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ABSTRACT

Background: Sepsis, an inflammatory response to an infection
that may lead to severe organ dysfunction and death, is the
leading cause of death in medical intensive care units. The
Society of Critical Care Medicine has issued guidelines and
promoted protocols to improve the management of patients
with severe sepsis and septic shock. Generally, the medical
community has been slow to adopt these guidelines because
of the system challenges associated with protocol implemen-
tation. We describe an interdisciplinary team approach to the
development and implementation of management protocols for
treating patients with severe sepsis and septic shock.
Methods: To determine the effectiveness of the bundled
emergency department and critical care order sets developed
by the Sepsis Steering Committee, we performed a case review
of 1,105 sequential patients admitted to a large academic
tertiary referral hospital with a diagnosis of severe sepsis or
septic shock between July 2008 and January 2012.
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Results: Implementation of the protocol led to improved order
set use over time, a significant decrease in the median time to
antibiotics of 140 (range 1-820) minutes in 2008 to 72 (range
1-1,020) minutes in 2011 (P<0.001), and a decrease in
median length of stay from 8 days (range 1-54) in 2008 to 7
days (range 1-33) in 2011 (P=0.036).

Conclusion: A multidisciplinary team approach to sepsis
management using protocols and early goal-directed therapy is
feasible in a large academic medical center to improve the
process of care and outcomes.

INTRODUCTION

Sepsis is an inflammatory response to an infection
that may lead to severe organ dysfunction. Annually, it
affects approximately 750,000 people in the United
States and is responsible for more than 215,000
deaths.! The estimated cost of sepsis is more than
$17 billion each year." The term severe sepsis
describes sepsis with acute organ dysfunction, and
the term septic shock describes sepsis with organ
dysfunction and hypotension refractory to fluid resus-
citation.”? Together they are the most common cause
of death in noncoronary critical care (CC) units, with a
mortality of 28%-50%." Evidence suggests that early
diagnosis, the timely initiation of appropriate antibiot-
ics, and resuscitation to hemodynamic goals improve
clinical outcomes.®>'? The Surviving Sepsis Campaign
has recommended protocols and bundles to improve
timely compliance with evidence-based treatments
and to enhance outcomes.®* Hospitals have been
slow to adopt the recommended protocols because
of implementation challenges, financial concerns, and
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hierarchical systems of care. Challenges include
resource allocation for the critically ill in emergency
departments (EDs), communication, transitions of
care, and multidisciplinary coordination of care. We
describe the Ochsner experience with a multidisci-
plinary team approach and quality improvement tools
such as rapid-cycle change to influence the process
of care and improve clinical outcomes.

METHODS

The preparation for sepsis project implementation
began in summer 2007. The quality improvement
project involved a multidisciplinary Sepsis Steering
Committee consisting of ED and CC physicians and
nurses, a clinical pharmacist, and members of the
hospital administration, performance improvement,
and medical informatics staffs. The project began with
the development of bundled ED and CC orders sets
for management of sepsis. These order sets were
based on the Society of Critical Care Medicine
(SCCM) Surviving Sepsis guidelines for 6-hour (ED)
and 24-hour (CC) bundles. The implementation of the
order sets in July 2008 was followed by a compre-
hensive educational campaign targeting the ED and
CC nurses and physicians.

Patients enrolled in this study were admitted to the
medical intensive care unit (MICU) with a diagnosis of
severe sepsis or septic shock. Severe sepsis was
defined as sepsis with 2 organ failures or serum lactic
acid (LA) level >4 mm/L. Septic shock was defined as
a mean arterial blood pressure (MABP) <65 mmHg
after a 1.5 L bolus of normal saline.? The clinical
pharmacist for the MICU team collected data from
paper and electronic charts on a daily basis,
deidentified patient information, and stored the data
in a password-protected database. Metrics collected
included the time of admission, the time of diagnosis,
the first serum LA level, the location of the patient
before transfer to the MICU, ED order set use, CC
order set use, cultures drawn prior to antibiotic
administration, the time to antibiotics (if the patient
was already on antibiotics, then the time to new
antibiotics was recorded), and the achievement of
early goal-directed therapy (EGDT) endpoints.® EGDT
endpoints include central venous pressure (CVP) >8
cm H,O, MABP >65 mmHg, and mixed central
venous oxygen saturation (ScvO,) >70%.° The time
to antibiotics and the time to meeting EGDT goals
were based on the time that severe sepsis and septic
shock were diagnosed. In the ED, diagnosis time was
defined as the time when the serum LA level was
called to the ED or when the ED physician started
treating the patient for severe sepsis. Septic shock
start time was when the patient’s MABP reached <65
mmHg after the initial fluid bolus. On the hospital floor,
diagnosis time was defined as the time of the Rapid
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Response Team (RRT) call or the time of documented
vital sign deterioration. The RRT included an experi-
enced CC nurse and respiratory therapist with backup
from the MICU resident.

Two administrative committees were formed to
review the sepsis data. A small multidisciplinary team
met monthly to review individual segments of care
processes for all sepsis cases to look for lapses and
opportunities to improve. The metrics team meetings
allowed for open collegial discussion and rapid-cycle
feedback that optimized healthcare delivery. The
larger Sepsis Steering Committee met every other
month and acted as an advisory board of key
stakeholders offering a global evaluation of the sepsis
project.

Project Implementation

Early identification of severe sepsis and septic
shock in the ED or on the inpatient floors became a
critical factor in the process of care. Materials on the
signs of sepsis were disseminated widely across the
hospital in a variety of formats, including posters,
pocket cards, online modules, and lectures. Once
sepsis was identified, the use of ED 6-hour and CC
24-hour bundled order sets guided evidence-based
standardized care across transitions (Table). In the
ED, the multidisciplinary team owned the process for
identifying severe sepsis and septic shock early,
starting resuscitation, placing the ScvO, monitoring
catheter, and consulting the MICU team. The MICU
team committed to assuming care of the patient within
1 hour of consultation to facilitate patient disposition,
expedite patient transfer to the CC unit, and assist the
timely completion of EGDT. On the inpatient floors,
calls about patient deterioration triggered a rapid
response call. The RRT assisted with sepsis diagno-
sis, facilitated notification of the MICU team, initiated
EGDT, and transported patients to the CC unit.

Treatment initiation using the ED 6-hour bundle
focused on the immediate goals of placement of an
ScvO, catheter; aggressive volume resuscitation with
normal saline to meet resuscitation goals of CVP >8
cm HO, MABP >65 mmHg, and ScvO, >70%; the
administration of empiric broad-spectrum antibiotics
within 2 hours; and blood culture collection prior to
antibiotic administration. In the ED, resource alloca-
tion made managing patients with EGDT for 6 hours
impractical, as the landmark Rivers study found.® The
CC 24-hour bundle focused on longer-term, evi-
dence-based practices for severe sepsis and septic
shock, including glucose control, venous thrombo-
embolic prophylaxis with low-molecular-weight hepa-
rin, hydrocortisone for patients with vasopressor-
dependent shock, stress ulcer prophylaxis, the Acute
Respiratory Distress Syndrome Network protocol for
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Table. Emergency Department (6-Hour) and Critical Care (24-Hour) Bundled Order Sets

Sepsis 6-Hour Bundle

Sepsis 24-Hour Bundle

Scv0, monitoring catheter placement

Cultures prior to antibiotics

Antibiotics within 2 hours, in order of administration
Piperacillin/tazobactam (or carbapenem if penicillin allergy)
Ciprofloxacin
Vancomycin (2 g load in ED)

20 cc/kg bolus normal saline: goal CVP >8 cm H,0

Norepinephrine: goal MABP >65 mmHg

Type and cross match

Lactate

Dobutamine/RBCs: goal Scv0, >70%

EGDT (CVP >8 cm H,0, MABP >65 mmHg, and Scv0,
>70%) plus other evidence-based practice below:

Assess the need for hydrocortisone

Antibiotics continued in the ICU until assessed in 48 hours for
deescalation
Piperacillin/tazobactam (or carbapenem if penicillin allergy)
Ciprofloxacin
Linezolid substituted for vancomycin

Goal 0, saturation >92%

Ventilator bundle (mechanical ventilation)

DVT prophylaxis

Stress ulcer prophylaxis

ARDSnet protocol for patients with acute lung injury

Hyperglycemia: goal 140-180 mg/dL

APACHE score to assess for drotrecogin alfa?

@Drotrecogin alfa later removed from protocol.

APACHE, Acute Physiology and Chronic Health Evaluation; ARDSnet, Acute Respiratory Distress Syndrome Network; CVP, central venous pressure; DVT,
deep venous thrombosis; ED, emergency department; EGDT, early goal-directed therapy; ICU, intensive care unit; MABP, mean arterial blood pressure;

RBCs, red blood cells; ScvO,, central venous oxygen saturation.

patients with acute lung injury requiring mechanical
ventilation, and the dosing of antibiotics for continued
administration.

A key component of the sepsis guidelines is the
timely use of empiric broad-spectrum antimicrobials,
facilitated by including broad-spectrum antimicrobials
in bundles. Studies have consistently demonstrated
that timely administration and appropriate choice of
antimicrobials has a positive effect on survival in
severe sepsis and septic shock patients.®'" The
correct dosing of antimicrobials in severe sepsis and
septic shock patients is complicated by augmented
renal clearance, increased volume of distribution, and
renal insufficiency.'®'*

The Ochsner sepsis management protocol uses
piperacillin/tazobactam, ciprofloxacin, and vancomy-
cin for the initial doses of antimicrobials. After the
initial loading dose of 2 g of vancomycin administered
in the ED, the 24-hour bundled order set then
transitions to linezolid because of the latter’s ease of
administration, absence of renal dose adjustment,
and lipophilic qualities. The severity of sepsis has no
substantial effect in decreasing the peak plasma
concentration and serum concentration curve of
linezolid after a 600 mg standard dose.'® In addition,
we had concerns that the long-term use of vancomy-
cin at the higher doses required for tissue penetration
could lead to renal insufficiency among critically ill
patients.'®
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Data Analysis Methodology and Process of
Care Adaptation

Rapid-cycle feedback for this project followed a
traditional plan-do-study-act (PDSA) methodology.
Initially, rapid-cycle feedback occurred daily to im-
prove the process of care. This activity required the
presence of vigilant onsite clinicians to monitor for
lapses in the process of care. The clinical pharmacist
and attending intensivist reviewed the cases of
patients with severe sepsis and septic shock who
were admitted to the MICU each morning to provide a
mechanism for immediate feedback to the entire team
on performance and improvement opportunities.
When the intensivist felt that missed steps required
immediate attention, the concerns were communicat-
ed to multidisciplinary clinical team members to
provide feedback within 24 hours. Communication
about missed opportunities occurred via the sepsis
champion for each healthcare team to promote
engagement and improve clinical practice. For exam-
ple, physician leaders for each respective area
provided feedback to ED and CC physicians. Nursing
feedback occurred via the clinical nurse specialist and
unit director for the MICU and the sepsis nursing
champion for the ED.

Early adaptations to the process of care based on
the PDSA methodology included the creation of a
paper nursing flow sheet to facilitate the transition of
nursing care from the ED to CC, RRT training, house
officer bedside presence until goal attainment, fo-
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Figure 1. Acute Physiology and Chronic Health Evaluation (APACHE) scores over time.

cused education, individual coaching, and equipment
acquisition. The nursing flow sheet was implemented
within the first 2 months of the project and led to
better documentation and data extraction. Because of
dynamic changes in scientific evidence, order sets
changed over time. For example, the glucose control
changed from tight control to moderate control
following the results of the Normoglycemia in Inten-
sive Care Evaluation—-Survival Using Glucose Algo-
rithm Regulation trial.'” Also, drotrecogin alfa
(activated protein C)—an antiinflammatory and anti-
coagulant that had been shown to improve outcomes
in patients with severe sepsis and septic shock—was
taken off the market after research showed that its use
led to increased bleeding complications.'® Addition-
ally, the order sets required adjustment when the
hospital pharmacy replaced doripenem with merope-
nem on the formulary.

In January 2010, the Sepsis Steering Committee
set a new goal in the case review process by
determining a measure of perfect care. Perfect care
was defined as obtaining cultures prior to administer-
ing antibiotics, starting antibiotics within 2 hours,
using order sets, placing an ScvO, monitoring
catheter, and meeting 6-hour resuscitation goals.>

Four years after project implementation, the
Sepsis Steering Committee continues to meet quar-
terly and the metrics team meets every other month.
Data analysis occurs on a continuous basis, and
statistical analysis of data is done at least every 6
months. The medical informatics department assists
with analytics, including in-hospital mortality indices
(determined using administrative discharge data) and
external reporting.
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RESULTS

Between July 2008 and January 2012, 1,105
sequential patients with severe sepsis and septic
shock were prospectively enrolled in the sepsis
management database. Demographics included a
median patient age of 63 years and an initial Acute
Physiology and Chronic Health Evaluation (APACHE)
score range of 21-25. The Ochsner patient population
was similar to populations discussed in previous
published reports, with pneumonia being the most
common cause of severe sepsis and septic shock.®
The most common sources of sepsis in the Ochsner
cohort were pneumonia (42%), the urinary tract
(24%), and the abdomen (23%). Risk-adjusted in-
hospital mortality decreased over time as the range of
APACHE scores narrowed to 24-25 by 2012 (Figures
1 and 2). The rise in mortality seen in 2010 may be
explained by an increased number of outside trans-
fers of patients with severe sepsis and septic shock to
the institution via the Regional Referral Center that
opened in mid-2010. These patients were transferred
from other institutions where typically they had been
septic for prolonged periods of time and were outside
the 6-hour window for EGDT.

The sepsis project activities resulted in improved
compliance with order sets over time (Figures 3 and
4), coinciding with improved attainment of perfect
care over time (Figure 5). ED order set use correlated
with improved time to antibiotics (Figure 6), a
significant decrease in median time to antibiotics
from 140 minutes (range 1-820) in 2008 to 72 minutes
(range 1-1,020) in 2011 (P<0.001), and a decrease in
median length of stay from 8 days (range 1-54) in
2008 to 7 days (range 1-33) in 2011 (P=0.036).
Improvements in time to antibiotics and length of stay
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Figure 2. Risk-adjusted® mortality over time. Adjusted for conditions present on admission.
Exclude skilled nursing facility, psychiatry, rehabilitation, pediatrics, and newborns. Compare group:
major teaching hospitals nationwide. Data source: Truven GareDiscovery (Truven Health Analytics,
Ann Arbor, MI). *2008 Q2 only includes May and June.

over time were analyzed using an independent-
samples Kruskal-Wallis test. We calculated the length
of stay as the time from sepsis diagnosis until the time
of discharge and excluded mortalities.

DISCUSSION
This study revealed that multidisciplinary team-
work using quality improvement principles can im-

prove the process of care and outcomes, with
changes that are feasible and sustainable within a
large academic tertiary referral hospital. The newly
revised SCCM guidelines continue to promote proto-
cols to improve sepsis outcomes. According to a
recent metaanalysis, a preponderance of studies
supports the use of EGDT-based bundles and the
early initiation of antibiotics.’® Despite the recom-
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Figure 3. Emergency department (6-hour) order set compliance.
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Figure 4. Sepsis critical care (24-hour) order set compliance.

mended guidelines and increasing evidence that
supports the guidelines, hospitals have been slow to
implement standardized evidence-based protocols to
manage severe sepsis and septic shock.?%?' The
current healthcare system is not conducive to the
interdisciplinary coordinated care that is required to
implement time-dependent treatments. For the treat-
ment of severe sepsis and septic shock, hospital
administrators, ED physicians, intensivists, nurses,

and pharmacists must coordinate care and commit to
practice-based learning.

Hewett et al®*?® have proposed that the interpro-
fessional and intergroup climate in hospitals leads to
poor communication and impedes system approach-
es to improving healthcare. An intergroup culture in
the hospital setting refers to individuals identifying
with their professional groups and valuing their
groups over others, leading to poor communication,
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Figure 6. Emergency department (ED) order set compliance and time to antibiotics (<2 hours).

Abx, antibiotics.

poor teamwork, competition for scarce resources,
and impedance of system protocols.??> Examples of
intergroups that are related to sepsis include ED
physicians, intensivists, ED nurses, CC nurses,
pharmacists, medical informatics professionals, and
hospital administrators. The Ochsner team was able
to overcome this ingrained hospital intergroup culture
by recognizing its existence, forming a multidisciplin-
ary group that included representatives from all key
groups, and identifying respected champions to
change the culture within each individual group. This
approach improved communication and led to com-
promises in duties between disciplines where tradi-
tionally roadblocks had stymied the implementation
of treatment protocols. One significant example was
the ED physician placing the ScvO, catheter and the
CC team assuming care within 1 hour of being
consulted to facilitate EGDT and transfer from the ED.

The rapid-cycle/PDSA feedback was also critical
to the Ochsner team’s success. The team identified
early problems with the ED nursing documentation
and the transition of care. In fall 2009, they developed
an ED nursing flow sheet that mirrored the current CC
nursing flow sheet to provide better documentation in
the ED and a more efficient transition of care to CC.
Another success of the PDSA cycle was a protocol
change that required house officers to maintain
bedside attendance until goals were attained. Imple-
mented in early 2010, this change resulted in a
dramatic increase in the number of patients receiving

Volume 13, Number 3, Fall 2013

perfect care in May and June 2010, and the steady
rise continued after that period.

The Ochsner experience demonstrates that a
large tertiary referral academic center can implement
severe sepsis and septic shock management proto-
cols to standardize the delivery of care, improve the
process of care, and enhance outcomes. The
success of this quality improvement project stemmed
from the multidisciplinary team-based approach that
improved communication between medical special-
ists and other allied healthcare providers.

This research is limited because it represents a
nonrandomized study from a single center. Although
Ochsner has experienced steady improvement in
sepsis process of care measures over the project
timeframe, we cannot exclude the idea that education
and other unmeasured factors caused this temporal
improvement.

CONCLUSION

Hospitals are complex systems that are resistant
to change and have been slow to implement best
practices for managing severe sepsis and septic
shock. A multidisciplinary collaborative approach to
the management of severe sepsis and septic shock
resulted in improvements in the process of care as
measured by a significant improvement in time to
antibiotics and a decrease in hospital length of stay
for patients. The improvement was achieved in a
relatively short period of time and has been main-
tained over several years.
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