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Abstract

Objective—To specify when delays of specific 3-hour bundle Surviving Sepsis Campaign (SSC)
guideline recommendations applied to severe sepsis or septic shock become harmful and impact

mortality.
Design—Retrospective cohort study.

Setting—One health system composed of six hospitals and 45 clinics in a Midwest state from
January 01, 2011 and July 31, 2015.

Patients—All adult patients hospitalized with billing diagnosis of severe sepsis or septic shock.

Interventions—Four 3-hour SSC guideline recommendations: 1) obtain blood culture before
antibiotics, 2) obtain lactate level, 3) administer broad-spectrum antibiotics, and 4) administer 30
mL/kg of crystalloid fluid for hypotension (defined as mean arterial pressure (MAP) < 65) or
lactate (> 4).

Measurements and Main Results—To determine the effect of ¢ minutes of delay in carrying
out each intervention, propensity score matching of baseline characteristics compensated for
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differences in health status. The Average Treatment effect in the Treated (ATT) computed as the
average difference in outcomes between those treated after shorter versus longer delay. To estimate
the uncertainty associated with the ATT metric and to construct 95% confidence intervals,
bootstrap estimation with 1,000 replications was performed. From 5,072 patients with severe
sepsis or septic shock, 1,412 (27.8%) had in-hospital mortality. The majority of patients had the
four 3-hour bundle recommendations initiated within three hours. The statistically significant time
in minutes after which a delay increased the risk of death for each recommendation was: lactate,
20.0 minutes; blood culture, 50.0 minutes; crystalloids, 100.0 minutes; and antibiotic therapy,
125.0 minutes.

Conclusions—The guideline recommendations showed that shorter delays indicates better
outcomes. There was no evidence that 3 hours is safe; even very short delays adversely impact
outcomes. Findings demonstrated a new approach to incorporate time # when analyzing the impact
on outcomes and provide new evidence for clinical practice and research.

Keywords

Severe sepsis; Septic shock; Surviving Sepsis Campaign guideline; Predictive modeling;
Mortality; Electronic Health Record data

Introduction

Sepsis is a major health problem with increasing prevalence, high costs, and poor outcomes.
In the United States, sepsis accounts for about 5.2% of hospital expenditures, more than $20
billion per year (1), and increased hospitalizations for more than 1 million people in 2008
(2). Between 1999 and 2014, there were 2,470,666 deaths with sepsis on the death certificate
and annual sepsis related deaths increased by 31% (2, 3). Severe sepsis and septic shock are
a subset of sepsis conditions with at least one organ dysfunction (2). This subset of
conditions accounts for 25-50% of in-hospital mortality (2), ranging from 45% to 65% after
six months of discharge. If patients with these conditions survive, they have increasing
chronic complications, morbidity, high costs of care, and decreasing quality of life (4, 5).
Due to the seriousness of these outcomes, the focus of this study is on severe sepsis and
septic shock.

The Surviving Sepsis Campaign (SSC) international guidelines (6) were developed for early
detection and treatment of severe sepsis and septic shock. While there is agreement that
applying the SSC guidelines improves outcomes, there are several challenges including
varying strength of evidence associated with the recommendations (6). Since 2001, the
definitions and guidelines for sepsis have continuously evolved (6). In 2004 there were 46
recommendations and pediatric management considerations which were subsequently
divided into 6 and 24 hour bundles (7). The guidelines were revised in 2008, 2012 (6), and
most recently updated in 2015 (8). The recommendations that repeatedly proved effective
were simplified and grouped into 3- and 6-hour bundles. The next question is whether there
is more specific timing that would improve outcomes. The 3-hour recommendations, which
must be carried out within 3 hours from the first time sepsis is suspected, are: 1) obtain a
blood culture before antibiotics, 2) obtain a lactate level, 3) administer broad-spectrum
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antibiotics, and 4) administer 30 mL/kg of crystalloid fluid for hypotension (defined as a
mean arterial pressure (MAP) < 65) or lactate (> 4).

Previous studies examined the effect of the SSC guideline on various outcomes, such as
hospital and intensive care unit length of stays, discharge disposition, hospital readmission
and mortality (5, 9-12). There are mixed results regarding a decrease in mortality, which is
likely related to outcome definitions, types of interventions evaluated, population
heterogeneity, and timing (13-21). It is unclear if the timing of specific SSC guideline
recommendations within the 3-hour bundle improves the probability of survival. The
availability of electronic health record (EHR) data and newer machine learning analytics
may provide new insights for disease management and clinical improvement. Sepsis studies
using EHR data have focused on trends in sepsis (22) and early identification of sepsis
and/or the impact on outcomes (23-27). A few studies used machine learning, a family of
techniques that use artificial intelligence to learn from large collections of data, to develop
predictive models for sepsis outcomes (28-31). None focused on evaluating the timing of
SSC guideline recommendations within the 3-hour bundle to determine if a delay in these
recommendations results in harm. We previously used machine learning and found the SSC
guidelines to be effective on outcomes of mortality and complications (32); however, we did
not look at the timing within the 3-hour bundle to determine if there is a harmful effect in
less than 3 hours. The purpose of this study was to specify the time frame when the delay of
specific 3-hour bundle guideline recommendations applied to severe sepsis or septic shock
becomes harmful and impacts mortality.

Materials and Methods

Study Design and Data Selection

A retrospective cohort study was conducted using data from all adult patients who were
hospitalized with a billing diagnosis of severe sepsis or septic shock between January 01,
2011 and July 31, 2015. After IRB approval (#1311E46042), a de-identified data set was
obtained from a clinical data repository which contained over 2.4 million patients. The
inclusion criteria were patients 18 years and older, both medical and surgical patients, who
were hospitalized with a billing diagnosis of severe sepsis or septic shock (ICD-9 codes
995.92 and 785.5* excluding 785.51). The initial data set contained 5,374 patients. The first
hospitalization was selected as the index encounter. Exclusion criteria were: did not meet
two of the criteria for sepsis suspicion (n=114), or no data for antibiotic therapy (n=142),
respiratory rate (n=3) or white blood cells count (WBC) (n=43). This resulted in a final
sample of 5,072 patients. The onset of sepsis (baseline) was estimated as the earliest date
and time when the patient met at least two of the following six criteria: MAP < 65, heart rate
(HR) >100, respiratory rate (RR) >20, temperature < 95 or >100.94, WBC < 4 or > 12, and
lactate > 2.0.(33)

Variables of Interest

Variables of interest included predictors, de/ay in administering guideline recommendations,
and outcomes. The 16 predictor variables were: age, gender, race, ethnicity, lactate, WBC,
HR, RR, temperature, MAP, Charlson Comorbidity Index (CCI), and five comorbidity
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severity scores, which describe the severity of preexisting diseases in each of the following
five health categories: respiratory, cardiac, liver, kidney, and vascular system. Using domain
experts, comorbidity severity scores were computed as the weighted sum of the diagnoses,
identified from the problem list and billing diagnoses prior to the index encounter, where the
weights were assigned to reflect severity and acuteness: O= chronic, 1= mild, 2= moderate to
severe. These weights were summed for each comorbidity severity score and each patient for
analysis, resulting in a continuous scale. Delay of obtaining a lactate level and blood culture
or administering a broad-spectrum antibiotic was measured from baseline to the time these
actions occurred (up to six hours); for the recommendation of ‘administer crystalloids when
lactate is > 4 mmol/L’, delay is the time between discovering that lactate is high (time of the
laboratory result) and the time of administering crystalloids. The quantity of interest is the
average causal effect of delay on all-cause in-hospital mortality. The outcome is mortality
occurring at any time during that hospital stay.

Data Analysis

The purpose of the analysis was to determine the effect of # minutes of delay in carrying out
a recommendation, for any amount of delay ¢between 15 and 360 minutes. This effect was
defined as the Average Treatment effect in the Treated (ATT) and is interpreted as the
reduction in the probability of in-hospital mortality as a result of carrying out a particular
guideline recommendation with less than # minutes of delay. We performed sequential
propensity score matching (PSM) at = 15, 30, ..., 360 minutes with the “exposed” group
consisting of patients who received a particular guideline recommendation in less than ¢
minutes, versus the “control” group who received the recommendation with more than ¢
minutes of delay. Patients who did not receive the guideline recommended treatment before
discharge were excluded. The sequential PSM procedure resulted in 24 point estimates of
ATT at 24 discrete values of delay. We applied a local polynomial smoother (loess) to the 24
point estimates to obtain a smooth ATT curve from which the effect of delay can be
determined for any #between 15 minutes and 6 hours in a non-parametric fashion. The same
procedure was repeated for all four guideline recommendations.

The predictors of the propensity score model included predictors of the delay as well as
predictors of the outcome. These were age, sex, the baseline lab results and vitals, and the
severity score of the pre-existing comorbidities. The Matchlt R package (version 3.0.1) was
used for propensity matching, using nearest neighbor matching with a caliper of .25 standard
deviations. We used the paired #test as well as the standardized mean difference (SMD)
between the exposed and control groups to assess the achieved balance.(34) A p-value of .05
and a SMD of less than .2 were required to achieve significance. All 96 propensity matched
populations (24 for each of the 4 recommendations) had a SMD of less than .2, but some
matched populations (for Crystalloid beyond 3 hours delay) failed the #test. Furthermore,
this did not impact the ATT, because the SMD was still less than 0.2. In the matched
population, ATT was computed as the difference in the proportions of patients who died in
the hospital between the exposed and control groups.

The 95% confidence interval for the ATT curve was obtained through bootstrap simulation
with 1,000 replications. Continuous variables are reported as mean and interquartile range
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(IQR), and categorical variables as a count and percentage. To determine statistical
significance, a 5% empirical significance level was adopted.

There were 5,072 patients with severe sepsis or septic shock during the study period. Table 1
describes the baseline characteristics of the sample and variables used for each PSM. There
were 1,412 (27.8%) patients who died in the hospital. The majority of patients had the four
3-hour bundle recommendations initiated within three hours. The percentage of patients who
did not receive the recommendation within 3 hours included: lactate (14.3%), blood culture
collected before antibiotic therapy (8.2%), broad-spectrum antibiotics initiated (2.7%), and
crystalloids initiated inside the recommended 3-hours (0.3%). From these 214 (4.2%)
patients who did not receive any of the above recommended actions within 3 hours, 88
(41.1%) died.

Figure 1(a) illustrates the casual effect of delays in blood culture draw on in-hospital
mortality. The horizontal axis corresponds to delay in minutes and the vertical axis
corresponds to the ATT. The solid line is the (smoothed) ATT at each time point and the
dashed lines correspond to the 95% CI. The arrow indicates the # minutes delay when the
recommendation becomes statistically significant. For example, the ATT at 30 minutes is .
006 (CI = -.026, 034), meaning that a delay of half an hour increases the risk of mortality

by .006 (6 additional mortalities per 1000 patients) but it is not statistically significant. A
delay of 50 minutes, however, increases the patient’s risk of mortality by .028 (CI =.004, .
058) suggesting that a delay of 50 minutes significantly increases the risk of mortality. The
distance between these two lines is the effect of the delay and is the solid line in Figure 1(a).
The solid line in Figure 1(b) shows the survival probability for treated (patients with less
than ¢ minutes of delay in drawing a blood culture) and the dashed line shows for the control
patients (those with #or greater minutes of delay). Figure 1(b) helps gauge how big the effect
of the delay is relative to the actual survival probability. Similarly, Figure 2(a-b), 3 (a—b) and
4 (a-b) illustrates results for the lactate, antibiotic therapy and crystalloids
recommendations, respectively.

Discussion

The effect of delay for each SSC 3-hour bundle recommendation on in-hospital mortality for
patients with severe sepsis and septic shock was evaluated. A non-parametric methodology
of sequential PSM for calculating the ATT at a sequence of time points was used to estimate
the effect of implementation delay in the SSC guideline recommendations on all-cause in-
hospital mortality. We found that delays in administering all four guideline
recommendations, even when they did not exceed 3 hours, was associated with a significant
increase in in-hospital mortality.

Overall, this study showed that no delay is safe, though modest delays may not be harmful in
a clinically meaningful way. For most outcomes, the ATT curves (solid curve in Figures 1-a,
2-a, 3-a, and 4-a) are uniformly above zero and are strictly monotonically increasing. The
longer the delay, the more harm. Up to a certain delay, the effect is not statistically
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significant. This does not mean that this much delay is not harmful; it simply means that we
do not have sufficient evidence to show the (potential) harm. Statistical significance depends
on sample sizes and the delay that is associated with statistically significant harm could be
different across hospitals. Thus, the recommended actions can and should be carried out as
soon as possible to prevent harm.

The shape of the curves provides further support for our recommendation. The curves
indicate that harm accumulates very quickly in the beginning (short delays) but slows down
for longer delays and flattens out by about 3 hours. This means that delays exceeding the 3
hours are associated with little additional harm on top of the harm the patient has
experienced within 3 hours. We acknowledge that the high compliance rate with the 3-hour
bundle may influence our results: the minimal additional harm after 3 hours of delay may be
partly artefactual, attributable in part to the fact that most patients have already received the
recommended intervention within three hours and the sample size is too small beyond 3
hours of delay to determine further harm. However, if the observed effect was indeed
artefactual, we would see the confidence interval widen substantially (as it does for
crystalloid use) and also propensity matching would fail. During our analysis, we always
observed sufficient support (overlap between the treatment and control groups) for
propensity matching and adequate balance of the variables (except Crystalloid beyond 3
hours).

Results showed an in-hospital mortality of 27.8%. This is consistent with other reports that
showed similar rates worldwide, specifically in the US and Europe, although rates may vary
greatly according to different geographic regions (17, 21). Variability in outcomes may be
due to the high heterogeneity of sepsis populations; this study considered incorporating a
large variety of health conditions into account when performing PSM. Furthermore,
diagnosis differences and, consequently, earlier initiation of treatment vary greatly as a result
of several human, institutional, and financial practices (21). Previous studies reported
evidence that timing of antimicrobial therapy in the presence of septic shock is associated
with higher mortality (6, 8). Our findings agree that mortality increases with delay in
antibiotics, but only becomes significant at nearly 3 hours after baseline (8).

There are several strengths in this study. The adopted methodology of sequential PSM in
conjunction with bootstraps is novel and necessary to minimize the confounding that occurs
in observational studies. We were able to incorporate several covariates in our model,
making the matched pairs very alike. This combined methodology provided the estimated
effect of treatment considering matched pairs with similar propensity score values, thus,
decreasing bias estimation. Another strength of the study is the use of EHR data. While
results from EHR-based observational studies are often considered preliminary that requires
validation through clinical trials, studying the effect of delaying treatment for research
purpose would be unethical and thus designing a trial for this purpose would be difficult.

Limitations exist in this study, such as the reuse of EHR for research from one single clinical
source of data. Our data set only provided in-hospital mortality, and we were not able to take
into account mortality that occurred outside the hospital or long-term outcomes. We
acknowledge that we did not adjust for baseline vasopressors and mechanical ventilation
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use, and both are important predictors of mortality among sepsis patients. Another limitation
is the identification of a consistent list of broad-spectrum antibiotics. Our approach may
have overestimated this, as a single list of intravenous broad-spectrum antibiotics was not
found using national data standards nor in the current literature or consulting with two
pharmacists. Although efforts to address this gap, a clear listing of intravenous broad-
spectrum antibiotics is needed for comparison across studies; particularly in phenotyping
EHR data and mapping to sepsis guideline recommendations (8). Likewise, the compliance
with crystalloid recommendation could be overestimated, as this study was not able to
extract precise data that could account for volume administered and/or the type of
crystalloids. Future efforts are needed to standardize non-structured data, such as flowsheet
data where crystalloids volume is documented; the researchers could capture and reuse this
type of information for comparative effectiveness research across organizations (34, 25). The
definition of delay does not depend on the length of exposure to sepsis. The actual onset
time of sepsis is unknown; it could have occurred outside the hospital. While using actual
onset time reflects physiology better; using “first suspicion” reflects clinical reality better:
patient’s lactate cannot be measured before they come to the hospital.

Conclusions

The guideline recommendations should be applied as soon as sepsis is suspected; applying
the guidelines with shorter delays is associated with better outcomes. Our work found no
evidence that 3 hours is safe; we found evidence that even very short delays can adversely
impact outcomes. Our study demonstrated a new approach to incorporate time (de/ay) when
analyzing the impact on outcomes and provide new evidence for clinical practice and
research. It adopted a novel methodology using EHR data and bootstrapping in conjunction
with PSM to estimate the ATT of SSC guideline recommendations de/ay on in-hospital
mortality. The use of EHR data is important because a clinical trial that delays urgent
treatment would be unethical. Based on these findings, future studies should also investigate
the impact on long-term outcomes, including national or international data set of clinical
data to account for geographic variability and heterogeneity.

Acknowledgments

This study is supported by National Science Foundation (NSF) Grant #1602394 and by the National Institutes of
Health (NIH) grant #GM120079. Contents of this document are the sole responsibility of the authors and do not
necessarily represent official views of the NSF/NIH.

References

1. Torio, CM., Andrews, RM. Healthcare Cost and Utilization Project (HCUP) Statistical Briefs.
Rockville (MD): 2006. National Inpatient Hospital Costs: The Most Expensive Conditions by Payer,
2011: Statistical Brief #160.

2. Epstein L, Dantes R, Magill S, et al. Varying Estimates of Sepsis Mortality Using Death Certificates
and Administrative Codes--United States, 1999-2014. MM WRMorbidity Mortal Wkly Rep. 2016;
65:342-345.

3. Verdonk F, Blet A, Mebazaa A. The new sepsis definition [Internet]. Curr Opin Anaesthesiol. 2017;
30:200-204. [cited 2017 Sep 6] Available from: http://www.ncbi.nlm.nih.gov/pubmed/28207566.
[PubMed: 28207566]

Crit Care Med. Author manuscript; available in PMC 2019 April 01.


http://www.ncbi.nlm.nih.gov/pubmed/28207566

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnue Joyiny

Pruinelli et al.

14.

17.

19.

21.

22.

Page 8

. Novosad SA, Sapiano MR, Grigg C, et al. Vital Signs: Epidemiology of Sepsis: Prevalence of

Health Care Factors and Opportunities for Prevention. MM WRMorbidity Mortal Wkly Rep. 2016;
65:864-869.

. Yende S, Austin S, Rhodes A, et al. Long-Term Quality of Life Among Survivors of Severe Sepsis:

Analyses of Two International Trials. Crit Care Med. 2016; 44:1461-1467. [PubMed: 26992066]

. Dellinger RP, Levy MM, Rhodes A, et al. Surviving Sepsis Campaign: international guidelines for

management of severe sepsis and septic shock, 2012. Intensive Care Med. 2013; 39:165-228.
[PubMed: 23361625]

. Gao F, Melody T, Daniels DF, et al. The impact of compliance with 6-hour and 24-hour sepsis

bundles on hospital mortality in patients with severe sepsis: a prospective observational study
[Internet]. Crit Care. 2005; 9:R764-70. [cited 2017 Sep 6] Available from: http://
www.ncbi.nlm.nih.gov/pubmed/16356225. [PubMed: 16356225]

. Surviving Sepsis Campaign Executive Committee. Updated Bundles in Response to New Evidence

[Internet]. 2015. [cited 2017 Aug 25] Available from: http://www.survivingsepsis.org/
SiteCollectionDocuments/SSC_Bundle.pdf

. Angus DC, Barnato AE, Bell D, et al. A systematic review and meta-analysis of early goal-directed

therapy for septic shock: the ARISE, ProCESS and ProMISe Investigators. Intensive Care Med.
2015; 41:1549-1560. [PubMed: 25952825]

10. Investigators A, Group ACT, Peake SL, et al. Goal-directed resuscitation for patients with early

septic shock. N Engl J Med. 2014; 371:1496-1506. [PubMed: 25272316]

. Umscheid CA, Betesh J, VanZandbergen C, et al. Development, implementation, and impact of an
automated early warning and response system for sepsis. J Hosp Med. 2015; 10:26-31. [PubMed:
25263548]

. Goodwin AlJ, Rice DA, Simpson KN, et al. Frequency, cost, and risk factors of readmissions
among severe sepsis survivors. Crit Care Med. 2015; 43:738-746. [PubMed: 25746745]

. Castellanos-Ortega A, Suberviola B, Garcia-Astudillo LA, et al. Impact of the Surviving Sepsis
Campaign protocols on hospital length of stay and mortality in septic shock patients: results of a
three-year follow-up quasi-experimental study. Crit Care Med. 2010; 38:1036—1043. [PubMed:
20154597]

Damiani E, Donati A, Serafini G, et al. Effect of performance improvement programs on
compliance with sepsis bundles and mortality: a systematic review and meta-analysis of
observational studies. PLoS One. 2015; 10:e0125827. [PubMed: 25946168]

. Bruce HR, Maiden J, Fedullo PF, et al. Impact of nurse-initiated ED sepsis protocol on compliance
with sepsis bundles, time to initial antibiotic administration, and in-hospital mortality. ] Emerg
Nurs. 2015; 41:130-137. [PubMed: 25612516]

. Semler MW, Weavind L, Hooper MH, et al. An Electronic Tool for the Evaluation and Treatment

of Sepsis in the ICU. A Randomized Controlled Trial. Crit Care Med. 2015; 43:1595-1602.

[PubMed: 25867906]

Fujishima S, Gando S, Saitoh D, et al. A multicenter, prospective evaluation of quality of care and

mortality in Japan based on the Surviving Sepsis Campaign guidelines. J Infect Chemother. 2014;

20:115-120. [PubMed: 24462442]

. Levy MM, Rhodes A, Phillips GS, et al. Surviving Sepsis Campaign: association between

performance metrics and outcomes in a 7. 5-year study. Crit Care Med. 2015; 43:3-12. [PubMed:

25275252]

Hoo WE, Muehlberg K, Ferraro RG, et al. Successes and lessons learned implementing the sepsis
bundle. J Healthc Qual. 2009; 31:5-9.

20. Xu JY, Chen QH, Liu SQ, et al. The Effect of Early Goal-Directed Therapy on Outcome in Adult

Severe Sepsis and Septic Shock Patients: A Meta-Analysis of Randomized Clinical Trials. Anesth
Analg. 2016

Rhodes A, Phillips G, Beale R, et al. The Surviving Sepsis Campaign bundles and outcome: results
from the International Multicentre Prevalence Study on Sepsis (the IMPreSS study). Intensive Care
Med. 2015; 41:1620-1628. [PubMed: 26109396]

Kadri SS, Rhee C, Strich JR, et al. Estimating Ten-Year Trends in Septic Shock Incidence and
Mortality in United States Academic Medical Centers Using Clinical Data [Internet]. Chest. 2017;

Crit Care Med. Author manuscript; available in PMC 2019 April 01.


http://www.ncbi.nlm.nih.gov/pubmed/16356225
http://www.ncbi.nlm.nih.gov/pubmed/16356225
http://www.survivingsepsis.org/SiteCollectionDocuments/SSC_Bundle.pdf
http://www.survivingsepsis.org/SiteCollectionDocuments/SSC_Bundle.pdf

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnue Joyiny

Pruinelli et al.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Page 9

151:278-285. [cited 2017 Sep 6] Available from: http://www.ncbi.nlm.nih.gov/pubmed/27452768.
[PubMed: 27452768]

Rhee C, Kadri S, Huang SS, et al. Objective Sepsis Surveillance Using Electronic Clinical Data
[Internet]. Infect Control Hosp Epidemiol. 2016; 37:163-171. [cited 2017 Sep 6] Available from:
http://www.ncbi.nlm.nih.gov/pubmed/26526737. [PubMed: 26526737]

Brandt BN, Gartner AB, Moncure M, et al. Identifying Severe Sepsis via Electronic Surveillance
[Internet]. Am J Med Qual. 2015; 30:559-565. [cited 2017 Sep 6] Available from: http://
www.ncbi.nlm.nih.gov/pubmed/24970280. [PubMed: 24970280]

Narayanan N, Gross AK, Pintens M, et al. Effect of an electronic medical record alert for severe
sepsis among ED patients [Internet]. Am J Emerg Med. 2016; 34:185-188. [cited 2017 Sep 6]
Available from: http://www.ncbi.nlm.nih.gov/pubmed/26573784. [PubMed: 26573784]

McRee L, Thanavaro JL, Moore K, et al. The impact of an electronic medical record surveillance
program on outcomes for patients with sepsis [Internet]. Hear Lung J Acute Crit Care. 2014;
43:546-549. [cited 2017 Sep 6] Available from: http://www.ncbi.nlm.nih.gov/pubmed/24961633.
Westra BL, Landman S, Yadav P, et al. Secondary Analysis of an Electronic Surveillance System
Combined with Multi-focal Interventions for Early Detection of Sepsis [Internet]. Appl Clin
Inform. 2017; 8:47-66. [cited 2017 Sep 6] Available from: http://www.ncbi.nlm.nih.gov/pubmed/
28097288. [PubMed: 28097288]

Mani S, Ozdas A, Aliferis C, et al. Medical decision support using machine learning for early
detection of late-onset neonatal sepsis [Internet]. ] Am Med Informatics Assoc. 2014; 21:326-336.
[cited 2017 Sep 6] Available from: http://www.ncbi.nlm.nih.gov/pubmed/24043317.

Desautels T, Calvert J, Hoffman J, et al. Prediction of Sepsis in the Intensive Care Unit With
Minimal Electronic Health Record Data: A Machine Learning Approach [Internet]. JMIR Med
informatics. 2016; 4:e28. [cited 2017 Sep 6] Available from: http://www.ncbi.nlm.nih.gov/
pubmed/27694098.

Taylor RA, Pare JR, Venkatesh AK, et al. Prediction of In-hospital Mortality in Emergency
Department Patients With Sepsis: A Local Big Data-Driven, Machine Learning Approach
[Internet]. Acad Emerg Med. 2016; 23:269-278. [cited 2017 Sep 6] Available from: http://
www.ncbi.nlm.nih.gov/pubmed/26679719. [PubMed: 26679719]

Gultepe E, Green JP, Nguyen H, et al. From vital signs to clinical outcomes for patients with
sepsis: a machine learning basis for a clinical decision support system [Internet]. J Am Med
Inform Assoc. 2014; 21:315-25. [cited 2017 Sep 6] Available from: http://www.ncbi.nlm.nih.gov/
pubmed/23959843. [PubMed: 23959843]

Pruinelli L, Yadav P, Hangsleben A, et al. A Data Mining Approach to Determine Sepsis Guideline
Impact on Inpatient Mortality and Complications [Internet]. AMIA Jt Summits Transl Sci
proceedings AMIA Jt Summits Transl Sci. 2016; 2016:194-202. [cited 2017 Feb 6] Available
from: http://www.ncbi.nlm.nih.gov/pubmed/27570669.

Westra BL, Landman S, Yadav P, et al. Secondary Analysis of an Electronic Surveillance System
Combined with Multi-focal Interventions for Early Detection of Sepsis [Internet]. Appl Clin
Inform. 2017; 8:47-66. [cited 2017 Jul 25] Available from: http://www.ncbi.nlm.nih.gov/pubmed/
28097288. [PubMed: 28097288]

Austin PC. Comparing paired vs non-paired statistical methods of analyses when making
inferences about absolute risk reductions in propensity-score matched samples [Internet]. Stat
Med. 2011; 30 n/a-n/a[cited 2017 Aug 25] Available from: http://www.ncbi.nlm.nih.gov/pubmed/
21337595.

Kirby JC, Speltz P, Rasmussen LV, et al. PheKB. a catalog and workflow for creating electronic
phenotype algorithms for transportability [Internet]. ] Am Med Informatics Assoc. 2016; 23:1046—
1052. [cited 2017 Sep 6] Available from: https://academic.oup.com/jamia/article-lookup/doi/
10.1093/jamia/ocv202.

Crit Care Med. Author manuscript; available in PMC 2019 April 01.


http://www.ncbi.nlm.nih.gov/pubmed/27452768
http://www.ncbi.nlm.nih.gov/pubmed/26526737
http://www.ncbi.nlm.nih.gov/pubmed/24970280
http://www.ncbi.nlm.nih.gov/pubmed/24970280
http://www.ncbi.nlm.nih.gov/pubmed/26573784
http://www.ncbi.nlm.nih.gov/pubmed/24961633
http://www.ncbi.nlm.nih.gov/pubmed/28097288
http://www.ncbi.nlm.nih.gov/pubmed/28097288
http://www.ncbi.nlm.nih.gov/pubmed/24043317
http://www.ncbi.nlm.nih.gov/pubmed/27694098
http://www.ncbi.nlm.nih.gov/pubmed/27694098
http://www.ncbi.nlm.nih.gov/pubmed/26679719
http://www.ncbi.nlm.nih.gov/pubmed/26679719
http://www.ncbi.nlm.nih.gov/pubmed/23959843
http://www.ncbi.nlm.nih.gov/pubmed/23959843
http://www.ncbi.nlm.nih.gov/pubmed/27570669
http://www.ncbi.nlm.nih.gov/pubmed/28097288
http://www.ncbi.nlm.nih.gov/pubmed/28097288
http://www.ncbi.nlm.nih.gov/pubmed/21337595
http://www.ncbi.nlm.nih.gov/pubmed/21337595
https://academic.oup.com/jamia/article-lookup/doi/10.1093/jamia/ocv202
https://academic.oup.com/jamia/article-lookup/doi/10.1093/jamia/ocv202

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Pruinelli et al.

Page 10

{n) )

—— Treatment
2] <+ | e Control
o L
= — AP
e | 2
5 8 31_.°7
g —
E g B £ o
(=] g s
Q
o T
o c
=] = -
o, o |
3 |
T o
T T | T T | T & | | T T | T |
50 100 150 200 250 300 350 50 100 150 200 250 300 350
Delay [min] Delay [minutes]
Fig 1.

(a) Casual effect and (b) survival probabilities of the blood culture recommendation timing
on in-hospital mortality between treatment and control groups.
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Fig 2.
(a) Casual effect and (b) survival probabilities of the lactate recommendation timing on in-
hospital mortality between treatment and control groups.
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Fig 3.

(a) Casual effect and (b) survival probabilities of the antibiotics recommendation timing on

in-hospital mortality between treatment and control groups.
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Fig 4.

(a) Casual effect and (b) survival probabilities of the crystalloid recommendation timing on
in-hospital mortality between case and control groups.

Crit Care Med. Author manuscript; available in PMC 2019 April 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Pruinelli et al.

Table 1

Predictor variables for patients with severe sepsis and septic shock (n=5,072).

Page 14

Variables Median or Interquartile Ranges Variables Median or Interquartile Ranges
(IQR) or Counts (n) and (IQR) or Counts (n) and Percentages
Per centages

Age 66 [55 -78] Respiratory rate 20 [18 —24]

Gender (Male) 2,588 (51.0) Charlson Comorbidity Index 39[1-6]

Race (Caucasian) 4,349 (85.7) Comorbidities Severity Scores

Ethnicity (Non-Hispanic) 4,822 (95.0) Respiratory 2.2[0-4]

Lactate 1.8[1.8-3.2] Cardiac 56[1-9]

White blood cells 12.6[7.9-17.4] Liver 0.5[0-0]

Median blood pressure 81.3 [67 —96] Cerebrovascular 0.3[0-0]

Heart rate 97 [90 — 103] Kidney 1.3[0-2]

Temperature 98.5 [97 —100]
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