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Background

We evaluate the care of patients in our hospital in an effort to continuously improve.
Sepsis is a major focus for patient care improvement. There are established standards
of care (Novosad et al. 2016; http://www.sccm.org/Documents/SSC-Guidelines.pdf
2012). These standards include several acute care activities including clinical and labo-
ratory evaluation, rapid implementation of treatment, and follow-up evaluations. These
multiple and multiphase steps are an excellent opportunity for a checklist to remind
physicians of required tests and treatments to provide safe, timely, and effective care
(Gawande 2009). A computerized physician order entry (CPOE) system is an ideal sys-
tem to present physicians in real-time evidence-based efficient checklists of orders to
provide care for specific patients. (Winterbottom et al. 2011; Hanzelka et al. 2013).

With our CPOE implementation our clinicians developed order sets to allow phy-
sicians to provide ideal care in the most efficient manner. One order set (Fig. 1) is for
patients with signs and symptoms of sepsis. We also developed a best practice alert
(BPA) (Fig. 2) for nurses and physicians that is activated in the computerized medi-
cal record when a patient has vital signs and white blood count suggestive of systemic
inflammatory response syndrome (SIRS) or sepsis. The alert would be seen when nurse
or physician open the chart. Specific parameters of vital signs, white blood cells, and
serum lactate levels are shown in Table 1. The alert has a link to the sepsis order set. Phy-
sicians can select to use the order set from the link to best practice alert (BPA) or not.
The order set can also be selected without the BPA.
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Order Sets ?  Actions v

[> General Orders 3 of 3 selected
[¥ Complete patient assesment with vitals signs and document in flowsheet
Routine, ONE TIME First occurrence Today at 1055
Nursing Order Instruction: Complete patient assesment with vitals signs and document in flowsheet
¥ Nursing Order: Reassess patient perfusion status ( including: Vital signs, cardiopulmonary, pulses, capillary refill, and skin) after 30 mins
from start of bolus.
P Routine, ONE TIME First occurrence Today at 1055
[¥ Nursing Order: If patient has had a procedure in the past 48hrs, contact service that performed procedure.
P Routine, ONE TIME First occurrence Today at 1055

< Protocol

[> Severe Sepsis Protocol 4 of 7 selected
[¥ Vitals (Sepsis)
@ BP cuff monitoring Q1H
Routine, EVERY HOUR First occurrence Today at 1100 Last occurrence Today at 1400 for 4 hours
¢ BP cuff monitoring Q2H
EVERY 2 HOURS for 4 hours
¥ Lab Panel (Sepsis)
IV Lactic Acid
STAT, NOW THEN EVERY 2 HOURS First occurrence Today at 1055 Last occurrence Today at 1255 for 2 occurrences
[V Blood Culture
STAT, NOW THEN EVERY 15 MIN First occurrence Today at 1055 Last occurrence Today at 1110 for 2 occurrences
From 2 sites (20mL per set) prior to antimicrobial administration if not already done.
[V CBC with differential
STAT, ONE TIME First occurrence Today at 1055
If not already done
[V CMP - Complete Metabolic Panel
STAT, ONE TIME First occurrence Today at 1055

[T PTT-aPTT

I~ ABG - Arterial Blood Gas

[V Fluid Bolus Infusion
& sodium chloride 0.9 % 2,448 mL bolus infusion
(7] at 1,000 mUshr, Intravenous, ONCE, Today at 1100, For 1 dose
Bolus for fiuid challenge
¢ Lactated Ringers Bolus Infusion
Intravenous, ONCE, Bolus for fluid challenge
[V MEDICATIONS: Antibiotics - First Line
[V vancomycin (VANCOCIN) 1,250 mg in sodium chloride 0.9 % IVPB
(7] 1,250 mg (rounded from 1,224 mg = 15 ma/kg x 81.6 kg), Intravenous, for 120 Minutes, EVERY 12 HOURS, First Dose Today at
1100, For 72 hours
[V piperacillin-tazobactam (ZOSYN) 3.375 g in dextrose 5 % IVPB
("] 3.375 g, Intravenous, for 30 Minutes, ONCE, Today at 1100, For 1 dose
[V piperacillin-tazobactam (ZOSYN) 3.375 g in dextrose 5 % IVPB
9 3.375 g, Intravenous, for 4 Hours, EVERY 8 HOURS SCHEDULED (3 times per day), First Dose Today at 1930, For 72 hours

Fig. 1 Order set used by physician

During the time period of our data collection, there were no other new evaluations,
medications or therapies implemented for our physicians and nurses. A specialized
nurse who is our sepsis coordinator would see each time a BPA was initiated and follow-
up with the nurse and physician about patient assessment and treatment.

Results

We report patients with sepsis as a principal or secondary diagnosis. Our patient mor-
tality has decreased from 25% in 2013 to 19.4% in 2015 and in the first quarter of 2016
to 15.05% (P = 0.005) (Table 2). In 2016 from May 1 2016 to August 16, 2016, we evalu-
ated the use of the sepsis order set after the best practice alert was presented. In those
patients with the BPA our sepsis order set was used in 111 of 183 (60.6%) patients in
the emergency department and 233 of 592 inpatients (39.4%) (P < 0.0001). Overall sep-
sis order set utilization was 344 of 775 patients (44%) (Table 3). For our patients during
the measured period of May 1, 2015 through April 30, 2016 where the order set was
used (n = 218) our mortality was 11.57% (95% CI 7.32—15.82). During the same period,
patients in whom the order set was not used (# = 905) the mortality was 18.19% (95%
CI16.3-20.1) (P = 0.015) (Table 4). Length of stay was 11.68 days (95% CI 10.03—13.33)
in patients who had the order set used and 13.31 days (95% CI 12.2-14.41) in those who
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1" Sepsis Advisory (ID:30413471)

This patient meets criteria for possible sepsis. Actions to be taken:

« Notify the nurse to repeat vitals, including oral temperature, and ask charge RN to assist in
determining if RRT needs activation.

« Tissue perfusion exam including capillary refill and peripheral pulses is required within 6 hours if
patient meets criteria for septic shock.

+ Click below to use the Suspected Sepsis protocol order set.

The recent clinical data is shown below.

Filed Vitals:
11/11/16 0300 11/11/16 0400 1111116 0422 11/11/16 0900
BP: 118/66 110/74 110/74
Pulse: 124 77 107 110
Temp: 99 °F (37.2°C) 105 °F (40.6 °C)
TempSrc: Oral
Resp: 20 13
Height:
Weight:
Sp0O2: 100% 100%
WBC COUNT
Date Value RefRange Status
11/11/2016 15+ 4.80-10.8010"3/uL  Corrected

Acknowledge reason:

| Treating associated infection

Open Order Set: IP Protocol Suspected Sepsis preview

The following actions were applied automatically:
«f Set high risk for sepsis to Yes
(Last done by Soroush Aghigh, MD on 11/9/2016 at 10:12 PM)

Fig. 2 Best practice alert seen by physician when patient meets criteria for sepsis

Table 1 Criteria for alerting physicians and nurses

1. Patient must have at least 1 true value from each category (A, B and C)

2.0nce it has fired it will not fire again for 12 h, per nursing and per physicians

3. It fires even if the patient has sepsis on problem list

A). Must have temperature greater than 100.9 F or less than 95.8 F
(Considers T max last 12 h lookback)

AND

B). White blood cell count (WBC) greater than 12,000 or WBC less than 4000 and Bands >10%, or lactic acid
greater than 2

Considers last WBC look-back up to 24 h, and last lactic acid look-back up to 12 h

AND

C). Heart rate greater than 90 or respiratory rate greater than 25 or systolic blood pressure less than 90
Considers heart rate max & respiratory rate max & systolic blood pressure minimum with in past 6 h

Table 2 Patient mortality for all patients with sepsis diagnosis

Year Total cases Mortality %
2016 (quarter 1) 229 13.72
2015 622 15.15
2014 400 19.44

2013 296 25.08
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Table 3 Use of sepsis order set after best practice alert May 1, 2016—August 16, 2016

OS used OS not used Total
Emergency department BPA 1M1 72 183
Inpatient BPA 233 359 592
Total 344 431 775

Table 4 Sepsis order set utilization and patient outcome May 1, 2015- April 30,2016

Number of cases Observed mortal- Observed LOS (days) Observed read-
ity % missions %
Order set used 218 11.57 11.68 1.7
Order set not used 905 18.19 13.31 16.69

did not (P = 0.18). Readmissions were 11.7% (95% CI 7.45-15.95) for those who had
order set and 16.69% (95% CI 14.2-29.1) (P = 0.097) in those who did not.

Discussion

We evaluate the care of patients in our hospital in an effort to continuously improve.
We measure, analyze, plan, implement, and then re-measure as processes for continuous
improvement. Sepsis is a major focus for patient care improvement. There is a national
focus to improve diagnosis, treatment, and outcomes. The assessment of patient’s signs
and lab tests can now reliably be done by computerized health record systems. Alerts
can be generated to nurses and clinicians. The next phase for improvement is being sure
that every patient receives complete and timely care. This should be done in the most
efficient manner for nurses and physicians.

Conclusions

We report an improvement in mortality with use of an order set designed to be com-
plete, timely, and easy to use. Length of stay and readmissions were improved in patients
who had order set used but did not reach statistical significant difference. We believe
we will see ongoing improvements in patient outcomes with clinician education, specific
case reviews, nurse implemented protocols, and perhaps computer requiring use of the
order set for all patients with sepsis. We recommend order sets be evaluated and used
for sepsis and other diseases.

Methods

We use our electronic health record (EHR) to measure incidence and mortality. Patients
who were coded as a principal or secondary diagnosis of sepsis were included. Cod-
ing is done by professionally trained, evaluated, coders who review every patient chart.
Problem lists and physician notes are used to assign diagnostic codes. We analyzed the
results for patients with sepsis coded for overall mortality, use of order set, and mortality
based on use or non-use of the order set. We also analyzed major quality metrics includ-
ing length of stay (LOS) and readmissions within thirty days. We compared outcome in
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those patients in whom the order set was used to those in whom it was not. Results were
expressed as number of cases and as mean percentages (rates) £95% confidence inter-
vals (CI) of the mean. Statistical significance for mortality, readmission, and use of sepsis
order sets in Emergency Department vs. inpatients was analyzed with the Fisher Exact
test. The Student T test was used to analyze differences in LOS. Chi-Square Statistic was
employed to estimate reduction in mortality from 2013 to 2016. P < 0.05 was accepted
as significant. No data was collected from humans or animals, only chart review was
performed. This is a retrospective chart review of patients in an urgent clinical condi-
tion requiring rapid evaluation and management. We did not apply randomization as we
believe the alert and order set should be applied to all patients.
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