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Abstract

Objective: We have employed our electronic medical record (EMR) in an effort to
identify patients at the onset of severe sepsis through an automated analysis that
identifies simultaneous occurrence of systemic inflammatory response syndrome (SIRS)
and organ dysfunction. The purpose of this study was to determine the positive
predictive value of this alert for severe sepsis and other important outcomes in
hospitalized adults.

Design: Prospective cohort.

Setting: Banner Good Samaritan Medical Center, Phoenix AZ

Patients: Forty adult inpatients who triggered alert logic within our EMR indicating
simultaneous occurrence of SIRS and organ dysfunction.

Interventions: Interview of bedside nurse and chart review within six hours of alert
firing to determine the clinical event that triggered each alert.

Results: Eleven of 40 patients (28%) had a major clinical event (immediately life-
threatening illness) associated with the alert firing. Severe sepsis or septic shock
accounted for four of these — yielding a positive predictive value of 0.10 (95%CI: 0.04-
0.23) of the alert for detection of severe sepsis. The positive predictive value of the alert
for detection of major clinical events was 0.28 (95%CI: 0.16-0.43), and for detecting
either a major or minor clinical event was 0.45 (95%CI: 0.31-0.60). Twenty-two of 40
patients (55%) experienced a false alert.

Conclusions: Our first-generation SIRS/organ dysfunction alert has a low positive
predictive value for severe sepsis, and generates many false alerts, but shows promise
for the detection of acute clinical events that require immediate attention.

We are currently investigating refinements of our automated alert system which we
believe have potential to enhance patient safety.
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Introduction

Severe sepsis is defined as systemic inflammatory response syndrome (SIRS) of
infectious etiology with secondary organ dysfunction. It is estimated that 750,000
patients suffer severe sepsis annually in the United States - 3 cases per 1000
population (1). Mortality has fallen over the past several decades, but ranges from 20-
30% in recent studies (1,3). Results of recent treatment trials for severe sepsis are
consistent with the hypothesis that early diagnosis and treatment are important (2,3),
but reliable systems for early recognition of severe sepsis in hospitalized patients are
not widely available.

We have sought to improve patient safety at our institution by using our integrated
electronic medical record (EMR) to identify patients at the onset of severe sepsis
through a logic algorithm that analyzes vital signs and laboratory data. This logic
function identifies patients with simultaneous systemic inflammatory response syndrome
(SIRS) and organ dysfunction, but cannot distinguish whether an acute infection is the
cause of these findings. The purpose of this study was to determine what clinical events
— infectious or non-infectious - actually cause the vital sign and laboratory changes that
trigger this alert, and what the positive predictive valve of the alert is for detecting the
onset of severe sepsis in hospitalized adult patients.

Methods

This was a prospective cohort study carried out at Banner Good Samaritan Medical
Center — a 700-bed University-affiliated teaching hospital in Phoenix AZ. It was part of
an ongoing quality improvement project and was thereby exempted from IRB approval.
The SIRS / organ dysfunction alert logic was developed at Banner Health using Cerner
Discern Expert®, Cerner Corporation, North Kansas City MO, USA. The logic function
monitored the EMR for standard SIRS criteria and laboratory evidence of organ
dysfunction with thresholds consistent with standard definition of severe sepsis (Table
1) (4,5).

Table 1. Specific criteria for the logic function of our SIRS/organ failure alert.

SIRS Criteria Plus | Organ System Dysfunction
Any two of the following: Any one of the foflowing:
Temperature < 36 °C or Systolic blood pressure < 90 mmHg or mean blood pressure < 65 mmHg, or venous
»383°C lactate = 2.2 mmaoliL
Heart rate > 90/min Serurn ereatinine > 2.0 mgidlL, and 50% incraase from prior serum creatinine
Respiratory rate = 20/min Serum bilirubin = 2.0 mafdL, and 50% increase from prior serum bilirubin
White blood call count < 4x10%L or Flatelet count < 100x10%L or activated partial thromboplastin time * 60 seconds, or
= 12x10%L or > 10% bandemia INR > 1.5
[aFTT disregarded if patient receiving antithrombotic drugs, INR disregarded if
patient recelving warfarin]
Confusion Assessment Method (CAMY: disorganized thinking feature = postive
Oxygen saturation < 90%
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When any single criterion for SIRS was met, the program searched the prior 6 hours for
the most recent vital signs, and the prior 30 hours for the most recent white blood cell
count. If a second SIRS criterion was met, the program identified the patient as
exhibiting SIRS, but did not trigger an alert. When any single laboratory criterion for
organ dysfunction was met (table 1), the program identified the patient as suffering
organ dysfunction. If criteria for SIRS and organ dysfunction overlap in any 8 hour
window, the alert fired, triggering a real-time notification in the Cerner Millenium® EMR
alerting clinicians to the possibility of severe sepsis or septic shock. The alert has been
in clinical application since 2010.

We sampled 40 non-consecutive inpatients in the first three months of 2014 by a
nonrandom method blinded to the patient’s clinical condition. On days of data collection,
all alerts that had fired within the prior 6 hours were reviewed, regardless of patient
location or diagnosis. The patient bedside was visited by a physician researcher during
the six-hour window after alert firing and the nurse interviewed in order to determine the
circumstances that caused the alert to fire. The patient might be briefly examined if
necessary to confirm the nursing impression. Chart review was also performed to assist
in this determination. Demographics, admission diagnosis, vital signs and laboratory
data that triggered the alert logic, and any treatment the associated clinical event
required were also recorded. Chart review was repeated 48 hours later to review
microbiological test results and physician progress notes that might shed further light on
the clinical event that triggered the alert.

The “clinical event” associated with each alert was defined as the most likely acute
explanation for the vital sign and laboratory abnormalities that triggered the alert. A
clinical event might be an acute illness, such as pneumonia with septic shock, or a non-
illness event, such as initiation of dialysis. Clinical events could include the iliness that
necessitated admission if the alert fired within 24 hours of admission, or secondary
illnesses - for instance, a catheter-associated blood stream infection.

The severity of clinical events related to alert firings were classified into three tiers.

1. Major clinical events were acute life-threatening illnesses that required emergent
resuscitation with any one or more of the following: >1 L intravenous fluid
resuscitation, vasopressor infusion, >2 units of packed red blood cell transfusion,
endotracheal intubation, advanced cardiac life support, or emergent surgical
intervention.

2. Minor clinical events were acute non-life-threatening illnesses that required
urgent treatments not included in the definition of major clinical events above.

3. False alerts were said to have occurred when no acute illness was recognized in
temporal relationship to the alert firing.

The positive predictive value of the alert for detecting severe sepsis, major clinical
events, and major or minor clinical events were calculated, with 95% confidence
intervals.
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Results

Nineteen women and 21 men, with ages ranging from 22 to 103 years were included.
Twenty-two of forty (55%) were in the ICU at the time the alert fired, and 18 on the
floors. Vital signs and laboratory values that triggered the alert logic are listed in Table

2.

Table 2. SIRS / organ dysfunction alert trigger criteria in forty patients.

SIRS Criteria Organ Dysfunction Criteria
(Frequency) Median (range) (Frequency) Median (range)
Heart rate S98/min Mean arterial pressure | 61 mm Hg
(33 times) (90-165) (12 times) (52-64)
Respiratory rate 22{min Systolic blood 24 mm Ha
(27 times) (21-41) pressure (11 times) (62-86)
White blood cell 15 ¥ 103l Cheygen saturation 88%
count (18 times) (0.3-200 {4 times) (B5-29)
Temperature 32,4 and Flatelet count 49 X 1 0% mm?
{hwvice) 38.50C, {7 times) (49-98)
Lactate (3 times) 2.3 mmoliL
{3.3-47)
IMF (heice) 1.8, 4.1
Eilirubin {once) 3.6 maidL

Eleven of 40 patients (28%) had a major clinical event associated with the alert firing —
two of these occurred outside the ICU. Severe sepsis or septic shock accounted for four
of these major clinical events — yielding a positive predictive value of 0.10 (95%CI: 0.04-
0.23) of the alert for detection of severe sepsis or septic shock. The seven remaining
patients with major events suffered acute pulmonary edema, pulmonary embolism,
ischemic bowel, pancreatitis, acute cardiogenic shock, acute right heart failure
secondary to pulmonary hypertension, and an incarcerated enteric hernia. The positive
predictive value of the alert for detection of major clinical events was 0.28 (95%CI: 0.16-

0.43).

Major clinical events were clearly recognized before the alert fired in nine of 11 cases,
as evidenced by the patient having been admitted or transferred to the intensive care
unit specifically for the event of interest, and/or having received treatment such as
intubation or initiation of intravenous vasopressors before the alert fired. In two cases,
the alert fired at about the same time that treatment of the acute clinical event
commenced, and it was unclear what role it played in clinical recognition of the event.
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Seven of 40 patients (17%) had a minor clinical event associated with the alert firing.
These included two patients with anemia, and one each with hypotension from an
antihypertensive medication, dialysis disequilibrium, post-operative pain, dehydration,
and paroxysmal atrial fibrillation. The positive predictive value of the alert for detecting
either a major or minor clinical event was 0.45 (95%CI: 0.31-0.60).

Twenty-two of 40 patients (55%) were not experiencing any identifiable acute iliness
that could explain the alert firing - these were considered false alerts. Aberrant vital
signs triggered false alerts during dialysis (2), turning or sitting-up post-operative
patients (2), an endoscopy procedure, and a family argument. Other false alerts were
attributable to the pharmacological effect of calcium channel blocker, oximeter
malfunction, error in vital sign entry, and widely discrepant blood pressures between
right and left arms. The remaining false alerts were triggered by slightly abnormal vital
signs with no identifiable cause.

Four patients (10%) did not survive to discharge — two had major clinical events, one a
minor clinical event and one a false alert — in the later two cases, the cause of death
was unrelated to the clinical event that triggered the alert.

We examined alert triggering criteria to better understand how the discriminant ability of
the alert might be improved. We noted that 15 of 40 (37%) alerts triggered with
respiratory rates of 21 or 22 bpm, however these included six alerts associated with
major clinical events. Twelve of 40 (30%) alerts triggered with heart rates in 91-95 bpm
range, including two alerts associated with major clinical events. Laboratory results
contributed to 31 of 40 alert firings — but in 12 cases they were stable or improving at
the time they triggered the alert. In no case was a stable or improving laboratory value
associated with a major clinical event.

Discussion

It's important to study the effects of any quality improvement project in order to
determine whether it is having the desired results. Our small pilot study suggests that
our first-generation SIRS/organ dysfunction alert has a low positive predictive value for
severe sepsis, and generates many false alerts. This is partially a reflection of the low
specificity of SIRS criteria for sepsis (6). The high number of false positive alerts has led
to alert-fatigue among physicians and nurses providing bedside patient care — a
phenomenon which is not unique to our institution (7).

Our alert demonstrated greater potential utility to detect acute clinical deterioration than
to detect sepsis. Buck and colleagues (7) used an EMR-based logic system to activate
a sepsis alert similar to ours, and observed similar results in that only 17% of alert
patients had a sepsis-related discharge diagnosis, but 40% had a major illness which
required urgent intervention. We have used the results of our study to re-task future
iterations of our alert to detect acute clinical deterioration rather than sepsis.
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Other researchers provide guidance in this regard. Vital sign and laboratory result
criteria similar to the ones used in our study have been previously shown to predict in-
hospital cardiac arrest (8), predict 30-day mortality (9), generate early warning scores to
detect acute clinical deterioration (9), and activate medical emergency teams (8,10). A
recent large study by Churpek and colleagues (11) validated a risk stratification tool that
utilized vital signs, laboratory findings and demographics to predict the combined
outcome of cardiac arrest, ICU transfer or death on the wards. The model yielded
notable discriminant accuracy with an area under the receiver operating curve (AUROC)
of 0.77.

We are currently investigating revisions in our alert logic to improve detection of acute
clinical deterioration. The alert logic now trends laboratory values associated with organ
dysfunction. We are studying whether adding a reflex serum lactate to the automatic
alert response might help identify patients who are acutely deteriorating (12).

Our study has many apparent weaknesses, but it should be noted that it was carried out
originally only to provide data to help guide local efforts to improve patient safety. In this
regard, it succeeded in guiding our (and perhaps other’s) future efforts in what will more
likely be a useful direction.

We failed to clearly determine what role our automated alert played in bedside decision-
making. In most cases, clinicians were already evaluating or treating the clinical event
that triggered the alert before the alert fired. However, we feel that a safety net is a wise
precaution even in a high-reliability system. It should also be noted that our institution
has medicine and surgery residency teaching programs, a critical care fellowship, 24/7
in-house intensivist coverage, and remote video ICU coverage. The benefit of EMR-
based automated alerts is likely to be amplified in less well-staffed institutions. Refined
versions of EMR-based automated alerts, such as the ones we are currently
investigating, have potential to enhance patient safety.
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