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Abstract

Background: Studying complete hospital care episodes from register data, for instance when assessing length of stay, discharges
and readmissions, can cause methodological difficulties due to the lack of a contact linkage identifier. We aimed to develop
an algorithm combining sequential attendance contacts in the Danish National Patient Register (DNPR) into hospital
care episodes, spanning the entire duration and all contacts from hospital arrival to departure. Methods: The algorithm was
developed under the consensus of experts from research institutions across Denmark. It reads in second and third version
DNPR data, deletes contacts without attendance, duplicates elective outpatient contacts corresponding to attendance dates
and modifies contact types (e.g. repeated acute contacts), among others. Thereafter, sequential contacts within 4 h are
marked as the same hospital care episode, consisting of one or more DNPR contact. We tested the algorithm in a data set
of adults living in Denmark during 2013-2021 and compared different hourly cut-offs. Results: For the demonstration, we
included 120.2 m contacts from 5.7 m persons, combined into 105.9 m hospital care episodes. Of the hospital care episodes,
6.4% were acute inpatients, 8.3% were acute outpatients, 2.0% were elective inpatients and 83.3% were elective outpatients.
Using 4 h as our recommendation, 3-h, 5-h and 6-h cut-offs for contact combining revealed only minor differences in
the number of hospital care episodes (<0.4%), whereas 12-h (<1.7%) and 24-h cut-offs (<43.1%) had a larger impact.
Conclusions: The algorithm automates data reading, modification and linkage of sequential attendance contacts.
The algorithm can be initiated as a SAS macro and is available from an online repository.

Keywords: Danish National Patient Register, registries, epidemiology, algorithms, SAS macro

Introduction knowledge on disease occurrence, patient character-

istics, treatments, prognosis, side effects, risk factors
Register-based research is on the rise internationally and exposures to name some [5]. Register-based
[1, 2] and is being increasingly recognised for provid- research is especially useful for studying conditions
ingneeded real-world evidence [3,4]. Epidemiological that are difficult to assess in clinical studies, such as
studies based on register data can provide important rare conditions or unethical exposures and studying
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unselected populations not restricted by the inclu-
sion criteria of clinical trials [5-7]. As a consequence
thereof, register-based studies also provide real-
world evidence on the actual usage, compliance,
effect, side effects and more of treatments [3, 4, 8].
Register-based research is typically cheap to conduct,
requires a short timeframe from conceptualisation to
finalisation, minimises the risk of selection and recall
bias and yields large study populations [7]. However,
projects based on registry data also introduce meth-
odological difficulties, uncertainty due to data collec-
tion for non-research purposes and a risk of
misclassification [7]. With the increasing scientific
weight and recognition attributed to real-world stud-
ies, a focus is to secure transparency, correct defini-
tions and populations, data validity and robust
methodology [3, 4]. Further, the increasing complex-
ity and amount of data calls for applicable solutions
to known problems lowering the barriers to entry
and educating future health researchers [9, 10].

The Danish national registries have long been an
acknowledged data source for epidemiological stud-
ies, but comparable registries with some variations or
limitations exist in Finland, Iceland, Sweden,
Norway, the United Kingdom and The Netherlands,
among other countries [5, 7, 11, 12]. The Danish
National Patient Register (DNPR) holds informa-
tion on hospital contacts, diagnoses, procedures and
surgeries for the entire Danish population and all
visitors to Danish hospitals [5, 13], linkable to other
registers through the unique identifier [14]. However,
contacts across different departments are registered
separately and are not formally linked as complete
hospital care episodes. Thus, problems arise when
research projects need to consider complete hospital
care episodes spanning the entire duration of a stay,
for instance, when assessing length of stay, readmis-
sions and discharge diagnoses for patients who are
transferred between departments. In 2019, DNPR
changed from the second (DNPR2) to the third
(DNPR3) version, with a priority to introduce con-
tact identifiers linking contacts during longer diag-
nostic or treatment courses and many visits at
different sections under the responsibility of one
department. However, these contact linkages do not
cover patients who are transferred between different
department responsibilities, for instance, during
acute admissions, complications during planned
admissions or a need to stay at the intensive care unit.

There is no consensus on combining contacts
when identifying hospital care episodes in epidemio-
logical studies. Previous studies have connected con-
tacts within 2 h [15], 3 h [16], 4 h [17],5 h [18], 12
h [19] or 24 h [20] of each other, or if initiated on the
same or the following day [21, 22]. However, the
approach was not always specified [23, 24]. Using all

different subtypes of DNPR2 contacts could also be
important, as a psychiatric or outpatient contact
could connect two somatic contacts that would oth-
erwise be regarded as two separate hospital care epi-
sodes. However, the types of individual contacts and
data sources included when forming hospital care
episodes are often not described [16, 23, 25]. A
recent study sought to validate an algorithm classify-
ing hospitalisations in the North Denmark region as
either inpatient, outpatient or emergency room, and
testing different hourly cut-offs for combining con-
tacts [26]. However, the algorithm is not made pub-
licly available, not tested on national data and not
designed to incorporate all DNPR2 data types or
bridge the differences between DNPR2 and DNPR3
data. There remains a lack of a universal approach,
limiting comparability between studies and introduc-
ing a risk of errors.

The aim of this paper was to develop an algorithm
capable of reading in and modifying the relevant raw
data and combining sequential DNPR contacts into
hospital care episodes. We present current difficulties
and provide reasoning for our proposed solutions.
Finally, we compared the effect of different hourly
cut-offs and tested the practical application of the
algorithm in various data sets.

Methods

This study was a methodological consensus-driven
algorithm development study. The algorithm was
developed in collaboration with researchers across
four renowned epidemiological institutions with vast
and diverse experience with register-based studies.
The final result was a SAS macro named %DNPR_
contact_combine. The SAS macro includes recom-
mended features and is available from the online
repository Figshare (collection: https://figshare.com/
$/2122819d59fa2e728dcf) and Supplemental file 1.
We are currently working on a translation for the R
software, which will be made available from the
repository when tested. The developed algorithm can
be applied to data from 2005 and onwards, including
the new data structure introduced with DNPR3 from
February/March 2019.

The algorithm was initially drafted by RG based
on previous experience [27]. The code was then
adjusted and optimised with CFM and MYV, before
discussion with the remaining authors and changes
as appropriate. In total, the macro has been tested by
six experienced coders and used on different projects
at Statistics Denmark. The purpose of the algorithm
is to identify whether individual DNPR contacts in
which a patient is physically present at the hospital
are part of a shared hospital care episode. When
determining if contacts are part of the same hospital
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care episode, we only considered the time duration
between the end of a contact and the initiation of the
next contact.

A detailed description and walk-through of the
developed algorithm can be found in Supplemental
file 2. In short, the algorithm consists of six steps
visualised in Figure 1. Depending on the specified
start and end year, the algorithm scans the specified
folders for the necessary DNPR2 and/or DNPR3
data files and checks for the needed variables. The
contacts are restricted to public hospitals and
adjusted only to represent the time when a patient is
physically present at the hospital. Misregistration and
missing information are corrected as appropriate.
Then sequential contacts by the same person are
linked as part of the same hospital care episode if
initiated within 4 h from the previous contact.
Information about the hospital care episode is added,
classifying them as either elective or acute and outpa-
tient or inpatient, and whether the hospital care epi-
sode contains somatic contacts, psychiatric contacts
or both. General information on healthcare in
Denmark and the development and contact structure
of DNPR can be found elsewhere [5, 13], the infor-
mation most important for this paper is described in
Supplemental file 3. The DNPR nomenclature and
definitions are listed in Table 1.

To showcase the process of the algorithm, we used
an established database at Statistics Denmark (pro-
ject 707838) [27]. The database holds information
on all adults (=18 years of age) living in Denmark at
some point during 2013-2021 and all persons with a
temporary central person register number at hospital
contacts in the same period. For this population, we
have information on all DNPR2 contacts, including
psychiatric contacts, unfinished contacts and match-
ing outpatient attendance dates, along with DNPR3
data. The needed files and variables of raw data,
instructions on how to prepare the data and run the
SAS macro and an overview of variables added to the
final dataset are listed in Supplemental file 4. An
introduction to the SAS macro language, variables
and functions can be found elsewhere [28]. To com-
pare the effect of different hourly cut-offs, we invoked
the macro with 2-h, 3-h, 4-h, 5-h, 6-h, 8-h, 12-h and
24-h cut-offs but otherwise comparable settings, and
evaluated the total number of hospital care episodes
and mean number of contacts per hospital care epi-
sode in relative change (%) compared with a 4-h
cut-off.

Ethics

The project was approved by the Data Protection
Agency (P-2019-616). Ethical approval was not
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necessary for this register-based study according to
Danish law.

Results

To demonstrate the algorithm, we invoked the SAS
macro with the code shown in Supplemental files 1
and 2. The results generated by the optional data
report are provided in Supplemental file 5. The run
completed in 119 min; the same run without the data
report completed in 85 min. In years 2013-2019 we
included 76.8 m somatic, 8.3 m psychiatric and
224,023 unfinished DNPR2 contacts (prior to
attendance date duplication) and in years 2019-2021
42.6 m DNPR3 contacts (Supplemental file 4). Our
final dataset consisted of 120.2 m contacts (recount-
ing duplicated, elective DNPR2 contacts) from 5.7
m individuals, which were linked into 105.9 m hospi-
tal care episodes. Of the final hospital care episodes,
6.8 m (6.4%) were considered acute inpatient, 8.8 m
(8.3%) acute outpatient, 2.1 m (2.0%) elective inpa-
tient and 88.2 m (83.3%) elective outpatient. In
addition, 97.2% involved only somatic contacts,
2.8% involved only psychiatric contacts and 0.05%
involved both somatic and psychiatric contacts.

Different hourly cur-offs

As the DNPR3 raw data include precise information
on the start time and end time of all contacts, it can
be used to recommend an optimal number of hours
for contact combining [26]. Therefore, we invoked
the SAS macro on the DNPR3 data with a 1-h con-
tact combination window, thereby combining con-
tacts that start and end very closely to each other but
leaving contacts initiated more than 1 h after uncom-
bined. These are regarded as new, separate hospital
care episodes. Afterwards, we evaluated if a new hos-
pital care episode was initiated within the next 36 h
and, if so, how much time had passed, as depicted in
Figure 2. It showed that a large proportion of subse-
quent hospital care episodes were initiated within 4 h
(marked with red), after which new hospital care epi-
sodes declined less steeply or plateaued. Many histo-
grams have new bulges of hospital care episodes after
8-30 h, especially pronounced for subsequent elec-
tive outpatient hospital care episodes, which were not
likely to be part of the same hospital care episode.
Therefore, we recommend 4 h as a standard time
cut-off for combining hospital care episodes, but
3-6-h windows also seem commendable.

Following this, we investigated the effect of 2-h,
3-h, 5-h, 6-h, 8-h, 12-h and 24-h cut-offs compared
with a 4-h cut-off, as our suggested reference. An
increase in hourly cut-offs caused a decrease in acute
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Step 6: Data report and cleaning

* Analyse and present information on raw data, hospital courses and contact adjustments
« Delete temporary data

Figure 1. Overview of the algorithm process in which contacts from different Danish National Patient Register (DNPR) sources are com-

piled in a shared file and adjusted before sequential contacts are combined into hospital care episodes (HCEs).

inpatient, acute outpatient and elective outpatient relative changes compared with 3-h (+0.1% to
hospital care episodes and an increase in elective +0.2%), 5-h (=0.1 to —0.2%) and 6-h cut-offs
inpatient hospital care episodes (Table II). When (=0.1% to —0.4%). However, the corresponding

compared with a 4-h cut-off, we only saw minor absolute difference of acute inpatient hospital care
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Table I. Definitions and denominations from the Danish National Patient Register (DNPR).

Term/group (synonyms) Definition

Contact
treatment course.

A record in DNPR representing either (i) a physical stay (of any duration) or (ii) a diagnostic or

A record in DNPR3 representing a patient-hospital contact, either physical or digital.

Inpatient contact (hospitalisation contact)

A contact in which the patient is considered hospitalised, meaning intended kept for longer or

overnight stay, and assigned a hospital bed capacity (Danish: Normeret sengeplads).
With DNPR3, contacts are no longer registered as inpatient contacts or outpatient contacts.

Emergency department contact
Outpatient contact (visit contact)
Acute contact (unplanned contact)
Elective contact (planned contact)
Attendance dates

Acute outpatient contacts at emergency departments, discontinued from 2014 and onwards.

A contact in which the patient is not considered hospitalised.

Contacts that were not planned.

Contacts that were planned.

The dates during an outpatient contact in which the patient was physically present at the hospital.

Mandatory to register for elective outpatient contacts, not for acute outpatient contacts.

Unfinished contacts (ongoing contacts)
Psychiatric contacts

Somatic contacts

Hospital care episode

Contacts which are still ongoing when the data are delivered.

Contacts taking place at a psychiatric department.

Contacts that are not taking place at a psychiatric department.

Linked individual contacts representing the complete hospital care episode from a patient arriving at

the hospital until the patient is discharged. Can consist of a single contact if there was no transfer.

Hospital course types
e Acute inpatient hospital care episode
e Acute outpatient hospital care episode
e Elective inpatient hospital care episode
Elective outpatient hospital care episode.

At least one acute contact and one inpatient contact.
At least one acute contact but no inpatient contact.
No acute contact but at least one inpatient contact.
No acute contact and no inpatient contact.

episodes differed by +10,310 (3 h) to —12,146 (6 h)
and acute outpatient hospital care episodes differed
by +20,106 (3 h) to —32,645 (6 h), which might
affect outcome measures such as readmission or inci-
dence notably. The mean number of contacts per
hospital care episode increased for all hospital care
episode types with increasing hourly cut-offs (Table
II). A 24-h cut-off was markedly different from the
others, probably as many patients with outpatient
visits the following day were linked.

Discussion

We outlined the difficulties in combining DNPR
contacts into hospital care episodes, developed an
algorithm for handling the issues and provided an
SAS macro executing the algorithm. The algorithm
modifies the raw data as needed: duplicating DNPR2
outpatient contacts by attendance dates, deleting
contacts without attendances or outside public hos-
pitals, modifying DNPR2 misregistration and miss-
ing data and combining the different DNPR2 and
DNPR3 data sources, among others. Subsequently,
the algorithm marks sequential contacts by the same
patient within a specified duration as part of a com-
bined hospital care episode, reflecting the entire
duration from the patient entering the hospital to the
patient leaving the hospital, including inter and intra-
hospital transfers. Hospital care episodes thereby
reflect single or more DNPR contacts considered as
part of the same stay. Based on DNPR3 data we rec-
ommend a 4-h cut-off for combining contacts. The
algorithm is compatible with data from 2005 and

onwards and incorporates both DNPR2 somatic,
psychiatric and wunfinished contacts, as well as
DNPR3 data. Six programmers confirmed the prac-
tical application of the algorithm.

Correct contact combination is essential in many
observational study designs, as it is the only way to
determine at which department the patient initially
arrived, which departments the patient had been
transferred to, where the patient was discharged
from, how long the patient stayed, and if contacts
were part of the same hospital care episode or could
be considered a readmission. Therefore, incorrect
contact combining may cause errors when studying
length of stay, in-hospital mortality, transfers to the
intensive care unit, outcomes after discharge, inci-
dence of diseases and readmissions, among others.
Only considering some types of available contacts
might also introduce errors. In our demonstration,
0.05% (n=56,771) of hospital care episodes con-
tained contacts from both psychiatric and somatic
departments. However, when only considering acute
inpatient hospital care episodes, 0.5% included both
somatic and psychiatric contacts. This highlights that
hospital care episodes could be misclassified as too
short or as two separate instances if all data sources
had not been used. For the DNPR2 structure, elec-
tive outpatient contacts do not reflect the physical
attendance but rather the entire outpatient course.
Therefore, to identify physical attendance correctly
across an outpatient course, it is necessary to con-
sider the matching visit dates and, in some instances,
define attendance times. All these data manipulations
are necessary for reducing the risk of errors, and are



6 Ghregersen et al.

Initial HCE: Acute inpatient Initial HCE: Acute outpatient

Initial HCE: Elective inpatient Initial HCE: Elective outpatient

n=71,091

Subsequent HCE: Acute inpatient

n=80,021

L L

n=7,657 n=126,591

Subsequent HCE: Acute inpatient

n=22,125

Subsequent HCE: Acute outpatient

n=121,742

T e

n=2,719 n=102,805

Subsequent HCE: Acute outpatient

Subsequent HCE: Elective inpatient

n=14,224 n=6,156
60% |
40% |
20% |
0%

n=4,447 n=62,136

Subsequent HCE: Elective inpatient

n=103,536
60% -|

Subsequent HCE: Elective outpatient

n=104,189

40%
20%
0% -

n=17,781 n=2,214,099

Subsequent HCE: Elective outpatient

T T T T T T T T
0 10 20 30 360 10 20 30

Hours from initial hospital care episode to subsequent hospital care episode

T T T T

T T T T T
360 10 20 30 360 10 20 30 36

Figure 2. Histograms of hours from ended hospital care episode in the Danish National Patient Register third version (formed by linking
contacts <1 h from each other) to a subsequent hospital care episode within 36 h, stratified by type of initial and subsequent hospital care
episode. The graph shows a slower declining or plateauing proportion in most histograms after 4 h, marked with blue. HCE: hospital care

episode.

included in the presented algorithm as a suggestion
for a standardised approach for combining DNPR
contacts to hospital care episodes. Further, this
allows for better comparisons between studies and
lowers the barriers to entry for new researchers.
With the introduction of DNPR3, many of the
previously needed data modifications are no longer
needed. As the register is contact based, there is no
need to merge with attendance dates nor any need to
correct or define contact durations because these are

registered for each contact. We only used information
from the contact file, reflecting which department
holds the responsibility during the contact, as with
the DNPR2 structure. With DNPR3, further infor-
mation on the actual department, division, or clinic
location(s) is available through Sundhedsveesenets
Organisationsregister (SOR, the register of health-
care organisation) codes [26]. For instance, this
could reveal if a patient has been in an operating
room during the contact or was transferred between
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Table II. Difference in number of hospital care episodes and number of contacts per hospital care episode when running the %DNPR_con-
tact_combine macro with different hourly cut-offs, compared with a 4-h cut-off.

Hospital care 2 h 3h 4h 5h 6 h 8h 12h 24 h
episode type  (difference) (difference) (reference) (difference) (difference) (difference) (difference) (difference)
Total number  Acute inpatient +28,983 +10,310 6,786,581 -7054 -12,146 -18,766 -13,302 46,622
of hospital care hospital care (+0.4%) (+0.2%) (-0.1%) (=0.2%) (-0.3%) (=0.2%) (0.7%)
episodes episode
Acute +48,469 +20,106 8,802,300 -17,029 -32,645— —64,157 —-149,572 —494,011
outpatient (+0.6%) (+0.2%) (~0.2%) 0.4%) (-0.7%) (-1.7%) (-5.6%)
hospital care
episode
Elective +14,655 +4408 2,123,817 —2734 —4724 —7485 -4209 915,368
inpatient (+0.7%) (+0.2%) (=0.1%) (-0.2%) (-0.4%) (-0.2%) (43.1%)
hospital care
episode
Elective +263,548 +103,966 88,211,414 73,856 -131,705 -209,422 -372,067 -7,124,915
outpatient (+0.3%) (+0.1%) (—0.08%) (-0.1%) (-0.2%) (-0.4%) (-8.1%)
hospital care
episode
Number of Acute inpatient —0.03 -0.01 1.91 +0.01 +0.02 +0.03 +0.05 +0.21
contacts per hospital care (-1.5%) (-0.6%) (+0.4%) (+0.8%) (+1.4%) (+2.6%) (+10.8%)
hospital care episode
episode Acute -0.01 <-0.01 1.12 <+0.01 +0.01 +0.01 +0.02 +0.04
outpatient (-0.6%) (=0.3%) (+0.2%) (+0.5%) (+0.8%) (+1.4%) (+3.1%)
hospital care
episode
Elective -0.01 <-0.01 1.14 <+0.01 <+0.01 +0.01 +0.02 +0.64
inpatient (-0.6%) (-0.2%) (+0.2%) (+0.3%) (+0.5%) (+1.6%) (+56.3%)
hospital care
episode
Elective <-0.01 <-0.01 1.05 <+0.01 <+0.01 <+0.01 <+0.01 +0.04
outpatient (-0.2%) (-0.06%) (+0.035%)  (+0.057%) (+0.073%)  (+0.1%) (+4.0%)
hospital care
episode

Differences displayed by actual difference (relative change in percentage).

two different wards under the same overall depart-
ment’s responsibility. DNPR3 lacks information on
whether the contact was considered outpatient or
inpatient, but this information is also somewhat arbi-
trary and was possibly registered differently across
different institutions in DNPR2. Rather than consid-
ering each contact, we defined the entire hospital
care episode as inpatient if lasting more than 12 h
and spanning at least two dates [26]. However, in a
clinical setting, patients can be considered as acute
outpatients for up to 48-72 h staying in the emer-
gency departments [29].

Different hourly cut-offs for contact combining
showed some effect on the final number of hospital
care episodes — increasing the duration caused a
decrease in both the number of acute inpatient and
outpatient hospital care episodes, whereas the mean
number of contacts per hospital care episode
increased. Ideally, determining the most optimal
hourly cut-off would be based on clinical validation
evaluating the correct or incorrect combination of
contacts. However, this was not possible within the
scope of this paper. Contact combining should be
long enough to include even long interhospital trans-
fers while not being unnecessarily long, and includ-
ing contacts which should not have been a separate

hospital care episode (e.g. readmissions). Based on
our visualisation and this clinical reasoning, we sug-
gest 4 h as a standard. This agrees with a recent
study showing that most subsequent DNPR3 con-
tacts within 36 h occur within the first 4-6 h.
However, there is also a concentration of subsequent
outpatient contacts after approximately 8-24 h [26].
Another study compared 6-h and 12-h cut-offs with
3-h cut-offs resulting in ~120,000 and ~219,000
fewer acute contacts, respectively, over a 12-year
period in DNPR2 [16]. As an alternative to dura-
tion, a contact combination of sequential contacts
could also be conducted based on arrival and dis-
charge information (for instance, one contact ending
with ‘referred to another department’ and the next
contact, within some timeframe, initiated with
‘referred from other department’). However, when a
contact is just registered as terminated rather than
transferred, this will also erroneously be reflected in
a missing combination of contacts that should have
been combined [5]. The increase in elective inpa-
tient hospital care episodes with increasing hourly
cut-off is probably caused by our DNPR3 inpatient
definition, in which contacts lasting more than 12 h
and spanning over at least two dates are considered
inpatient.
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The algorithm was developed in collaboration
with a group of experienced researchers with differ-
ent perspectives and backgrounds to ensure that rel-
evant aspects have been considered and that the
algorithm is broadly applicable. Besides thorough
development and testing in various data sets, we did
not compute quantitative measures of validation.
Thus, we cannot rule out that we have missed out on
information which should have been considered,
incorporated, or handled differently. If major issues
are identified, or future updates change the data
structure, we will strive to upload updated versions to
the online repository. When working with the final
data, it is important to be aware of the contact identi-
fiers. Due to our duplication of elective outpatient
contacts by attendance dates, there will be duplicate
values of the unique identifier recnum for DNPR2.
For DNPR3 data, other identifiers are used.

The presented algorithm provides a solution
applicable for the DNPR. Several studies have previ-
ously combined study populations across Nordic
countries using different national patient registers
[30-32]. This is possible, as the national patient reg-
isters across the Nordic countries are very similar in
data structure and content [12]. It is likely that an
approach similar to ours with adaptations towards
local data structures is also relevant in these or other
countries. For creating an adapted approach in other
country settings, the most important steps are to
include all types of patient contacts (inpatient, out-
patient and emergency department contacts, as well
as psychiatric and somatic contacts), modify the con-
tacts to represent actual attendances including arrival
and departure times, exclude contacts not taking
place at public hospitals and combine sequential
contacts within 4 h to hospital care episodes. A key
understanding of the underlying data mechanisms,
reporting and definitions are of the utmost impor-
tance throughout development.

Conclusions

This new algorithm for forming hospital care epi-
sodes by combining sequential attendance contacts
in the DNPR contacts was capable of handling and
processing different types of DNPR2 and DNPR3
data.The algorithm can be initiated as an SAS macro
and is freely available from an online repository.
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