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DISCLOSURES 

• None! 
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WHAT IS SEPSIS? 
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SEPSIS: A CONTINUUM OF ILLNESS 

Sepsis Severe 
Sepsis 

Septic 
Shock 



SEPSIS QUALITY INTERVENTIONS IN THE 
CHOP ED 

2012 
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Candidate 
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Alert 

Weiss CCM 2014, Balamuth AEM 2015, PCCM in press 



JOURNEY PHASE 1 
Improve care of sepsis when we know we are worried 



SEPSIS BUNDLES IMPROVE CARE 

• Improve timeliness 
• Time to antibiotics 
• Time to IV fluids 

 
 

• Improve outcomes 
• ICU and hospital LOS 
• Organ failure  
• Mortality 

 
• Recommended in 2017 guidelines 

Cruz Pediatrics 2011, Larsen Pediatrics 2011, Paul Pediatrics 2012, 
2014, Arikan J Peds 2016,  Balamuth PCCM 2016, SCCM Guidelines 
2017 



BUNDLE COMPONENTS 

• IV access 
• Rapid antibiotics  

• 60 min from recognition 

• Rapid IV fluids 
• 60 ml/kg in first hour 

• Vasoactive agents if needed 
• Evaluate for resolution of shock 



TIMELY ANTIBIOTICS 

• Prompt antibiotics reduces mortality 
• Adults: 

• 7% increase in mortality for every hour delay in abx after onset of 
hypotension (Kumar CCM 2006) 

• Appropriate antibiotics critical (Gaieski CCM 2010) 
• Pediatrics: 

• Increased mortality with long (>3h) delays in abx 
(Weiss/Fitzgerald/Balamuth CCM 2014) 

• Is too quickly harmful?  
• Increased 1 year mortality in <1hr cohort (Han Shock 2017) 

 



TIMELY FLUID RESUSCITATION 

• EGDT  
• Initial Rivers study 2001 (NEJM): reduced mortality 
• Controversy NOT over prompt treatment 
• IS over how to measure successful resuscitation 
• PROCESS trial (Yealey NEJM 2014) 

 



CHOP PATHWAY/ORDER SET 
Operationalize bundle components 



BUILD A TEAM! 

All potential stakeholders at the table: 
• Physician Lead 
• Nursing Lead 
• Mid-level providers 
• ICU Providers 
• Pharmacy 
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EHR ORDER SET 















SEPSIS CARE BAG 



CHOP SEPSIS ACTIVATION 
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1. Attending or fellow pushes bedside sepsis activate button 
2. Triggers call cascade 
3. FLOC opens sepsis order set and initiates pathway/order set 
4. Reminders for timely Abx sent to nurse phone automatically 



ADDITIONAL CHALLENGES IN THE PEDIATRIC 
EMERGENCY SETTING 
 
3 yo patient in triage with the 
following vital signs: 

• Temp: 39.8 
• HR: 187 
• RR: 38 
• BP: 100/67 
• Pox: 97% RA 

 



HOW DO WE FIND THE RIGHT PATIENTS? 



JOURNEY PHASE 2 
Time to tackle sepsis recognition 



WOULD AN ELECTRONIC ALERT HELP? 

Electronic Alert 
• Sensitive 
• Not specific 

Clinical Judgment 
• Less sensitive 
• More specific 

Retrospective alert applied first… 



RETROSPECTIVE ALERT 

• Algorithmic Alert 
• 2 or more abnormal vital signs 
• High risk condition 
• Altered perfusion 
• Altered mental status 

• Clinical Judgement 
• MD determined risk for sepsis 
• Patient placed on institutional sepsis protocol 
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“IN SILICO” ALERT IMPLEMENTATION 

     
       Algorithmic Alert Physician Judgment Combined (CM) Sequential (SM) 
Severe Sepsis/Septic Shock Prevalence 88 (0.45%) 

  Test Characteristic (95%CI) 
Sensitivity 92.1  (91.67, 92.43) 72.73 (72.1, 73.35) 96.6 (96.3, 96.9) 68.2 (67.5, 68.8) 
Specificity 83.4 (82.91, 83.95) 99.51 (99.41, 99.61) 83.3 (82.8, 83.8) 99.6 (99.6, 99.7) 
Positive Predictive Value  2.5 (2.24, 2.67) 40.25 (39.56, 40.94) 2.6 (2.3, 2.8) 47.6 (46.9, 48.3) 
Negative Predictive Value  99.96 (99.93, 99.99) 99.88 (99.83, 99.93) 99.98 (99.96, 100) 99.86 (99.80, 99.91) 
Likelihood Ratio Positive  5.6 (5.18, 5.95) 148.79 (117.2, 1900) 5.8 (5.5, 6.1) 200.8 (151.8, 266.7) 
Likelihood Ratio Negative  0.09  (0.05, 0.19) 0.27 (0.19, 0.39) 0.04 (0.01, 0.12) 0.32 (0.24, 0.43) 
Receiver Operative Characteristic Curve Area  0.88 (0.85, 0.91) 0.86 (0.81, 0.91) 0.90 (0.88, 0.92) 0.84 (0.79, 0.89) 

     Table 2:  Test characteristics of sepsis screening tests. The algorithmic alert was positive if the patient had 2 or more abnormal vital signs plus either 
a high-risk condition, altered perfusion, or altered mental status.  Physician judgment was positive if the treating physician determined that the 
patient was at risk for sepsis and placed the patient on the institutional sepsis protocol.  Combination was positive if either AA or PJ was positive.  
Sequential was positive if both AA and PJ were positive. 

 

Balamuth AEM 2015 



“IN SILICO” ALERT IMPLEMENTATION 

Balamuth AEM 2015 



“IN SILICO” ALERT IMPLEMENTATION 

Balamuth AEM 2015 



“IN SILICO” ALERT IMPLEMENTATION 

Balamuth AEM 2015 



INTERVENTION: 2 STAGE ALERT 

• Electronic Alert 
• Vital signs 
• Mental Status 
• Perfusion 
• High Risk Condition 

• Clinical Judgement 
• “Sepsis Huddle” 
• Attending/Fellow MD 
• Bedside RN 

34 



INTERVENTION: INITIAL ALERT 
Stage 1: Can fire in triage or later in visit 

Tachycardia: 1x/patient 
Hypotension: unlimited 
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INTERVENTION: ADDITIONAL SCREENING 

Mental 
status 
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INTERVENTION: 2ND STAGE OF ALERT 

 
 
 
“Sepsis Huddle” 



SEPSIS HUDDLE DECISION 

**Could also 
activate sepsis 
huddle based on 
concern even if alert 
did not fire  
 
***Plan to add 
“maybe” option 

Presenter
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MONTHLY FREQUENCY OF ALERTS/HUDDLES 

• ED Census: 96,427 visits 
• 1st Stage Alerts: 16% of 

census 
• Huddles: 7% of alerts (1% 

of census) 
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RESULTS: HUDDLE OUTCOMES 

Sepsis Pathway 
Activated 

24% 

Other Pathway 
Activated 

36% 

No Pathway 
Activated 

40% 

1112 SEPSIS HUDDLES 



TEST CHARACTERISTICS OF ALERT 

Alert alone Alert + MD judgment 
Sensitivity 86.2 (82.0, 89.5) 99.4 (97.8, 99.8) 
Specificity 94.5  (94.1, 94.8) 94.5 (94.1, 94.8) 
Positive Predictive Value 25.4 (22.8, 28.0) 28.1 (25.6, 30.8) 
Negative Predictive Value 99.7 (99.6, 99.8) 99.9 (99.9, 100) 
Likelihood Ratio Positive 15.6 (14.4, 16.9) 18.0 (16.8, 19.2) 
Likelihood Ratio Negative 0.15 (0.12, 0.20) 0.01 (0.00, 0.03) 

Denominator= 1st stage alert positive (fever + abnormal vitals) 
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JOURNEY PHASE 3 
Hitting the mark 



ENSURING QUALITY 

• Multidisciplinary ongoing QI team 
• Monitor pathway adherence and response 

• Use of Sepsis Alert/Huddle 
• Timeliness of antibiotics 
• Timeliness of fluids 
• Appropriate antibiotics 

• Provide feedback and re-education 
• Update ED on current progress 
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DATA MONITORING: QLIKVIEW 

45 



ANTIBIOTIC ADMINISTRATION 

46 



FLUID ADMINISTRATION 
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BPA ALERT TRACKING 
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TEAM FEEDBACK 

• Weekly chart review of outliers & “missed” patients 
• Outreach to identify 

• Barriers 
• Best practices 
• Systems issues 
• Areas for improvement 

• Monitor for common themes  widespread re-education 
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COMMON BARRIERS 

• Recognition/Cognitive Bias 
• IV Access 
• Antibiotic preparation 
• Appropriate fluid administration technique 
• Competing priorities 
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HOSPITAL WIDE ACTIVITIES 

• Governance Committee 
• Multi-unit/disciplinary team 
• FY 2017 Aim: Reduce rate of new organ dysfunction related to hospital-

wide suspected sepsis episodes  

• Participation in CHA Sepsis Collaborative 



NEXT STEPS 

• Continuing QI work 
• Individual “score cards” 
• Consideration of additional middle tier of response 
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Questions? 
 

Fran Balamuth, MD, PhD, MSCE: balamuthf@email.chop.edu 
Mary Kate Abbadessa, MSN, RN: funarimk@email.chop.edu 
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