
https://doi.org/10.1177/1403494818803256

© Author(s) 2018
Article reuse guidelines: sagepub.com/journals-permissions
DOI: 10.1177/1403494818803256
journals.sagepub.com/home/sjp

Scandinavian Journal of Public Health,  1–9

Introduction

Health registers are established for administrative pur-
poses, disease surveillance, and quality monitoring of 
healthcare services, and may also be used for clinical 

and epidemiological research. Administrative registers 
are typically established to manage healthcare services 
and for reimbursement purposes, based on the codes 
for diagnoses and procedures registered during the 
hospitalization. Disease- or procedure-specific medical 
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Abstract
Aims: Health registers are used for administrative purposes, disease surveillance, quality assessment, and research. the value 
of the registers is entirely dependent on the quality of their data. the aim of this study was to investigate and compare the 
completeness and correctness of the acute myocardial infarction (AmI) diagnosis in the norwegian myocardial Infarction 
Register and in the norwegian Patient Register. Methods: All norwegian patients admitted directly to st Olavs hospital, 
trondheim university Hospital, trondheim university Hospital from 1 July to 31 December 2012 and who had plasma 
levels of cardiac troponin t measured during their hospitalization (n=4835 unique individuals, n=5882 hospitalizations) 
were identified in the hospital biochemical database. A gold standard for AmI was established by evaluation of maximum 
troponin t levels and by review of the information in the medical records. Cases of AmI in the registers were classified as 
true positive, false positive, true negative, and false negative according to the gold standard. We calculated sensitivity, positive 
predictive value (PPv), specificity, and negative predictive value (nPv). Results: the norwegian myocardial Infarction 
Register had a sensitivity of 86.0% (95% confidence interval (CI) 82.8–89.3%), PPv of 97.9% (96.4–99.3%), and specificity 
of 99.9% and nPv of 98.9% (98.6-99.2%) (99.8–100%). the corresponding figures for the norwegian Patient Register 
were 85.8% (95% CI 82.5–89.1%), 95.1% (92.9–97.2%), and 99.7% (99.5–99.8%) and 98.9% (98.6-99.2%), respectively. 
both registers had a sensitivity higher than 95% when compared to hospital discharge diagnoses. the results were similar for 
men and women and for cases below and above 80 years of age. Conclusions: The Norwegian Myocardial Infarction 
Register and the Norwegian Patient Register are adequately complete and correct for administrative purposes, 
disease surveillance, quality assessment, and research.
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quality registers are established for disease surveillance 
and monitoring of the quality of healthcare, and 
include more detailed information about risk factors, 
treatments, and outcomes.

the value of health registers is dependent on the 
quality of their data [1]. two frequently cited data 
quality attributes are completeness and correctness. 
Data completeness is the extent to which all the data 
that could have been registered have actually been 
registered, whereas data correctness, also referred to 
as validity, is the extent to which the registered data 
are in conformity with the truth [1, 2]. A systematic 
review of acute myocardial infarction (AmI) diagno-
ses in administrative registers suggests that hospitali-
zation data have high completeness and correctness, 
and can be used to identify patients with AmI [3]. 
medical quality registers of patients with AmI have 
been found to be less complete than administrative 
registers, however [4–10]. Few studies have investi-
gated the correctness of AmI in medical quality reg-
isters although such registers are frequently used as a 
“gold standard” to investigate the completeness and 
correctness of administrative registers [11, 12].

the purpose of this study was to investigate and 
compare the completeness and correctness of a 
national medical quality register for AmI patients, the 
norwegian myocardial Infarction Register, and a 
national administrative health register, the norwegian 
Patient Register, using data from a university hospital.

Methods

norway has a public health care system for all inhab-
itants, and the resources are evenly distributed geo-
graphically, providing few disparities in access to 
health care. Acute illness, such as AmI, requiring hos-
pitalization is treated free of cost in public hospitals, 
usually in the community hospital nearest the patient. 
the present study was conducted at st Olavs Hospital, 
trondheim university Hospital, which is the fifth 
largest norwegian community hospital, covering a 
population of 300,000 inhabitants. the hospital is 
also a referral hospital for 700,000 inhabitants in the 
central part of norway, and has facilities for percuta-
neous coronary intervention (PCI) and heart surgery. 
the hospital had approximately 54,000 somatic hos-
pitalizations annually during the study period [13].

The Norwegian Myocardial Infarction Register

the norwegian myocardial Infarction Register (here-
after referred to as the myocardial Infarction Register) 
was established as a regional medical quality register in 
the Central norway Regional Health Authority in 
2001, and became part of the norwegian Cardiovascular 

Disease Register in 2012, when the latter register was 
established [14]. According to the norwegian Health 
Register Act [15], all hospitals are required to register 
patients hospitalized with an AmI in the myocardial 
Infarction Register. no patient consent is needed.

the myocardial Infarction Register is an elec-
tronic data system containing for each hospitaliza-
tion of AmI patients the patient’s unique national 
identification number, the date and time for the 
start of AmI symptoms, hospital admission and dis-
charge, and information about the patient’s risk fac-
tors for AmI, medical history, symptoms and clinical 
findings, electrocardiographic (ECg) and echocar-
diographic results, plasma levels of cardiac tro-
ponins, and the use of drugs and other treatments.

specially trained nurses or the treating physicians 
complete the case report form while the patient is 
hospitalized, or after discharge. All hospitalized 
patients with AmI should be registered regardless of 
whether the patient is treated in a cardiac, medical, 
surgical, or other type of ward. the discharge diagno-
ses (one main diagnosis and an unlimited number of 
secondary diagnoses) in the hospital patient adminis-
trative system are used by most hospitals to manually 
ensure the completeness of AmI in the myocardial 
Infarction Register. A user manual provides defini-
tions of the variables [16].

The Norwegian Patient Register

the norwegian Patient Register is a national adminis-
trative health register that retrieves patient data from 
the specialist health service, including demographic 
and medical information about hospitalizations. the 
data are used for reimbursement and management pur-
poses. It is mandatory for the hospitals to report rele-
vant information to the register [17]. the norwegian 
Patient Register contains the unique national identifica-
tion number, date and time for the hospital admission 
and discharge, the ICD-10 codes for the main and sec-
ondary discharge diagnoses, procedure codes, and 
other administrative data. At the study hospital the 
ICD-10 codes and diagnostic or therapeutic procedure 
codes recorded by the treating physicians in the medical 
discharge note in the electronic medical record are 
manually transferred to the hospital patient administra-
tive system. Each month relevant data are extracted 
from the hospital patient administrative system and 
sent to the norwegian Patient Register.

Review of electronic medical records to establish 
a “gold standard” for the diagnosis of AMI

the electronic medical records contain all written 
information about the patient such as: (a) information  
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about medical history, use of drugs, and details about 
the present illness such as symptoms and findings on 
clinical examinations; (b) the daily notes by the 
attending physician; (c) laboratory findings, ECg, 
and results of imaging procedures; (d) the daily notes 
and observations by registered nurses; (e) the dis-
charge note sent to the patient’s primary care physi-
cian or other hospitals which contains a summary of 
the medical history, findings on clinical examination, 
and the treatment prescribed, as well as the diagnos-
tic considerations including the main and secondary 
discharge diagnoses.

to establish a “gold standard” of all hospitaliza-
tions due to AmI and not due to AmI we first used 
the database at st Olavs Hospital biomedical 
department to identify all hospitalizations between 
1 July and 31 December 2012 during which plasma 
cardiac troponin t was measured. For patients 
with several hospitalizations during the study 
period, all hospitalizations were included. the lab-
oratory used a high-sensitive troponin t assay 
(Roche, basel, switzerland). the following data 
were obtained from the biomedical laboratory 
database for each patient: the unique national 
identification number, age, gender, dates and times 
for hospital admission and discharge, all plasma 
troponin t values, and the first serum creatinine 
value measured during each hospitalization. 
Patients transferred from other hospitals were 
excluded because the medical records for these 
patients may contain insufficient information for 
reliable assessment of the diagnosis.

next, specially trained nurses performed a review 
of the electronic medical records of all norwegian 
patients who were hospitalized during the study 
period and who had a maximum plasma troponin t 
value higher than 10 ng/l (n=3924). We considered 
hospitalizations with a maximum troponin t value 
below 10 ng/l (n=1958) as true negative cases in the 
gold standard, without performing a review of the 
electronic medical records [18, 19]. the following 
information from the electronic medical records were 
extracted for hospitalizations with troponin t higher 
than 10 ng/l: ICD-10 codes for the main and sec-
ondary discharge diagnoses, procedure codes, risk 
factors for AmI, medical history including diseases 
or treatments within 28 days prior to the hospitaliza-
tion, symptoms leading to the hospital admission, 
and date and time for start of symptoms, ECg find-
ings, results of echocardiographic examinations, and 
status at hospital discharge. It was also noted whether 
it was mentioned in the medical notes that the patient 
had had an AmI, regardless of whether this diagnosis 
appeared as a discharge diagnosis. All this informa-
tion was then used to determine whether the patient 

had a possible, probable, or definite AmI [20] or not 
an AmI according to the universal myocardial infarc-
tion definition criteria [19].

One of four cardiologists made the final deci-
sion about the diagnosis for patients classified by 
the nurses as having undergone a possible or prob-
able AmI, and for all cases of disagreement 
between the nurses and the diagnosis in the elec-
tronic medical record. In cases of uncertainty a 
decision was made by consensus among the four 
cardiologists. All cases of possible or probable 
AmI were in the end classified as an AmI or not 
an AmI. by these procedures all hospitalizations 
during which troponin t was measured were cat-
egorized as an AmI hospitalization or not an AmI 
hospitalization. this established the gold standard 
used in the present paper.

the decision level of high-sensitive troponin t to 
discriminate among cases and non-cases of AmI was 
based on the imprecision (coefficient of variation 
<10%) of the fourth-generation troponin t assay of 
30 ng/l. In norway the decision level for AmI was 
kept unchanged at >30 ng/l for high-sensitive tro-
ponin t until 2013 [21]. Procedural AmIs were 
defined according to the universal definition of myo-
cardial infarction with troponin t higher than three 
times the decision level for procedural AmI related 
to PCI and troponin t higher than five times the 
decision level for procedural AmI related to coronary 
artery bypass grafting (CAbg) [19]. In addition, 
either ischemic symptoms or ECg changes, or angi-
ographic demonstration of loss of major coronary 
artery patency, or demonstration of new loss of myo-
cardial wall motion by imaging was required, as spec-
ified in the third universal definition of myocardial 
infarction [18].

the reviewers were blinded for registrations in the 
myocardial Infarction Register and in the norwegian 
Patient Register. ultimately, the norwegian identifi-
cation number was used to link data from the 
myocardial Infarction Register and the norwegian 
Patient Register with the gold standard.

Statistics

A patient could have more than one hospitalization 
during the study period. In all analyses we used hos-
pitalization (hereafter referred to as case) as the ana-
lytical unit. the cases in the myocardial Infarction 
Register and the norwegian Patient Register were 
compared to the cases in the gold standard and were 
classified as true positive (tP), false positive (FP), 
false negative (Fn), or true negative (tn). 
Completeness was defined equivalent to sensitivity 
(tP/(tP+Fn)), i.e. the proportion of cases of true 
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AmI according to the gold standard that was also pre-
sent in the registers [1, 2]. Correctness was defined 
equivalent to positive predictive value (PPv) (tP/
(tP+FP)), i.e. the proportion of cases of AmI pre-
sent in the registers that were cases of true AmI 
according to the gold standard [2]. In addition, we 
calculated the specificity (tn/(tn+FP)), i.e. the 
proportion of non-AmI cases correctly identified as 
such, and the negative predictive value (nPv) (tn/
(tn+Fn)), i.e. the proportion of non-AmI cases not 
present in the registers. the analyses were stratified 
by age groups and gender. We used Ibm sPss 23.0 
for analyses.

the Regional Committee for medical and Health 
Research Ethics considered the study to be a quality 
assessment project, and the study was therefore 
approved by the norwegian Data Protection 
Authority and the norwegian Directorate of Health. 
Patient consent was not required. the reporting and 
interpretation of data from the norwegian Patient 
Register are the responsibility of the authors, and no 

endorsement by the norwegian Patient Register is 
inferred.

Results

We identified a total of 6687 cases (5522 unique 
patients) who had plasma troponin t concentration 
measured during hospitalization in the study period. 
We excluded 6 duplicate cases, 30 cases who were 
outpatients, 677 cases transferred to st Olavs 
Hospital from other hospitals, 62 cases without a 
norwegian identification number, and 30 cases hos-
pitalized within 28 days following a previous AmI. 
thus, the final study population consisted of 5882 
cases (4835 unique patients) (Figure 1).

Of the 5882 cases included in the study, 3162 
(53.8%) cases were among males. the mean (sD) 
age was 63.5 (17.3) years for male cases and 66.5 
(19.5) years for female cases. Only 30.5% (n=1792) 
of the cases who had troponin t measured had a  
cardiovascular disease as the main diagnosis in the 

Figure 1. Flow chart for establishing a “gold standard” of AmI and non-AmI cases for evaluation of the correctness and completeness of 
the norwegian myocardial Infarction Register and the norwegian Patient Register1.
1the “gold standard” for AmI was established by evaluation of maximum troponin t levels and by review of the information in the medi-
cal records.
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hospital discharge note, and only 5.3% (n=309) had 
an AmI as the main discharge diagnosis (table I).

A total of 1869 (31.8%) of the cases in the study 
population had a maximum troponin t value above 
30 ng/l, the cut-off level for an AmI diagnosis dur-
ing the study period (table I). Among these cases, 
only 382 (20.5%) were discharged with AmI as the 
main (n=306) or a secondary (n=74) diagnosis 
(table I).

The gold standard. Of the 5882 cases evaluated to 
establish the gold standard, we identified 430 cases 
(65% male) with an AmI (Figure 1). Of those, the 
mean age for male and female was 67.1 and 74.5 
years, respectively. Among cases with AmI in the 
gold standard, the median maximum troponin t 
level was 894 ng/l among males versus 586 ng/l 
among females.

Cases of AMI in the Myocardial Infarction Register com-
pared to the gold standard. We found 370 tP cases of 
AmI and 8 FP cases of AmI in the myocardial 
Infarction Register (table II). Furthermore, we 

identified 60 cases of AmI in the gold standard not 
registered in the myocardial Infarction Register 
(table II). Estimated measures of completeness and 
correctness of the myocardial Infarction Register 
indicated a sensitivity of 86.0% (95% confidence 
interval (CI) 82.8–89.3%), a PPv of 97.9% (96.4–
99.3%), a specificity of 99.9% (99.8–100%), and an 
nPv of 98.9% (98.6–99.2%) (Figure 2). there was 
no significant difference in the sensitivity, PPv, speci-
ficity, and nPv between those younger and older 
than 80 years of age, or between males and females 
(supplementary table Is).

table III shows the discharge diagnoses in the 
electronic medical records given to the 60 Fn cases 
of AmI in the myocardial Infarction Register. 
thirteen cases had AmI as main or secondary diag-
nosis on the discharge note, but the diagnosis had 
not been manually transferred to the patient admin-
istrative system. In nine cases it was mentioned in the 
medical notes that the patient had undergone an 
AmI, but the ICD-10 code for an AmI was not 
included among the discharge diagnoses (data not 
shown). thirteen Fn cases had a procedure-related 

table I. Distribution of maximum troponin t concentration by main discharge diagnoses among 5882 cases who had plasma troponin t 
measured during hospitalization.

main discharge diagnosis (ICD-10) maximum troponin  t levels (ng/l)

<10
n (%)

10–14
n (%)

15–30
n (%)

>30
n (%)

total
n (%)

Cardiovascular disease  
 Ischemic heart disease  
   Acute myocardial infarction
  I21-I22

1 (0.1) 1 (0.1) 1 (0.1) 306 (16.4)1 309 (5.3)

  unstable angina pectoris I20.0 9 (0.5) 8 (1.1) 30 (2.3) 40 (2.1) 87 (1.5)
   Other ischemic heart disease
  I20.1-9, I23-I25

49 (2.5) 66 (9.0) 89 (6.7) 198 (10.6) 402 (6.8)

 Arrhythmia I44-I49, R00 124 (6.3) 68 (9.3) 116 (8.8) 133 (7.1) 441 (7.5)
 Heart failure I50 3 (0.2) 9 (1.2) 34 (2.6) 111 (5.9) 157 (2.7)
 Other cardiovascular diseases1 91 (4.6) 41 (5.6) 82 (6.2) 182 (9.7) 396 (6.7)
 Cerebrovascular disease I60-I69 75 (3.8) 35 (4.8) 99 (7.5) 79 (4.2) 288 (4.9)
 Chest pain, dyspnea2 413 (21.1) 89 (12.2) 95 (7.2) 52 (2.8) 649 (11.0)
Infections  
 Respiratory infections and
 failure J00-J47, J80-86.9, J96, u04

174 (8.9) 101 (13.8) 212 (16.0) 227 (12.1) 714 (12.1)

 Other infections A00-b95 96 (4.9) 16 (2.2) 47 (3.5) 46 (2.5) 205 (3.5)
gastrointestinal diseases k00-k93 160 (8.2) 38 (5.2) 64 (4.8) 64 (3.4) 326 (5.5)
Injuries and trauma s00-t98, v0n-y98 112 (5.7) 25 (3.4) 55 (4.2) 57 (3.0) 249 (4.2)
Renal failure n17-n19 3 (0.2) 3 (0.4) 10 (0.8) 38 (2.0) 54 (0.9)
Cancer C00-C97, D00-D09 45 (2.3) 38 (5.2) 76 (5.7) 61 (3.3) 220 (3.7)
Other diseases3 603 (30.8) 192 (26.3) 315 (23.8) 275 (14.7) 1385 (23.5)
total 1958 (100) 730 (100) 1325 (100) 1869 (100) 5882 (100)

1I00-I15, I26-I43, I51-I52, I70-I99.
2R06, R07, R09, R55, R56, R57.
3 D10-D48, D50-H95.9, J60-J70, J90-J94, J95, J98, J99, l00-m99, n00-n08, n10-n16, n20-n99, O00-Q99, R01-R05, R10-R54, R58-
R99, z00-z99.
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AmI, whereas 15 Fn cases were among patients with 
st-elevation myocardial infarctions, according to the 
gold standard (data not shown).

Of the eight FP cases in the myocardial Infarction 
Register (table II), seven were diagnosed with an AmI 
in the electronic medical record (data not shown).

Cases of AMI in the Norwegian Patient Register compared 
to the gold standard. We found 369 tP cases of AmI 
and 19 FP cases of AmI in the norwegian Patient 
Register (table II). Furthermore, we identified 61 
cases of AmI not registered in the norwegian Patient 
Register. Estimated measures of completeness and 
correctness of the norwegian Patient Register indi-
cated a sensitivity of 85.8% (95% CI 82.5–89.1%), a 
PPv of 95.1% (92.9–97.2%), a specificity of 99.7% 
(99.5–99.8%), and an nPv of 98.9% (98.6–99.2%) 
(Figure 2). When we restricted the analysis to AmI as 
the main diagnosis only, we found a sensitivity of 
66.4% (62.0–70.9%), a PPv of 96.9% (95.0–98.9%), 
a specificity of 99.8% (99.7–99.9%), and an nPv of 
97.4% (97.0–97.8%). there was no significant differ-
ence in the sensitivity, PPv, specificity, and nPv 
between those younger and older than 80 years, or 
between males and females (supplementary table Is).

table III shows the discharge diagnoses in the 
electronic medical record given to the 61 Fn cases of 
AmI in the norwegian Patient Register. six cases 
had AmI as the main or secondary diagnosis on the 
discharge note, but the diagnosis had not been man-
ually extracted to the patient administrative system. 
In 15 cases it was mentioned in the medical notes 
that the patient had had an AmI, but the AmI diag-
nosis was not included among the discharge diagno-
ses (data not shown). seventeen of the Fn cases had 
a procedure-related AmI, according to the gold 
standard (data not shown).

Of the 19 FP cases, 10 cases were diagnosed with 
an AmI in the discharge note, and of those, five were 
categorized as procedure-related AmIs. nine FP 
cases had no I21 or I22 diagnosis or no mentioning 
of AmI in the text of the discharge note (data not 
shown).

Cases of AMI in the registers compared to diagnoses in 
the discharge note. Compared to a diagnosis of AmI 
in the discharge note, the myocardial Infarction 
Register had a sensitivity of 95.1%, a PPv of 97.4%, 
a specificity of 99.8%, and an nPv of 99.7%. the 
corresponding figures for the norwegian Patient 
Register were 98.2%, 97.9%, 99.9%, and 99.9%, 
respectively.

Discussion

We found that data in the myocardial Infarction 
Register and in the norwegian Patient Register 
were both rather complete (sensitivity 86.0% ver-
sus 85.8%) and highly correct (PPv 97.9% versus 
95.1%). the correctness of the norwegian Patient 
Register improved when we restricted the analysis 
to cases with AmI as the main diagnosis. sensitivity 
for both registers was higher than 95% when com-
pared to hospital discharged diagnoses. the results 
were similar in both genders, and in cases younger 
and older than 80 years of age. the myocardial 
Infarction Register and the norwegian Patient 
Register both use the diagnoses in the medical 
records as a primary data source. this is the main 
reason for the results being similar for the two 
registers.

We found few FP cases in both registers, although 
there were more in the norwegian Patient Register 
than in the myocardial Infarction Register. Half of 
the FP cases in the norwegian Patient Register were 
due to typing errors when the ICD-10 codes in the 
discharge note were manually entered into the hospi-
tal patient administrative system from which the 
codes are automatically transferred to the norwegian 
Patient Register. this illustrates that electronic trans-
fer of diagnostic codes is preferable. However, man-
ual transfer of data from medical records to the 
myocardial Infarction Register enables registrars to 
reassess the AmI diagnosis in the patient administra-
tive system and thereby reduce the number of FP 
cases.

Although relatively few Fn cases were found in 
the registers, about 60 (14%) of the AmI cases in the 
gold standard were not included in the registers. 
this was partly due to typing errors in the discharge 
note or in the patient administrative system. 
However, most could be explained by misjudgement 

table II. Distribution of true and false positives and negatives in 
the norwegian myocardial Infarction Register and the norwegian 
Patient Register according to classification in the gold standard1.

gold standard1

 AmI no AmI total

norwegian myocardial 
Infarction Register

 

 AmI 370 8 378
 no AmI 60 5444 5504
 total 430 5452 5882
norwegian Patient Register  
 AmI 369 19 388
 no AmI 61 5433 5494
 total 430 5452 5882

AmI: acute myocardial infarction.
1the gold standard was established by review of medical records 
as described in “materials”.
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of the diagnosis. the diagnosis of AmI has become 
more challenging with use of later-generation high-
sensitive troponin assays compared to use of less 
sensitive biomarkers. In the early troponin era, it was 
thought that almost any increase in troponin levels 

should be labeled as an AmI. subsequent studies, 
however, found increased plasma levels of cardiac 
troponins in many other conditions [22]. In the pre-
sent study as much as 80% of cases who had tro-
ponin t levels above the cut-off level for AmI did 
not receive an AmI diagnosis, showing the impor-
tance of considering clinical criteria, such as the 
presence of symptoms and/or ECg changes compat-
ible with myocardial ischemia.

the diagnosis of a procedural AmI related to 
PCI or CAbg may be difficult, and the diagnostic 
criteria have changed over the years [18, 19]. the 
third universal definition of AmI published in 2012 
[4] placed more emphasis on clinical criteria in 
addition to cardiac troponin for procedural AmI 
than the previous definition [19]. the third defini-
tion was published during the study period and this 
could have influenced the number of procedural 
AmI in the gold standard. However, we found Fn 
cases even when we applied the stricter third uni-
versal definition of procedural AmI throughout the 
whole study period.

traditional focus on troponin elevations after car-
diac procedures without considering clinical evi-
dence of myonecrosis would lead to the diagnosis of 
procedural myocardial infarctions without clinical 
significance [23]. Procedural AmIs have considera-
bly less prognostic significance than spontaneous 
AmIs [24]. these two types of AmI should therefore 

table III. number of main discharge diagnoses for false negative 
cases in the norwegian myocardial Infarction Register and the 
norwegian Patient Register.

Discharge diagnoses False negative cases

Myocardial 
Infarction 
Register

Norwegian 
Patient 
Register

Cardiovascular disease  
 Ischemic heart disease  
   Acute myocardial infarction 

as main diagnosis
11 5

   Acute myocardial infarction 
as secondary diagnosis

2 1

  unstable angina pectoris 5 8
  Other ischemic heart disease 13 17
 Heart failure 5 6
 Arrhythmia 9 9
 Other cardiovascular diseases 6 6
Chest pain/dyspnea 1 1
Injury/trauma main diagnosis 1 1
Respiratory infections and failure 2 2
Cancer 3 3
Other diseases 2 2
total 60 61

            

       

myocardial 
Infarction Register 86.0 (82.8-89.3) 97.9 (96.4-99.3) 99.9 (99.8-100) 98.9 (98.6-99.2)

norwegian Patient 
Register 85.8 (82.5-89.1) 95.1 (92.9-97.2) 99.7 (99.5-99.8) 98.9 (98.6-99.2)

Figure 2. sensitivity, positive predictive value, specificity, and negative predictive value of the norwegian myocardial Infarction Register 
and the norwegian Patient Register compared to the gold standard1.
1the values are percent with 95% confidence interval in parentheses.
2Positive predictive value.
3negative predictive value.
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be reported separately in registers. this is done in the 
myocardial Infarction Register, but not to the same 
extent in the norwegian Patient Register.

High completeness is important when register 
data is used for assessing the quality of treatments 
or estimating disease incidence. When register data 
are used as end-points in epidemiological studies, 
high correctness is more important than high com-
pleteness, however. under non-differential mis-
classification (i.e. disease is misclassified, but the 
misclassification does not depend on the exposure) 
even low completeness does not lead to biased risk 
ratios, as long as correctness is close to 100% [25].

Our results are in line with other studies showing 
high completeness and correctness of AmI diagnosis 
in administrative registers [3, 11, 12, 26]. the 
myocardial Infarction Register was found to have 
higher completeness than was generally found in such 
registers in other countries [4–8, 10]. However, a 
recent report from the swedish Heart Register 
(RIks-HIA) also found high completeness compared 
to an administrative register [27]. High completeness 
in our registers is largely due to the mandatory regis-
tration by norwegian law, which often is not the case 
in other countries. Comparing validation studies is 
difficult due to different sampling methods, sample 
size, and different gold standards and methods for 
validation.

the strength of this study is a comprehensive review 
of electronic medical records for all hospitalized 
patients who had their plasma troponin t measured, to 
establish a gold standard for AmI. the hospital used 
liberal criteria for measuring troponin t, making it  
possible to estimate tn cases. Our study has limita-
tions. this is a hospital-based study and not a popula-
tion-based study. We did not register non-hospitalized 
patients such as cases experiencing out-of-hospital 
sudden death, or chronically institutionalized patients 
if they were not transferred to the hospital if they got an 
AmI. this number is probably small, however. the 
reviewers were not blinded for the diagnoses men-
tioned in the electronic medical records. However, 
during the review we registered whether the diagnostic 
criteria for an AmI were met, and these registrations 
were used to validate the gold standard. We did not 
investigate inter-rater reliability. We used data from a 
single hospital, and this is a university hospital which 
may have better educated health professionals than 
other hospitals. However, norway has a public health 
system with few disparities in access to health care. 
notably, the study hospital is both a local hospital with 
a large catchment area as well as a referral hospital. the 
study hospital has been found to include the same pro-
portion of AmI patients relative to the norwegian 
Patient Register as other norwegian hospitals, and 

AmI patients hospitalized in the study hospital had 
similar characteristics as AmI patients hospitalized in 
other norwegian hospitals [28]. A gold standard based 
on patients with measured troponin during hospitaliza-
tion could lead to exclusion of patients who died before 
troponin was measured. most of these patients experi-
enced a sudden out-of-hospital death and were not 
hospitalized or were declared dead before arrival. 
because the registers cover only hospitalized patients, 
patients who died before arrival could not and should 
not be included in the present study. Patients undergo-
ing resuscitation on arrival (and not declared dead on 
arrival) will have cardiac troponin measured regardless 
of whether they die or survive. We found no patients 
with AmI in the myocardial Infarction Register or in 
the norwegian Patient Register who were not included 
in the gold standard. this suggests that very few hospi-
talized AmI patients died before troponin t was meas-
ured. In norway at the time of the study, the decision 
level for a diagnosis of AmI was higher than the cur-
rent level, but this should not threaten the validity of 
our findings.

Conclusion

We conclude that the norwegian myocardial 
Infarction Register and the norwegian Patient 
Register are adequately complete and correct for 
administrative purposes, disease surveillance, quality 
assessment, and research.

Acknowledgements

We thank Cecilie Høines and kristin Hansen-
bomann for their valuable contribution to the data 
collection with high-quality review of the electronic 
medical records. We also thank martin Fjellsøy for 
valuable contribution to the assessment of the AmI 
diagnoses.

Declaration of conflicting interest

the authors declare that there is no conflict of 
interest.

Funding

this research received no specific grant from any 
funding agency in the public, commercial, or not-for-
profit sectors.

References
 [1] sorensen Ht, sabroe s and Olsen J. A framework for evalua-

tion of secondary data sources for epidemiological research. 
Int J Epidemiol 1996;25:435–442.

 [2] Hogan WR and Wagner mm. Accuracy of data in com-
puter-based patient records. J Am Med Inform Assoc 1997;4: 
342–355.



Completeness and correctness of acute myocardial infarction diagnoses  9

 [3] mcCormick n, lacaille D, bhole v, et al. validity of myo-
cardial infarction diagnoses in administrative databases: a 
systematic review. PLoS One 2014;9:e92286.

 [4] Aspberg s, stenestrand u, koster m, et al. large differences 
between patients with acute myocardial infarction included 
in two swedish health registers. Scand J Public Health 
2013;41:637–643.

 [5] Eindhoven DC, Wierda E, de bruijne mC, et al. the year of 
transparency: measuring quality of cardiac care. Neth Heart 
J 2015;23:457–465.

 [6] Ferreira-gonzalez I, marsal JR, mitjavila F, et  al. Patient 
registries of acute coronary syndrome: assessing or biasing 
the clinical real world data? Circ Cardiovasc Qual Outcomes 
2009;2:540–547.

 [7] Herrett E, smeeth l, Walker l, et  al. the myocar-
dial Ischaemia national Audit Project (mInAP). Heart 
2010;96:1264–1267.

 [8] Jernberg t, Attebring mF, Hambraeus k, et al. the swed-
ish Web-system for enhancement and development of 
evidence-based care in heart disease evaluated accord-
ing to recommended therapies (sWEDEHEARt). Heart 
2010;96:1617–1621.

 [9] Radovanovic D and Erne P. AmIs Plus: swiss registry of 
acute coronary syndrome. Heart 2010;96:917–921.

 [10] Rosvall m, Ohlsson H, Hansen O, et  al. Auditing patient 
registration in the swedish quality register for acute coro-
nary syndrome. Scand J Public Health 2010;38:533–540.

 [11] madsen m, Davidsen m, Rasmussen s, et al. the validity 
of the diagnosis of acute myocardial infarction in routine 
statistics: a comparison of mortality and hospital discharge 
data with the Danish mOnICA registry. J Clin Epidemiol 
2003;56:124–130.

 [12] Pajunen P, koukkunen H, ketonen m, et  al. the validity 
of the Finnish Hospital Discharge Register and Causes of 
Death Register data on coronary heart disease. Eur J Car-
diovasc Prev Rehabil 2005;12:132–137.

 [13] key figures st. Olavs hospital, trondheim university Hospi-
tal, norway 2012–2014. https://stolav.no/Documents/nøk-
keltall%202012-2014%20for%20st.%20Olav.pdf (accessed 
22 August 2018).

 [14] Forskrift om innsamling og behandling av helseopplysninger 
i nasjonalt register over hjerte- og karlidelser. https://lov-
data.no/dokument/sF/forskrift/2011-12-16-1250 (accessed 
22 August 2018).

 [15] the norwegian Health Register Act https://lovdata.no/
dokument/nl/lov/2014-06-20-43 (accessed 22 August 
2018).

 [16] the norwegian myocardial Infarction Register, https://sto-
lav.no/norsk-hjerteinfarktregister/registerfaglig-informasjon 
(accessed 22 August 2018).

 [17] FOR-2007-12-07-1389. Forskrift om innsamling og behan-
dling av helseopplysninger i norsk pasientregister (norsk 
pasientregisterforskriften). http://lovdata.no/dokument/sF/
forskrift/2007-12-07-1389?q-norsk+pasientregisterforskriften 
(accessed 22 August 2018).

 [18] thygesen k, Alpert Js, Jaffe As, et al. third universal defini-
tion of myocardial infarction. Circulation 2012;126:2020–2035.

 [19] thygesen k, Alpert Js, White HD, et al. universal definition 
of myocardial infarction. Eur Heart J 2007;28:2525–2538.

 [20] luepker Rv, Apple Fs, Christenson RH, et al. Case defini-
tions for acute coronary heart disease in epidemiology and 
clinical research studies: a statement from the AHA Council 
on Epidemiology and Prevention; AHA statistics Commit-
tee; World Heart Federation Council on Epidemiology and 
Prevention; the European society of Cardiology Working 
group on Epidemiology and Prevention; Centers for Dis-
ease Control and Prevention; and the national Heart, lung, 
and blood Institute. Circulation 2003;108:2543–2549.

 [21] Aakre km, Rotevatn s, Hagve tA, et al. [national guide-
lines for the interpretation of troponin values in the  
diagnosis of acute myocardial infarction]. Tidsskr Nor Laege-
foren 2013;133:E1–6.

 [22] tanindi A and Cemri m. troponin elevation in conditions 
other than acute coronary syndromes. Vasc Health Risk 
Manag 2011;7:597–603.

 [23] Prasad A and Herrmann J. myocardial infarction due 
to percutaneous coronary intervention. N Engl J Med 
2011;364:453–464.

 [24] bonaa kH, mannsverk J, Wiseth R, et al. Drug-eluting or 
bare-metal stents for coronary artery disease. N Engl J Med 
2016;375:1242–1252.

 [25] Rothman kJ, greenland s and lash tl. Modern epidemi-
ology. 3rd ed. Philadelphia: Wolters kluwer/lippincott Wil-
liams Wilkins, 2008.

 [26] Rubbo b, Fitzpatrick nk, Denaxas s, et  al. use of elec-
tronic health records to ascertain, validate and phenotype 
acute myocardial infarction: a systematic review and recom-
mendations. Int J Cardiol 2015;187:705–711.

 [27] sWEDEHEARt Annual report 2017 http://www.ucr.
uu.se/swedeheart/arsrapport-2017/swedeheart-annual-
report-2017/viewdocument (accessed 22 August 2018).

 [28] the norwegian myocardial Infarction Register, Annual 
report 2016, https://stolav.no/norsk-hjerteinfarktregister/
rapporter (accessed 22 August 2018).

https://stolav.no/Documents/N
https://lovdata.no/dokument/SF/forskrift/2011-12-16-1250
https://lovdata.no/dokument/SF/forskrift/2011-12-16-1250
https://lovdata.no/dokument/NL/lov/2014-06-20-43
https://lovdata.no/dokument/NL/lov/2014-06-20-43
https://stolav.no/norsk-hjerteinfarktregister/registerfaglig-informasjon
https://stolav.no/norsk-hjerteinfarktregister/registerfaglig-informasjon
http://lovdata.no/dokument/SF/forskrift/2007-12-07-1389?q-norsk
http://lovdata.no/dokument/SF/forskrift/2007-12-07-1389?q-norsk
http://www.ucr.uu.se/swedeheart/arsrapport-2017/swedeheart-annual-report-2017/viewdocument
http://www.ucr.uu.se/swedeheart/arsrapport-2017/swedeheart-annual-report-2017/viewdocument
http://www.ucr.uu.se/swedeheart/arsrapport-2017/swedeheart-annual-report-2017/viewdocument
https://stolav.no/norsk-hjerteinfarktregister/rapporter
https://stolav.no/norsk-hjerteinfarktregister/rapporter



