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ORIGINAL ARTICLE

Anterior resection for rectal cancer in Sweden: validation of a registry-based
method to determine long-term stoma outcome

Klas Holmgrena, Markku M. Haapam€akia, Peter Matthiessenb, J€orgen Rutegårda and Martin Rutegårda,c

aDepartment of Surgical and Perioperative Sciences, Surgery, Umeå University, Umeå, Sweden; bDepartment of Surgery, Faculty of Medicine
and Health, School of Health and Medical Sciences, €Orebro University, €Orebro, Sweden; cWallenberg Centre for Molecular Medicine, Umeå
University, Umeå, Sweden

ABSTRACT
Background: A permanent stoma after anterior resection for rectal cancer is common. Nationwide
registries provide sufficient power to evaluate factors influencing this phenomenon, but validation is
required to ensure the quality of registry-based stoma outcomes.
Methods: Patients who underwent anterior resection for rectal cancer in the Northern healthcare
region of Sweden between 1 January 2007 and 31 December 2013 were reviewed by medical records
and followed until 31 December 2014 with regard to stoma outcome. A registry-based method to
determine nationwide long-term stoma outcomes, using data from the National Patient Registry and
the Swedish Colorectal Cancer Registry, was developed and internally validated using the chart
reviewed reference cohort. Accuracy was evaluated with positive and negative predictive values and
Kappa values. Following validation, the stoma outcome in all patients treated with an anterior resec-
tion for rectal cancer in Sweden during the study period was estimated. Possible regional differences
in determined stoma outcomes between the six Swedish healthcare regions were subsequently eval-
uated with the v2 test.
Results: With 312 chart reviewed patients as reference, stoma outcome was accurately predicted
through the registry-based method in 299 cases (95.8%), with a positive predictive value of 85.1%
(95% CI 75.8%–91.8%), and a negative predictive value of 100.0% (95% CI 98.4%–100.0%), while the
Kappa value was 0.89 (95% CI 0.82–0.95). In Sweden, 4768 patients underwent anterior resection dur-
ing the study period, of which 942 (19.8%) were determined to have a permanent stoma. The stoma
rate varied regionally between 17.8–29.2%, to a statistically significant degree (p¼ .001).
Conclusion: Using data from two national registries to determine long-term stoma outcome after
anterior resection for rectal cancer proved to be reliable in comparison to chart review. Permanent
stoma prevalence after such surgery remains at a significant level, while stoma outcomes vary substan-
tially between different healthcare regions in Sweden.
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Introduction

After low anterior resection for rectal cancer, nearly one in
four patients end up with a permanent stoma [1–3]. The
main mechanism behind stoma permanence appears to be
anastomotic leakage [3]. As the incidence of symptomatic
leaks after anterior resection is reduced and the consequen-
ces mitigated when a defunctioning stoma is constructed
[4,5], the use of such stomas has become widespread [6].
Although loop-stomas with temporary intention are unsuit-
able for permanence, some 20% are reported to be left in
place [7], while stoma reversal surgery entails a risk of major
complications in itself [3,8]. The adverse effects of stomas
[9,10] and the accompanying negative impact on health-
related quality of life [11,12] are well known. As defunction-
ing stomas may confer advantages as well as disadvantages,

improved stoma strategies are warranted, leading to a more
tailored approach for the individual patient.

To better understand the factors influencing stoma out-
come, large national databases are useful, as statistical power
for accurate analyses can be ensured. Nearly all patients diag-
nosed with rectal cancer in Sweden are reported to the
Swedish Colorectal Cancer Registry, while data on all inpatient
care is recorded in the National Patient Registry. Using data
from both registries, stoma outcome for patients treated with
an anterior resection can be estimated and variables affecting
stoma outcome investigated. Improved understanding as to
why some patients end up with a permanent stoma could sup-
port better selection for surgery with a primary anastomosis, as
well as a more judicious use of defunctioning stomas. Yet, in
order to ensure accuracy of registry-based stoma outcomes,
validation is essential. In the present study we developed and

CONTACT Klas Holmgren klas.holmgren@umu.se Department of Surgical and Perioperative Sciences, Umeå University, Umeå University Hospital, SE-901
85 Umeå, Sweden

Supplemental data for this article can be accessed on the publisher's website.

� 2018 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-nd/
4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built upon
in any way.

ACTA ONCOLOGICA
2018, VOL. 57, NO. 12, 1631–1638
https://doi.org/10.1080/0284186X.2018.1521988

http://crossmark.crossref.org/dialog/?doi=10.1080/0284186X.2018.1521988&domain=pdf
https://doi.org/10.1080/0284186X.2018.1521988
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org./10.1080/0284186X.2018.1521988
http://www.tandfonline.com


validated a registry-based method to determine stoma out-
come after anterior resection for rectal cancer and estimated a
nationwide long-term permanent stoma prevalence.

Methods

Study design

This is a nationwide, retrospective cohort study approved by
the regional ethics review board at Umeå University. Using
data from two national registries, a registry-based method to
determine long-term stoma outcome was developed and
validated internally by means of a chart review. Eligible
patients who had an elective anterior resection for rectal
cancer between 1 January 2007 and 31 December 2013 were
identified using the Swedish Colorectal Cancer Registry and
followed until 31 December 2014 regarding stoma outcome.

The Swedish Colorectal Cancer Registry

The Swedish Colorectal Cancer Registry comprises nearly all
patients diagnosed with cancer of the rectum since 1995
and has been evaluated, showing a 97 per cent accuracy
[13]. It is checked continually against the National Cancer
Registry for completion, and reporting includes patient dem-
ography, surgical details, postoperative course, final patho-
logical assessment and also a 5-year follow-up. Data on
surgical details include the presence of a defunctioning
stoma at time of the index operation, while subsequent
stoma reversal surgery has been registered in the follow-up
form since 1 January 2011. Rectal cancer is defined by the
registry as a large bowel adenocarcinoma located at least
partially within 15 cm from the anal verge, measured using
rigid sigmoidoscopy. Any patient registered with rectal can-
cer and with a tumour located above 15 cm was deemed
ineligible and consequently excluded from the study.

The National Patient Registry

Data on inpatient care has from 1964 onwards been
reported annually to the National Patient Registry and from
1987 covers all Swedish healthcare regions. The registry is
run by the National Board of Health and Welfare, and the
degree of completeness exceeds 99% [14]. Diagnostic and
procedure codes are registered according to the Swedish
version of the NOMESCO Classification of Surgical Procedures
Version 1.9 [15].

Registry-based stoma outcome

Inpatient procedure codes and dates were obtained from the
National Patient Registry for all eligible patients identified by
the Swedish Colorectal Cancer Registry who had undergone
an anterior resection for rectal cancer during the study
period. Variables from the latter registry, denoting presence
of a stoma at the time point of the index operation, were
used in order to classify whether the patient was defunc-
tioned primarily or not. Primary stomas fashioned

preoperatively or intraoperatively were identified, whereas
any stoma fashioned at a later time point than at the anter-
ior resection was defined as a secondary stoma. An algo-
rithm-based classification system was developed and applied,
using procedure codes in order to identify surgical events
indicating creation, or reversal of a stoma. Stoma reversal
was registered using the following procedure codes: (JFG)00,
10, 20, 23, 26, 29, 30, 33, 36. Construction of a secondary
stoma was defined as the presence of any of the procedure
codes: (JFF)10, 11, 13, 20, 21, 23, 24, 26, 27, 30, 31, 96, 97.
Events indicating reversal of a secondary stoma, as well as
subsequent further stoma creation were taken into account;
the classification system was looped until no more events
were recorded and final stoma outcome was established.
Hartmann’s procedure ([JGB]10, 11; [JFB]60, 61, 63, 64), and
abdominoperineal excision ([JGB]30, 31, 33, 34, 36) were also
registered and any such surgery denoted a permanent stoma
outcome immediately (both procedures were assumed to
involve excision of the neorectum). Stoma type was derived
from the procedure codes at the time of the index operation
or from secondary stoma surgery: ileostomy (JFF10, 11), col-
ostomy (JFF20, 21, 23, 24, 26, 27, 30, 31), or unspecified
(JFF13, 96, 97). Any stoma left in place at the end of follow-
up was considered a permanent stoma.

Reference data

The Northern healthcare region constitutes one out of six
healthcare regions in Sweden and encompasses nearly one
million inhabitants [16]. All eligible patients who had under-
gone elective anterior resection for rectal cancer in the
Northern healthcare region during the study period (n¼ 312)
were reviewed using medical records and employed as refer-
ence to internally validate the accuracy of the registry-based
stoma outcome and reporting on stoma reversal surgery to
the Swedish Colorectal Cancer Registry. Review of medical
records took place at an earlier time point and data has
been reported previously [3].

Statistical analyses

In the main analysis, the accuracy of the registry-based
method to identify stoma outcome for all patients was
assessed. We calculated positive and negative predictive val-
ues, nominal agreement and the level of agreement with
Kappa values [17]. Interpretation of the Kappa value is a
somewhat arbitrary measure, although a value of 0–0.6 is
generally considered to be in the range of poor to moderate
agreement, whereas 0.6–0.8 indicates substantial conformity
and a value greater than, or equal to 0.8 denotes almost per-
fect agreement [18]. To visualize the false-positive, false-
negative and correct registrations, a Venn diagram was
drawn. We also performed a subgroup analysis in patients
with a defunctioning stoma at the index operation, evaluat-
ing accuracy to identify primary stoma reversals.
Furthermore, agreement between primary stoma reversals
reported to the Swedish Colorectal Cancer Registry and refer-
ence data was also investigated.
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In order to appraise the possible influence of underreport-
ing to the registries due to mortality during the follow-up
period, a separate analysis was conducted including only
those who remained alive throughout the entire
study period.

After validation, the registry-based method was used to
estimate stoma outcome in all patients treated with an elect-
ive anterior resection for rectal cancer in Sweden during the
study period. We also evaluated the effect of mortality on
the national permanent stoma prevalence, excluding all
patients who deceased during the follow-up period.

To investigate possible regional differences in stoma prev-
alences, the estimated stoma outcomes were displayed sep-
arately for all six healthcare regions in Sweden. Geographical
discrepancies in the presence of a stoma were thereafter
examined using the v2 test. Additionally, distributions of
types of treatment given for all patients diagnosed with rec-
tal cancer in Sweden during the study period, according to
Colorectal Cancer Registry data, were demonstrated with fig-
ures broken down for each of the six regions.

Finally, primary stoma reversals after anterior resection
over time were presented with interquartile ranges and illus-
trated by a Kaplan–Meier diagram. Any stoma left in place at
end of follow-up was reported and when possible, classified
to type using procedure codes registered at the time of
stoma creation.

A p value was considered statistically significant at a level
below .05. All statistical analyses were performed using the
computer software STATA version 15.1 (StataCorp, Houston,
TX, USA).

Results

The long-term stoma outcome in 312 patients treated with
an anterior resection for rectal cancer in the Northern health-
care region was established through chart review. With med-
ical records as a reference, the registry-based method had a
positive predictive value of 85.1% (95% CI 75.8%–91.8%) and
a negative predictive value of 100.0% (95% CI
98.4%–100.0%) in identifying a permanent stoma outcome.
The nominal agreement was 95.8% (95% CI 93.0%–97.8%)
and the Kappa value was 0.89 (95% CI 0.82–0.95). Figure 1
demonstrates distributions of agreement comparing registry-
based stoma outcomes with chart review.

In total, 13 (4.2%) misclassifications occurred, all errone-
ously indicating presence of a permanent stoma in patients
who ended up stoma-free. The main reason for misclassifica-
tion was due to missing data on reversal surgery in the
National Patient Registry (n¼ 11). Of the remaining two
patients, one had been mistakenly reported as having a pri-
mary defunctioning stoma in the Swedish Colorectal Cancer
Registry, with consequently no reversal surgery recorded; the
other patient had a defunctioning stoma constructed pre-
operatively which was reversed during the anterior resection
but not recorded in the operative charts. Further, one patient
correctly classified as stoma-free was, according to chart
review, supplied with a primary stoma and later underwent
reversal; yet, reporting on primary defunctioning to the
Colorectal Cancer Registry was incorrect for this patient, while
data on reversal surgery was coincidentally missing as well.

In a subgroup evaluation of the patients provided with a
defunctioning stoma primarily (n¼ 270), the registry-based
method had a positive predictive value of 99.1% and a nega-
tive predictive value of 81.1% in identifying stoma reversal
(Table 1).

Among patients with a primary stoma, Swedish Colorectal
Cancer Registry data on reversal surgery turned out to be miss-
ing to a large degree in the reference cohort (27.4%). The
missing data was not explained by a lack of reporting in
patients who had their index operation prior to 2011, i.e., in
the period before the stoma reversal variable was introduced
into the registry (results not shown). However, a complete case
analysis of accuracy of stoma reversals reported to the registry
with medical records as reference are shown in Table 1.

Among the 312 patients in the reference cohort, a total of
41 died before the end of follow-up, of which only one
patient had deceased within 90 days of index surgery. Yet,
the accuracy of determining the long-term stoma outcome,
as well as identifying primary stoma reversal, was not

Figure 1. Prediction of a permanent stoma outcome in 312 patients treated
with an anterior resection for rectal cancer using national registry data. Venn
diagram displaying data registrations, using national registries, compared to
chart review. All 74 patients with a permanent stoma were identified by the
registry-based method, yet a total 13 out of 238 patients who were stoma-free
at end of follow-up were registered as false positives.

Table 1. Accuracy to detect stoma reversal surgery in patients treated with anterior resection for rectal cancer and a primary defunctioning stoma. Evaluating
registry-based prediction with medical records as reference.

Reporting characteristics % (95 % CI)

Data source Positive predictive value Negative predictive value Agreement Kappa

NPRa 99.1 (96.7–99.9) 81.1 (68.0–90.6) 95.6 (92.4–97.7) 0.85 (0.77–0.93)
SCRCRb 98.8 (95.6–99.8) 75.0 (57.8–87.9) 94.4 (90.2–97.2) 0.80 (0.68–0.91)

Positive predictive value refers to detection of primary stoma reversal. Displaying 95% confidence intervals (CIs).
aUsing data from the National Patient Registry indicating primary stoma reversal.
bUsing reporting on primary stoma reversal to The Swedish Colorectal Cancer Registry.
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materially altered by taking into account any postoperative
mortality (Supplementary Tables 1(a) and 1(b)).

Long-term stoma outcome following anterior resection

Altogether, 13550 patients were diagnosed with rectal cancer
in Sweden during the study period. Of these 144 patients were
registered with having unspecified management, while 10805
(80.6%) of the remainder had surgical treatment, out of which
4844 (44.2%) underwent anterior resection. Some 4768 patients
were eligible for this study, of which 3633 (75.7%) had a
defunctioning stoma at the index operation. At end of follow-
up, regardless of receiving a primary stoma or not, 942 (19.8%)
patients had a stoma present according to the registry-based
method whilst 3826 (80.2%) were classified as stoma-free.
Among patients who ended up stoma-free, 2830 (59.4%) were
registered as having undergone stoma reversal surgery,
whereas 996 (20.9%) had never had any stoma present.
Median follow-up time was 1324 days (interquartile range:
764–2053 days). Figure 2 displays the study flow chart while
clinical details stratified by stoma outcome are presented in
Table 2.

The 90-day mortality rate amounted to 87 (1.8%) patients,
while a total of 950 (19.9%) deceased during the follow-up
period. Some 382 (40.2%) of the deceased had a stoma pre-
sent at the time of death, whereas the permanent stoma
prevalence amounted to 14.6% after exclusion of patients
who were no longer alive at the end of the study period.

Regional data on estimated stoma prevalences are dis-
played in Table 3 together with distributions of types of treat-
ment given in the different healthcare regions. Statistically
significant differences were noted with regard to stoma out-
come between the six healthcare regions (p< .001).

Stoma prevalence after anterior resection and
permanent stoma type

Out of 942 permanent stomas present at end of follow-up,
445 (47.2%) were loop ileostomies and 304 (32.3%) were
colostomies, while the remaining 193 (20.5%) stomas could
not be specified to type. Among the 304 colostomies, a total
of 10 were primary loop transverse colostomies left in place,
whereas the remaining 294 were end colostomies. Out of
these 294 patients, 232 (78.9%) had been defunctioned pri-
marily; a total of 88 out of 294 end colostomies were con-
structed as consequence of an abdominoperineal excision.

Regardless of having a primary stoma or not, 66 out of
942 (7.0%) permanent stomas were fashioned in a definitive
manner immediately after the index surgery. According to
procedure codes these patients required Hartmann’s proced-
ure or an abdominoperineal excision following the index
operation and did not have any other surgeries performed in
the intervening period.

Time to stoma closure

Among patients who underwent closure of a primary stoma,
median time to stoma reversal surgery was 196 days

(interquartile range: 125–301 days). Figure 3 demonstrates
the cumulative primary stoma reversal over time.

Discussion

Using data from national registries to classify long-term
stoma outcome after anterior resection for rectal cancer in
Sweden showed high validity. This was demonstrated by a
positive predictive value of 85.1% and a negative predictive
value of 100% in identifying stoma permanence. The Kappa
value was 0.89 with a 95.8% nominal agreement between
data from the registry-based method and the reference
cohort. The permanent stoma prevalence at a median follow-
up time of 1324 days was estimated at 19.8%.

As this is a population-based study, the risk of selection
bias is limited. All medical records were scrutinized using
electronic chart systems, investigating not only operative
charts but also the postoperative course including nursing
documentation, making the reference cohort likely to be
highly accurate. Nonetheless, a weakness of the present
study is that review of medical records was performed in
only one of the six healthcare regions in Sweden, thus pos-
sibly limiting the nationwide validity of the registry-
based method.

To the best of our knowledge, there is no consensus on
how results from validation studies of algorithmic methods
using registry data should be reported. In a handbook issued
by the executive committee of the Swedish National Quality
Registries, various prior publications were suggested as
guidelines on how to report findings from studies evaluating
the quality of registry data itself [19]. To add, Cohen’s Kappa
was listed as a commonly used measure; this along with
nominal agreement are benchmarks frequently encountered
in the literature [20–23]. Although quality registries were uti-
lized herein, the registry-based stoma outcome was derived
using two separate data sources and had a binary output
evaluated analogously to diagnostic testing, which is why we
chose to present our results with the Kappa value. However,
the reporting of unadjusted Kappa values has been subject
to debate due to the influence of prevalence and bias, and
adjusted models have been proposed [24]; such models are
nevertheless controversial [25,26]. Additionally, presenting
adjusted Kappa values might make the study more difficult
to interpret and less comparable to other reports.

To date, large population-based reports on long-term
stoma outcome have been sparse. David et al performed a
similar study in 2010 [7], concluding that one in four patients
receiving a primary loop ileostomy never underwent reversal.
The study differed significantly from the present report as
merely 14.6% of the study population were defunctioned pri-
marily, while 75.6% of patients in the present cohort had sto-
mas constructed at time of the index operation. Additionally,
no validation of the method of data ascertainment was
undertaken in their study.

The permanent stoma prevalence of 19.8% in this cohort
corresponds to previous studies, reporting permanent stoma
frequencies of 19–25% [1,2,7,27]. Nevertheless, all prior
reports excluded patients operated with partial mesorectal
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Figure 2. Validation of a registry-based method to determine stoma outcome after anterior resection for rectal cancer in Sweden. SCRCR, Swedish Colorectal
Cancer Registry; HA, Hartmann’s procedure; APE, abdominoperineal excision. Stoma reversal: ’JFG00’, ’JFG10’, ’JFG20’, ’JFG23’, ’JFG26’, ’JFG29’, ’JFG30’, ’JFG33’,
’JFG36’ HA or APE: ’JGB10’, ’JGB11’, ’JGB30’, ’JGB31’, ’JGB33’, ’JGB34’, ’JGB36’, ’JFB60’, ’JFB61’, ’JFB63’, ’JFB64’. Stoma creation: ’JFF10’, ’JFF11’, ’JFF13’, ’JFF20’, ’JFF21’,
’JFF23’, ’JFF24’, ’JFF26’, ’JFF27’, ’JFF30 ’, ’JFF31’, ’JFF96’, ’JFF97’. �Additional stoma creation indicating that further stoma surgery was registered in a patient who
already had a defunctioning stoma in place.
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excision. In the study by Lindgren et al, the anastomotic
leakage incidence amounted to 19.3% with a permanent
stoma rate of 19.3%; however, these figures were derived
from a cohort at a greater risk of dehiscence due to lower
anastomoses, compared to the present more heterogeneous
cohort [1]. den Dulk et al included rectosigmoid tumours,
although 19% of primary defunctioning stomas eventually
became permanent [2], while Floodeen et al reported a simi-
lar 21% risk of stoma permanence in patients who had low
anterior resection with a defunctioning stoma [27]. Thus, the
permanent stoma prevalence in this cohort was slightly
higher than expected compared to the aforementioned stud-
ies, as one in four patients had tumours located at or above

13 cm from the anal verge. Then again, the first two studies
discussed are randomized clinical trials with inherent patient
selection contrasting with the population-based approach of
Floodeen et al and the present report.

A substantial variation in the permanent stoma prevalen-
ces was observed between the different healthcare regions
in Sweden. Even though restorative resections were least
common in the Northern healthcare region it also had the
highest rate of permanent stomas. A presumable explanation
behind the sparse number of anterior resections performed
in this region is the common practice of Hartmann’s proced-
ure surgery at one of the county hospitals (accounting for
roughly 27.5% of the patients in the Northern healthcare

Table 2. Demonstrating clinical details, stratified by stoma outcome derived by a registry-based method, for 4768
patients treated with an anterior resection for rectal cancer in Sweden between 1 January 2007 and 31
December 2013.

Stoma outcome

Stoma-free (n¼ 3826) Permanent stoma (n¼ 942)

Categorical variables N (%) N (%)

Sex
Male 2 230 (58.3) 573 (60.8)
Female 1 596 (41.7) 369 (39.2)

ASA classa

ASA I 981 (25.6) 196 (20.8)
ASA II 2 205 (57.6) 540 (57.3)
ASA III 554 (14.5) 175 (18.6)
ASA IV 15 (0.4) 13 (1.4)

Tumour heightb

�6 cm 269 (7.1) 98 (10.5)
7–12 cm 2461 (64.9) 668 (71.4)
�13 cm 1064 (28.0) 170 (18.2)

Neoadjuvant therapy
No neoadjuvant treatment 1619 (42.3) 208 (22.1)
Radiotherapy 1 697 (44.4) 519 (55.1)
Chemoradiotherapy 509 (13.3) 215 (22.8)

Stage
I 1 129 (29.5) 189 (20.1)
II 1 084 (28.3) 267 (28.4)
III 1 282 (33.5) 333 (35.4)
IV 213 (5.6) 122 (13.0)

Surgical approach
Open 3 460 (90.4) 887 (94.2)
Laparoscopic 263 (6.9) 33 (3.5)
Conversion to open 82 (2.1) 12 (1.3)

Defunctioning stoma
Yes 2 753 (72.0) 869 (92.3)
No 1 073 (28.0) 73 (7.8)

Anastomotic leak
Yes 199 (5.2) 223 (23.7)
No 3 627 (94.8) 719 (76.3)

Adjuvant chemotherapy
Yes 840 (22.0) 196 (20.8)
No 2986 (78.0) 746 (79.2)

Locoregional recurrence
Yes 45 (1.2) 68 (7.2)
No 3781 (98.8) 874 (92.8)

Distant recurrence
Yes 612 (16.0) 237 (25.2)
No 3214 (84.0) 705 (74.8)

Stoma-free (n¼ 3826) Permanent stoma (n¼ 942)

Continuous variables Median (interquartile range) Median (interquartile range)
Age (years) 67 (60–74) 68 (60–74)
Intraoperative bleeding (ml) 350 (200–600) 500 (250–900)
Operation time (min) 228 (175–300) 243 (198–323)

The total number of patients in each stoma outcome group might not add up due to missing data not shown.
aASA: American Society of Anesthesiologists.
bTumour location above the anal verge, measured in centimeters, using rigid sigmoidoscopy.
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region), where only 16 patients had surgery with a primary
anastomosis during the study period. Speculatively, different
policies regarding the use of defunctioning stomas and long
distances between hospitals, possibly affecting reversal rates,
in the Northern healthcare region compared to the other
regions, might contribute to the high stoma prevalence
noted; however, data displayed in the present report do not
allow for any firm conclusions to be drawn but nonetheless
warrants further investigation.

While the primary aim of this study was not to review the
National Patient Registry itself, the registry-based method
evaluated herein is highly dependent on the quality of the
registry. It is therefore of note that we found a high degree
of agreement between the surgical procedure codes and the
reviewed charts although this is consistent with previous val-
idation reports [28–30]. Nevertheless, some 11 out of a total

of 13 irreversible errors were caused by missing data on
stoma reversal surgery in the registry, with a resulting bias
towards a slightly higher permanent stoma prevalence.
Moreover, Gustafsson et al recently merged registry data to
investigate factors affecting the timing of stoma closure,
although the authors never had their method formally
appraised [31]. With the growing interest in epidemiological
surgical research in Sweden due greatly to the possibility to
combine data from different comprehensive registries [32],
the need for validation studies is becoming increas-
ingly important.

The registry-based method to determine stoma outcome
presented in this study was developed in order to investigate
long-term stoma prevalence after anterior resection for rectal
cancer in a nationwide cohort. By means of this validation
factors affecting stoma outcome may be investigated more
reliably in a large population of a size that ensures statistical
power to detect small, yet clinically relevant differences
between groups. However, the study results indicate the
presence of false positive registrations and thus less preci-
sion in identifying a stoma free outcome. This needs to be
considered in further analyses, as estimates of risk factors
associated with stoma permanence will consequently
become weaker in magnitude when using registry-based
stoma outcomes in comparison to chart review. Nonetheless,
stoma permanence was common and compared to analyses
of a rare outcome, any analysis will suffer at most a minor
influence from misclassification.

In conclusion, this validation study suggests that a regis-
try-based method can be used to reliably predict stoma out-
come after anterior resection in Sweden. Ideally, the method
should be externally validated in different healthcare regions.
Permanent stoma prevalence after anterior resection for rec-
tal cancer remains at a considerable level and varies across
healthcare regions in Sweden, while future studies should
aim at investigating factors influencing the long-term
stoma outcome.
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