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Summary

Summary: To conduct an independent secondary analysis of a multi-focal intervention for early de-
tection of sepsis that included implementation of change management strategies, electronic surveil-
lance for sepsis, and evidence based point of care alerting using the POC AdvisorTM application.
Methods: Propensity score matching was used to select subsets of the cohorts with balanced co-
variates. Bootstrapping was performed to build distributions of the measured difference in rates/
means. The effect of the sepsis intervention was evaluated for all patients, and High and Low Risk
subgroups for illness severity. A separate analysis was performed patients on the intervention and
non-intervention units (without the electronic surveillance). Sensitivity, specificity, and the positive
predictive values were calculated to evaluate the accuracy of the alerting system for detecting sep-
sis or severe sepsis/ septic shock.

Results: There was positive effect on the intervention units with sepsis electronic surveillance with
an adjusted mortality rate of —6.6%. Mortality rates for non-intervention units also improved, but at
a lower rate of —2.9%. Additional outcomes improved for patients on both intervention and non-in-
tervention units for home discharge (7.5% vs 1.1%), total length of hospital stay (-0.9% vs —0.3%),
and 30 day readmissions (-6.6% vs —1.6%). Patients on the intervention units showed better out-
comes compared with non-intervention unit patients, and even more so for High Risk patients. The
sensitivity was 95.2%, specificity of 82.0% and PPV of 50.6% for the electronic surveillance alerts.
Conclusion: There was improvement over time across the hospital for patients on the intervention
and non-intervention units with more improvement for sicker patients. Patients on intervention
units with electronic surveillance have better outcomes; however, due to differences in exclusion
criteria and types of units, further study is needed to draw a direct relationship between the elec-
tronic surveillance system and outcomes.
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1. Background and Significance

Sepsis continues to escalate in incidence, costs and poor outcomes regardless of international con-
sensus about the best strategies for early identification and treatment of sepsis [1-3]. Mortality rates
for severe sepsis range from 10 to 30%, and quality of life for patients that survive is diminished, in-
cluding significant organ dysfunction resulting in chronic health problems, decreased functional
status, cognitive impairment, and loss of independence [4]. While evidence-based guidelines exist
for early detection and treatment of sepsis, compliance with guideline recommendations has been a
challenge [5, 6].

1.1 Summary of Multi-focal Interventions to Detect Sepsis and Improve
Outcomes

The Surviving Sepsis Campaign (SSC) guidelines represent international consensus for early detec-
tion and treatment leading to improved outcomes for sepsis and severe sepsis [7]. In general, there is
agreement across studies that multi-focal interventions improve compliance with SSC guidelines
and/or demonstrate improvement in patient outcomes [8-11]. Levy and colleagues provided sepsis
resources to 218 community, academic and tertiary care hospitals in the United States, South Ameri-
ca, and Europe who then developed their own sepsis protocols. In addition, an electronic bi-
monthly newsletter was sent out to share strategies, success stories, and events. These investigators
found that compliance with the 6-hour sepsis bundle increased from 10.9% in the first site quarter to
31.3% by the end of 2 years. Also mortality was lowered with an increase in compliance. Another
study conducted in intensive care units (ICUs) [11], implemented sepsis education and the use of a
software tool, Protocol Watch, to evaluate compliance with sepsis management and resuscitation
bundles. Protocol Watch automated detection of sepsis and provided a screen alert. There was a sig-
nificant difference in compliance with the resuscitation bundle but not the management bundle
after implementing Protocol Watch. Palleschi et al. [10] combined education in multiple formats
about sepsis, posters and badges reminding providers about sepsis care guidelines, and electronic
health record (EHR) alerting sent to pagers. They found that compliance and timing of the 3-hour
sepsis bundle improved, though all findings were not significant. Sensitivity and specificity of the
alerts were not reported. When comparing a paper vs computerized protocol for detection and man-
agement of sepsis, investigators found that compliance with the sepsis bundle increased and mortal-
ity decreased [12]. In addition to the computerized protocol, significant team consensus was built
for development of the protocol and daily rounds of patient progress were included. Some studies
implemented screening tools [13, 14] while others included alerts based on patient parameters,
order sets, and recommended interventions [10-12, 14]. The sensitivity and specificity of alerts var-
ied considerably across studies [14-16]. The higher rate of accurately detecting sepsis is associated
with settings such as the emergency department or ICUs.

What is unknown is accurate detection and improved outcomes with a multi-focal intervention,
which includes use of an electronic surveillance system that does early detection and alerting, com-
bined with quality improvement processes on general medical surgical floors. The purpose of our
study was to conduct an independent analysis of data from a multi-focal intervention for early de-
tection of sepsis that included implementation of change management strategies, electronic surveil-
lance for sepsis, and evidence based point of care alerting using the POC Advisor™ application [17].
Details of the original study are explained next.

1.2 Evaluating a Multi-focal Intervention and Electronic Surveillance
System

A recent study [17] sought to address the problem of electronic sepsis surveillance, the POC
Advisor™ Application (http://www.pocadvisor.com/), as part of a multi-focal intervention using a
quasi-experimental study design for early detection of sepsis and improvement of outcomes (mor-
tality, readmissions, and length of stay). One of the major components of the POC Advisor was to
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develop an electronic surveillance system that had the highest accuracy possible for detecting sepsis
and providing advice via a mobile device to nurses based on the 3- and 6-hour bundles from the So-
ciety for Critical Care’s Surviving Sepsis Campaign [7].

1.2.1 Setting and Sample

The study was conducted at a community owned regional hospital that includes 941 beds between
three campuses with 42,000 annual inpatient discharges and 164,000 emergency department visits.
The three units were located on two floors that included 58 beds in two respiratory care units and
one medical surgical unit. The multi-focal intervention was implemented over a 4-month period
from October 1, 2013 - February 28, 2014 (implementation phase). Subsequently, real-time elec-
tronic surveillance began in March, 2014 with data collected over a 10 month period from March 1,
2014 - December 31, 2014 (the post-implementation phase). The data from the study units was
retrospectively compared to data from January 1, 2011 through September 30, 2013 (pre-implemen-
tation phase) for the incidence of sepsis and quality indicators. Patients were excluded from calculat-
ing outcomes on the study units 1) if they were sent directly to the ICU from the emergency depart-
ment or received care for more than 4 days in the ICU before admission to the study units, and 2) if
they had limited care in which appropriate sepsis care was withheld such as patients receiving palli-
ative or end-of-life care (documented as comfort measures only). The reason for exclusions was that
patients could not fully benefit from the electronic surveillance system as ICU patients would have
received the bulk of their care before moving to the study units and patients with comfort care only
were excluded as not all interventions would be applied.

1.2.2 Multi-focal Intervention Description

The intervention was composed of education, change management, and electronic surveillance
(only on study units). Hospital-wide, a variety of interventions for early detection and prevention of
sepsis were implemented: creating an interdisciplinary governance committee; creating a sepsis
screening instrument, order sets and protocols; modifying nursing documentation to include dis-
crete data for the sepsis algorithm; educating staff about the sepsis protocols; conducting grand
rounds; and, creating excitement and awareness for adoption of the changes.

The three study units received education about and implemented the POC Adviser for electronic
surveillance. The POC Adviser was designed as an expandable set of rules whose goal was to create
very high sensitivity and specificity. The algorithms were based on the 2012 Surviving Sepsis Cam-
paign and the Society of Critical Care Surviving Sepsis Campaign Guidelines [7, 18] and consisted
of over 100 rules for early detection of sepsis and alerting clinicians to take appropriate action or dis-
miss alerts with a rationale. The rules were disease and medication specific to account for abnormal
labs and vital sign abnormalities that resulted due to other comorbid conditions such as abnormal
test results due to chronic liver disease, chronic renal disease, heart failure, alcohol withdrawal, ma-
lignancy, emphysema, etc. Another example is that lactate tests are usually elevated in patients with
cirrhosis, and so interpretation of lactate values was different in patients with liver disease compared
to healthy patients. A flow diagram of the sepsis rules, order set, and lactate protocol are available in
the supplementary Appendix from the primary publication of the study [17].

Prior to transferring to the study units, patients received all components of the multi-focal sepsis
intervention provided throughout the hospital; the POC Adviser then was added for electronic sur-
veillance once the patient was admitted to one of the study units. The nurses performed their usual
documentation which included assessing the patient at the time of a new admission to floor, vitals
assessed approximately every 4 hours and as needed with a minimum of once every 12 hours. The
system was designed to push evidence-based advice directly to the point of care via smart devices
carried by nursing staff with four types of advice individualized to the patient and based on the
protocols drafted by the change management process. The four types of alerts were: 1.) Informa-
tional prompts, like isolated tachycardia, isolated hypothermia, etc.; 2.) Diagnostic alerts that in-
formed nurses about new positive sepsis screening results or signs of worsening sepsis in patients
who previously screened as positive for sepsis; 3.) Advice alerts containing narratives for evidence-
based care for sepsis, such as intravenous fluids, antibiotics, lactate testing, and recommended site-
specific sepsis order sets, communication protocols, etc. (the advice mirrored and supported the
protocols created during the change management effort); and 4.) Reminder alerts, which ensured
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that all alerts were acknowledged and that staff were complying with the recommended treatment
plans [17, p.2]. Nurses implemented the order set for sepsis and the lactate protocol as well as con-
tacting the provider. Concurrently, the charge nurses received alerts for severe sepsis and septic
shock.

A subset of patients during 3 months of the post-implementation phase on the study units were
evaluated comparing the accuracy of sepsis diagnosis alerts from the POC Advisor with comprehen-
sive chart reviews (with full access to the EHR) to determine sensitivity, specificity, and positive pre-
dictive values (PPV). Sepsis diagnoses were obtained from the billing data; this method has been
found to have high specificity [20]. During chart review, the presence of two or more of the SIRS
criteria and infection were used to define sepsis. Severe sepsis included these criteria plus the pres-
ence of organ dysfunction due to sepsis while septic shock also included hypotension that was per-
sistent after an initial fluid challenge or a serum lactate > mmol/L due to sepsis. Since the presence of
infection is necessary for diagnosing sepsis, a certified medical coder first screened the International
Classification of Diseases Ninth Revision (ICD9) billing codes for cases with infection to filter the
cases that needed chart review. Chart review was done for all cases that fired any type of alert within
the POC Advisor AND for all patients that had any Angus ICD9 code for infection [21]. Patients
that neither fired any alerts nor had any codes for infection or sepsis were assumed to not have sep-
sis and were marked as true negatives. Overall, determination of sepsis was made by two internists
experienced in treating sepsis and with informatics training who conducted the chart reviews using
the latest evidence based guidelines, ,,Sepsis syndromes in adults: Epidemiology, definitions, clinical
presentation, diagnosis, and prognosis” [18]. The physicians reviewed all vital sign, labs, and clinical
notes to determine the diagnosis of sepsis. The physicians were not blinded to the sepsis diagnosis or
chart alert during the review. All disagreements were reviewed and adjudicated. Both physicians re-
viewed a subset of each other’s cases to ensure internal validity. An external physician reviewed 10%
random sample of all cases. To allow for a conservative evaluation of performance, the following
three categories were used for chart review results: 1.) No Sepsis (no sepsis or possible sepsis), 2.)
Sepsis (sepsis possible severe sepsis), and, 3.) Severe Sepsis or Septic Shock. The software audit trail
was used to determine if patients had a sepsis alert (yes/no).

Overall, there were no significant differences in age, sex, or comorbid conditions between the pre
implementation and post implementation periods. The study units with the POC Alerts had a 53%
decrease in mortality and a decrease of 13% in hospital readmission, but no significant change in
length of hospital stay. A Kappa statistic to evaluate agreement between an independent physician
knowledgeable about sepsis care and the 2 original reviewers was conducted with a Kappa of 0.67
(95% CI, 0.41 - 0.92) for a 10% random sample of charts. The sensitivity of alerts was 95%, specifi-
city of 82%, and PPV of 50.21 (43.64, 56.78) compared to a gold standard of physician chart review.
Because the original study was conducted by the developers of the POC Adviser, we were asked to
do an independent analysis of the data using methods we deemed appropriate.

2. Method

2.1 Purpose and Design

The purpose of this study was to conduct an independent evaluation of the data from a multi-focal
intervention for early detection of sepsis that included implementation of change management strat-
egies, electronic surveillance for sepsis, and evidence based point of care alerting using the POC
Advisor™ application. Specific aims were to evaluate the influence of the multi-focal intervention
approach on 1.) reduction of sepsis mortality, 2.) decreased hospital length of stay, 3.) increased dis-
charge to self-care, and 4.) decreased 30 day hospital readmission. Additionally the sensitivity, spe-
cificity, and PPV of the alerting system were evaluated. The research design for this study was a two
group pre-post quasi-experimental quality improvement study. Adult patients on three hospital (in-
tervention) units who received the electronic sepsis surveillance along with multi-focal interven-
tions were compared before and after implementation of the electronic surveillance system. Patients
in the remainder of the hospital (non-intervention units) were analyzed independently to determine
if there was a maturation effect for changes in sepsis and sepsis outcomes. Data were not compared
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statistically between the intervention units and the rest of the hospital due to differences in the ex-
clusion criteria applied to patients on the intervention units but not the remainder of the hospital.

2.2 Setting and Sample Selection

The setting was described in the background section of this paper. In addition to analyzing out-
comes pre- and post-implementation of the electronic surveillance system, we also evaluated pa-
tients on the non-intervention units. »Figure 1 shows the three phases of the original study with
dates and numbers of patients for intervention and non-intervention units (the remainder of the
hospital). The exclusion criteria previously described only applied to intervention units since the
primary purpose of the original study was to determine the impact of the POC Adviser on out-
comes. In the non-intervention units, 45.7% were admitted to the ICU during the pre-implemen-
tation phase and 41.8% during the post-implementation phase. No data was available about comfort
care only for non-intervention unit patients.

2.3 Data Source

Three files were obtained that contained de-identified data from the original study. One file in-
cluded coded patient IDs, demographics (age, race, sex, and payer), intervention criteria (interven-
tion or non-intervention unit, and exclusion criteria for patients on the intervention unit of prior
ICU admission or limited care), sepsis status (identified as 995.91 sepsis, 995.92 severe sepsis, and
785.52 septic shock) and outcome data (expired, hospital length of stay, discharge location, and 30
day readmission). Data were not available for hospital length of stay for non-intervention patients
since that was not the focus in the original study. A second file included all ICD9 codes used to cal-
culate the Charlson Index of Comorbidity (CIC). Information in the third file was used to calculate
accuracy of the POC Advisor™ alerts (chart review notes; whether the patient had sepsis, severe
sepsis, or septic shock based on the chart review; and if an alert was fired).

2.4 Intervention

The intervention conducted in the original study is described in the background section of this
paper.

3. Analysis

3.1 Evaluating the Effect of the Intervention on Outcomes

The intervention’s effect on outcomes was evaluated by comparing outcomes between the pre- and
the post-implementation phases for adult patients on the intervention units and adult patients on
non-intervention units in the remainder of the hospital. In order to control for potentially con-
founding covariates, the ICD-9 Deyo version of the Charlson Index of Comorbidity (CIC) was cal-
culated using the disease weights in Charlson et al. [22] and the coding algorithms in Quan et al.
[23]. Propensity score matching (PSM) was then used to select subsets of the cohorts with balanced
covariates [24]. PSM is a statistical matching technique that attempts to estimate the effect of a treat-
ment, policy, or other intervention by accounting for the covariates that predict group membership
in either the treatment or non-treatment groups. In this case, the treatment groups are pre- and
post-implementation phases.

A propensity model was built via logistic regression in which the group membership (i.e. pre-im-
plementation phase vs. post-implementation phase) was the dependent variable and age, sex, insur-
ance provider, sepsis diagnosis codes, and CIC were the predictors. This resulted in a propensity
score for each patient that represents the probability of the patient's inclusion in the post-implemen-
tation phase with the given values of the predictor variables. A subset of the cohort with equal
counts of patients from the pre-implementation phase and from the post-implementation phase and
with approximately matching propensity scores were then selected using a nearest neighbor match-
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ing method [24]. From this matched set, the difference in rates between the matched pre-implemen-
tation phase patients and the matched post-implementation phase patients was measured for all bi-
nary outcomes (mortality rate, home discharge rate, and 30 day readmission rate), and the differ-
ence in means was measured for total hospital length of stay. Note that only a subset of the cohort
had length of stay information available, and thus analysis for that outcome variable is used for only
that subset. For the home discharge rate outcome, patients were excluded that had missing discharge
information, died during hospitalization, left against medical advice, or that were discharged to
court/law enforcement.

Bootstrapping was performed to build distributions of the measured difference in rates/means.
Specifically, for each outcome, the original data set was randomly sampled with replacement, pro-
pensity score matching was done on each random sample, and the difference in rates/means was cal-
culated. The distributions of these results were used to construct the 95% confidence intervals and
boxplots of expected difference in rates/means. The 95% confidence intervals that were non-over-
lapping with zero were then considered to be a significant effect. Additionally, the entire analysis
process was repeated for subsets of patients for High and Low Risk for illness severity, which was
based on the severity of sepsis (sepsis vs. severe sepsis/ septic shock) or the CIC (<3 vs. 23). Since
these partitions for severity of sepsis or the CIC alone would result in too small of a sample size for
some groups of patients (P> Table 1 as an example), we chose to group together all patients with
either severe sepsis, septic shock, or a CIC 23 as a High Risk group, and all other patients as a Low
Risk group. This resulted in a more balanced split and thus larger sample sizes for the intervention
group (358 Low Risk patients vs. 420 High Risk patients) than either the regular sepsis vs. severe
sepsis split (605 vs. 173), or the low comorbidity vs. high comorbidity split (435 vs. 343). All compu-
tations and statistical analyses were done using R v3.1.1 [25] and the Matchlt package [26].

3.2 Determining Accuracy of the Sepsis Alerts

The notes from the chart audit provided to investigators were reviewed for agreement on sepsis
diagnoses. The sensitivity, specificity and PPV for sepsis alerts were calculated for all patients during
the post-implementation phase on intervention units as well as sensitivity and specificity for Low
and High Risk patients. The PPV was not included for subgroups because the POC Adviser alert was
meant to indicate sepsis in general, not a certain severity of sepsis.

4. Results

> Table 2 shows the sample size, baseline characteristics, most common sources of infection using
Angus codes [21], and outcome information for the four patient subgroups (i.e. intervention group
during the pre- and post-implementation phases and non-intervention group pre- and post-imple-
mentation phases). Demographics and baseline characteristics were fairly consistent across sub-
groups with the exception that there were more noticeable differences between subgroups for co-
morbidity and for sepsis diagnosis. For example, the proportion of patients with either a severe sep-
sis or septic shock diagnosis ranged from 20% (for the intervention group in the pre-implemen-
tation phase) to 42% (for the non-intervention group in the post-implementation phase).

4.1 Controlling for Confounders

Propensity score matching and bootstrapping were applied to account for differences in baseline
characteristics and minimize their ability to act as confounders. After matching on propensity
scores, the absolute value of standardized difference in means between post-implementation phase
and pre-implementation phase was less than 0.1 for all covariates in both the intervention and non-
intervention groups, with the exception of sex in the intervention group (0.104). This has been used
as a threshold to indicate a negligible difference between treatment groups [27]. In the raw data set,
the maximum absolute standardized difference in mean among all covariates was 0.161 (for severe
sepsis diagnosis) for the intervention group and 0.100 (for sepsis diagnosis) for the non-intervention
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group. After matching, the maximum absolute standardized difference in mean was reduced to
0.104 (for sex) for the intervention group and 0.060 (for sex) for the non-intervention group.

4.2 Intervention Effect on Outcomes

The overall effect of the multi-focal sepsis intervention with electronic surveillance on various out-
comes was evaluated for all patients as well as those in the High Risk and Low Risk subgroups for ill-
ness severity. The results of our bootstrapped PSM analyses are shown for outcomes of mortality
rate (P Figure 2), home discharge rate (»Figure 3), 30 day readmission rate (P Figure 4), and total
hospital length of stay (»Figure 5). »>Table 3 provides more detail for each of the figures. There is a
positive effect over time, indicating that outcomes improved in the post-implementation phase over
the pre-implementation phase for patients on both intervention and non-intervention units. The
rates of home discharge and 30 day readmissions both have modest signals of improvement in the
post-implementation phase, each with only one quartile of the bootstrap results overlapping with a
difference in rates of 0. The average hospital length of stay is the least likely to be improved in the
post-implementation phase for the non-intervention group. The 95% CI for improvement in 30 day
readmission rate in the post-implementation phase for the intervention group is non-overlapping
with zero (-15.5%, -0.4%), and the improvement appears to be particularly focused on the High
Risk group of patients. Less improvement is observed in the Low Risk group, which experienced a
similar change in readmission rates compared to what was observed in the non-intervention group.
For both the home discharge rate and total hospital length of stay, the intervention group experi-
enced more positive changes during the post-implementation phase than did the non-intervention
group both overall and for the High Risk group.

Both the intervention and non-intervention groups demonstrate improvements in mortality rate
in the post-implementation phase, with 95% confidence intervals (CI) that are non-overlapping
with zero. In the intervention group, there is a slightly larger positive effect on mortality rate than
was observed in the non-intervention group (-6.6% difference in rate as opposed to -2.9%). The
High Risk patient subgroup appears to be particularly benefitted. For these patients, there is a differ-
ence in mortality rate of -6.7% between post-implementation phase and pre-implementation phase
for the intervention group. In contrast, over the same period for the non-intervention group there
was only a -3.3% difference in mortality rate.

4.3 Performance of Sepsis Alert System

To determine performance of the sepsis alert system, medical charts from 771 patients in the inter-
vention group during the post-implementation phase were manually reviewed to determine the
presence of sepsis and its severity (P Table 4). There was an overall agreement of 96% for the sepsis
diagnosis and after discussion with the original investigators; there were only three diagnoses that
were changed. Overall sensitivity for the sepsis alert system was 95.20%, with specificity of 82.04%
and PPV of 50.64%. Notably, the only false negatives were for patients that were categorized as “sep-
sis” or “possible severe sepsis” In other words, an alert was issued for all cases of “severe sepsis” and
“septic shock,” giving a sensitivity of 100% for such cases.

5. Discussion

The purpose of our study was to conduct an independent analysis of data from a multi-focal inter-
vention for early detection of sepsis that included implementation of change management strategies,
electronic surveillance for sepsis, and evidence based point of care alerting using the POC Advis-
or™ application [17]. The percentage point differences in rates or means for outcomes between the
pre- and post-implementation phases were compared for intervention and non-intervention pa-
tients. In our study, we used PSM in conjunction with bootstrapping to balance covariates and de-
velop confidence intervals, thus attributing differences in rates/ means for outcomes to the interven-
tion which included the electronic sepsis surveillance. Both the intervention and non-intervention
group of patients implemented a multi-focal approach for early detection and treatment of sepsis;
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however, the intervention units also included an electronic surveillance system. Both intervention
and non-intervention units showed a positive effect over time for outcomes, however, intervention
patients improved more than non-intervention patients. The improvement in both groups is likely
due to a number of factors: all patients received the multi-focal sepsis intervention except for elec-
tronic sepsis surveillance and better education and awareness for all providers likely occurred over
time.

We compared mortality rates between the pre- and post-implementation phases in several ways.
The absolute rates of mortality for all patients on the intervention units were 9.0% in the pre-imple-
mentation phase vs. 4.2% in the post-implementation phase, for a difference in rate of —-4.8%. When
using PSM to control confounders the difference in rates was —6.6%. Patients in the High Risk inter-
vention group had the greatest improvement in death rates (-6.7%) but not those in the Low Risk in-
tervention group. It is likely that the intervention is most useful for High Risk patients. This finding
of sicker patients benefiting more from the intervention is similar to a conclusion in a meta-analysis
of observational studies that implementing a protocolized intervention may benefit severely ill pa-
tients the most [6]. We also compared non-intervention patients between the pre-implementation
and post-implementation periods. For patients in the non-intervention group, there was a decrease
in mortality during the post- vs pre-implementation period (-2.9%). This possibly is due to the
multi-focal sepsis intervention with the exception of the electronic surveillance, demonstrating a
maturation effect over time. However, the change in non-intervention patients is less than that of the
intervention group. One might argue that if the non-intervention units had also excluded patients in
ICUs and those with limited care that mortality might be even lower. However, the opposite could
also be posited that patients receiving care in the ICU likely benefited from close surveillance result-
ing in fewer deaths. More research is needed to address this issue. Additionally, there could be other
factors not measured that account for differences in outcomes.

We evaluated additional outcomes of hospital length of stay, 30 day readmission, and discharge to
home. There was a trend toward a decrease in total hospital length of stay, though, this was minimal
with a decrease of .9 days. There was little difference for High and Low Risk patients and confidence
intervals crossed 0. The non-intervention units also had a slight decrease in length of stay, but less
than the intervention units. Likely other factors affected length of stay, such as reimbursement mod-
els, availability of support after discharge, or provider preference. There were inconsistent results re-
ported in previous studies when examining length of stay [28, 29]. When using PSM analyses, we
found that the 30 day readmission rate was lower in the post- vs the pre-implementation phase for
intervention patients (-6.6%). Furthermore, patients in the High Risk group benefited the most
(-10.0%). We also analyzed discharge to home with a 7.5% increase in home discharge from pre- to
post-implementation for the intervention group, and a 1.1% increase for the non-intervention
group. The confidence intervals for improvement in home discharge rates and hospital length of stay
overlap zero for both the High Risk and Low Risk groups for both the intervention and non-inter-
vention groups. There is limited research regarding discharge to home and with the emphasis on
newer methods of bundled payment to save costs and improve outcomes, this is a fruitful area for
future research.

The sensitivity and specificity of alerts has been a challenge when implementing an electronic re-
minding system for early detection of sepsis [14-16]. A unique feature of this study was examining
the accuracy of alerts on medical-surgical units with patients at risk for varying levels of sepsis sever-
ity vs. previous studies conducted in the emergency department or ICUs or just with patients experi-
encing severe sepsis/ septic shock [14-16]. We found that sensitivity was 95.1% and specificity was
82% with the highest sensitivity for severely ill patients (100%). The PPV was 50.64%, indicating
that approximately half of all alerts issued reflect a true positive, which is an improvement over pre-
vious sepsis alert systems. While the sensitivity and specificity are excellent, the PPV rate could be
improved. For example, timely documentation can improve the ability of the surveillance system to
provide increasingly timely alerts. Additionally, while there are more than 100 rules to improve
alerts based on co-morbid conditions and medications, continuous investigation of over alerting
and missed alerts can enhance the overall PPV rate. Overall, use of computers to remind, alert, and
implement interventions for early detection and management is consistently associated with better
compliance and outcomes.
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We compared results of our secondary analysis with the primary analysis for evaluating a multi-
focal intervention, including the POC Advisor, for early detection of sepsis and improvement of out-
comes [17]. The direction of outcome improvement and sensitivity/ specificity of the alerting system
in both studies are similar, but there are differences in how outcome rates were calculated, how the
data were analyzed, and results reported. In the original study, mortality rates were calculated as the
number of deaths per 1000 cases and comparing the post- versus the pre-implementation period
yielded a mortality rate reduction of 53% (P = 0.03). In our study we calculated mortality as the per-
centage point difference of rates; after using PSM and bootstrapping to adjust for confounders, the
difference in percentage points for mortality was -6.6% (95% CI = (-10.8%, —1.4%)). If we used a
metric similar to the original study (number of deaths per 1000 cases), we found a greater difference
in the PSM adjusted death rate of 61% rather than the reported 53%. Hospital length of stay in the
original analysis was defined as the time on the study unit which was considered as the time in
which the intervention could influence the outcomes compared to our study which used the total
length of stay. In the original analysis, there was a decrease of 6.72 to 6.68 days (a difference of 0.04
days, P > 0.05), whereas we found a difference of -0.896 days. The 30 day readmission was reduced
by 5.87% (P = 0.05) compared with our findings of 6.6% (95% CI = (-15.5%, —0.4%)). Both studies
had sensitivity rates of 95% with a specificity of 82% for detecting sepsis in the intervention group
during the study phase. We went beyond the original study by also including additional analyses; we
compared non-intervention units pre- and post-implementation as well as a sub-analysis of High
Risk and Low Risk groups.

6. Limitations

There are a number of limitations to this secondary analysis of data from a previous study. One limi-
tation is a small sample size from a single institution. The lack of comparability between interven-
tion and non-intervention unit patients limited the analysis. A comparison was made between pre-
and post-implementation phases for intervention and non-intervention patients; however, the peri-
od of the study phase was only ten months long. Levy and colleagues [8] noted that the longer inter-
ventions are implemented, the more likely outcomes will improve. Additionally, we recommend a
future analysis be conducted for a longer time period and include more than one pre- and post-in-
tervention time point. A major limitation in this study was the lack of more granular data for PSM
analyses; future research using more granular data could provide further insights about develop-
ment of rules for the surveillance system and targeting of interventions to subpopulations. While fu-
ture studies should include both additional institutions and longer study periods, the analysis pres-
ented indicates that the intervention shows promise for improving patient outcomes.

7. Conclusion

In summary, the study analyzed in this paper was a multi-focal intervention for early detection of
sepsis that included implementation of change management strategies, electronic surveillance for
sepsis, and evidence based point of care alerting using the POC Advisor™ Application. Our ana-
lyses shows improved outcomes with an adjusted outcome of almost 7 percentage point for mortality
and 30 day readmission. The High Risk sepsis patients benefitted more from the intervention with
weaker support for Low Risk patients. There was improvement over time across the hospital for pa-
tients on the intervention and non-intervention units with more improvement for sicker patients.
Patients on intervention units with electronic surveillance has better outcomes; however, due to dif-
ferences in exclusion criteria and types of units, further study is needed to draw a direct relationship
between the electronic surveillance system and outcomes.

Clinical Relevance

Sepsis continues to escalate and affects outcomes, particularly for severely ill patients. The use of an
evidence-based electronic surveillance and alerting system, combined with change management
strategies resulted in a trend toward improved outcomes compared with pre-implementation sub-
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jects. A high sensitivity and specificity for alerts prevents alert fatigue and can contribute to more
prompt action by staff.
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Outcome: Total Hospital Length of Stay
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Table 1 Example of Patients in the Intervention Group by CIC (< 3 vs. = 3) and by Sepsis Severity*

Regular Sepsis Only
Low CIC (< 3) 358 (LR)
High CIC (> 3) 247 (HR)

Severe Sepsis/ Total
Septic Shock

77 (HR) 435
96 (HR) 343

*Entries marked with (LR) indicate membership in the “Low Risk” patient subgroup, while entries marked with

(HR) indicate membership in the “High Risk” patient subgroup.

Table 2 Comparison between Non-intervention and Intervention Patients and Between the Pre- and Post- Imple-

mentation Study Phases

Pre-lmplementation Phase

Post-Implementation Phase

Non-Intervention Intervention Non-Intervention Intervention

Units (n, %) Units (n, %)  Units (n, %) Units (n, %)
Sample size (n) 4244 566 1509 212
Age
Range 18-">90" 19-">90" 18-">90" 19-">90"
Mean + SD 64.1 +16.4 64.1 £16.7 62.7+17.4 62.5+17.1
(25th %, Median, 75t %) (54.0, 66.0, 77.0) (53.0, 67.0, 76.0) (52.8, 65.0, 76.0) (51.0, 65.5, 76.0)
Sex (% male) 52% 2,210 55% 313 51% 764 115 54%
Sepsis group (%)
Sepsis ONLY 63% 2,661 80% 451 58% 872 73% 154
Severe Sepsis OR Septic 37% 1,583 20% 15  42% 627 27% 58
Shock
Source of Infection Codes (%)
038 Septecemia 99% 4,184  98% 554  98% 1,481 98% 208
486 Pneumonia, organ un-  17% 724 27% 155 19% 291 30% 64
specified
041 Bacterial infection in 13% 539 12% 70  12% 184 14% 29
conditions classified else-
where and unspecified site
682 Other cellulitis and ab- 1% 444 10% 57 1% 163 13% 27
scess
Payer (%)
Medicare 66% 2802 7% 403  63% 957 66% 140
Medicaid 5% 201 4% 22 5% 75 7% 14
Other 29% 1241 25% 141 32% 477 27% 58
Charlson Index of Comorbidity (%)
0 15% 651 16% 91 19% 291 17% 35
1-2 37% 1,557 40% 228 32% 487 38% 81
3-4 25% 1069 29% 163 27% 402 27% 57
>5 23% 967 15% 84  22% 329 18% 39
Mortality 20% 842 9% 51 17% 253 4% 9
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Table 2 Continued

Pre-Implementation Phase

Discharge Disposition (%)

Home (Self-Care)

Home (Health Care)
SNF-Medicare Approved
Expired

Other

Hospital LOS

Range

Mean + SD

(25th %, Median, 75th %)
30 Day readmission (%)

© Schattauer 2017

34%
22%
17%
20%

8%

19%

1436
918
716
842
332

789

=

41% 233
23% 132
19% 109
9% 51
7% 41
1-61
8.8+8.2
(4.0, 6.0, 10.0)
19% 108
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Post-Implementation Phase

38%
22%
15%
17%

8%

16%

571
336
223
253
126

224

53% 112
21% 45
14% 29
4% 9
8% 17
2-60
82+74
(4.0,6.0,10.0)
13% 28
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Table 4  Sensitivity Analysis for All Patients and by Sepsis Severity

Chart Review

WK Alert No Sepsis  Sepsis Severe Sepsis/  Total
Septic Shock
No 530 6 0 536
Yes 116 96 23 235
646 102 23 771
All Patients
Numerator Denominator  Value
Sensitivity/Recall 119 125 95.2%
Specificity 530 646 82.0%
PPV / Precision* 119 235 50.6%

Sepsis Only Patients

Numerator Denominator Value
Sensitivity/Recall 9 102 94.1%
Specificity 530 646 82.0%
Severe Sepsis/Septic Shock Patients

Numerator Denominator Value

Sensitivity/Recall 23 23 100.0%
Specificity 530 646 82.0%
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