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Data:
Healthcare Cost and Utilization Project Databases
The Healthcare Cost and Utilization Project (HCUP) is a family of health care databases and related software tools and products developed through a Federal-State-Industry partnership and sponsored by the Agency for Healthcare Research and Quality (AHRQ).  The HCUP State Inpatient Databases (SID) contain the universe of the inpatient discharge abstracts in participating states.  The SID contain clinical and resource use information included in a typical discharge abstract for all patients, regardless of payer, including persons covered by Medicare, Medicaid, private insurance, and the uninsured. The HCUP State Emergency Department Databases (SEDD) capture discharge information on all emergency department (ED) visits that do not result in subsequent admission to the same hospital (i.e., treat-and-release encounters). Information on patients initially seen in the ED and then admitted to the same hospital is included in the SID.  The universe of ED encounters in a state is identified by combining SEDD records with SID records that have evidence of ED services.[endnoteRef:1]   [1:  Healthcare Cost and Utilization Project.  U.S. Agency for Healthcare Research and Quality.  http://www.hcup-us.ahrq.gov. ] 

Accordingly, we defined ED treat-and-release encounters as ED visits resulting in a disposition other than admission to the same facility.  They were defined as patient-encounters that were included in the SEDD. Total ED visits were any ED encounter, regardless of whether it resulted in hospital admission.  They were defined as all encounters in the SEDD and encounters in the SID that had evidence of ED services. Inpatient admissions were encounters limited to the SID only.  

We included data from the following 26 states where SID data were available in the inpatient analysis:  Arizona, California, Colorado, Georgia, Hawaii, Iowa, Illinois, Indiana, Kentucky, Maryland, Minnesota, Missouri, Nebraska, New Jersey, Nevada, Ohio, Oregon, Rhode Island, South Carolina, South Dakota, Tennessee, Virginia, Vermont, Washington, Wisconsin, and Wyoming.  We included data from the following 19 states where SID and SEDD data were available in the ED analysis:  Arizona, California, Georgia, Hawaii, Iowa, Indiana, Kentucky, Maryland, Minnesota, Missouri, Nebraska, New Jersey, Ohio, Rhode Island, South Carolina, South Dakota, Tennessee, Vermont, and Wisconsin.  

Supplementary Figure 1: Map of states included in the analysis of hospital admissions and ED encounters during the 2009 pH1N1 fall wave

26 states - universe of inpatient encounters (all ages, payers)
19 states - universe of ED visits for non-admitted patients (all ages, payers)

Core Based Statistical Areas
The Office of Management and Budget (OMB) defines Core Based Statistical Areas (CBSAs) for use by statistical agencies of the Federal government.  CBSAs consist of one or more counties that are socially and economically integrated with an urban core.[endnoteRef:2] [2:  Metropolitan and Micropolitan Statistical Areas. U.S. Census Bureau.  http://www.census.gov/population/metro. ] 


Definition of Pandemic and Baseline Periods:
We matched ED visits and inpatient admissions for each study hospital during its specific, locally defined pH1N1 pandemic period to the average number of ED visits and inpatient admissions during a “baseline” period.  Pandemic periods were defined at the CBSA-level based on the Centers for Disease Control and Prevention’s (CDC) Influenza-Like Illness Surveillance Program (ILINet) as any week with ILI consultation rates above three standard deviations. We defined the baseline period as the same calendar weeks in 2005-2008 and 2003-2008 for ED visits and inpatient admissions, respectively, that corresponded to the pandemic weeks in 2009.  We also performed a sensitivity analysis where we used a uniform pandemic period instead of specific, local epidemic periods, allowing us to expand the geographic scope of the analysis to counties that do not have ILINet surveillance.  This enabled us to compare what the facility encountered during the pH1N1 fall wave with its “usual” experience. 
We further compared the pH1N1 fall wave to the 2003-2004 seasonal influenza experience to assess how the pH1N1 experience related to a relatively recent, severe seasonal flu outbreak.
Patient Subcategories:
We grouped patients into the following age categories:  0-30 days, 1-6 months, 7-23 months, 2-4 years, 5-12 years, 13-17 years, 18-50 years, 51-64 years, 65-84 years, and >85 years.
We used up to 15 International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnoses codes to identify patient encounters that may be associated with influenza activity. If a patient had ICD-9-CM code 487 or 488.1 in any diagnosis field, we regarded that as an influenza encounter.  If ICD-9-CM codes 480 – 487 appeared in any diagnosis field, the patient was categorized as having pneumonia and influenza.[endnoteRef:3],[endnoteRef:4]  We defined an encounter as obstetric if the patient had female gender and any of the following ICD-9-CM diagnoses in any diagnosis field:  630 – 670 and V220 – V240.   We followed previous HCUP practice and identified patients whose admission type was “elective” and who had a procedure on their record as elective admissions with a procedure performed.[endnoteRef:5]   [3:  Dushoff, J., J. Plotkin, C. Viboud, et al. 2006. Mortality due to Influenza in the United States—An Annualized Regression Approach Using Multiple-Cause Mortality Data. Am. J. Epidemiol. 163 (2): 181-187.]  [4:  Viboud, C., P. Boëlle, K. Pakdaman, F. Carrat, et al. Influenza Epidemics in the United States, France, and Australia, 1972–1997. Emerg Infect Dis. 10(1): 32-39. ]  [5:  Governmental Accountability Office.  Hospital Emergency Departments:  Crowding Continues to Occur, and Some Patients Wait Longer than Recommended Time Frames. Report to the Chairman, Committee on Finance, U.S. Senate. April 2009. http://www.gao.gov/new.items/d09347.pdf. ] 

Illnesses, Injury, and Severity Definitions for Mortality Risk Analyses:
 To assess the association of inpatient surge during the pH1N1 fall wave with hospitals’ capabilities to continue to deliver quality healthcare, we analyzed the mortality risk for patients with conditions that are used commonly to assess hospitals’ processes of care: adult patients (i.e., age > 18) with acute myocardial infarction (AMI), congestive heart failure (CHF), stroke and traumatic injury, in addition to pediatric patients (i.e., age < 18) with traumatic injury or chronic co-morbidities.
We used the ICD-9-CM codes used in Version 4.2 of the AMI mortality rate measure (IQI #15) of the Inpatient Quality Indicator (IQI) module of the AHRQ Quality Indicator (QI) software to identify patients hospitalized for AMI.  Patients with any of the following ICD-9-CM diagnoses in any diagnosis field were regarded as having AMI: 41001, 41011, 41021, 41031, 41041, 41051, 41061, 41071, 41081, and 41091.[endnoteRef:6]   [6:  Acute Myocardial Infarction (AMI) Mortality Rate. Quality Indicators.  U.S. Agency for Healthcare Research and Quality.http://www.qualityindicators.ahrq.gov/Downloads/Software/SAS/V42/TechnicalSpecifications/IQI%2015%20AMI%20Mortality.pdf.] 

We used the ICD-9-CM codes in Version 3.5 of the Comorbidity Software to identify patients with CHF.  Patients with any of the following ICD-9-CM diagnoses in any diagnosis field were regarded as having CHF:  398.91, 402.01, 402.11, 402.91, 404.01, 404.03, 404.11, 404.13, 404.91, 404.93, and 428.0-428.9.[endnoteRef:7] [7:  Definitions of Comorbidities.  Comorbidity Software.  Healthcare Cost and Utilization Project User Support.  U.S. Agency for Healthcare Research and Quality.  http://www.hcup-us.ahrq.gov/toolssoftware/comorbidity/Table2-FY2010-V3_5.pdf.] 

We used the ICD-9-CM codes in Version 4.2 of the acute stroke mortality rate measure (IQI #17) of the IQI module of the AHRQ QI software to identify patients hospitalized for acute stroke.  Patients with any of the following ICD-9-CM diagnoses in any diagnosis field were regarded as having acute stroke:  430, 431, 4320, 4321, 4329, 43301, 43311, 43321, 43331, 43381, 43391, 43401, 43411, 43491, and 436.[endnoteRef:8]   [8:  Acute Stroke Mortality Rate. Quality Indicators.  U.S. Agency for Healthcare Research and Quality. http://www.qualityindicators.ahrq.gov/Downloads/Software/SAS/V42/TechnicalSpecifications/IQI%2017%20Acute%20Stroke%20Mortality.pdf. ] 

We followed the convention used in HCUP statistical briefs on injury and identified records with a principal ICD-9-CM diagnosis code in the range of 800–909.2, 909.4, 909.9, 910–994.9, 995.5–995.59, and 995.80–995.85 as traumatic injury hospitalizations.[endnoteRef:9] [9:  Owens, P., C. Russo, and C. Stocks. 2006. Frequency and Costs of Hospital Admissions for Injury, 2004. HCUP Statistical Brief 18. U.S. Agency for Healthcare Research and Quality. http://www.hcup-us.ahrq.gov/reports/statbriefs/sb18.pdf. ] 

To control for patient-encounter level risk of death in multivariate regression models for the risk of death in AMI, CHF, stroke and traumatic injury patients, we included comorbidities as identified by the HCUP Comorbidity Software, a publicly available software tool that assigns variables that identify comorbidities in hospital discharge records using ICD-9-CM diagnosis coding. The software creates the comorbidity measures defined by Elixhauser et al. (1998),[endnoteRef:10] which have been validated and have been shown to outperform the alternate Charlson/Deyo method of comorbidity adjustment.[endnoteRef:11],[endnoteRef:12] The 29 comorbidities identified by the Comorbidity Software are CHF, valvular disease, pulmonary circulation disorders, peripheral vascular disease, hypertension, paralysis, other neurological disorders, chronic pulmonary disease, diabetes without chronic complications, diabetes with chronic complications, hypothyroidism, renal failure, liver disease, chronic peptic ulcer disease, HIV and AIDS, lymphoma, metastatic cancer, solid tumor without metastasis, rheumatoid arthritis/collagen vascular diseases, coagulation deficiency, obesity, weight loss, fluid and electrolyte disorders, blood loss anemia, deficiency anemias, alcohol abuse, drug abuse, psychoses, and depression.7 We categorized pediatric patients with at least two comorbidities identified by the Comorbidity Software as having chronic comorbidities.   [10:  Elixhauser A., Steiner, C., Harris, D., Coffey, R. Comorbidity Measures for Use with Administrative Data. Med Care 1998; 36(1): 8-27.]  [11:  Southern, D., H. Quan, and W. Ghali. Comparison of the Elixhauser and Charlson/Deyo methods of comorbidity measurement in administrative data.  Med Care 2004; 42: 355-360.]  [12:  Stukenborg, G., D. Wagner, and A. Connors. Comparison of the performance of two comorbidity measures, with and without information from prior hospitalizations. Med Care 2001. 39: 727-739.] 

	We used the All Patient Refined DRG (APR-DRG) severity of illness subclass to control for severity.[endnoteRef:13] [13:  https://www.hcup-us.ahrq.gov/db/vars/aprdrg_severity/nisnote.jsp ] 

Analyses were conducted using SAS version 9.2 (SAS Institute Inc, Cary, NC) and Stata version 11.1 (College Station, TX). 
Validation of Inpatient Admission Rates in Administrative Data:
To validate changes in admission volume in the fall 2009 pandemic period derived from an administrative database such as HCUP, we confronted our findings with a prospective study of laboratory-confirmed influenza hospitalizations in Wisconsin. Truelove, Chitnisa, Heffernan, et al. (2011)[endnoteRef:14] explored the timing, severity, and demographic patterns associated with the 2009 influenza pandemic in the state of Wisconsin using a prospective design.  They report on a series of approximately 1,300 hospitalized patients with laboratory-confirmed influenza in the spring and fall of 2009.  We compared their findings for the fall of 2009 with the SID data for Wisconsin. [14:  Truelove, S., A. Chitnisa, R. Heffernan, et al. 2011. Comparison of Patients Hospitalized With Pandemic 2009 Influenza A (H1N1) Virus Infection During the First Two Pandemic Waves in Wisconsin. J. Infect Dis. 203(6): 828-837.] 

The comparison shows a very close agreement in terms of definition of epidemic timing (September 5 - December 12, 2009 in both studies), estimated admission rates for influenza (19 versus 20 per 100,000), median age of admitted patients (34 versus 39 yrs), proportion admitted to ICU (20 versus 22%), case fatality rate (3 versus 4%). We note that use of influenza-specific admissions in the SID yielded the closest estimates to the laboratory-confirmed influenza hospitalization presented in Truelove, Chitnisa, Heffernan, et al. (2011).   
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