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Purpose: To validate diagnoses of pulmonary embolism (PE) and deep vein thrombosis (DVT) 

in administrative registries. We also estimated the frequency of misclassified PE and DVT events.

Patients and methods: A registry search for ICD codes representing PE and DVT was 

performed between 1985 and 2014 in a large population-based cohort in northern Sweden. An 

additional search using an extended set of ICD codes was performed to identify misclassified 

events. Diagnoses were validated manually by reviewing medical records and radiology reports.

Results: Searching ICD codes in the National Patient Registry and Cause of Death Registry 

identified 2,450 participants with a first-time diagnosis of PE or DVT. The positive predictive 

value (PPV) for a diagnosis of PE or DVT was 80.7% and 59.2%, respectively. For the period of 

2009 to 2014, the PPV was higher for PE (85.8%) but lower for DVT (54.1%). Misclassification 

occurred in 16.4% of DVT events and 1.1% of PE events.

Conclusion: Registry-based data on PE, especially in recent years, are of acceptable quality 

and can be considered for use in registry-based studies. For DVT, we found that data were of low 

quality in regards to both PPV and misclassification and should not be used without validation.

Keywords: pulmonary embolism, deep vein thrombosis, positive predictive value, International 

Classification of Diseases, validation

Introduction
Administrative healthcare data, such as patient registries, are often used for research 

purposes. In studies based on national patient registries, large quantities of data can 

be collected and analyzed at relatively low cost. A limitation of registry-based studies 

is the risk of systematic errors when the studied disease does not correspond with the 

intended event. Therefore, validation of registries and their predictive value is essential 

for all events intended to be studied in this way. The positive predictive value (PPV) of 

the event to be studied has implications for the study design and whether the diagnosis 

needs to be validated. In addition, the degree to which the disease under study has 

been coded incorrectly indicates the risk of not identifying patients with the disease.

Validation studies have shown that the PPV can differ widely between different 

diagnoses; for example, the PPV of atrial fibrillation is 96% compared to 35% for 

herpes simplex encephalitis.1,2 Previous studies on the PPV of a diagnosis of pulmo-

nary embolism (PE) and deep vein thrombosis (DVT) have reported a range of 31% 

to 91% depending on which ICD codes are used and if diagnoses made at hospital 

wards or emergency departments are included.3–7 PE or DVT events may be classified 

erroneously as another event (eg, other thromboembolic events) and be missed when 
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collecting data from registries. The extent and importance 

of such misclassification of disease is largely unknown, but 

may be considerable.

The methods for investigating and diagnosing venous 

thromboembolism (VTE) have improved over the last decades 

with the advent of better and more accessible radiological 

imaging, such as computer tomography (CT) angiography, 

improved sonographic imaging with Doppler, and the 

widespread use of diagnostic aids, such as Wells Score and 

D-dimer. However, whether these improvements have influ-

enced the accuracy of diagnosis is unknown. The primary 

aim of the present study was to estimate the PPV for ICD 

diagnosis codes of first-time PE and DVT and to investigate 

whether restricting the search to recent years increases the 

validity. The secondary aim was to estimate the proportion 

of valid PE and DVT events that are misclassified as other 

diseases.

Methods
Study population
The Venous Thromboembolism in Northern Sweden 

(VEINS) study is a prospective study on the risk markers 

for VTE.8,9 The cohort comprises 108,413 participants, aged 

30–60 years, who were invited to undergo a health examina-

tion between January 1, 1985, and September 5, 2014 as part 

of a large health screening program. The participation rate 

has been reported to be 65%.10 The VEINS study has yielded 

a large and comprehensive population-based cohort that can 

be used for epidemiological research.11

ICD code search
The Swedish National Patient Register (SNPR) is an admin-

istrative diagnosis registry containing information on all 

hospital inpatients, outpatients, and emergency department 

visits. The SNPR includes a main diagnosis, the primary 

reason for the hospitalization or visit, and secondary diag-

noses determined by the treating physician.12 Diagnoses are 

coded according to the ICD system. ICD-8 codes were used 

from 1985–1987, ICD-9 codes between 1988 and 1997, and 

ICD-10 codes from 1998 onwards. To find individuals whose 

death certificates stated that the cause of death was PE and/

or DVT, we searched the Cause of Death Register (CDR). 

This registry contains information on all deceased Swedish 

citizens, including the main cause of death and contribut-

ing causes,13 and includes deceased outside of hospital and 

diagnoses determined at autopsy. The diagnosis is determined 

by the treating physician or the pathologist performing the 

autopsy.

A search was performed in the SNPR and CDR for ICD 

codes corresponding to DVT and PE (see Appendix S1) 

using a unique 12-digit personal identifier, the Swedish civil 

registration number, for all participants in the study cohort. 

Information was obtained on the primary and secondary 

diagnostic codes for PE, DVT, or both, as well as the dates 

of these diagnoses. Only first-time PE or DVT events were 

included, and participants with a PE or DVT diagnosis prior 

to the health examination were excluded.

Validation of diagnoses
All PE and DVT diagnoses were validated manually. Medi-

cal records, radiology reports, and/or autopsy reports were 

reviewed by three physicians with experience in the field 

of VTE. The reviewers were not blinded to the registered 

diagnoses. In the case of uncertainty, a consensus agreement 

was reached. PE was considered valid when confirmed by 

CT, pulmonary angiography, MRI, ventilation-perfusion lung 

scan, or autopsy. DVT was considered valid when confirmed 

by CT, venography, ultrasonography, MRI, or autopsy. Radi-

ology reports stating suspected or possible PE or DVT were 

not considered valid. A diagnosis of PE or DVT from the 

CDR was confirmed only if an autopsy was performed. If 

participants had symptoms of PE and a verified DVT, they 

were considered to have both a valid PE and DVT event. 

Participants without conclusive radiology or autopsy reports 

were considered free of PE and DVT.

Search for misclassified events
Misclassification occurred when a valid PE or DVT event 

was incorrectly coded as another ICD diagnosis. In a pilot 

study in 2005 (unpublished data), we searched for misclas-

sified PE and DVT events using two additional registries, an 

anticoagulant treatment registry and the radiology registry 

(ultrasound or CT angiography). We identified patients 

without an ICD code for PE or DVT but with anticoagulant 

treatment for VTE or radiology reports indicating thrombo-

embolism. We compiled a list of the most frequently used 

codes when PE and DVT were misclassified. To estimate the 

number of misclassified PE and DVT events in the present 

study, we searched the SNPR and CDR using this extended 

set of ICD codes (see Appendix S2). All additional diagnoses 

identified were manually reviewed and validated using the 

same protocol by the same reviewers as described above.

Statistical analysis
We calculated the PPV as the ratio of the number of partici-

pants with a confirmed diagnosis after the validation to the 
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number of participants with a specific diagnosis in the reg-

istries. Valid PE or DVT events found through the extended 

ICD code search were defined as misclassified events. Mis-

classified events were presented as the proportion of all valid 

events found by searching the registries. The estimation of 

the 95% confidence interval (CI) assumed an approximation 

to the binominal distribution.

A separate analysis restricted to the time period between 

January 1, 2009, and September 5, 2014, was performed to 

estimate the potential effects of recent enhanced diagnostic 

accuracy and coding on PPV and misclassification.

Ethics
All participants provided written informed consent at the time 

of their health examination. Ethic approval was granted for 

the project as part of the VEINS study by the Regional Eth-

ics Review Board, Umeå, Sweden (Dnr: 06–162M §157/06. 

2006-12-05).

Results
Between January 1, 1985, and September 5, 2014, a total 

of 108,413 participants underwent health examinations and 

constitute the study cohort. A total of 355 individuals had 

a diagnosis of PE or DVT prior to their health examination 

and were excluded (Figure 1A). The present study population 

included the remaining 108,058 participants (51% female). 

The mean age at inclusion was 47 years and participants were 

followed for a median of 15.5 years.

The ICD code search identified 2,462 participants with a 

code for PE and/or DVT. Medical records were retrieved and 

reviewed for 2,450 (99.5%) of the participants. Of these, 955 

(38.8%) had an ICD code for PE, 1,292 (52.5%) for DVT, 

and 203 (8.2%) for both PE and DVT. Validation confirmed 

a PE or DVT event in 1,771 participants, resulting in a PPV 

of 72.3% (95% CI: 70.3–74.1, Table 1 and Figure  1B). 

When analyzed separately, a PE event was confirmed in 

934 of the 1,158 participants and a DVT event in 885 of the 

1,495 participants, corresponding to a PPV of 80.7% (95% 

CI: 78.4–82.9) for a diagnosis of PE and 59.2% (95% CI: 

56.7–61.7) for a diagnosis of DVT. The CDR alone identi-

fied 43 valid events, 41 of which were PE events. A separate 

analysis restricted to participants with diagnoses between 

January 1, 2009, and September 5, 2014, identified 1,261 

participants with a first-time diagnosis of PE or DVT. The 

PPV for a diagnosis of PE or DVT was 71.1% (95% CI: 

68.6–73.6), for PE 85.8% (95% CI: 83.1–88.5) and for DVT 

54.1% (95% CI: 50.5–57.7).

The extended ICD code search to identify potential 

misclassified PE or DVT events identified 980 additional 

participants whose medical records were reviewed (Table 2 

and Figure 1C). The medical records could not be retrieved 

for 15 participants. Among the remaining 965 participants, 

a valid PE and/or DVT event could be confirmed for 180; 

174 of these were misclassified DVT events and 10 were 

misclassified PE events. When restricting the observation 

period to 2009–2014, we identified 63 misclassified PE and/

or DVT events (63 DVT and 4 PE events).

Discussion
Over the whole study period, the PPV was 81% for PE and 

59% for DVT. Restricting the analysis to the most recent 5 

years resulted in a higher PPV of 86% for PE and a lower 

PPV of 54% for DVT. The search for misclassified PE or 

DVT events revealed that approximately 9% of all events were 

incorrectly coded, with more than 90% being DVT events.

Two large studies validating patient registries were 

performed between 1994 and 2006, both using the Danish 

National Patient Registry. The Diet, Cancer and Health study 

estimated a PPV of 67% for PE and 55% for DVT.5 The 

second study investigated pediatric thrombosis diagnoses 

and found a PPV of 48% for PE and 51% for DVT.6 Both 

studies showed substantial improvements in the PPV when 

restricting the diagnoses to those coded at wards. Similar 

results of poor predictive values for outpatient encounters 

between 2004 and 2010 were reported by Fang et al.14 In our 

study, the overall PPV for PE (81%) was clearly higher and 

the PPV for DVT (59%) marginally higher than the PPVs 

reported in the two Danish studies. One possible explana-

tion for the high PPV for PE is that patients with diagnosed 

PE were mostly admitted to the hospital for observation and 

initial treatment. Consequently, in the wards, a diagnosis of 

PE was made more often than a diagnosis of DVT.

A recent Danish study of a random sample of 100 patients 

between 2010 and 2012 reported a PPV of 90% for PE and 

86% for DVT, and that inpatient diagnosis or primary diag-

nosis increased the PPV.7 When restricting the time period 

to 2009–2014, we found that the PPV for PE improved 

from 81% to 86%, but the PPV for DVT decreased. These 

results imply that PE diagnoses in registries improved dur-

ing the last decade, possibly due to improvement in both 

the diagnostic possibilities and the diagnostic coding. In 

2006, hospitals introduced quality control for inpatient ICD 

diagnoses performed by specifically trained personnel. This 

may have improved the validity of the hospital registry and 
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subsequently improved the accuracy of PE diagnoses, but 

could only have had a marginal impact on the validity of DVT 

diagnoses, as they are mainly made in an outpatient setting. 

Improvements in radiological imaging for PE, such as the 

Figure 1 Overview of the study population in the ICD code search, diagnosis validation, and search for misclassified events.
Abbreviations: SNPR, Swedish National Patient Register; CDR, the Cause of Death Register; PE, pulmonary embolism; DVT, deep vein thrombosis.

Participants in health examinations
between January 1,1985 and 

September 5, 2014
(n=108413)

1A: Search in
diagnosis registries

1B: Validation of
diagnosis

No
PE/DVT
(n=679)

Confirmed
PE/DVT
(n=1771)

Confirmed
PE/DVT
(n=180)

1C: Misclassified
PE and DVT

Search for misclassified DVT/PE
events using  a set of extended
ICD codes (see Appendix S2).

validation as above
(n=980)

No medical
records
(n=12)

No
PE/DVT
(n=785)

No medical
records
(n=15)

PE/DVT diagnosis manually validated
through medical records , radiology

reports, and autopsy reports.

Searched the SNPR and CDR for
PE and DVT (see Appendix S1)

(n=2817)

Diagnosis prior to
health examination

(n=355)

First time PE or DVT
according to ICD codes

(n=2462)

introduction and more frequent use of CT angiography, may 

also have led to more conclusive reports and decreased the 

number of probable or possible events that were subsequently 

considered to be invalid in the present study. Our method for 
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validating DVT was based entirely on radiology reports and 

did not allow possible DVT with clinical signs and symptoms 

but inconclusive radiology to be confirmed.

This study did not examine sensitivity, as no administra-

tive sources or quality registries are available to identify 

false-negative events. However, we did attempt to estimate 

the number of misclassified PE and DVT events in our study 

cohort. We identified 180 (9%) participants with a confirmed 

PE or DVT event but without a diagnosis of PE or DVT. Of 

these, >90% were misclassified DVT events. Another Swed-

ish study reported that PE and DVT diagnoses were coded 

incorrectly in 10% to 20% of registry cases.15 A French study 

estimating the sensitivity of PE and DVT discharge diagnoses 

found a significantly higher sensitivity for PE (89%) than 

DVT (59%).16 Our findings of a higher rate of misclassifica-

tion for DVT than PE are in line with these results.

The major strength of the present study is the large 

population-based cohort covering approximately two-thirds 

of the population over 30 years of age in the area. Objective 

criteria were used to validate diagnoses. Only first time PE 

or DVT were included, and a valid diagnosis demanded a 

conclusive radiology or autopsy report. Probable or possible 

PE or DVT events based on reported signs and symptoms, 

initiated anticoagulant treatment, or physician diagnosis of 

PE or DVT in medical records were not considered valid 

events. These criteria for confirmed PE or DVT can lead to a 

lower PPV compared to studies in which possible or probable 

events were included.5 On the other hand, an asymptomatic 

PE or DVT accidentally found when radiology is performed 

as part of an ongoing investigation of another condition (eg, 

thorax/abdomen CT in the setting of a suspected malignancy) 

may fulfill the criteria for a valid event in the present study.

The relatively long study period, from 1985–2014, is 

a limitation, as there were substantial changes during this 

nearly 30-year period. Three different ICD coding systems 

(ICD-8, ICD-9, and ICD-10) have been used, with a transi-

tion period for each coding system. Several new diagnostic 

tools and treatment with low molecular heparins have been 

introduced, allowing treatment without admission to hospital 

wards. Taken together, these factors may affect the accuracy 

of the diagnosis. We did not require the date of the event to 

match the date of the diagnosis. A previous Danish study on 

diagnoses of VTE during pregnancy and puerperium showed 

that several of the confirmed events did not occur in relation 

to the pregnancy, reducing the overall PPV by 8% when 

restricting the time period.3 However, we found in several 

cases that, when the initial ICD diagnosis was incorrect, a 

correct ICD diagnosis for the event was given at a subsequent 

follow-up visit or new hospitalization.

Conclusion
Our results suggest that registry data on PE, especially from 

the most recent time period, is of acceptable quality and can 

be considered for use in registry-based studies. For DVT, we 

found poor quality data, in regards to both PPV and misclas-

sification, and it should not be used without validation.

Table 1 Positive predictive value (PPV) of diagnoses for PE and DVT in the Swedish National Patient Registry and Cause of Death 
Register validated by a review of medical records, radiology reports, or autopsy

Time period 1985–2014 Valid/Diagnoses 2009–2014 Valid/Diagnoses

PPV% 95% CI PPV% 95% CI

DVT or PE 72.3 70.3–74.1 1771/2450 71.1 68.6–73.6 896/1261
PE 80.7 78.4–82.9 934/1158 85.8 83.1–88.5 544/634
DVT 59.2 56.7–61.7 885/1495 54.1 50.5–57.7 389/719

Notes: Valid/Diagnoses, number of confirmed events/number of ICD diagnoses.
Abbreviations: PE, pulmonary embolism; DVT, deep vein thrombosis.

Table 2 Proportion of misclassified events of PE and DVT in the Swedish National Patient Registry and Cause of Death Register

Time period 1985–2014 N/N 2009–2014 N/N

% Misclassified 95% CI % Misclassified 95% CI

DVT or PE 9.2 7.9–10.5 180/1951 6.6 5.0–8.1 63/959
PE 1.1 0.4–1.7 10/944 0.9 0.0–1.7 4/458
DVT 16.4 14.2–18.7 174/1059 13.2 10.0–16.3 59/448

Notes: N/N, number of misclassified events/total number of valid events.
Abbreviations: PE, pulmonary embolism; DVT, deep vein thrombosis.
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Supplementary materials
Appendix S1
ICD codes used for the searching the Swedish National 

Patient Registry (SNPR) and Cause of Death Register (CDR).

Pulmonary embolism: 
ICD10: I26.0, I26.9, O88.2

ICD9: 415B, 673C
ICD8: 450.00, 450.01, 450.03, 450.09, 673.98

Deep Vein Thrombosis:
ICD10: I80.1, I80.2, I80.3, I80.8, I80.9, O22.3, O87.1

ICD9: 451B, 451C, 451W, 451X, 671D, 671E

ICD8: 451.98, 451.99, 671.01, 671.02

Appendix S2
ICD codes for possible venous thromboembolism (VTE) 

events used when searching for misclassified events.

ICD 8: 321.00; 321.09; 426.02; 426.08; 426.09; 438.00; 

438.99; 440.20; 450.02; 451.00; 452.99; 453.00; 453.99; 

631.00; 631.10; 631.11; 631.20; 631.30; 634.50; 634.99; 

642.00; 642.20; 643.00; 643.20; 644.00; 644.20; 671.00; 

671.08; 671.09; 673.00; 673.10; 673.99; 674.99; 677.98; 

677.99

ICD 9: 325X; 415A; 416A; 416B; 416W; 416X; 437G; 444C; 

451A; 452X; 453A; 453B; 453C; 453D; 453W; 453X; 557A; 

634G; 634 H; 634W; 635G; 635 H; 635W; 636G; 636 H; 

636W; 637G; 637 H; 637W; 638G; 638 H; 638W; 639G; 

639W; 639X; 671C; 671F; 671W; 671X; 673A; 673B; 673D; 

673W; 674A

ICD 10: I27.8; I27.9; I67.6; I74.3; I80.0; I81.9; I82.0; I82.1; 

I82.2; I82.3; I82.8; I82.9; K55.0; O08.2; O08.7; O22.2; 

O22.5; O22.8; O22.9; O87.0; O87.2; O87.3; O87.8; O87.9; 

O88.0; O88.1; O88.3; O88.8
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