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Abstract

Rationale: Treatments for patients with sepsis with intermediate
lactate values (>2 and,4 mmol/L) are poorly defined.

Objectives: To evaluate multicenter implementation of a treatment
bundle (including timed intervals for antibiotics, repeat lactate
testing, and intravenous fluids) for hemodynamically stable patients
with sepsis and intermediate lactate values in the emergency
department.

Methods:We evaluated patients in annual intervals before and after
bundle implementation in March 2013. We evaluated bundle
compliance and compared outcome measures across groups with
multivariable logistic regression. Because of their perceived risk for
iatrogenic fluid overload, we also evaluated patients with a history of
heart failure and/or chronic kidney disease.

Measurements and Main Results:We identified 18,122 patients
with sepsis and intermediate lactate values, including 36.1%
treated after implementation. Full bundle compliance increased

from 32.2% in 2011 to 44.9% after bundle implementation
(P, 0.01). Hospital mortality was 8.8% in 2011, 9.3% in 2012,
and 7.9% in 2013 (P = 0.02). Treatment after bundle implementation
was associated with an adjusted hospital mortality odds ratio of
0.81 (95% confidence interval, 0.66–0.99; P = 0.04). Decreased
hospital mortality was observed primarily in patients with a heart
failure and/or kidney disease history (P, 0.01) compared with
patients without this history (P. 0.40). This corresponded to
notable changes in the volume of fluid resuscitation in patients
with heart failure and/or kidney disease after implementation.

Conclusions:Multicenter implementationof a treatment bundle for
patients with sepsis and intermediate lactate values improved bundle
compliance and was associated with decreased hospital mortality.
These decreases were mediated by improvedmortality and increased
fluid administration among patients with a history of heart failure
and/or chronic kidney disease.

Keywords: hospital mortality; quality improvement; resuscitation;
sepsis

Sepsis is the most expensive cause of
hospitalization in the United States and
plays a role in as many as one in two
hospital deaths nationally (1, 2). Most
prior studies of sepsis have been focused
heavily on patients with the most severe
disease (including those with septic shock
and/or lactate values of 4 mmol/L or

greater), who are treated primarily in
intensive care units (ICUs) (3–8). In this
population, the current standard of care is
focused on early patient identification,
prompt infection source control, and
aggressive fluid administration with the
addition of central venous catheter–based
care based on clinical need (3, 5–8).

Multiple observational studies suggest
that implementation of this care within
emergency department (ED)–based
performance improvement programs
has contributed to improved mortality
(9–11).

In contrast, few studies have been
focused on assessing optimal treatment
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strategies for patients with patients with
less severe sepsis, including so-called
intermediate lactate patients who have
normal blood pressure and lactate values
between 2 and 4 mmol/L (12–16). Such
patients also face substantial hospital
mortality and are often treated in less
standardized, non-ICU hospital settings
(12). Because patients with intermediate
lactate values are also more common in
hospitalized populations, they contribute to
a number of overall hospital deaths nearly
equivalent to that of patients with more
severe sepsis (1). Despite this, the evidence
base guiding treatment strategies in this
population is poorly defined (15). However,
prior work suggests that these patients may
also benefit from similar ED-based early
identification and care strategies.

As a result, in March 2013, the Kaiser
Permanente Northern California (KPNC)
integrated healthcare delivery system
implemented a treatment strategy designed
to improve care for hemodynamically stable
patients with sepsis and intermediate lactate
values in the ED. This quality improvement
effort is centered on a treatment
bundle focused on prompt antibiotic
administration, aggressive fluid
resuscitation, and early risk reassessment
with repeat lactate testing. In this study, we
compared treatment practices and outcomes

before and after implementation of the
intermediate lactate bundle quality
improvement effort for patients with sepsis
hospitalized at 21 community hospitals
between March 2011 and February 2014.

Methods

This study was approved by the KPNC
Institutional Review Board (CN-14-1815-
H), which has jurisdiction over all study
hospitals, with a waiver of informed
consent.

Intermediate Lactate Bundle
In March 2013, KPNC implemented an
intermediate lactate bundle quality
improvement effort for eligible patients
admitted to its 21 community-based
hospitals. Bundle-eligible patients included
those admitted through the ED with an
initial lactate value greater than or equal to
2 mmol/L and less than 4 mmol/L who did
not meet standard criteria for early goal-
directed therapy (EGDT), including
refractory hypotension, following an
intravenous fluid bolus and/or an initial
lactate value greater than or equal to 4
mmol/L. The bundle included three
elements to be completed after the initial
lactate test results were obtained (time 0),
including (1) antibiotics administered
within 3 hours, (2) repeat lactate testing
within 1–4 hours of initial lactate testing,
and (3) orders for 30 ml/kg (or at least 2 L)
of intravenous fluid within 3 hours.

Bundle implementation occurred
within the context of a mature sepsis
performance improvement program at
KPNC that was initiated in 2008.
Before implementation, hospital sepsis
champions, quality improvement staff, and
operational leadership were educated
about the bundle at a regional sepsis summit
meeting. These educational meetings were
initially instituted in 2010 to facilitate
improvements in the care of patients with
sepsis using EGDT. Subsequent meetings
addressed quality and performance
improvement as well as novel sepsis-related
initiatives. Similarly, after implementation,
intermediate lactate bundle performance
metrics were added to an existing electronic
sepsis scorecard that was already being
distributed to all hospitals for monthly
performance review. Sepsis scorecards
included monthly performance metrics at
the hospital and regional levels for a wide

variety of sepsis-related initiatives. As
part of earlier efforts to improve KPNC
sepsis-related care, lactate testing triggered
by meeting systemic inflammatory response
syndrome criteria and/or on the basis of
blood cultures became standardized
practice. Across KPNC, the use of lactate
testing in the ED had already increased from
an annual average of 4,886 tests between
2005 and 2007 to 42,718 tests between
2009 and 2011.

Subjects
To evaluate the impact of the intermediate
lactate bundle, we conducted a retrospective
study of bundle-eligible patients with
sepsis aged 18 years or older admitted
for nonobstetric overnight hospitalizations
divided into yearly intervals including
March 2011 to February 2012 (labeled
“Prior” or 2011), March 2012 to February
2013 (labeled “Pre” or 2012), and March
2013 to February 2014 (labeled “Post” or
2013). We compared patient characteristics,
treatments, and outcomes across these
intervals. Our cohort included patients with
(1) a diagnosis of “present on admission”
sepsis (based on International Classification
of Diseases, Ninth Revision [ICD-9],
diagnostic codes 038, 995.91, and 995.92),
(2) an initial lactate value greater than
or equal to 2 mmol/L and less than
4 mmol/L, and (3) antibiotics that were
administered in the ED and also within
12 hours of ED arrival. From among this
initial population, we excluded patients
who met EGDT eligibility criteria during
their ED stay on the basis of manually
validated data prospectively collected by
local quality improvement staff using
regional standards and Internet-based
data tools (12).

Patient and Hospitalization Data
We linked patients with sepsis with
corresponding KPNC databases using
methods detailed in prior studies (17, 18).
We quantified comorbid disease burden
using the Comorbidity Points Score,
version 2 (COPS2) (19). We quantified
acute severity of illness using the
Laboratory Acute Physiology Score,
version 2 (LAPS2), which incorporates 15
laboratory and 6 vital sign values preceding
inpatient admission into a single score that
independently predicts mortality (19). We
determined predicted hospital mortality
on the basis of a previously developed
automated hospital risk prediction model

At A Glance Commentary

Scientific Knowledge on the
Subject: Patients with sepsis with
intermediate lactate values contribute
to substantial hospital mortality.
However, corresponding treatments
are poorly defined.

What This Study Adds to the
Field: In this study, we evaluated the
treatment and outcomes of more than
18,000 hemodynamically stable
patients with intermediate lactate
sepsis who presented through
the emergency department in a
multicenter contemporary setting
after bundle implementation.
Implementation was associated with
improved bundle compliance and
decreased mortality that was driven
primarily by improved mortality in
patients with a history of heart failure
or chronic kidney disease.
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that demonstrated good discrimination in
this population (c-statistic, 0.78) (17). We
determined whether patients were admitted
to an ICU on the basis of bed history
records and grouped them within direct
ICU (from ED to ICU without other
transfer) or ever ICU (ICU at any time
during hospitalization) categories. We
grouped patients’ resuscitation care order
status at hospital admission as full code or
not full code (17). Because our clinicians
reported concerns about the administration
of aggressive fluid therapy in patients with
a higher potential for iatrogenic fluid
overload, we also specifically assessed
whether patients had a prior history of
heart failure (ICD-9 code 428) or chronic
kidney disease (ICD-9 code 585). We
ascertained hospital mortality from
inpatient records and 30-day mortality
from a combination of records, KPNC
membership tables, and state and
national death record files.

Bundle Elements Data
We determined compliance with bundle
elements on the basis of previously
established methods for analyzing electronic
medical record data (12). For antibiotic
measures, we captured all enteral and
intravenous antibiotics and calculated the
elapsed time from ED entry and time 0 to

administration time. For lactate testing, we
denoted the first lactate test result as the
index lactate value and evaluated elapsed
time to subsequent lactate tests after time 0,
including those within the 1- to 4-hour
window. We calculated the percentage of
patients in whom repeat lactate values
within 12 hours demonstrated a 10%
reduction. For fluid administration, we
determined the amount of fluid ordered and
given from the medication administration
record within relevant intervals based on
methods detailed in prior studies. We also
quantified weight-based fluid doses by
dividing total fluid volume recorded by
each patient’s most recent prehospital
weight. Among patients without weight
measurements, we divided total fluid volume
by 70 for men and 60 for women. We
defined patients as achieving full bundle
compliance if they received all three bundle
elements within allotted time intervals.

Statistical Analysis
Continuous data are presented as mean6
SD or median (interquartile range).
Categorical data are presented as number
(percentage). We compared characteristics
between the yearly interval groups
with analysis of variance, x2 tests, or
Kruskal–Wallis tests. We then used logistic
regression to compare changes in mortality

over time, first in unadjusted analyses and
then adjusting for patient age, sex, LAPS2
score, COPS2 score, predicted hospital
mortality, first resuscitation care order,
need for direct ICU admission, index
lactate value, history of heart failure, history
of chronic kidney disease, month of the
study period, and hospital as a random
effect.

To account for potential secular changes
in overall hospital practice and mortality
occurring over the study period, we
conducted a difference-in-difference
regression including high-risk patients
hospitalized through the ED (not including
those identified in our primary cohort of
interest). To identify high-risk inpatients, we
selected patients presenting within the
highest quartile of predicted mortality at
hospital admission (predicted mortality
>3.75%) and evaluated the significance of
the interaction P value between intermediate
lactate sepsis cohort membership and time
period as well as the association between
time period and mortality in high-risk
inpatients. Finally, we stratified our
intermediate lactate sepsis sample on the
basis of the presence of heart failure and/or
kidney disease and evaluated differences
in bundle achievement and mortality. We
conducted analyses using STATA/SE version
11.2 software (StataCorp, College Station,

Table 1. Baseline Characteristics and Outcomes before and after Implementation of the Intermediate Lactate Bundle

Prior (2011) Prebundle (2012) Postbundle (2013) P Value

Number 5,636 5,942 6,544
Age, yr 716 16 716 16 716 16 0.99
Male sex 2,914 (51.7) 3,093 (52.1) 3,330 (50.9) 0.41
Body mass index 286 8 286 8 286 8 0.87
LAPS2 (severity) 1086 35 1076 35 1066 34 ,0.01
COPS2 (comorbidity) 556 49 616 53 666 56 ,0.01
Predicted mortality, % 9.56 11.3 9.36 11.1 8.96 10.4 0.02
History of heart failure 1,407 (25.0) 1,449 (24.4) 1,558 (23.8) 0.33
History of chronic kidney disease 1,782 (31.6) 2,070 (34.8) 2,433 (37.2) ,0.01
Index lactate value, mmol/L 2.76 0.6 2.66 0.6 2.66 0.6 0.05
Direct ICU admission 1,214 (22.1) 1,112 (18.7) 1,154 (17.6) ,0.01
Admitted to medical service 5,210 (92.4) 5,480 (92.2) 6,007 (91.8) 0.40
Full code at admission 4,096 (72.7) 4,387 (73.8) 4,831 (73.8) 0.16
ED length of stay, h 5.5 (4.3–7.3) 5.4 (4.1–7.2) 5.2 (4.0–7.0) ,0.01
Hospital length of stay, d 4.0 (2.6–6.7) 3.9 (2.5–6.6) 3.8 (2.4–6.3) ,0.01
Ever in the ICU 1,738 (30.8) 1,643 (27.7) 1,763 (26.9) ,0.01
Hospital mortality 498 (8.8) 552 (9.3) 517 (7.9) 0.02
Living, discharge to home 3,823 (74.4) 3,979 (73.8) 4,564 (75.7) 0.13
30-d mortality 772 (13.7) 838 (14.1) 821 (12.6) 0.03
Readmission within 30 d 1,090 (19.3) 1,175 (19.8) 1,296 (19.8) 0.78

Definition of abbreviations: COPS2 =Comorbidity Points Score, version 2; ED = emergency department; ICU = intensive care unit; LAPS2 = Laboratory
Acute Physiology Score, version 2.
Values are mean6 SD, median (interquartile range), or number (percentage).
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TX) and considered a P value less than 0.05
to be significant.

Results

Cohort Characteristics
Over the study period, we identified a total of
18,122 patients with sepsis and intermediate
lactate values. Among the cohort, 36.1% were
hospitalized after bundle implementation
(Table 1). The patients’ mean age was 716
16 years, and 51.5% (n = 9,337) of the cohort
was male. Between 2011 and 2013, acute
severity of illness, based on LAPS2 scores,
decreased modestly while comorbid disease
burden, based on COPS2 scores, increased
modestly. Overall, predicted mortality was
9.56 11.3% in 2011 compared with 8.96
10.4% in 2013 (P, 0.01). Index lactate
values also decreased slightly, from 2.76 0.6
mmol/L to 2.66 0.6 mmol/L (P, 0.01),
over the same intervals.

Bundle Compliance
The fraction of patients receiving all
elements of the bundle increased
from 32.2% in 2011 to 44.9% in the
postimplementation phase (P, 0.01)
(Table 2 and Figure 1). Increases in bundle
achievement were driven by increases in
lactate goal (49.7–63.1%; P, 0.01) and
fluid goal (59.6–67.1%; P, 0.01)
attainment. Antibiotic goal attainment
was unchanged between periods
(P = 0.16); however, early antibiotics were
already achieved at high rates before
implementation (.95%). All secondary
metrics for the lactate and fluid bundle
elements differed after implementation,

including a decreased mean time to index
and repeat lactate values as well as
an increased mean volume of fluid
administered in the ED and within the first
24 hours after presentation (P, 0.01 for all).

Outcomes
Hospital mortality was 8.8% in 2011, 9.3% in
2012, and 7.9% in 2013 (P = 0.02) (Table 1).
Thirty-day mortality also decreased after
implementation (P = 0.03). In unadjusted
analysis, treatment in the year after bundle
implementation was associated with odds
ratios of 0.86 (95% CI, 0.77–0.97; P, 0.01)
for hospital mortality and 0.89 (95% CI,

0.81–0.97; P = 0.01) for 30-day mortality
(Table 3). In fully adjusted regression,
treatment after bundle implementation was
associated with an odds ratio of 0.79 (95%
CI, 0.65–0.96; P = 0.02). In the fully
adjusted model, the odds ratio of 30-day
mortality was 0.84 (95% CI, 0.71–0.99).

The odds of hospital mortality were
identical among high-risk inpatients in the
year after bundle implementation compared
with before implementation (see Table E2
in the online supplement) (odds ratio,
1.00; 95% CI, 0.92–1.09; P = 0.94). The
interaction P value in the difference-in-
difference regression was significant

Table 2. Completion of Intermediate Lactate Bundle Elements, by Period

Prior (2011) Prebundle (2012) Postbundle (2013) P Value

All bundle goals met, n (%) 1,813 (32.2) 2,006 (33.8) 2,938 (44.9) ,0.01
Antibiotic goals met, n (%) 5,391 (95.7) 5,656 (95.2) 6,275 (95.9) 0.16
Mean 6 SD time to antibiotics after lactate, h 0.76 1.1 0.86 1.1 0.76 1.1 0.01
Mean 6 SD time to antibiotics after ED entry, h 2.46 1.6 2.46 1.5 2.36 1.5 0.04

Lactate goals met, n (%) 2,800 (49.7) 3,015 (50.7) 4,132 (63.1) ,0.01
Mean 6 SD time to first lactate, h 2.06 1.4 1.96 2.1 1.96 1.5 ,0.01
Mean 6 SD time to second lactate from first lactate, h 4.56 2.6 4.46 2.7 3.86 2.5 ,0.01
.10% lactate reduction within 12 h, n (%) 4,518 (80.2) 4,732 (79.6) 5,391 (82.4) ,0.01

Fluid goals met, n (%) 3,359 (59.6) 3,571 (60.1) 4,391 (67.1) ,0.01
Mean 6 SD MAR fluid total within 3 h of lactate, L 1.86 1.3 1.86 1.2 1.96 1.2 ,0.01
Mean 6 SD MAR fluid total within 3 h, ml/kg 24.36 18.6 24.66 18.0 26.36 17.8 ,0.01
Mean 6 SD MAR fluid total over 24 h, L 2.66 1.7 2.66 1.7 2.76 1.7 ,0.01

Definition of abbreviations: ED = emergency department; MAR =medication administration record.
P values are based on x2 tests or analysis of variance.
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Figure 1. Monthly full bundle compliance before and after implementation and hospital mortality rates
by implementation period. The year markers along the x-axis indicate March of that year.
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(P = 0.03), indicating that the
implementation period had a differential
impact on mortality among the sepsis
cohort of interest compared with general
high-risk inpatients.

Subpopulations
After stratifying patients by their prior
history of either heart failure or kidney
disease, patients with a prior history of
either condition demonstrated statistically
significant improvements in hospital and
30-day mortality in the postimplementation

period (P, 0.01 for all) (Table 4). In
contrast, when we evaluated only patients
with no prior history of heart failure or
kidney disease, we found that bundle
implementation was not associated with a
reduction in mortality rates (P> 0.40 for
all). The rates of compliance with antibiotic
timing and lactate reassessment were
similar between these patient groups before
and after implementation.

However, compliance with fluid
administration targets differed substantially
between patients with and without a

history of heart failure or kidney disease
(Figure E1). For example, even before
implementation, 69.9% of patients without
heart failure or kidney disease history
already met the bundle fluid targets. Among
patients with heart failure and/or kidney
disease, bundle implementation was
associated with substantial increases in total
fluid administration (Figure 2), with an
increase in mean fluid totals from 1.4 to
1.7 L (P, 0.01). At the same time,
implementation was not associated
with increased hospital length of stay or the
need for immediate or late transfer to
the ICU.

Discussion

In this report, we describe changes in practices
and outcomes following a multicenter
implementation of a process-oriented bundle
for hemodynamically stable patients with
sepsis and intermediate lactate values in the
ED. Compared with patients in the 2 years
preceding implementation, patients treated in
the year after implementation achieved a
modest increase in the attainment of all
bundle metrics. This increase occurred in
concert with an increased frequency of repeat
lactate testing and with larger volumes of fluid
administration. Over the same period,
mortality rates fell substantially, such that
patients in the early implementation period
had a 19% reduction in their odds of hospital
death, as well as reduced odds of death
at 30 days with borderline significance.
Importantly, these improvements appeared to
be driven primarily by increased fluid
administration and decreased mortality in
patients with a history of heart failure and/or
chronic kidney disease.

Sepsis has been called a hidden public
health disaster because of its deleterious
impact on short- and long-term patient
health (20, 21). Prior studies have been
focused primarily on improving treatment
for the most severely ill patients with
sepsis—those with shock and/or lactate
values greater than or equal to 4 mmol/L—
a group whose hospital mortality rates
exceed 20–30% (4–8). To our knowledge,
this is the first study to describe multicenter
implementation of a therapeutic approach
for patients with less severe sepsis and
intermediate lactate values. Such patients
have lower mortality rates than those with
septic shock; however, their hospital and
30-day mortality rates were substantially

Table 3. Analysis of Hospital Mortality before and after Implementation

Variable Unadjusted Multivariable

Period
Preimplementation Reference Reference
Postimplementation 0.86 (0.77–0.96) 0.79 (0.65–0.96)

P value ,0.01 0.02
Age, per decade — 1.16 (1.11–1.22)
Male sex — 1.01 (0.91–1.13)
LAPS2 score, per 20 points — 1.10 (1.08–1.12)
COPS2 score, per 20 points — 1.01 (1.00–1.01)
Predicted mortality, per 10% 1.14 (1.05–1.25)
Direct ICU transfer — 1.60 (1.38–1.80)
Full code at admission — 0.71 (0.62–0.82)
History of heart failure — 1.28 (1.14–1.46)
History of kidney disease — 0.76 (0.68–0.86)
Index lactate value, by 1 mmol/L — 1.16 (1.05–1.28)
Month of study period — 1.00 (1.00–1.00)

Definition of abbreviations: COPS2 =Comorbidity Points Score, version 2; ICU = intensive care unit;
LAPS2 = Laboratory Acute Physiology Score, version 2.
Data are shown as odds ratios and 95% confidence intervals derived from univariable and
multivariable logistic regression analyses.

Table 4. Hospital Mortality in Heart Failure and Chronic Kidney Disease Subgroups

Mortality (%)

n
Prior
(2011)

Prebundle
(2012)

Postbundle
(2013)

P
Value

All patients 18,122
Hospital 8.8 9.3 7.9 0.02
30 d 13.7 14.1 12.6 0.03

History of heart failure 4,144
Hospital 13.0 14.8 11.6 0.03
30 d 18.8 20.7 17.8 0.13

History of kidney
disease

6,285

Hospital 9.7 11.5 7.5 ,0.01
30 d 15.9 17.7 13.3 ,0.01

Heart failure or kidney
disease

8,322

Hospital 10.7 12.5 8.7 ,0.01
30 d 16.8 18.3 14.5 ,0.01

No heart failure or
kidney disease

9,800

Hospital 7.4 6.5 7.2 0.40
30 d 11.3 10.5 10.8 0.60
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higher than those of the general hospital
population (12, 15). In single-center
studies, others have reported that ED
patients with infection and intermediate
lactate values had hospital mortality rates
between 9% and 10% (14, 16). Mikkelsen
and others also reported a substantially
increased risk of 28-day mortality among
patients with nonshock sepsis with
intermediate lactate values (13). Also, while

they have lower mortality rates than septic
shock patients, patients with sepsis and
intermediate lactate values contribute to
a nearly equivalent number of overall
hospital deaths (1).

Despite this, there are no broadly
implemented treatment guidelines for
patients with sepsis and intermediate lactate
values (15). Because most of these patients
are treated outside critical care settings,
they are also less likely to receive
standardized care approaches (12, 14). As
a result, we sought to implement a
standardized treatment strategy that
incorporated the principles of effective
sepsis care defined in prior studies. First, we
adapted the Surviving Sepsis Campaign’s
3-hour bundle focused on process-oriented
elements, including prompt administration
of antibiotics, early reassessment of
mortality risk with repeat lactate testing,
and aggressive fluid administration and
volume resuscitation (3). Simultaneously,
we implemented an improvement process
that incorporated multidisciplinary
team communication and education,
standardized data collection and
measurement, and low latency feedback
to facilitate continuous performance
improvement (22).

Our results demonstrate, for the first
time to our knowledge, that quality
improvement efforts in the patients with
intermediate lactate values successfully
improved bundle compliance and were also
associated with improvements in mortality.
These findings are concordant with many
prior studies that emphasized the importance
of improving sepsis care through coordinated
quality improvement initiatives (3, 9–11, 23).
At the same time, we were surprised to
discover that these improvements appeared
to be mediated by decreased mortality in the
sepsis population with a history of
underlying heart failure and/or kidney
disease. In the process of bundle design and
implementation, many of our clinicians
raised concerns that increasing fluid
administration in patients at high risk for
fluid overload could result in iatrogenic
complications, including increases in the
need for positive pressure ventilation or
intensive care and in overall length of stay.

To assess whether bundle
implementation could result in harm to
patients, we prospectively evaluated our
balancing measures (length of stay,
mortality, and the need for immediate or
delayed critical care) at 6 months and 1 year

after implementation in this subpopulation.
We did not identify an increase in adverse
events following implementation, despite
increases in the volume of early fluid
administration. Few prior studies have
specifically addressed fluid resuscitation
targets in patients with conditions
commonly associated with fluid overload
and in those for whom clinicians tend to be
cautious about overly aggressive fluid
administration. Unlike patients with septic
shock, for example, who are frequently cared
for in critical care units with close
monitoring of respiratory status, the vast
majority of patients with intermediate
lactate values are treated in medical-surgical
wards with only intermittent monitoring
(12). Our findings suggest that these
subpopulations deserve further
consideration and study, efforts that are
likely to offer important guidance to
clinicians making decisions about fluid
resuscitation and triage from the ED.

Recent evidence derived from large,
multicenter randomized controlled trials in
patients with septic shock or lactate values
greater than or equal to 4 mmol/L
demonstrate that mandatory central
line–based treatment strategies do not
improve outcomes compared with standard
approaches incorporating early and
aggressive sepsis care (5, 6). As a result, we
expect that the prior discontinuities in
practice that resulted from arbitrary lactate
value cutoffs are likely to become less
relevant for designing treatment approaches.
In light of this new evidence, we have
initiated a more uniform approach to sepsis
care, regardless of whether patients’ index
lactate values are in the intermediate or
higher range. Nonetheless, the use of lactate
values for screening as well as initial and
dynamic risk prognostication will continue
to be a cornerstone of our treatment
approach (12, 13, 16, 24, 25).

Our study should be interpreted in light
of its limitations. First, this study was a
retrospective study, making our findings
vulnerable to commonly discussed biases
and confounding. At the same time, our
study also includes an extremely large and
contemporary cohort of patients drawn
from among a multicenter sample, which
benefits from sophisticated risk adjustment
methodology. Second, this study was
conducted in the integrated healthcare
delivery system of KPNC, which already
had a mature sepsis-related quality
improvement infrastructure. This allowed
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Figure 2. Kernel density plot showing the
distribution of fluids administered, based on
medication administration records, to patients
stratified by their history of heart failure or kidney
disease before and after bundle implementation.
The top panel shows patients with a history of
heart failure and/or kidney disease, and the
bottom panel shows patients without such
history. The solid lines represent estimated
densities before bundle implementation, and
the dashed lines represent estimated densities
after bundle implementation.
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for relatively rapid dissemination of
implementation measures and performance
feedback, which may differ from the
situation in other hospitals or systems (22,
26). Finally, the intermediate lactate bundle
implemented in this study was adapted
from Surviving Sepsis Campaign guidelines
but has not been established in a
randomized controlled trial as effective for
this less severe sepsis population. Future
randomized controlled studies should be
undertaken to establish the efficacy of this

approach, especially in subgroups at higher
risk for iatrogenic volume overload.

In conclusion, multicenter
implementation of a process-oriented
bundle for patients with sepsis and
intermediate lactate values successfully
improved bundle compliance. Over the
same period, there were marked interval
decreases in hospital and 30-day mortality.
These decreases appeared to be mediated
primarily by increased fluid administration
and improved survival among patients

with underlying heart failure or chronic
kidney disease. These findings should be
evaluated in future randomized controlled
trials. n
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