
Christopher W. Seymour, MD MSc

The CRISMA Center

University of Pittsburgh Departments of Critical Care & Emergency Medicine

Protocolized care: the New York State 

Experience



Christopher W. Seymour, MD MSc

The CRISMA Center

University of Pittsburgh Department of Critical Care & Emergency Medicine

Time to Treatment and Mortality during 

Mandated Emergency Care for Sepsis



• Project was funded by the New York State Department of Health

• My financial support in the past 36 months includes:

• Personal fees from Beckman Coulter, Edwards Lifesciences unrelated 

to this topic

• Grant support from the NIH/NIGMS 

• I have no funding or support of any kind from any entity related to the 

tobacco industry

Financial disclosures



• Review a sentinel case

• Touch on preclinical and clinical data for early care

• Review recent data from New York State experience

• Discuss next steps in state-of-the-art care

Agenda



“In bed, Rory “was groaning in his sleep,” Ms. Staunton said. “I felt 

the heat of the fever.” ”

Rory did have the predicted bout of diarrhea on Friday, which 

momentarily elated his family. Still, he could barely get to the 

bathroom. The doctor suggested fluids and crackers.”

New York Times, 2012



“‘I told her, ‘I’m not sure you’re getting the picture, Dr. Levitzky,’ ” 

Mr. Staunton said. “‘I can’t even get him to sit up. I don’t know how 

you expect me to get food into him.’ ”

Later, a slight touch would make him scream. “Around his nose was 

gone blue,” Mr. Staunton said. “Down his body side was gone 

blue.”

New York Times, 2012



• Prompt treatment with antibiotics and fluids recommended in 

clinical practice guidelines and by CMS

Sepsis and septic shock

Rhodes, Evans et al., Crit Care Med, 2017



Example of preclinical data

Mice with CLP polymicrobial sepsis and physiologic deterioration, 

test early vs late antibiotic administration

• Measure 24 hr biomarkers

• Survival

Lewis et al. Crit Care Med, 2016



Example of preclinical data

Lewis et al. unpublished data



Observational data from KPNC

35,000 ED encounters at 21 EDs in KPNC, 2010-2013

Liu et al., AJRCCM, 2017



• Recent meta-analysis concluded no benefit from antibiotics 

administered with 3 hours of ED arrival 
• 11 observational studies 

• Unintended consequences?
• Adverse effects

• Burden on clinical team

• Over-use, resistance

• No randomized clinical trial

Background

Does early treatment with antibiotics and bundled care improve 

outcomes in sepsis?

Sterling et al., Crit Care Med, 2015



Controversy..

Does each hour really count? Is this incestual amplification?
M Singer. AJRCCM, 2017

The raw data are heavily 

adjusted statistically to deliver 

the evangelical message.

I am yet to be convinced that each hour does 

matter, or in the prima facie argument that 

antibiotics make a huge difference to outcomes. 

Watchful waiting ± removal of  any potentially 

infected plastic tubing may be all that is needed in 

many patients.



Background

• Tragic case of Rory Staunton galvanized policy changes in 

sepsis care in New York

• Reporting of all sepsis cases to a clinical database
• Random 10% audits / feedback

Bundle Eligible Elements 

3-hour 

Severe 

sepsis or 
septic shock 

Administration of antibiotics within 1 hour of protocol initiation * 

Drawing blood cultures prior to administration of antibiotics 

Measurement of blood lactate within 3 hours of protocol initiation 

6-hour 

Above plus 
hypotension 

(SBP<90) or 

serum lactate 
≥4.0 mmol/L 

Administration of a 30cc/kg intravenous fluid bolus 

Administration of vasopressors for refractory hypotension 

Re-measurement of serum lactate within 6 hours of protocol initiation 

	

Dwyer, New York Times, 2012



Objectives

• To determine the association between the time to treatment 

and in-hospital mortality among sepsis patients in the 

emergency department

• Completing the 3-hr bundle

• Administration of broad spectrum antibiotics

• Completing the initial intravenous fluid bolus (30cc/kg)

• To characterize the variation in time to treatment across 

emergency departments in New York during mandated care



Cohort

• All adults in the emergency department with sepsis or septic 

shock 

• New York State, April 2014 – June 2016

• Protocol initiated in the ED within 6 hours of arrival

• All items in 3-hour bundle completed within 12 hours

• Sepsis identified using clinical assessment

• Suspected or confirmed infection

• 2 or more SIRS criteria

• Exclusions

• Hospital with fewer than 50 cases (N=36)

• Contraindication to the bundle

• Protocol initiated late or outside the ED



• Primary outcome: In-hospital mortality

• Primary exposures:

Methods

ED arrival Protocol initiated
Lactate

Blood cultures

Antibiotics

Time to 3-hr bundle

Time to antibiotics

Completed bolus

Time to completing initial fluid bolus

Sensitivity analyses



Methods

• Multilevel regression models

• Adjusted for a priori patient confounders

• Demographics, chronic disease, site of infection, illness severity

• Adjusted for many hospitals

• Internal validation risk model

• AUROC = 0.77

• Calibration p=0.97
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Figure R3. Calibration plot  



Patients

All cases, 185 hospitals

N=111,816 

Eligible cases, 149 hospitals

N= 90,770

Duplicate encounters N=9,171

Age<18 years N=1,105

Clinically contraindicated N=3,763

Advanced directive present N=2,840

Declined participation N=1,013

Enrolled in concomitant trial N=1

Transferred from another hospital N=2,566

Hospital with fewer than 50 cases N=587

Protocol initiated outside of ED  N=32,665

Protocol initiated > 6 hrs after ED arrival N=3,648

3-hour bundle not completed within 12 hrs N=4,759

Discharged within 12 hrs of protocol initiated N=367

Study population, 149 hospitals

N=49,331

3-hr bundle completed 

N=40,696

3-hr bundle not completed in 3 hrs

N=8,635

Excluded

Excluded



Patients



Patients



Time to treatment

Median time to treatment, hrs

3-hr bundle 1.3 [0.7, 2.4]

Antibiotics 1.0 [0.4, 2.0]

IV fluid bolus 2.6 [1.3, 4.2]



Time to 3-hr bundle completed

Odds ratio for in-hospital mortality = 1.04 [1.02 – 1.05]



Time to completing the IV fluids

0.9 1.0 1.1 1.2 1.3

Odds ratio for in-hospital mortality

Model ^ No. Odds ratio 95%CI

All cases 49,331 1.01 0.99-1.02

Gender

Male 25,689 1.00 0.98-1.02

Female 23,634 1.02 1.00-1.04

Vasopressors

Yes 16,721 1.02 1.00-1.04

No 32,610 1.00 0.98-1.02

Admission source

Home 33,464 1.01 0.99-1.03

Other 15,867 1.00 0.98-1.03

Comorbidities

Congestive heart failure 10,092 1.00 0.97-1.04

Hemodialysis 5,207 1.00 0.96-1.04

Chronic respiratory failure 5,738 0.99 0.95-1.02

Source of infection

Respiratory 19,839 1.01 0.98-1.04

Urinary 13,439 1.01 0.98-1.04

Other 16,053 1.01 0.99-1.03

Bacteremia

Gram positive 7,175 1.03 0.99-1.06

Gram negative 6,431 0.99 0.96-1.03

Other 965 1.03 0.94-1.13

None 34,757 1.00 0.99-1.02

^ No tests of interaction were p<0.05

Odds ratio for in-hospital mortality = 1.01 [0.99 – 1.02]

Seymour et al., NEJM, 2017



Sensitivity analyses

0.9 1.0 1.1 1.2 1.3

In-hospital 

death less 

likely

In-hospital death 

more likely

Primary model

ED arrival as time zero

Protocal initiated up to 24 

hrs after arrival

Hospice coded as in-hospital death

Time to bundle is >3 vs. <=3 hrs

Results generally consistent for changes in cohort,

exposure, and outcome



*Predictive margins from average of independent variables

Risk of death



*Predictive margins from average of independent variables

Risk of death



Risk of death

*Predictive margins from average of independent variables



Variation in time to 3-hr bundle

New York State

N=149 eligible hospitals 1.5 fold variation across 

hospitals



Hospital characteristics

Characteristic

Quartiles of the probability 
of completing the 3-hour 

bundle in 3 hrs

1st 4th

Lowest Highest

No. of hospitals 38 35

No. of patients 12,647 11,745

Serum lactate, median [IQR], 
mmol/L

2.8 [1.8 - 4.5] 2.7 [1.7 - 4.3]

Rural area, no. (%) 1 (2.65) 4 (11.4)

Number of hospital beds, 
median (IQR)

312 (223-464) 228 (171-375)

Smaller, rural hospitals make up the highest quartile of completing 

the 3-hr bundle

New York State

N=149 eligible hospitals



Quantitative bias analysis

• How strong must unmeasured confounder be to account for 

the observed effects?
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Prevalence= 0.15

Prevalence= 0.20 • Confounder must be 4 times as 

common among patients 

treated 1 hour later

• Must be very strongly 

associated with death (odds 

ratio >1.35)

• Note, OR for metastatic cancer 

was 1.83

• Example confounders:

• Unmeasured illness severity

• Clinical team

• System factors related to 

pharmacy

Lash TL, 2009



Conclusions

• In the ED, time to complete the 3-hr bundle and provide 

antibiotics associated with in-hospital mortality

• 4% increase in odds of death per hour change

• Broad variation in timely antibiotics across hospitals
• 1.5 fold variation between highest & lowest deciles



Limitations

• Not a randomized trial, thus no causal inference

• Unable to measure important variables

• “Appropriateness” of antibiotics

• Timing of source control

• Physician variation

• What is the “right” start time for measuring delays? 

• Sensitivity analyses using ED arrival time



Implications

• Time matters in the emergency care of sepsis and septic 

shock

• Explore ways to develop causal inference

• Fluid therapy, though required, may not be as timely or important as we 

think

• Despite policy mandates for sepsis care, not all hospitals 

behave similarly

• Knowledge gaps about high vs. low adherence hospitals

• We did not study if the policy “works” per se



Policy implications across the US

• Multiple states engaging in 

regulations or legislation 

similar to New York for 

performance measurement

• Illinois

• Wisconsin

• Pennsylvania
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Questions


