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Background: Healthcare databases can be a valuable source of epidemiological research regarding postoperative venous throm-
boembolism (VTE), ie, deep vein thrombosis (DVT) and pulmonary embolism (PE), following orthopedic procedures, but only if the
diagnoses are valid. We examined the validity of VTE diagnosis codes in the Danish National Patient Registry (DNPR) by calculating
their positive predictive value (PPV) and negative predictive value (NPV) versus actual medical records.
Methods: We identified patients who had undergone lower limb surgery during the period 2009–2019 at a hospital in the North
Denmark Region. Of these, 420 patients had at least one VTE diagnosis registered in the DNPR within 180 days after lower limb
surgery. Each patient with a VTE diagnosis was matched with two patients on age and sex, as well as type, location and period of
surgery. The entire medical record and diagnostic imaging were reviewed to confirm VTE diagnosis.
Results: The overall PPVs was 85.2% (95% CI: 81.5–88.5%) for first time VTE diagnosis following lower limb surgery, 82.6% (95%
CI: 77.5–82.8%) for DVT, and 90.3% (95% CI: 84.3–94.6%) for PE. We found improvement in PPV during the study period when
stratifying for three periods of the whole period. There were no significant differences when stratifying for sex, age, or surgery site. All
negative predictive values were higher than 99%. A total of 113 additional VTE diagnoses were registered among 88 VTE patients
during follow-up. Only four of the suspected recurrent VTEs were confirmed to be true recurrent VTEs.
Conclusion: The VTE diagnosis codes in the DNPR after lower limb orthopedic surgery were highly valid against the actual medical
records, and we observed better PPV over recent years.
Keywords: epidemiology, venous thromboembolism, orthopedic procedures, positive predictive value, PPV, negative predictive value,
NPV, validity

Introduction
Venous thromboembolism (VTE) comprising deep vein thrombosis (DVT) and pulmonary embolism (PE) is a known
complication of orthopedic procedures that are commonly performed in healthcare services. As the population ages, more
patients will undergo major orthopedic procedures of the lower limbs associated with risk of postsurgical VTE.1,2

Medical anticoagulant prophylaxis has been adopted for selected high-risk patients/surgical procedures to reduce the risk
of VTE after orthopedic procedures.3–5 However, a recent study using Danish nationwide register data from 1 million
orthopedic surgical procedures of the lower limb showed higher rates of VTE compared with matched controls.6

Administrative healthcare data are useful sources for examining associations between exposures and incident out-
comes occurring at a relatively low frequency. The Danish healthcare system has a long history of collecting electronic
data at an individual patient level with essentially no loss to follow up, and is therefore a valuable resource for
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epidemiological research.7 However, the quality of registry data varies considerably from disease to disease and poor
data quality may invalidate epidemiological research outcomes.8 Previous studies have evaluated the quality of VTE
discharge diagnoses in different contexts. The positive predictive values (PPV, defining the proportion of true positives
among those with a positive diagnosis) of a VTE discharge diagnosis have ranged from 74.8% to 84% in various
validation studies based on chart reviews.9–14 The validity of a VTE diagnosis registered in the Danish National Patient
Registry (DNPR) may depend on the specific population observed. The validity of VTE discharge diagnoses in the
DNPR after lower limb orthopedic surgery is currently unknown, and we therefore aim to validate VTEs registered in the
DNPR within 180 days after orthopedic surgery in the lower limbs against the actual medical records.

Methods
Data Setting/Source
The Danish healthcare system is fully provided by taxes, making it accessible to all Danish citizens, regardless of
socioeconomic status, providing equal access to general practitioners and hospitals.15 All Danish residents are provided
a unique civil personal registration (CPR) number at birth or immigration and registered in the Danish Civil Registration
System. Vital, immigration, and emigration status have been registered for every individual CPR number since 1968.7,16

The DNPR contains information about hospital admissions since 1978 with dates of admission and discharge and
discharge diagnosis with one primary and up to 22 secondary diagnoses. Diagnoses have been coded in the DNPR with
the Danish version of the International Classification of Diseases (ICD) Revision 8th, which was replaced by the 10th
revision in 1994. Surgical procedures and therapies are registered in the DNPR using the Nordic Medico-Statistical
Committee (NOMESCO) classification from 1996.15–17

This study including reviews of medical records was approved by the North Denmark Region (ID: 2020-093) in
accordance with the General Data Protection Regulation. Medical record review was furthermore approved. Since there
was no contact with patients or any interventions performed, permission from the Danish Scientific Ethics committee was
not required by Danish law. Study data will not be shared due to Danish data protection legislation.

Study Population
The study source population consists of adult patients (≥18 years of age) from the North Denmark Region having a first-
time orthopedic surgery on the lower limb performed between January 1, 2009, and December 29, 2019 identified using
the following NOMESCO codes: KNEx (pelvis), KNFx (hip/femur), KNGx (knee/crus), KNHx (foot/ankle). Participants
registered with a VTE discharge diagnosis within 180 days after the surgery procedures were identified as VTE cases.
ICD-10 VTE diagnoses were identified in the DNPR by the following codes: I26, I80.1-I80.9, T817c, and T817D. Each
VTE case was matched with two comparators from the study population without VTE using incidence-density sampling.
Comparators were randomly sampled from the study source population matched on age, sex, surgery period, surgery site,
and type of surgery. Comparators with VTE before the date of surgery were excluded.

The entire medical record of all the VTE cases and their comparators were manually reviewed for a follow-up period
which comprised the 180 days after the surgery. Follow-up started at the date of surgery (index date) and ended with
either death of the patient, emigration from the North Denmark Region, or 180 days after the index date, whichever came
first. Subjects who emigrated before the end of follow-up or moved to another region of Denmark were excluded from
the study.

Extract of Medical Records Information/Medical Record Review
Information from the medical records was systematically extracted using a predefined algorithm. The data were stored
using Research Electronic Data Capture (REDCap) hosted at Aalborg University Hospital.18

We extracted all relevant information on possible first-time and recurrent VTE events during follow-up for both VTE
cases and their comparators. This included symptoms of VTE, location of VTE, diagnostic test results and choice of
treatment. Furthermore, for each participant, we registered VTE history. Previous VTE discharge diagnoses were
confirmed by review of medical records or by earlier positive diagnostic scans. A VTE discharge diagnosis was
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confirmed if the treating physicians concluded that a VTE event was diagnosed based on symptoms and the results of
relevant diagnostic scans. Relevant diagnostic scans were analyzed by trained physicians and comprise ultrasonography
scans for DVTs and CT-pulmonary angiography or ventilation-perfusion lung scans for PEs.

Statistical Analysis
Data analyses were performed in STATA version 16.0 (StataCorp, Texas).19 Baseline characteristics were summarized using
descriptive statistics (median and interquartile range for continuous variables and percentage for categorical variables). For
each VTE diagnosis (VTE, DVT, or PE) we calculated the PPVand the negative predictive value (NPV), with 95% confidence
intervals (95% CI) as i) the number of confirmed diagnoses after review of the medical records divided by the number of
diagnoses registered in the DNPR (PPV), and ii) the number of patients without a VTE-diagnosis after review of the medical
records divided by the number of patients without a VTE diagnosis registered in the DNPR (NPV). We calculated PPV and
NPV for VTE overall, and DVTand PE using the diagt package in STATA.20 Furthermore, the PPVand NPV were estimated
stratified by age group, sex, surgery (calendar) period, and anatomic site of the surgery.

Results
Figure 1 shows a flowchart regarding the selection and sampling process in this study. We identified 429 patients with a VTE
discharge diagnosis within 180 days after surgery. These were matched with 782 comparators without registered VTE
diagnosis. Nine of the 429 patients with a VTE diagnosis in the DNPR were excluded as they did not fulfill the inclusion
criteria. Among the 782 comparators, 30 did not fulfill the inclusion criteria, leaving a total of 1172 patients for this study.

Table 1, summarizes the descriptive statistics for the study population, including information on age, sex, prior VTE
history, and location of surgery on limb. Among patients with at VTE discharge diagnosis, 48 (11.4%) had a history of
previous confirmed VTE, whereas 24 (3.2%) patients in the comparator group had a previous confirmed VTE.

Table 2 shows the PPVs and NPVs of VTE diagnoses in the DNPR in total and according to sex and surgery period.
Overall, we confirmed 358 VTE diagnoses of the 420 patients with a VTE discharge diagnosis following lower limb
surgery, giving a PPV of 85.2% (95% CI: 81.58–88.5%). Four of the 752 comparator patients had an unregistered VTE
during the follow-up period resulting in NPV of 99.5% (95% CI: 98.6–99.9%). DVT was confirmed in 227 of 275

Figure 1 Flowchart displaying the selection of study population.
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patients giving a PPV of 82.6% (95% CI: 77.5–86.8%). PE was confirmed in 131 of 145 patients (14 cases of PE
diagnoses were excluded by diagnostic scans) resulting in PPV of 90.3% (95% CI: 84.3–94.6%). Since no comparators
had any (unregistered) PE diagnosis, we found NPV for PE to be 100% (95% CI: 99.5–100%).

When stratifying on surgery period we found an increase in overall VTE PPVs from 2009 to 2011 showing PPV of
75.2% (95% CI: 66.2–82.9%), 2012–2015 with PPV of 82.6% (95% CI: 75.2–88.5%), and lastly 2016–2019 having the
highest PPV of 90.9% (95% CI: 85.6–94.7%). A similar trend was observed for the PPV values for both DVT, and PE
stratified on surgery periods. The lowest PPV for any strata was for DVT registered in 2009–2011 (72.62% (95% CI:
61.8–81.8)). In general, all NPV values were higher than 99%, with the lowest associated to DVT surgery site for knee/
crus which had an NPV of 99.0% (95% CI: 97.2–99.8%).

Table 3 shows the PPVs and NPVs stratified by age groups, and Table 4 shows the PPVs and NPVs stratified by
location of surgery. When stratifying the analysis according to age group, sex, and anatomical site for surgery in the
lower limb we saw a slight variation, but generally the PPVs and the NPVs were within the same range as for the overall
analysis and with overlapping CIs.

We identified 88 patients with more than one VTE diagnosis registered in the DNPR during the follow-up of 180
post-surgical days, corresponding to a total of 113 additional VTE diagnoses. Only four of these suspected recurrent
VTEs were confirmed to be recurrent VTEs, characterized by completed treatment of the first registered VTE, a renewed
positive diagnostic scanning and initiation of treatment with anticoagulant therapy.

Discussion
Based on the review of 1172 participants' medical records, the PPV for VTE overall was 85.2%, 82.6% for DVT, and
90.3% for PE. We found an increase in PPV during the study period with at PPV for VTE discharge diagnosis overall of
75.2% in the period 2009–2011 and of 90.9% in the period 2016–2019. Our observations indicate that the validity of the
VTE diagnoses in DNPR has improved over the years. We have no explanation for this. All NPVs were found to be
higher than 99%. We found no significant variations when stratifying the data by sex, age, or surgical site.

Administrative Data in Research
We used the DNPR to identify our study subjects. DNPR was initially established for administrative purposes rather than
research and the diagnoses can be incorrect for various reasons. Multiple different diagnoses have been validated in the
DNPR. Schmidt et al performed a systematic review to create a bibliography of validated administrative data in the

Table 1 Descriptive Statistics of Baseline Characteristics of Included Cases and Comparators Registered in the Danish
National Patient Registry During 2009 to 2019 (n = 1172)

Cases (with VTE Diagnoses)
N = 420

Comparators (without VTE Diagnoses)
N = 752

Age, years, median (25th-75th percentiles) 68.6 (55.5–78.2) 68.7 (55.9–78.3)

Sex, n (%)
Men 191 (45.5%) 336 (44.7%)

Women 229 (54.5%) 416 (55.3%)

History of VTE before surgery, n (%)
Yes 48 (11.4%) 24 (3.2%)

No 372 (88.6%) 728 (96.8%)

Anatomic site of surgery, n (%)
Pelvis 3 (0.7%) 0 (0%)

Hip joint/femur 201 (47.9%) 357 (47.5%)
Knee/crus 171 (40.7%) 313 (41.6%)

Ankle/foot 45 (10.7%) 82 (10.9%)

Abbreviations: n, total verified diagnoses in medical charts; N, total diagnoses in the Danish National Patient Registry.
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Table 2 Positive Predictive Value and Negative Predictive Value of Overall Diagnoses of Venous Thromboembolism Including Deep Venous Thrombosis and Pulmonary Embolism in
the Danish National Patient Registry Stratified by Overall, Sex and Surgery Year

Diagnosis Overall, PPV and NPV Female, PPV and NPV Men, PPV and NPV

n/N PPV %
(95% CI)

n/N NPV % (95% CI) n/N PPV %
(95% CI)

n/N NPV %
(95% CI)

n/N PPV %
(95% CI)

n/N NPV %
(95% CI)

VTE 358/420 85.2 (81.5–88.5) 748/752 99.5 (98.6–99.9) 191/229 83.41 (77.9–88.0) 191/229 99.52 (98.3–99.9) 167/191 87.43 (81.9–91.8) 332/334 99.4 (97.9–99.9)

DVT 227/275 82.6 (77.5–86.8) 748/752 99.5 (98.6–99.9) 111/140 79.3 (71.6–85.7) 111/140 99.52 (98.3–99.9) 116/135 85.9 (78.9–91.3) 332/334 99.4 (97.9–99.9)

PE 131/145 90.3 (84.3–94.6) 748/748 100.0 (99.5–100.0) 80/89 89.9 (81.7–95.3) 80/89 100 (99.1–100.0) 51/56 91.1 (80.4–97.0) 332/332 100.0 (98.9–100.0)

Surgery year

2009–2011 2012–2015 2016–2019

Diagnosis n/N PPV %
(95% CI)

n/N NPV %
(95% CI)

n/N PPV % (95%
CI)

n/N NPV %
(95% CI)

n/N PPV %
(95% CI)

n/N NPV %
(95% CI)

VTE 85/113 75.2 (66.2–82.9) 203/203 100.0 (98.2–100.0) 114/132 82.6 (75.2–88.5) 299/300 99.7 (98.2–100.0) 159/175 90.9 (85.6–94.7) 310/313 99.1 (97.3–99.8)

DVT 61/84 72.6 (61.8–81.8) 203/203 100.0 (98.2–100.0) 67/79 79.8 (69.6–87.8) 299/300 99.7 (98.2–100.0) 99/112 88.4 (81.0–93.7) 310/313 99.1 (97.3–99.8)

PE 24/29 82.8 (64.2–94.2) 203/203 100.0 (98.2–100.0) 47/53 87.0 (75.1–94.6) 299/299 100.0 (98.8–100.0) 60/63 95.2 (86.7–99.0) 310/310 100.0 (98.8–100.0)

Abbreviations: n, total verified diagnoses in medical charts; N, total diagnoses in the Danish National Patient Registry; PPV, positive predictive value; NPV, negative predictive value; CI, confidence interval; VTE, venous
thromboembolism; DVT, deep vein thrombosis; PE, pulmonary embolism.
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DNPR, where they reported PPVs of different diagnoses in the DNPR ranging between 15% and 100%.21 The type of
diagnosis and the prevalence of it may influence its validity. Lymphoma patients’ coverage and quality have been
assessed in both the DNPR and the Danish national lymphoma registry in a study of Arboe et al, reporting overall PPVs
ranging from 93.4% to 100% in both databases.22 Another study investigated the validity of rheumatoid arthritis in the
corresponding clinical database (DANBIO) and the DNPR, showing a difference between DANBIO having a PPV of
92% and DNPR with a PPV of 79%, which both improved over the study period.23 Thus, DANBIO is apparently better
than DNPR and this difference may be due to how the databases record data and how they validate it concerning their
inclusion criteria, as well as what purpose the data serve in the registers. This is a key point when using data from
different databases for research, and the data should be validated against the gold standard (ie, the actual medical record)
before use to ensure the data quality. Multiple international studies have reported predictive values regarding VTE
diagnosis, with values ranging from 29% to 97%, ie, a large difference between the databases.12,13,24–26 Many factors

Table 4 Predictive Values Stratified by Location of Surgery on Limb

Diagnosis Surgery Site

Pelvis Hip/Femur

n/N PPV% (95% CI) n/N NPV% (95% CI) n/N PPV% (95% CI) n/N NPV% (95% CI)

VTE 3/3 100.0 (29.2–100.0) 0/0 N/A 176/201 87.6 (82.2–91.8) 355/356 99.7 (98.5–100.0)

DVT 3/3 100.0 (29.2–100.0) 0/0 N/A 102/120 85.0 (77.3–90.9) 355/356 99.7 (98.5–100.0)

PE 0/0 N/A 0/0 N/A 74/81 91.4 (83.0–96.5) 355/355 100.0 (99.0–100.0)

Knee/Crus Ankle/Foot

Diagnosis n/N PPV% (95% CI) n/N NPV% (95% CI) n/N PPV% (95% CI) n/N NPV% (95% CI)

VTE 139/171 81.3 (74.6–86.8) 307/310 99.0 (97.2–99.8) 40/45 88.9 (76.0–96.3) 82/82 100.0 (95.6–100.0)

DVT 100/126 79.4 (71.3–86.1) 307/310 99.0 (97.2–99.8) 22/26 84.6 (65.1–95.6) 82/82 100.0 (95.6–100.0)

PE 39/45 86.7 (73.2–95.0) 307/307 100.0 (98.8–100.0) 18/19 94.7 (74.0–100.0) 82/82 100.0 (95.6–100.0)

Abbreviations: n, total verified diagnoses in medical charts; N, total diagnoses in the Danish National Patient Registry; PPV, positive predictive value; NPV, negative
predictive value; CI, confidence interval; VTE, venous thromboembolism; DVT, deep vein thrombosis; PE, pulmonary embolism.

Table 3 Predictive Values Stratified by Participants Age Groups

Diagnosis Age Groups

<40 40–60

n/N PPV% (95% CI) n/N NPV% (95% CI) n/N PPV% (95% CI) n/N NPV% (95% CI)

VTE 32/40 80.0 (98.9–100.0) 64/64 100.0 (94.4–100.0) 79/91 86.8 (78.1–93.0) 158/159 99.4 (96.6–100.0)

DVT 26/34 76.5% (58.8–89.3) 64/64 100.0 (94.4–100.0) 59/69 85.5 (75.0–92.8) 158/159 99.4 (96.6–100.0)

PE 6/6 100.0 (54.1–100.0) 64/64 100.0 (94.4–100.0) 20/22 90.9 (70.8–98.9) 158/158 100.0 (97.7–100.0)

60–80 >80

Diagnosis n/N PPV% (95% CI) n/N NPV% (95% CI) n/N PPV% (95% CI) n/N NPV% (95% CI)

VTE 174/205 84.9 (79.2–89.5) 370/372 99.5 (98.1–99.9) 73/84 86.9 (77.8–93.3) 152/153 99.4 (96.4–100.0)

DVT 103/127 81.1 (73.2–87.5) 370/372 99.5 (98.1–99.9) 39/45 86.7 (73.2–95.0) 152/153 99.4 (96.4–100.0)

PE 71/78 91.0 (82.4–96.3) 370/370 100 (99.0–100.0) 34/39 87.2 (72.6–95.7) 152/152 100 (97.6–100.0)

Abbreviations: n, total verified diagnoses in medical charts; N, total diagnoses in the Danish National Patient Registry; PPV, positive predictive value; NPV, negative
predictive value; CI, confidence interval; VTE, venous thromboembolism; DVT, deep vein thrombosis; PE, pulmonary embolism.
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may influence the validity of the data; ICD code used, setting (hospital, emergency room, outpatient), medical prescrip-
tions, radiology reports, other codes as NOMESCO, or simply another diagnosis.

Comparison to Other Studies
To our knowledge, this is the first study validating VTE diagnosis after lower limb surgery registered in DNPR against
the individual medical records. Prior studies have validated the VTE diagnosis in DNPR either in random population
samples, in pregnant women, or in cancer patients.

Sundbøll et al reviewed 49 medical records from patients with a PE diagnosis and 51 medical records from patients with
a DVT diagnosis in the DNPR. Twenty-two of the 100 possible VTE patients did not have an ultrasound or CT scan
performed. They reported a PPV for VTE overall to 88%, DVT 86%, and PE 90%, which is higher than our results from the
periods 2009–2011 and 2012–2015, but slightly lower than our results from the period 2016–19, and our overall validation
matches their reported values.25 Another recent study from Sweden performed validation of VTE diagnoses during the recent
years in a large population-based cohort. Their study reported a PPV of overall VTE (72.3%) along with PE (80.7%) and
DVT (59.2%). While their PPV for PE was close to the value we reported, their PPV for DVT was substantially lower, and
when they stratified by the years 2009–2014 it was even lower for DVT (54.1%) but increased for PE (85.8%).24

Danish studies have previously examined the validity of VTE in specific patient groups including pregnant and
pediatric patients, where various PPVs have been reported. Validation of the VTE diagnosis in the general population
may differ from validation when combining it with, for example, other diagnostic codes.13,27,28 Our study population
contains orthopedic surgical patients, which are also known to have a higher risk of VTE, which could explain the higher
PPVs we have found compared to the other studies. This corresponds to a study from Drljevic et al, which investigated
the quality of VTE diagnoses among prostate cancer patients in the DNPR. Cancer patients are also known to have
increased risk of developing VTE, and they reported the overall PPV to be 86.1%.29 Restriction to high-risk patients or
specialized departments like hematology could likely result in higher PPVs than reported in the general population.
A study reported sex disparities in VTE diagnosis predictive values in the DNPR in a general population, but in this study
of orthopedic surgical patients we could not replicate those findings.13 Neither did we find a difference depending on age
or location of surgery on limb.

In our study, we included 22 different ICD codes for both PE and DVT to extract all events. The specific ICD-10 code
for postsurgical deep vein thrombosis (DT817C) was used in one patient. However, it is important to use all relevant
codes for PE and DVT.

Other Findings
We identified 62 false-positive VTE diagnoses. The main reason for this was patients admitted to the hospital due to
suspected VTE, in whom the diagnosis was rejected after the diagnostic workup. This indicates that the false-positive
findings were caused by a systematic coding error by physicians, who should use a diagnosis more representative like
“observational for VTE” rather than the VTE diagnosis. We identified 88 cases with more than one diagnosis for VTE
following the lower limb surgery resulting in a total of 113 additional diagnoses, where only four were confirmed to be
true recurrent VTE events. The majority of the additional diagnoses were given during the treatment course of
a diagnosed VTE, most often DVT. Only four of the additional VTE codes represented legitimate recurrent VTE events.
Use of DNPR data in studies regarding recurrent VTE after lower limb surgery must be used with caution, if used at all.25

Strength/Limitations
A major strength of this study is the fact that medical records of all included participants, cases as well as comparators, were
reviewed for the entire follow-up period. Most studies only investigate PPVs, but our study also reported NPVs, which is
important knowledge ensuring that the number of false negatives is low. Another strength is the stringent use of objective
criteria to validate VTE diagnoses; we only considered a valid VTE diagnosis if the patient had a conclusive imaging report
confirming the VTE. A limitation of our study is that we only included participants with residency in one region of Denmark,
which might limit the generalizability, but the different regions of Denmark seem to be comparable in terms of socio-
economic characteristics and healthcare utilization and therefore should be considered generalizable to the entire country.30
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When restricting to one region, we could ensure complete follow-up of the participants, which is a major strength. However,
our findings may not be generalizable to all countries due to differences in coding practice or systems, disease definitions, and
various diagnostic criteria. We designed the REDCap database in this study in order to clearly identify typing errors in the
dataset, leading to immediate manual correction. However, human error is always a possibility.

Conclusion
Our results confirm that the DNPR is a valuable resource for epidemiology research concerning orthopedic post-surgical
VTE diagnosis and show that the validity has improved during the last decade. Despite this improvement, researchers
should be aware of the overestimation of acute VTE events when using data from the DNPR, especially in high-incidence
populations. Importantly, we also observed that additional VTE diagnosis codes after the first VTE event cannot stand
alone when searching for recurrent VTE.
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