
ORIGINAL ARTICLE
Improvement in Mortality With Early Fluid
Bolus in Sepsis Patients With a History of
Congestive Heart Failure
Andreas H. Taenzer, MD, MS; Shilpa J. Patel, MD; Todd L. Allen, MD;
Martin E. Doerfler, MD; Tae-Ryong Park, PhD; Lucy A. Savitz, PhD, MBA;
and John G. Park, MD; Members of the High Value Healthcare Collaborative
Abstract

Objective: To determine whether rapid administration of a crystalloid bolus of 30 mL/kg within 3 hours
of presentation harms or benefits hypotensive patients with sepsis with a history of congestive heart failure
(CHF).
Patients and Methods: A retrospective cohort study using Medicare claims data enhanced by medical
record data from members of the High Value Healthcare Collaborative from July 1, 2013, to June 30,
2015, examining patients with a history of CHF who did (fluid bundle compliant [FBC]) or did not
(NFBC) receive a volume bolus of 30 mL/kg within 3 hours of presentation to the emergency department.
A proportional Cox hazard model was used to evaluate the association of FBC with 1-year survival.
Results: Of the 211 patients examined, 190 were FBC and 21 were NFBC. The FBC patients had higher
average hierarchical condition category scores but were otherwise similar to NFBC patients. The NFBC
patients had higher adjusted in-hospital and postdischarge mortality rates. The risk-adjusted 1-year mortality
rate was higher for NFBC patients (hazard ratio, 2.18; 95% CI, 1.2 to 4.0; P¼.01) than for FBC patients.
Conclusion: In a retrospective claim data-based study of elderly patients with a history of CHF presenting
with severe sepsis or septic shock, there is an association of improved mortality with adherence to the
initial fluid resuscitation guidelines as part of the 3-hour sepsis bundle.
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T he Surviving Sepsis guideline1 recom-
mends early interventions in an
attempt to normalize adequate perfu-

sion and source control. Subsequently, Centers
for Medicare & Medicaid (CMS) has mandated
specific measures by requiring early antibiotic
administration after blood cultures and lactate
measurement (and repeat if lactate >2 mmol/
L) in all patients with sepsis and a 30-mL/kg
crystalloid infusion within the first 3 hours of
sepsis recognition if there was sepsis-induced
hypotension. Recognizing the dangers of volume
overload due to aggressive resuscitation,2,3 clini-
cians are hesitant in complying with the fluid
administration mandate in patients with a his-
tory of congestive heart failure (CHF).3,4 This
barrierwas highlighted duringmember site visits
and in member group discussions regarding
sepsis resuscitation bundle elements.
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Within the High Value Healthcare Collab-
orative (HVHC),5 a consortium of health care
systems that seeks to enhance health care
value, we sought to determine whether
complying with the CMS fluid mandate in
Medicare patients 65 years or older with
CHF (ejection fraction <35% and admission
for CHF exacerbation or principal diagnosis
of CHF within 12 months) was associated
with in-hospital or after-discharge mortality
for patients with sepsis.

PATIENTS AND METHODS
Members of the HVHC voluntarily submitted
data on our respective institution’s sepsis
bundle compliance metrics. From the database
of 5860-patient data, we examined CMS fee-
for-service patients 65 years and older with a
preexisting diagnosis of CHF who were
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Assessed for eligiblity (n=481)
discharge diagnosis of severe
sepsis or septic shock with

history of CHF

Excluded (n=270)
  • Sepsis was not the index
     diagnosis (n=13)
  • Not clearly documented fluid
     administration (n=35)
  • Did not initially present to the ED
     (n=47)
  • Missing sex (n=19)
  • Did not receive antibiotics within
     3 h of presentation (n=12)
  • Data could not be linked to CMS
     data (n=144)

Sample analyzed (n=211)

Fluid bolus compliant (n=190) Not fluid bolus compliant (n=21)

FIGURE 1. Consolidated Standards of Reporting Trials diagram of study
sample. CHF ¼ congestive heart failure; CMS ¼ Centers for Medicare &
Medicaid Services; ED ¼ emergency department.
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admitted through the emergency department
(ED) in 4 of the participating HVHC health
care systems between July 1, 2013, and June
30, 2015, with an index episode diagnosis of
severe sepsis or septic shock (based on sepsis-
2 definition6), survived for at least 3 hours after
ED triage, and for whom we had compliance
data with the CMS sepsis bundle elements.
Participating institutions included Dartmouth-
Hitchcock, Intermountain Healthcare, Hawaii
Pacific Health, and Mayo Clinic in Rochester,
Minnesota. We used CMS claims to calculate
the hierarchical condition category (HCC)7

scores, which is a risk-adjustment model that
reflects the patient’s clinical complexity.

The HVHC health care systems reported
whether patients received a crystalloid fluid
bolus of 30 mL/kg as 1 of the 4 elements of
the 3-hour sepsis bundle (the other 3 being an-
tibiotics, blood culture before antibiotic admin-
istration, and lactate measurement) if they had
sepsis-related hypotension. We compared pa-
tients who received all elements of the bundle
(fluid bundle compliant [FBC]) with those
who received all elements except the fluid
Mayo Clin Proc Inn Qual Out n October 2020
component (not fluid bundle compliant
[NFBC]) among patients with a history of CHF.

Participating HVHC members provided in-
formation on preexisting CHF based on chart
abstraction of a larger sepsis cohort. Patients
qualified if they met all of the following
criteria: (1) ejection fraction less than 35% at
any time but more than 7 days preceding the
sepsis event (to ensure that CHF was not a
result of sepsis cardiomyopathy), (2) at least
1 inpatient admission with the principal diag-
nosis of CHF or at least 2 primary or specialty
clinic encounters within 12 months before the
sepsis presentation with a diagnosis of CHF in
any diagnosis code position, and (3) 1 of the
following International Classification of Diseases,
Ninth Revision codes: hypertensive heart dis-
ease with heart failure (I402.01, 402.11, and
402.91) or heart failure (428.xx).

Data were analyzed using a Cox propor-
tional hazards model with age, sex, type of
sepsis, and HCC score as covariates and
compliance with fluid bolus as an independent
variable. The reported hazard ratios (HRs) are
adjusted for all other covariates in the model.
The primary outcome is the impact of compli-
ance with the fluid bolus on survival 1 year
from initial presentation to the ED, which is
reported as HR with 95% CI. Statistical anal-
ysis was performed using SAS analytic soft-
ware (SAS Institute Inc).

RESULTS
A total of 481 patients with CHF matching
criteria and a discharge diagnosis of severe
sepsis or septic shock (based on sepsis-2 defi-
nition6) were submitted by members, of
whom 468 patients had sepsis as the index
diagnosis. Clearly documented intravenous
fluid administration data were found for 433
patients. Forty-seven patients did not initially
present to the ED, 19 had missing sex data,
and another 12 patients were excluded
because they did not receive broad-spectrum
antibiotics within 3 hours of presentation. Of
the remaining 355 patients, 211 (59%) could
be linked to CMS records (Figure 1)

Of the 211 patients examined, 190 were
FBC and 21 were NFBC. The FBC patients
had a higher average HCC score (4.4�2.31
vs 3.4�2.46; not significant; P¼.079) but
were otherwise similar to NFBC patients in re-
gard to age and frequency of septic shock
;4(5):537-541 n https://doi.org/10.1016/j.mayocpiqo.2020.05.008
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TABLE 1. Demographic Data for the Medicare Cohort of Patients With Congestive Heart Failure Presenting to
the Emergency Department With Severe Sepsis or Septic Shock

Fluid Compliance

PYes (n¼190) No (n¼21)

Age (y), mean � SD 83.0�10.0 82.0�10.56 .696

Male sex, no. (%) 93 (49) 12 (57) .50

Septic shock, no (%) 101 (53) 11 (52) .95

Hierarchical condition category score, mean � SD 4.4�2.31 3.4�2.46 .079

In-hospital mortality, no (%) 59 (31) 12 (57) .01

Hazard ratio (95% CI) for mortality from admission
if not fluid bundle compliant
7 d 1.93 (1.0-3.5) .03
14 d 2.13 (1.2-3.9) .01
30 d 2.17 (1.2-4.0) .01
90 d 2.17 (1.2-4.0) .01
180 d 2.18 (1.2-4.0) .01
1 y 2.18 (1.2-4.0) .01

FLUID BOLUS IN SEPTIC HEART FAILURE PATIENTS
(Table 1). The NFBC patients had higher in-
hospital (57% [12 of 21] vs 31% [59 of
190]; P¼.01) mortality rates. The increased
risk for mortality was evident as early as 7
days after admission from the ED and per-
sisted up to a year (Table 1). In the Cox pro-
portional hazard model, higher HCC scores
and not receiving the 30-mL/kg fluid bolus
were associated with increased risk for mortal-
ity, but not age or sex (Table 2). The risk-
adjusted 1-year mortality rate was higher for
NFBC patients (HR, 2.18; 95% CI, 1.2 to
4.0; P¼.01) than for FBC patients (Figure 2).
TABLE 2. HRs for Mortality for Included Variables in the

Survival From Discharge

7 d

HRb (95% CI)

Agec

Male sex 0.8 (0.6-1.2)

Severe sepsis 1.7 (0.8-3.7)

Septic shock 1.8 (0.9-3.9)

HCC score 2-4 2.6 (1.3-5.2)

HCC score 4-6 2.6 (1.3-5.2)

HCC score >6 2.4 (1.1-4.9)

Not fluid bundle compliant 1.9 (1.2-4.0)

aHCC ¼ hierarchical condition category; HR ¼ hazard ratio; NS ¼ n
bReferences for the HR are as follows: age younger than 65 years for
shock, HCC score of 0 to 2 for the higher scores, and fluid bundle
cAge was analyzed in categories, data are suppressed in accordance
nonsignificant for all categories.
dStatistically significant.
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DISCUSSION
Elderly patients with preexisting CHF (as
defined by ejection fraction <35% and recent
admission for CHF exacerbation or CHF as
principal diagnosis) who presented to HVHC
EDs with severe sepsis and septic shock had
higher in-hospital and 1-year mortality if the
recommended 30-mL/kg fluid bolus was not
given (57% [12 of 21] vs 31% [59 of 190];
P¼.01; HR, 2.18; 95% CI, 1.2 to 4.0, respec-
tively) during the initial resuscitation.

The National Sepsis CMS Core (SEP-1)
measure rewards compliance with process
Cox Risk-Adjusted Hazard Modela

1 y

P HR (95% CI) P

NS

0.13 0.8 (0.5-1.2) 0.13

0.17 2.0 (0.9-4.3) 0.08

0.12 2.0 (0.9-4.3) 0.07

0.01d 2.7 (1.4-5.4) <0.01d

0.01d 2.9 (1.5-5.7) <0.01d

0.02d 2.4 (1.2-5.0) 0.02d

0.03d 2.2 (1.2-4.0) 0.01d

ot significant.
age groups, female for male sex, sepsis for severe sepsis and septic
compliant for not fluid bundle compliant.
with Centers for Medicare & Medicaid Services rules, but were
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FIGURE 2. Risk-adjusted mortality for initial fluid compliance among pa-
tients with heart failure with sepsis-induced hypotension. Risk-adjusted for
age, sex, type of sepsis, and hierarchical condition category scores.
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measures that may not be related to outcomes.
Rhee et al8 reported no difference in adjusted
in-hospital mortality rates for SEP-
1ecompliant vs enoncompliant patients and
recommended detailed risk adjustment to
assess the association of SEP-1 compliance
and mortality. However, several groups
contradict this finding by reporting improved
outcomes with improved compliance with
SEP-1 metrics.9,10 For example, in one of the
largest studies to date, data from New York
City hospitals suggest improved outcomes
with adherence to blood cultures, initiation
of antibiotic treatment, and lactate measure-
ment within the first 3 hours, but this benefit
was not seen with the early completion of the
30-mL/kg fluid bolus compliance.9 The HVHC
has improved bundle compliance rates among
member institutions to more than 90%,
mostly due to an increase in fluid bundle
compliance to 94%. Patients with preexisting
CHF presented a particular problem in treat-
ment due to clinicians’ concern regarding vol-
ume overload and a lack of data to support the
practice.

Our findings are consistent with the small
subgroup analysis in a recent retrospective
study that showed that a lack of fluid compli-
ance within the first 3 hours among patients
with a history of CHF was associated with
increased mortality.11 Similarly, a recent study
by Khan et al12 showed that in patients at risk
for volume overload (including patients with
Mayo Clin Proc Inn Qual Out n October 2020
heart failure), being compliant with fluid
resuscitation recommendations was not at
increased risk for needing invasive mechanical
ventilatory support. Other studies have shown
the benefit of an adequately higher volume of
crystalloid early in the course of resuscitation
in improving outcomes.13

A potential mechanism whereby adequate
fluid resuscitation still benefits patients with
a CHF history is that sepsis induces distribu-
tive shock superimposed on their cardiogenic
insufficiency. Their long-term use of diuretics
may exacerbate the impact of distributive
shock. This combination may result in wors-
ening perfusion pressure, leading to worse
outcomes. Although we need to be very mind-
ful of avoiding excessive volume resuscitation,
initial resuscitation with 30 mL/kg of crystal-
loid may not be unreasonable even in patients
with reduced cardiac reserve if they present
with sepsis-induced hypotension.

The presented data are limited to the retro-
spective nature of the study and by the num-
ber of patients analyzed, along with the small
cohort of patients who were NFBC. The latter
group of 10% (21 of 211) of NFBC patients is
consistent with the average HVHC fluid
compliance. Patients who have existing CHF
based on our criteria who present with sepsis
to the ED are a challenging cohort to establish
and are easier to analyze using a collaborative
retrospective analysis as presented. Addition-
ally, we used HCC score as a measure of risk
adjustment (rather than other scores such as
Acute Physiology and Chronic Health Evalua-
tion) to reflect the patient’s clinical
complexity.7 The HCC is a validated risk-
adjustment model incorporating 70 condition
categories used by CMS to assess clinical
complexity and is updated regularly. Although
the total fluid administered by 24 hours and
beyond can influence outcomes, we were
interested in adherence to the initial resuscita-
tion bundle and outcomes. Therefore, we only
focused on adherence to the initial fluid resus-
citation guideline as it relates to their outcome,
as long as they also received broad-spectrum
antibiotics within the first 3 hours of
presentation.

CONCLUSION
Elderly patients with preexisting CHF who
present with sepsis-induced hypotension may
;4(5):537-541 n https://doi.org/10.1016/j.mayocpiqo.2020.05.008
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benefit from receiving the recommended
30-vmL/kg fluid resuscitation as part of their
early resuscitation bundle.
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