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Probabilistic Linkage of Prehospital and Outcomes Data in Out-
of-hospital Cardiac Arrest

Bryn E. Mumma, MD, MASa, Deborah B. Diercks, MD, MSca, Beate Danielsen, PhDb, and 
James F. Holmes, MD, MPHa

aDepartment of Emergency Medicine, University of California Davis, Sacramento, CA

bHealth Information Solutions, Rocklin, CA

Abstract

Objective—Lack of longitudinal patient outcome data is an important barrier in emergency 

medical services (EMS) research. We aimed to demonstrate the feasibility of linking prehospital 

data from the California EMS Information Systems (CEMSIS) database to outcomes data from the 

California Office of Statewide Health Planning and Development (OSHPD) database for patients 

with out-of-hospital cardiac arrest (OHCA).

Methods—We included patients age 18 years or older who sustained non-traumatic OHCA and 

were included in the 2010–2011 CEMSIS databases. The CEMSIS database is a unified EMS data 

collection system for California. The OSHPD database is a comprehensive data collection system 

for patient-level inpatient and emergency department encounters in California. OHCA patients 

were identified in the CEMSIS database using cardiac rhythm, procedures, medications, and 

provider impression. Probabilistic linkage blocks were created using in hospital death or one of the 

following primary or secondary diagnoses (I CD-9-CM) in the OSHPD databases: cardiac arrest 

(427.5), sudden death (798), ventricular tachycardia (427.1), ventricular fibrillation (427.4), and 

acute myocardial infarction (410.xx). Blocking variables included incident date, gender, date of 

birth, age, and/or destination facility. Due to the volume of cases, match thresholds were 

established based on clerical record review for each block individually. Match variables included 

incident date, destination facility, date of birth, sex, race, and ethnicity.

Results—Of the 14,603 cases of OHCA we identified in the prehospital databases, 91 (0.6%) 

duplicate records were excluded. Overall, 46% of the data used in the linkage algorithm were 

missing in CEMSIS. We linked 4,961/14,512 (34.2%) records. Linkage rates varied significantly 

by local EMS agency, ranging from 1.4% to 61.1% (OR for linkage 0.009–0.76; p<0.0001). After 

excluding the local EMS agency with the outlying low linkage rate, we linked 4,934/12,596 

(39.2%) records.
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Conclusion—Probabilistic linkage of CEMSIS prehospital data with OSHPD outcomes data 

was severely limited by the completeness of the EMS data. States and EMS agencies should aim 

to overcome data limitations so that more effective linkages are possible.

Keywords

Medical record linkage; Cardiac arrest; Emergency medical services

Introduction

Out-of-hospital cardiac arrest (OHCA) occurs at a rate of approximately 52 cases per 

100,000 population and carries a very high mortality rate.1 Emergency Medical Services 

(EMS) treatment for OHCA significantly affects survival,2, 3 and OHCA has been 

recognized as a priority condition for EMS research.4 However, relevant patient outcomes in 

OHCA, such as neurologically intact survival, can often not be measured at the time of the 

EMS encounter. The EMS Outcomes Project identified this lack of patient outcomes data as 

a significant barrier to EMS research and advocated the linkage of prehospital records to 

hospital, clinic, and autopsy records.5

Probabilistic linkage is a technique used to match records in different datasets when unique 

identifiers are not available. In the United States, EMS data have been successfully linked to 

outcomes data using deterministic and probabilistic techniques in other disease conditions6–8 

including trauma,9, 10 ST segment elevation myocardial infarction (STEMI),11 and stroke.12 

Linking EMS records involving OHCA poses additional challenges due to the nature of this 

condition, and linkage of OHCA records to long-term outcome data is poorly studied.13

The goal of this study is to determine the feasibility of linking prehospital data from the 

statewide California EMS Information Systems (CEMSIS) database with outcomes data 

from the California Office of Statewide Health Planning and Development (OSHPD) 

Emergency Department Data (EDD) and Patient Discharge Data (PDD) databases for 

patients with OHCA in California.

Methods

Study design

We conducted a retrospective cohort study involving adult non-traumatic OHCA patients in 

the CEMSIS database from 1/1/2010 to 12/31/2011. This study was exempt from review by 

our Institutional Review Board and was approved by the California Committee for the 

Protection of Human Subjects.

Population and Setting

CEMSIS database—The CEMSIS database is intended to be a comprehensive and unified 

EMS data collection system for California. CEMSIS is an outgrowth of the National 

Highway Traffic Safety Administration’s National EMS Information System (NEMSIS). 

The project was funded and developed specifically to correspond with the national database 

for collecting patient data to assist efforts in injury prevention, but it offers a larger picture 
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of EMS as all EMS responses are included in the database. The goal of CEMSIS is to use 

compiled EMS data to create a timely, accurate and uniform overview of EMS use and 

outcomes to assist in policy development, system evaluation, prevention activities, and 

quality improvement measures. Thirteen local EMS agencies representing 33% of the 

California population submitted data for 2010–2011, one local EMS agency representing 

26% of the population submitted data in 2010 only, and one local EMS agency representing 

2% of the population submitted data in 2011 only.

OSHPD database—The OSHPD database is a comprehensive data collection system for 

patient-level inpatient and emergency department encounters in California. An encounter 

record is submitted each time a patient is discharged following inpatient admission in a 

licensed hospital and each time a patient is treated in a licensed emergency department in 

California. These facilities are required by law (California Health and Safety Code Section 

128736) to report their encounter data to OSHPD via the online Medical Information 

Reporting for California System. These data do not represent a sample, but rather 

surveillance with 100% coverage. Veterans Affairs hospitals and other military facilities are 

exempt.

Study Protocol

Cases of OHCA were identified in CEMSIS if they met at least one of the following criteria:

• Presence of cardiac arrest at any time during the EMS event

• Cardiac arrest etiology of presumed cardiac, respiratory, or “other” etiology

• Cardiac arrest resuscitation attempted included: defibrillation, ventilation, chest 

compressions, or not attempted due to signs of circulation

• Any documented cardiac arrest rhythm

• Return of spontaneous circulation documented

• EMS provider impression of non-traumatic cardiac arrest or respiratory arrest

– We included patients with cardiac arrest documented by EMS but no EMS 

resuscitation attempted. These cases may have received bystander CPR or 

defibrillation prior to EMS arrival that resulted in return of circulation.

• Aid prior to EMS arrival included cardiopulmonary resuscitation, defibrillation, 

precordial thump, or vagal maneuvers

• Procedures performed by EMS included cardiopulmonary resuscitation, 

defibrillation, or precordial thump

• Medications administered by EMS included epinephrine AND amiodarone, 

lidocaine, or atropine

– Receipt of epinephrine alone was not used as an inclusion criterion to 

prevent the inclusion of patients with anaphylaxis without OHCA. Patients 

who received epinephrine alone were not strictly excluded; they were 

included if they met one of the other inclusion criteria.
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CEMSIS cases with an etiology of trauma, drowning, and electrocution were excluded. 

Cases with an EMS provider primary or secondary impression of “obviously dead” were 

excluded. Cases with missing incident date were also excluded. Destination hospital was a 

free text field in the CEMSIS database, and hospital names were standardized manually 

prior to linkage.

Potential cases of OHCA were identified in OHSPD if they died in the hospital or had at 

least one of the following primary and/or secondary ICD-9-CM diagnosis codes:

• (410) Acute myocardial infarction

• (411) Other acute/subacute ischemic heart disease

• (427) Cardiac dysrhythmias (includes 427.5 Cardiac Arrest)

• (428) Heart failure

• (429) Ill-defined descriptions and complications of heart disease

• (458) Hypotension

• (785.5) Shock, unspec.

• (786.03) Apnea

• (798) Sudden death, cause unknown

• (799.0) Asphyxia

• (799.1) Respiratory arrest

• (958.4) Traumatic shock

Inpatient records with a source of admission indicating that the patient was transferred from 

another facility were excluded. We intentionally included broad diagnoses to capture the 

inpatient records of all cases of OHCA in CEMSIS.

We used probabilistic linkage techniques to link records between the CEMSIS and OSHPD 

databases.14–16 Match weights were assigned based on probabilistic linkage techniques. 

Within each match block, a probabilistic match weight was determined for each match 

variable (identifier) based on the value-specific probability of agreement in true matches and 

the probability of random agreement for non-matches. To obtain the overall probabilistic 

match weight that can be interpreted as evidence in favor of a match, weights from all match 

variables were combined.

The following linkage blocks were created based on OSHPD discharge diagnoses (ICD-9-

CM):

• Acute myocardial infarction (410.x)

• Cardiac arrest (427.5)

• Ventricular tachycardia (427.1) and Ventricular fibrillation (427.4)

• Sudden Death Cause Unknown (798.x)
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• Death (based on disposition in OSHPD database)

• Resuscitative procedures - Cardiopulmonary resuscitation (99.60), Atrial 

cardioversion (99.61), Other electric countershock of heart (99.62), Closed chest 

cardiac massage (99.63), Carotid sinus stimulation (99.64), Other conversion of 

cardiac rhythm (99.69), Hypothermia (99.81)

• Any encounter at a facility that occurs in the EMS data

Within each linkage block, five iterations were performed using the following blocking 

variables:

• Admission date, gender, age in years, destination facility

• Admission date, gender, date of birth

• Admission date, age in years, destination facility

• Admission date, gender, destination facility

• Admission date, gender, age in years

Match variables included incident date, destination facility, date of birth, sex, race, ethnicity 

and patient ZIP code of residence. When destination facility was not available in CEMSIS, 

proximity of incident ZIP code to hospital ZIP code was used to limit possible matches in 

the OSHPD databases. When date of birth was not available in CEMSIS, age in years was 

utilized. Due to the volume of cases, match thresholds were established based on clerical 

record review for each block individually. Match weights above the set threshold were 

considered true matches, and match weights below the threshold were considered non-

matches. Additionally, those matches with probabilistic match weights near the threshold 

were manually reviewed to determine whether the records represented a match or non-

match. The blocking strategy for this linkage was to obtain the highest-quality matches first 

and then to loosen the criteria to allow other records to match. Match weights were chosen 

to ensure that matches were of good quality.

Outcomes

Our primary outcome was the percent of CEMSIS records of OHCA successfully matched 

to OSHPD records. Secondary outcomes were match rates by local EMS agency.

Data Analysis

Data are presented using descriptive statistics. Logistic regression with factor variable 

analysis was performed to evaluate the association between local EMS agency and linkage 

to OHSPD records. Analyses were performed using SAS (SAS Institute, Cary, NC) and 

Stata (StataCorp, College Station, TX).

Results

We identified 14,603 records with evidence of OHCA in CEMSIS. Ninety-one duplicate 

records were excluded (Figure 1). Of the remaining 14,512 records, 7,666 (53%) were 

missing date of birth; 11,053 (76%) were missing race; 11,103 (77%) were missing 
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ethnicity, 7,972 (55%) were missing patient’s residence zip code; and 6,528 (45%) were 

missing destination facility information.

We matched 4,961 (34.2%) records with OSHPD data (Figure 1). Match results and mean 

match weights for each of the 31 iterations are shown in the Appendix. Seven hundred 

twenty-three records were linked to the emergency department database and 4,238 were 

linked to the inpatient database. Demographic characteristics of patients with matched 

versus unmatched CEMSIS records are shown in Table 1.

Linkage rates varied significantly by local EMS agency, ranging from 1.4% to 61.1% (OR 

for linkage 0.009–0.76; p<0.0001; Table 2). Overall, the percentage of data fields completed 

by each local EMS agency correlated with the percentage of records from the local EMS 

agency matched to OSHPD data (Figure 2). After excluding the local EMS agency with the 

outlying low linkage rate, we linked 4,934/12,596 (39.2%) records.

Discussion

We demonstrated the limited feasibility of matching prehospital data from the CEMSIS 

database with hospital outcomes data from the OSHPD databases to create a complete 

“episode of care” for patients with OHCA. EMS patient care reports are particularly 

valuable in OHCA, as they contain elements associated with patient outcomes, such as EMS 

response times, bystander interventions, initial arrest rhythm, and witnessed versus non-

witnessed status,17, 18 that may not be documented elsewhere in patients’ medical records. 

These data are important for quality improvement and research programs. This model 

provides the methodological foundation for future EMS outcomes studies.

We selected a probabilistic over deterministic linkage algorithm. Deterministic linkage 

techniques are typically chosen when few identifiers that are reliably coded are used to 

connect two databases. Deterministic linkages are inefficient when many match variables 

are used or when coding errors may exist in the match variables. In the latter situation, 

probabilistic linkage can allow for small amounts of disagreement, whereas deterministic 

linkage would not result in a match. While a deterministic approach may have provided 

greater match specificity, we felt that the sensitivity provided by a probabilistic approach 

was important given the limitations of our data. The linkage variables in our data had a 

substantial amount of missing data. Furthermore, the linkage variables we had were not 

reliable, with m-probabilities showing that we only had three variables for which the value 

agreed on >90% of matches: gender, incident date, and destination facility.

Based on the published OHCA incidence of 52.1 per 100,000 population, we expected to 

identify approximately 18,000 cases of OHCA in the CEMSIS database based on the 

population served by contributing local EMS agencies. While we identified 78% of 

predicted cases using multiple inclusion criteria, queries that rely on one or a few fields to 

identify cases would be unlikely to capture all cases, limiting the utility of CEMSIS for 

future studies.

While probabilistic linkage of these datasets was feasible, our linkage rate was lower than 

those previously reported for EMS and hospital records linkage.7, 9, 11, 13 OHSPD data has 
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been previously linked to several other databases using a similar algorithm,19–21 making it 

unlikely to be limiting the success of our linkage. Several other factors likely account for 

this discrepancy. First, a substantial number of OHCA cases end with prehospital 

termination of resuscitation without transport to an acute care hospital. Prehospital 

termination of resuscitation was not reliably recorded in CEMSIS. Data from the Cardiac 

Arrest Registry to Enhance Survival indicate that over 22% of OHCA cases result in 

prehospital termination of resuscitation,22 and data from the Resuscitation Outcomes 

Consortium show that 64% of all OHCA patients and 37% of OHCA patients with EMS 

resuscitation attempted were not transported.1 While these data were not captured in the 

CEMSIS database, we suspect that prehospital termination of resuscitation and death upon 

EMS arrival account for the majority of unlinked records. Second, CEMSIS records were 

missing a substantial number of the data fields used in the linkage algorithm. Last, a small 

number of patients (<1%) were transported to an acute care hospital that does not contribute 

to the OSHPD database. These hospitals include Veterans Affairs and other military 

facilities as well as those located outside California.

We faced challenges similar to those noted in other EMS linkage papers. First, we 

encountered non-standardized hospital names and codes in the CEMSIS database that 

required manual standardization prior to linkage. Fosbol, et al., reported similar challenges 

in their linkage of EMS and hospital records.11 Second, we noted significant variation in 

linkage rate between local EMS agencies. While some variation may have been due to 

differences in practices regarding prehospital termination of resuscitation, our findings 

suggest that missing data play an important role. A similar inverse relationship between 

missing data and match rate has been demonstrated in trauma registries.9 As in other 

systems,6 the local EMS agencies voluntarily reported data to CEMSIS. Some local EMS 

agencies submitted datasets that contained a very limited number of records and/or 

variables. Providing local EMS agencies with the knowledge regarding the importance of 

complete data and potential incentives, such as access to the linked patient outcomes dataset 

for their agencies, is one strategy to increase participation and data completeness. This is an 

important issue for groups managing prehospital databases. Such personnel should 

implement interventions to improve the completeness of prehospital databases.

Limitations

We restricted OSHPD records to those with diagnoses most likely to be assigned to patients 

with OHCA. While this decision decreased the likelihood of records matching at random, 

we may have excluded some patients with OHCA who had alternative diagnoses reported to 

OSHPD. Varying the linkage criteria altered our match results. Thus, we selected criteria 

that yielded conservative results and increased the likelihood that we were identifying true 

CEMSIS-OHSPD matches. We spent considerable time and effort trying to lower the match 

thresholds, but lowering them resulted in many mismatches. We do not believe that our poor 

match rate was a result of the match threshold. Instead, we believe that poor match results 

are due to missing or incorrectly captured EMS data. We found that match quality hinged 

upon the quality of the EMS data (Figure 2).
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Conclusions

Probabilistic linkage of CEMSIS prehospital data with OSHPD outcomes data appears 

feasible but was severely limited by the completeness of the EMS data. We identified 

several barriers contributing to the incompleteness of the EMS data. States and EMS 

agencies should aim to overcome these barriers so that more effective linkages are possible.
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Appendix. Linkage blocks and match results by block

Linkage Blocks
Number of 

Matched Records
Percent of Total 

Matched Records
Mean Weight for 
Matched Records

Block 1: In-hospital deaths and sudden cardiac death (ICD-9-CM 798.x)

Step 1: Admission Date, Gender, Age (Years), 
Facility

619 12.5% 60.45

Step 2: Admission Date, Gender, Date of Birth 511 10.3% 65.47
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Linkage Blocks
Number of 

Matched Records
Percent of Total 

Matched Records
Mean Weight for 
Matched Records

Step 3: Admission Date, Age (Years), Facility 16 0.3% 54.78

Step 4: Admission Date, Gender, Facility 318 6.4% 41.83

Step 5: Admission Date, Gender, Age (Years) 518 10.4% 46.09

Block 2: Cardiac arrest (ICD-9-CM 427.5)

Step 1: Admission Date, Gender, Age (Years), 
Facility

215 4.3% 59.98

Step 2: Admission Date, Gender, Date of Birth 47 0.9% 65.87

Step 3: Admission Date, Age (Years), Facility 2 0.0% 55.12

Step 4: Admission Date, Gender, Facility 21 0.4% 45.92

Step 5: Admission Date, Gender, Age (Years) 48 1.0% 51.50

Block 3: Ventricular tachycardia (427.1) and fibrillation (427.4)

Step 1: Admission Date, Gender, Age (Years), 
Facility

119 2.4% 61.77

Step 2: Admission Date, Gender, Date of Birth 34 0.7% 61.83

Step 3: Admission Date, Age (Years), Facility 1 0.0% 58.71

Step 4: Admission Date, Gender, Facility 108 2.2% 40.02

Step 5: Admission Date, Gender, Age (Years) 70 1.4% 38.97

Block 4: Acute myocardial infarction (410.x)

Step 1: Admission Date, Gender, Age (Years), 
Facility

76 1.5% 56.38

Step 2: Admission Date, Gender, Date of Birth 50 1.0% 54.70

Step 3: Admission Date, Age (Years), Facility 6 0.1% 57.28

Step 4: Admission Date, Gender, Facility 180 3.6% 41.34

Step 5: Admission Date, Gender, Age (Years) 92 1.9% 38.67

Block 5: Resuscitative procedures*

Step 1: Admission Date, Gender, Age (Years), 
Facility

6 0.1% 62.41

Step 2: Admission Date, Gender, Date of Birth 3 0.1% 63.82

Step 3: Admission Date, Age (Years), Facility -- -- --

Step 4: Admission Date, Gender, Facility 5 0.1% 42.17

Step 5: Admission Date, Gender, Age (Years) 3 0.1% 37.03

Block 6: Enounters at any facility in CEMSIS data with restrictions**

Step 1: Admission Date, Gender, Age (Years), 
Facility

743 15.0% 51.28

Step 2: Admission Date, Gender, Date of Birth -- -- --

Step 3: Admission Date, Age (Years), Facility 44 0.9% 48.12

Step 4: Admission Date, Gender, Facility 605 12.2% 48.52

Step 5: Admission Date, Gender, Age (Years) -- -- --

Block 7: Encounters at any facility in CEMSIS data

Step 1: Admission Date, Gender, Age (Years), 
Facility

265 5.3%
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Linkage Blocks
Number of 

Matched Records
Percent of Total 

Matched Records
Mean Weight for 
Matched Records

Step 2: Admission Date, Gender, Date of Birth -- -- --

Step 3: Admission Date, Age (Years), Facility 0 0.0% n/a

Step 4: Admission Date, Gender, Facility 0 0.0% n/a

Step 5: Admission Date, Gender, Age (Years) -- -- --

TOTAL 4961 100.0% 52.10

CEMSIS = California Emergency Medical Services Information System

-- Step was not performed
*
Resuscitative procedures included: Cardiopulmonary resuscitation (99.60), Atrial cardioversion (99.61), Other electric 

countershock of heart (99.62), Closed chest cardiac massage (99.63), Carotid sinus stimulation (99.64), Other conversion of 
cardiac rhythm (99.69), Hypothermia (99.81)
**

Restrictions: ED records with a disposition of home were excluded. Records with an inpatient length of stay of shorter 
than three days, no cardiac arrest diagnosis, and survival to discharge were excluded.
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Figure 1. 
Linkage flow chart.

OHCA = Out-of-hospital cardiac arrest; CEMSIS = California Emergency Medical Services 

Information Systems; OSHPD = Office of Statewide Health Planning and Development
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Figure 2. 
EMS data completion and match rates for local EMS agencies

EMS = Emergency medical services

Local EMS agencies are labeled A through O.
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