evaluated separately. 
The risk of in-hospital death across the range of 
time to treatment was generated for the “typical” 
patient with the use of predictive margins that 
were adjusted for an average of the independent 
variables, as appropriate. We show adjusted risk 
estimates that are derived from the nonlinear mod-
els in order to show changes in risk over time.14

We used empirical Bayesian methods to de-
termine the hospital-level rate of completion of 
the 3-hour bundle within 3 hours, administration 
of antibiotics within 3 hours, and completion of 
the initial bolus of intravenous fluids within  
6 hours.9 We show the ranked order of adjusted 
rates across hospitals in caterpillar plots. All the 
analyses were performed with the use of Stata 
software, version 14.2 (StataCorp).

R esult s

Population of Patients and Time to Treatment
Of 111,816 patients at 185 hospitals, we excluded 
21,046 patients (18.8%) who were ineligible, 32,665 
(29.2%) who had protocols initiated outside the 
emergency department, 3648 (3.3%) who had pro-
tocols initiated after 6 hours, and 5126 (4.6%) who 
did not have the 3-hour bundle completed within 
12 hours (Fig. S1 and Table S3 in the Supplemen-
tary Appendix). Of the remaining 49,331 eligible 
patients in the emergency department at 149 hos-
pitals, most (40,696 patients [82.5%]) had the 
3-hour bundle completed within 3 hours.

The median time to the completion of the 
3-hour bundle was 1.30 hours (interquartile range, 
0.65 to 2.35), the median time to the administra-
tion of broad-spectrum antibiotics was 0.95 hours 
(interquartile range, 0.35 to 1.95), and the me-
dian time to the completion of the initial bolus 
of intravenous fluids was 2.56 hours (interquar-
tile range, 1.33 to 4.20) (Fig. 1). The characteris-
tics of the patients who had the 3-hour bundle 
completed within 3 hours were similar to those 
who had the bundle completed during hours 3 
through 12 (Table 1, and Table S4 in the Supple-
mentary Appendix).

Primary Analyses
In a multivariable model, each hour of time to the 
completion of the 3-hour bundle was associated 
with higher mortality (odds ratio of death until 
completion of 3-hour bundle, 1.04 per hour; 95% 
confidence interval [CI], 1.02 to 1.05; P<0.001) 
(Fig. 2, and Table S5 in the Supplementary Ap-
pendix). Patients who had the bundle completed 
during hours 3 through 12 had 14% higher odds 

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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BACKGROUND
In 2013, New York began requiring hospitals to follow protocols for the early iden-
tification and treatment of sepsis. However, there is controversy about whether more 
rapid treatment of sepsis improves outcomes in patients.

METHODS
We studied data from patients with sepsis and septic shock that were reported to 
the New York State Department of Health from April 1, 2014, to June 30, 2016. Pa-
tients had a sepsis protocol initiated within 6 hours after arrival in the emergency 
department and had all items in a 3-hour bundle of care for patients with sepsis 
(i.e., blood cultures, broad-spectrum antibiotic agents, and lactate measurement) 
completed within 12 hours. Multilevel models were used to assess the associations 
between the time until completion of the 3-hour bundle and risk-adjusted mortal-
ity. We also examined the times to the administration of antibiotics and to the comple-
tion of an initial bolus of intravenous fluid.

RESULTS
Among 49,331 patients at 149 hospitals, 40,696 (82.5%) had the 3-hour bundle com-
pleted within 3 hours. The median time to completion of the 3-hour bundle was 1.30 
hours (interquartile range, 0.65 to 2.35), the median time to the administration of 
antibiotics was 0.95 hours (interquartile range, 0.35 to 1.95), and the median time 
to completion of the fluid bolus was 2.56 hours (interquartile range, 1.33 to 4.20). 
Among patients who had the 3-hour bundle completed within 12 hours, a longer 
time to the completion of the bundle was associated with higher risk-adjusted in-
hospital mortality (odds ratio, 1.04 per hour; 95% confidence interval [CI], 1.02 to 
1.05; P<0.001), as was a longer time to the administration of antibiotics (odds 
ratio, 1.04 per hour; 95% CI, 1.03 to 1.06; P<0.001) but not a longer time to the 
completion of a bolus of intravenous fluids (odds ratio, 1.01 per hour; 95% CI, 0.99 
to 1.02; P = 0.21).

CONCLUSIONS
More rapid completion of a 3-hour bundle of sepsis care and rapid administration 
of antibiotics, but not rapid completion of an initial bolus of intravenous fluids, 
were associated with lower risk-adjusted in-hospital mortality. (Funded by the Na-
tional Institutes of Health and others.)
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odds of in-hospital death than those who received 
antibiotics within 3 hours (odds ratio, 1.14; 95% 
CI, 1.06 to 1.22; P = 0.001). These associations ap-
peared to be stronger among patients receiving 
vasopressors than among those who were not 
receiving vasopressors (Fig. 2, and Fig. S3 in the 
Supplementary Appendix). Figure 3 shows the 
crude and predicted risks of in-hospital death 
across a range of times to treatment in typical 
patients who presented to the emergency depart-
ment. On average, the completion of the 3-hour 
bundle at 6 hours was associated with mortality 
that was approximately 3 percentage points high-
er than the mortality associated with completion 
of the bundle within the first hour.

Among the 26,978 patients who were eligible 
for and had the bolus of intravenous fluids com-
pleted within 12 hours, the time to completion 
of the fluid bolus was not associated with in-
hospital mortality (odds ratio of death until fluid 
bolus was completed, 1.01 per hour; 95% CI, 0.99 

to 1.02; P = 0.21) (Fig. S4 in the Supplementary Ap-
pendix). Patients who had the initial fluid bolus 
completed during hours 6 through 12 had an 
odds of in-hospital death that was similar to that 
among patients who had the initial fluid bolus 
completed within 6 hours (odds ratio of death 
for >6 hours to complete intravenous-fluid bolus, 
1.02; 95% CI, 0.92 to 1.14; P = 0.65). We found no 
interaction between time to the administration 
of antibiotics and time to completion of the ini-
tial bolus of intravenous fluids (P = 0.88).

 Additional Analyses
A sensitivity analysis that used the earliest time 
of arrival in the emergency department to mea-
sure the time to treatment showed an association 
that was similar to that in the primary analyses. 
The results were unchanged when hospice dis-
charges were reclassified as in-hospital deaths or 
when we excluded patients who had treatments 
completed before protocol initiation. When the 

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.

All patients
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time window for protocol initiation or comple-
tion of the 3-hour bundle was relaxed to 24 hours, 
the association between completion of the bolus 
of intravenous fluids and mortality became sig-
nificant, albeit of very small magnitude (odds ratio 
1.001; 95% CI, 1.000 to 1.002; P = 0.03). Details 
are provided in Table S6 in the Supplementary 
Appendix.

In supporting analyses, we found that the 
time to obtaining a blood culture was associated 
with mortality (odds ratio, 1.04 per hour; 95% 
confidence interval, 1.02 to 1.06; P<0.001). Similar 
findings were observed for each hour until se-
rum lactate measurement (Figs. S5 and S6 in the 
Supplementary Appendix). The quantitative bias 
analysis indicated that our results would be ro-
bust unless an unmeasured confounder was at 
least twice as prevalent among patients who had 
the 3-hour bundle completed later as among those 
who had it completed 1 hour earlier and unless the 
unmeasured confounder increased the odds of 
in-hospital death by more than 1.35 times (Fig. 
S7 in the Supplementary Appendix).

The risk-adjusted and reliability-adjusted rates 
of completing the 3-hour bundle ranged from 53 
to 97% (median, 83%; interquartile range, 75 to 
88) (Fig. 4, and Fig. S8 in the Supplementary Ap-
pendix). After we ranked hospitals from the low-
est to greatest likelihood of completing the 3-hour 
bundle, the hospitals in the highest decile, despite 
similar illness severity among their patients, were 
1.5 times as likely to complete the 3-hour bundle 
as hospitals in the lowest decile (94.3% vs. 64.1%). 
Hospitals that had a higher rate of bundle com-
pletion within 3 hours were somewhat smaller 
and less likely to be teaching hospitals than those 
that took longer than 3 hours to complete the 
bundle (Table S7 in the Supplementary Appendix).

Discussion

Our findings support an association between 
time to treatment and outcome among patients 
with sepsis or septic shock treated in the emer-
gency department during a statewide initiative 
mandating protocolized care. We found that a 
longer time to completion of a 3-hour bundle of 
care for patients with sepsis and the administra-
tion of broad-spectrum antibiotics were each 
associated with higher risk-adjusted in-hospital 
mortality. In our primary analysis, we did not find 
an association between the time to completion 

Figure 3. Crude In-Hospital Mortality and Predicted 
Risks of In-Hospital Death.

Shown are the crude in-hospital mortality and predict-
ed risks of in-hospital death, with adjustment for co-
variates across a range of time after protocol initiation, 
for the completion of the 3-hour bundle of sepsis care 
(Panel A), the administration of broad-spectrum anti-
biotics (Panel B), and the completion of the initial bo-
lus of intravenous fluids (Panel C) in a typical patient. 
I bars represent 95% confidence intervals.
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time window for protocol initiation or comple-
tion of the 3-hour bundle was relaxed to 24 hours, 
the association between completion of the bolus 
of intravenous fluids and mortality became sig-
nificant, albeit of very small magnitude (odds ratio 
1.001; 95% CI, 1.000 to 1.002; P = 0.03). Details 
are provided in Table S6 in the Supplementary 
Appendix.

In supporting analyses, we found that the 
time to obtaining a blood culture was associated 
with mortality (odds ratio, 1.04 per hour; 95% 
confidence interval, 1.02 to 1.06; P<0.001). Similar 
findings were observed for each hour until se-
rum lactate measurement (Figs. S5 and S6 in the 
Supplementary Appendix). The quantitative bias 
analysis indicated that our results would be ro-
bust unless an unmeasured confounder was at 
least twice as prevalent among patients who had 
the 3-hour bundle completed later as among those 
who had it completed 1 hour earlier and unless the 
unmeasured confounder increased the odds of 
in-hospital death by more than 1.35 times (Fig. 
S7 in the Supplementary Appendix).

The risk-adjusted and reliability-adjusted rates 
of completing the 3-hour bundle ranged from 53 
to 97% (median, 83%; interquartile range, 75 to 
88) (Fig. 4, and Fig. S8 in the Supplementary Ap-
pendix). After we ranked hospitals from the low-
est to greatest likelihood of completing the 3-hour 
bundle, the hospitals in the highest decile, despite 
similar illness severity among their patients, were 
1.5 times as likely to complete the 3-hour bundle 
as hospitals in the lowest decile (94.3% vs. 64.1%). 
Hospitals that had a higher rate of bundle com-
pletion within 3 hours were somewhat smaller 
and less likely to be teaching hospitals than those 
that took longer than 3 hours to complete the 
bundle (Table S7 in the Supplementary Appendix).

Discussion

Our findings support an association between 
time to treatment and outcome among patients 
with sepsis or septic shock treated in the emer-
gency department during a statewide initiative 
mandating protocolized care. We found that a 
longer time to completion of a 3-hour bundle of 
care for patients with sepsis and the administra-
tion of broad-spectrum antibiotics were each 
associated with higher risk-adjusted in-hospital 
mortality. In our primary analysis, we did not find 
an association between the time to completion 

Figure 3. Crude In-Hospital Mortality and Predicted 
Risks of In-Hospital Death.

Shown are the crude in-hospital mortality and predict-
ed risks of in-hospital death, with adjustment for co-
variates across a range of time after protocol initiation, 
for the completion of the 3-hour bundle of sepsis care 
(Panel A), the administration of broad-spectrum anti-
biotics (Panel B), and the completion of the initial bo-
lus of intravenous fluids (Panel C) in a typical patient. 
I bars represent 95% confidence intervals.
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Antibiotika-
bruk

• Tidligere	antibiotikabehandling	=	økt	antibiotikabruk?
• Økt	antibiotikabruk =	flere	bivirkninger?
• Økt	antibiotikabruk	=	mer	resistens?

Feil-
diagnoser

• Sepsispasienter	overses
• Andre	akutte	sykdommer	overses/feilklassifiseres
• ”Opportunities lost”	etter	antibiotikaforskrivning
• Overbehandling	av	uskyldige	tilstander	klassifisert	som	sepsis?

Ressurs-
disponering

• Ressurser	til	andre	helsetjenester	taper?
• Helsepersonell	på	rett	sted?
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