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Abstract

Background Misclassification bias (MB) is the deviation of measured from true values due to incorrect case assign-
ment. This study compared MB when cystectomy status was determined using administrative database codes vs.
predicted cystectomy probability.

Methods We identified every primary cystectomy-diversion type at a single hospital 2009-2019. We linked to claims
data to measure true association of cystectomy with 30 patient and hospitalization factors. Associations were

also measured when cystectomy status was assigned using billing codes and by cystectomy probability from multi-
variate logistic regression model with covariates from administrative data. MB was the difference between measured
and true associations.

Results 500 people underwent cystectomy (0.12% of 428 677 hospitalizations). Sensitivity and positive predictive val-
ues for cystectomy codes were 97.1% and 58.6% for incontinent diversions and 100.0% and 48.4% for continent diver-
sions, respectively. The model accurately predicted cystectomy-incontinent diversion (c-statistic [C] 0.999, Integrated
Calibration Index [ICI] 0.000) and cystectomy-continent diversion (C:1.000, ICl 0.000) probabilities. MB was significantly
lower when model-based predictions was used to impute cystectomy-diversion type status using for both inconti-
nent cystectomy (F=12.75; p<.0001) and continent cystectomy (F=11.25; p <.0001).

Conclusions A model using administrative data accurately returned the probability that cystectomy by diversion
type occurred during a hospitalization. Using this model to impute cystectomy status minimized MB. Accuracy

of administrative database research can be increased by using probabilistic imputation to determine case status
instead of individual codes.
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What is new

Key Findings: A model that exclusively used administra-
tive data accurately to predict the probability that cystec-
tomy by diversion type occurred during a hospitalization
was very accurate. Using this model to impute cystec-
tomy status minimized misclassification bias compared
to using procedure codes.

What this adds to what is known: Using codes in
health administration data to classify patients regarding
procedure status can cause erroneous results. Using an
accurate multivariate model to impute procedure status
can reduce this bias.

What should change now: Researchers using health
administrative data should quantify the accuracy of codes
used to determine primary exposure status and consider
using accurate multivariate models for exposure status
imputation.

Introduction

Health administrative data (HAD) record information
required for regulatory or financial purposes in health
care systems. Most HAD-based research uses codes to
identify diagnoses or procedures. However, these codes
arenever perfectly accurate, and their use returns results
that deviate from true values due to incorrect case status
assignment. This deviation of measured from true values
is termed “misclassification bias” [1]. Misclassification
independent of other variables is termed ‘non-differen-
tial’ and will bias association measures towards the null;
misclassification that varies by other variables is termed
‘differential’ and can bias association measures with those
variables in any direction. All misclassification can bias
prevalence estimates in unpredictable directions. Despite
it being widely known that codes can be erroneously
applied, HAD-based studies often identify cases or out-
comes using codes or code combinations with unknown
accuracy [2].

HAD are appealing for studying cystectomy since this
is a relatively uncommon procedure with notable process
variation having considerable morbidity and mortality.
Cystectomy with urinary diversion is the standard sur-
gical treatment for both muscle invasive and high-risk
non-muscle invasive bladder cancer. Following bladder
removal, urinary diversion must be performed to main-
tain continuous urine drainage and preserve renal func-
tion. Urinary diversion is commonly performed using a
segment of intestine to which the ureters are attached.
This urinary diversion can be either continent or incon-
tinent. A continent diversion usually includes a “neoblad-
der” in which a segment of intestine is reconfigured in a
spherical fashion and placed in the bladder’s usual loca-
tion that is attached to the urethra. Therefore, patients
store urine in the new bladder and then voluntarily
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pass urine when able. If this is not possible, a continent
cutaneous diversion is created wherein a “catheteriz-
able” pouch is formed by attaching the neobladder to the
abdominal wall with a continent stoma through which
patients can insert a catheter to drain the stored urine.
An incontinent diversion includes a urinary conduit cre-
ated by attaching a segment of intestine to the abdominal
wall which continuously drains into an adherent stoma
appliance. Less commonly, the ureters can be attached
directly to the abdominal wall to allow for continuous
drainage (i.e. cutaneous ureterostomy).

Cystectomies are usually identified in HAD by diagnos-
tic and procedural codes. Two studies have found that a
diagnostic code for bladder cancer and a procedure code
for radical cystectomy was predictive of radical cystec-
tomy for cancer: Tan et. al [3]. found that this combina-
tion had a sensitivity of 98.8% (95%CI 93.5-100.0) and
a positive predictive value of 93.3% (85.9%-97.5); in an
internal validation cohort, Lyon et. al [4]. measured a
sensitivity of 97.0% (95%CI 93.9-98.8) and positive pre-
dictive value of 95.0% (91.4—97.4). However, neither of
these code algorithms identified non-oncological radi-
cal cystectomy, was externally validated, or measured
misclassification bias when cystectomy status was deter-
mined using these codes. In addition, these code algo-
rithms did not distinguish between cystectomies with
incontinent or continent diversions. This is important
since cystectomy with continent diversion is more surgi-
cally complicated and has unique outcomes.

We were skeptical that cystectomies with different
diversion types could be accurately distinguished in
HAD with codes since these procedures are very simi-
lar. However, several studies have shown that multivari-
able prediction models using variables from HAD can
accurately predict the probability of particular diagnoses
or procedures [5-8]. These studies have also found that
using these predicted probabilities to impute case status
reduces misclassification bias compared to using codes
alone.

In this study, we identified every person who had a cys-
tectomy as a primary surgery for any indication at our
hospital over a 10-year period. We then measured the
association of cystectomy with 30 variables (reference
standard). These association measures were repeated
after determining cystectomy status using codes and
quantified misclassification bias by compared these asso-
ciation measures to reference standard values. Finally, we
created a HAD-based multivariable model that predicted
cystectomy probability by urinary diversion type. We
then used these probabilities to impute cystectomy sta-
tus, measured associations of cystectomy with the 30 var-
iables, and compared misclassification bias to that when
cystectomy status was determined using codes. Finally,
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misclassification bias when determining cystectomy sta-
tus based on codes or the model-based probability was
compared.

Methods

Study setting

The study took place at The Ottawa Hospital (TOH), a
1000-bed teaching hospital with two campuses that is the
tertiary referral and trauma center for a region of approx-
imately 1.3 million people. Annually, TOH has more
than 175,000 emergency department visits, 40,000 non-
psychiatric admissions, and 50,000 surgical cases. During
the study period, more than 95% of cystectomies in the
region were conducted at TOH; near the end of the study
period, all such procedures were performed at TOH.

Ethics approval and consent to participate

The study was approved by the Ottawa Health Sci-
ence Network Research Ethics Board (File: OHRI REB
20220112-01H). This study was a secondary data analy-
sis; except for patient medical record review, all analyses
involved deidentified data. The ethic board review waived
the need to directly approach patients and retrieve con-
sent for the study. The study period was 1 January 2009
to 1 June 2019. This period corresponded to the time that
our hospital’s operation registry (used for case identifica-
tion) existed.

Health administrative datasets used for study

This study used five health administrative datasets
(Table 1). The Surgical Information Management System
(SIMS) dataset is a registry of all primary surgical proce-
dures conducted at TOH. Following all operations, the
surgical team enters the procedure that was performed.
Completion rates for these forms are essentially 100%
since hospital remuneration is a function of these data
and nurses cannot close cases without these data. Data
from these forms are inputted by hospital records staff
into the operation registry with the primary procedure

Table 1 Description of datasets used for study
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recorded by a 10-digit alpha-numeric code. The Dis-
charge Abstract Database (DAD) is a population-based
health administrative dataset that captures all Ontario
hospitalizations, recording patient-based information
(age, sex, pre-admission diagnostic codes [using the
International Classification of Disease-10th Revision,
ICD-10]) and hospitalization information (including
admission service, procedural codes [using the Canadian
Classification of Interventions, CCI] with dates, admis-
sion and discharge dates). The Ontario Health Insurance
Plan (OHIP) database contains almost all surgeon service
claims (by which surgeons are remunerated) that record
the date and procedure type. The Ontario Cancer Regis-
try (OCR) records the date and type of all index cancers
diagnosed in Ontario. The Registered Persons Database
(RPDB) records the death date of all Ontarians. DAD,
OHIP, OCR, and RPDB are stored at ICES (formerly
known as the Institute for Clinical Evaluative Sciences).
ICES is an independent non-profit organization that
houses population-based collections of health adminis-
trative datasets for the province of Ontario.

Case identification
Our first goal was to identify all cystectomies performed
at TOH during the study period. This was done by que-
rying SIMS for all potential primary cystectomy and
urinary diversion procedures using the codes listed in
Appendix A. To ensure complete capture of cystecto-
mies, procedure codes for surgeries under which true
cystectomies might be misclassified — such as partial
cystectomy without urinary diversion or nephroureter-
ectomy — were also included in the query (Appendix A).
True cystectomy-urinary diversion status of these
potential cases were determined using manual chart
review by a single reviewer (JR). This was determined
by reviewing the operative note on the surgical date
recorded in SIMS. If an operative note was incomplete,
unclear, or missing, supplemental review of associated
progress notes and discharge summary was performed.

NAME CONTENTS

UNIT OF ANALYSIS  USE IN STUDY

SIMS (Surgical Information Management
System)

DAD (Discharge Abstract Database)

hospital
All hospitalizations in Ontario
OHIP (Ontario Health Insurance Plan) All' health care claims

OCR (Ontario Cancer Registry)
RPDB (Registered Persons Database)

All Ontario primary cancers

All primary surgical procedures at study

Demographic information of all Ontarians

Procedure Identify all potential cystectomies dur-

ing study period

Create all covariates for Administrative
Data Cystectomy Model

Hospitalization

Procedure Determine cystectomy claim status
for each hospitalization

Case Determine bladder cancer status

Person Death status within 28 days of hospital

admission

Each of these datasets were linked deterministically using encrypted patient identifier
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Patients who were classified with cystectomy were sub-
classifed with either continent or incontinent urinary
diversion. The few patients who underwent cystectomy
alone without urinary diversion (because both kidneys
were simultaneously removed or the patient was already
on dialysis for renal failure and anuric) were classified
with incontinent diversion. Any case that was unclear
regarding its cystectomy-urinary diversion status was
reviewed with a second expert reviewer (LL) to provide a
final opinion; this occurred in two cases.

We excluded patients less than 18 years of age and
cases where cystectomy-urinary diversion was a second-
ary procedure and part of a larger surgery (such as a total
pelvic exoneration for locally invasive rectal cancer). The
latter cases were very uncommon and were excluded
since they represent a patient cohort that was distinct
from those having primary cystectomy-urinary diversion.
Finally, patients without valid Ontario health card num-
bers were also excluded since they could not be linked to
Ontario health data for analysis.

These steps identified all primary cystectomy cases at
TOH during the study period; therefore, any TOH hos-
pitalization that was not included in this group did not
have a primary cystectomy. For all cystectomy cases, we
recorded the: 1) Ontario health card number, 2) cystec-
tomy date, and 3) diversion type (incontinent vs. conti-
nent). This reference cystectomy dataset was transferred
to ICES via a encrypted data portal where the health
card number was encrypted to permit linkage with ICES
datasets.

Creating the Administrative Data Cystectomy Model
(ADCM)

We created our study’s analytical dataset by retrieving
from the DAD all adult TOH hospitalizations during the
study period. This dataset was linked to our reference
cystectomy dataset via encrypted health card number
and admission date to determine which TOH admissions
truly had a cystectomy and, if so, its diversion type.

We reviewed CCI coding manuals to identify all CCI
cystectomy codes (Appendix B). CCI codes used to iden-
tify cystectomy by urinary diversion within the DAD
were reviewed with a Health Records expert at TOH to
ensure completeness. Hospitalizations were classified as
‘coded with cystectomy by diversion type’ if they were
assigned at least one CCI procedure code within the
DAD (during the hospitalization) or at least one Ontario
Health Insurance Plan (OHIP) billing code (with the ser-
vice date being equal to the true operative date) for the
cystectomy-diversion type.

We then reviewed the other co-variables in the DAD,
OHIP database, and the OCR to identify patient-, hospi-
tal-, and procedure-level factors that might be associated
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with true cystectomy status. These potential covariates
were ranked independently by two surgeons (JR, LL)
based on their potential ability to identify cystectomy
using health administrative data. These ranks were
averaged to return the final covariate priority ranking
(Appendix C).

To create the ADCM, multivariable multinomial logis-
tic regression was used to model patient cystectomy-
diversion type status. We used the methods proposed
by Riley et. al [9]. to determine the number of degrees of
freedom that our model could contain. This calculation
assumed that there would be 429,000 admissions to TOH
during the study period with an estimated 250 cystecto-
mies of each diversion type, giving a prevalence of each
cystectomy-diversion type of 0.0583%. We then calcu-
lated the number of degrees of freedom (df) permitted
in the regression model given four criteria: 10 outcomes
per df (25 df permitted); mean error around individual
predictions of+0.05% (42.6 df permitted); target shrink-
age of 99.9% (32.1 df permitted); and target optimism in
model fit of 0.0005 (106 df permitted). The final allowable
degrees of freedom in the model for each cystectomy-
diversion type was the minimum of these calculations (25
df).

The outcome for the ADCM was true cystectomy-
diversion type status and it had three values: cystectomy-
incontinent diversion, cystectomy-continent diversion,
or no cystectomy. The ADCM was constructed by add-
ing covariates in rank order of perceived importance
for cystectomy identification (Appendix C). Variables
were retained if the likelihood ratio test following vari-
able addition was significant at a p-value <0.05. We used
a SAS macro described by Sauerbrei et. al [10]. to iden-
tify best single fractional polynomial transformations
for continuous candidate variables (age, acute length of
stay, and operative time). Model building ended when
all candidate variables (Appendix C) had been offered to
the model. Creation and performance of the ADCM was
reported using methods suggested by the TRIPOD state-
ment (Appendix E).

Analysis

Model performance was internally validated using opti-
mism-corrected c-statistic (for discrimination) and opti-
mism-corrected integrated calibration index (ICI—for
calibration) [11] using methods described by Steyerberg
[12] with 1000 bootstrap samples.

To quantify misclassification bias, we first used the
reference standard cystectomy-diversion type status to
calculate true values of 30 statistics: cystectomy-diver-
sion type prevalence in study cohort; the association of
cystectomy with 3 continuous covariables [patient age,
operation time, acute hospital length of stay] measured
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using linear regression; and the association of cystectomy
with 27 binary covariables [sex, admission urgency, gen-
eral anaesthetic status, transfusion status, discharge sta-
tus, 28-day death or unplanned readmission status and
21 comorbidities from the Elixhauser morbidity scale]
measured using logistic regression. With the exception
of the Elixhauser comorbidities, these covariables did not
require administrative database codes and are accurately
measured in the DAD [13].

We then repeated the measurement of these 30 sta-
tistics after assigning cystectomy-diversion status using
three methods:

1. CCI / OHIP Code for Cystectomy: Patients with
a CCI or OHIP procedure code for cystectomy
(Appendix B) were classified with cystectomy-diver-
sion by code.

2. ADCM-Categorical:Youden’s method was used to
determine the ADCM-based predicted probability of
cystectomy by diversion type that optimized classifi-
cation accuracy [14]. This threshold corresponds to
the predicted cystectomy-diversion type probability
that is closest to the top left-hand corner of the cor-
responding receiver operating characteristic (ROC)
curve. Patients with expected cystectomy probabili-
ties equal to or above this threshold were classified
with cystectomy-diversion by ADCM-categorical.

3. ADCM-Bootstrap Imputation:This method used
the ADCM predicted cystectomy probability to
impute cystectomy status using bootstrap imputation
(BI) [6-8, 15]. BI started by creating 1000 random
bootstrap samples (with replacement) of the study
cohort with each having a sample size identical to the
original cohort. For each hospitalization within each
bootstrap sample, a uniformly distributed number
between 0 and 1 was randomly selected; cystectomy-
diversion status was then imputed to be present if the
random number was below the ADCM-based pre-
dicted cystectomy-diversion type probability for that
patient. Within each bootstrap sample, we measured
all 30 statistics; the mean value of all 1000 bootstrap
samples was used as the final BI point estimate and
the 2.5th and 97.5th percentiles as the confidence
intervals.

We quantified misclassification bias for each of these
three methods to assign cystectomy-diversion status
using the standardized mean squared error (SMSE):

8 — ﬂT)2>

SMSE =
( Br
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where: f is the parameter estimate of the covariable’s
association with cystectomy-diversion determined by
the cystectomy-diversion status assignment method
(CCI/OHIP code for cystectomy, ADCM-categorical,
or ADCM-BI); and Bt is the parameter estimate of the
covariable’s true association with cystectomy-diversion.
We compared misclassification bias between cystectomy-
diversion status assignment methods using ANOVA on
log transformed SMSEs of all 30 variables. Differences
between assignment methods was determined using
Tukey’s studentized range test for ANOVA. All analyses
were conducted using SAS 9.4.

Results

Query of the hospital’s surgical database identified 668
possible total cystectomies (Fig. 1). Medical record
review found that 158 (23.6%) were another procedure.
Ten total cystectomies (2.0%) were excluded because
patients did not have a valid health card number. This
left 500 cystectomies in the study, to which 428 197
other adult hospitalizations during the study period were
added.

The final cohort included 428 697 hospitaliza-
tions (Table 2). Patients were middle-aged (mean age
57.5 years) with the majority being female. A previous
diagnosis of bladder cancer in the Ontario Cancer Reg-
istry or the Discharge Abstract Database was present in
1.5% and 0.7% of hospitalizations, respectively. A third
of hospitalizations were elective and 5.0% were admit-
ted under urology. Almost two thirds of patients (62.3%)
were discharged home without supports. In less than 10%
of hospitalizations did patients die or get urgently read-
mitted to any hospital in the month after discharge.

There were 500 cystectomies during the study period
at The Ottawa Hospital (0.12% of all hospitalizations)
with incontinent diversions (n=278; 55.6% of cystec-
tomies) being slightly more common than continent
(n=222; 44.4%). Table 2 indicates that hospitalizations
with cystectomy-incontinent diversion and cystectomy-
continent diversion (compared to hospitalizations with
no cystectomy) were notably more likely to: have a pre-
vious diagnosis of bladder cancer recorded in either the
OCR (78.8% and 91.9% vs. 1.4%, respectively) or the
DAD (84.2% and 98.2% vs. 0.6%); be admitted electively
(95.3% and 98.2% vs. 33.4%) or under a urological service
(99.3% and 100.0% vs. 4.9%); be assigned a cystectomy-
incontinent diversion (97.1% and 28.4% vs. 0.0%) or
cystectomy-continent diversion (54.0% and 100.0% vs.
0.0%) code; have an unplanned return to the operating
room (7.6% and 8.6% vs. 0.0%); and have longer median
hospital lengths of stay (11 days and 10 days vs. 3 days).
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Possible cystectomy
N=668
Not Total Cystectomy (N=158)
- Partial Cystectomy ......... 49
- Nephroereterectomy ......... 57
- Non-urological procedure ... 52
A 4
Cystectomy
N=510

h 4
Cystectomy + Valid Health
Card Numbers
N=500

v
Study Cohort
N=428 697

Fig. 1 Creation of study cohort

Compared to continent cystectomies, those with inconti-
nent diversions were older (mean age 71.2 vs. 62.6 years),
less likely to be previously coded with bladder cancer in
OCR (78.8% vs 91.9%), were more likely to be coded with
cystectomy-incontinent diversions (97.1% vs. 28.4%),
and less likely to be discharged home without supports
(12.9% vs. 21.6%) (Table 2).

Codes for cystectomy-incontinent diversion and cys-
tectomy-continent diversion (Appendix B) had excellent
sensitivities (97.1% and 100.0%, respectively) and specifi-
cities (100.0% and 100.0%) but poor positive predictive
values (58.6% and 48.4%) (Table 3A). When diversion
type was ignored, as was done in previous cystectomy
code validation studies [3, 4], positive predictive value
increased to 76.0% (95%CI 72.5-79.2).

The Administrative Data Cystectomy Model (ADCM)
included 6 variables (Appendix D). Compared to hos-
pitalizations without cystectomy, both cystectomy
types were significantly more likely to have an elective

No Valid Health Card Number
(N=10)

Other Adult Hospitalizations
N=428 197

admission, get admitted under urology, or experience an
unplanned return to the operating room within 28 days.
Cystectomy-incontinent diversions were more likely to
be coded as such by either OHIP or CCI codes and had
a significantly longer hospital length of stay. Cystectomy-
continent diversions were more likely to be coded as such
by either OHIP or CCI codes and have a previous diagno-
sis of bladder cancer in DAD. The ADCM had excellent
discrimination (optimism-adjusted c-statistic, inconti-
nent diversion: 0.9986 [95%CI 0.9964—0.9994]; continent
diversion: 1.0000 [95%CI 1.0000—1.0000]) and calibration
(optimism-adjusted ICI of 0.0000, 95%CI 0.0000—0.0000
for both incontinent and continent diversions). Observed
and expected cystectomy probabilities were very similar
for both cystectomy types (Fig. 2).

By Youden’s method, the predicted cystectomy prob-
abilities returning the most accurate classification for
incontinent and continent diversions was 0.0922%
and 0.0626%, respectively. Compared to codes for
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Table 2 Study Cohort
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Cystectomy-Diversion Type No Cystectomy Overall (n=428 697)
(n=428197)
Incontinent (n=278) Continent (n=222)

PATIENT

Mean Age (SD)* 71.2(104) 63.6 (8.5) 57.5(20.6) 57.5(20.6)

Male (%) 201 (72.3) 177 (79.7) 173 465 (40.5) 173 843 (40.6)

Bladder Cancer—OCR® 218(78.8) 204 (91.9) 6112(1.4) 6535(1.5)

- DAD? 234 (84.2) 218(98.2) 2732(0.6) 3184 (0.7)
HOSPITALIZATION

Elective Admission (%)* 265 (95.3) 218(98.2) 143 112 (33.4) 143 595 (33.5)

Urology 1° Service (%) 276 (99.3) 222 (100.0) 20 846 (4.9) 21344 (5.0)

Blood Transfusion (%)° 165 (59.4) 122 (55.0) 53547 (12.5) 53834 (12.6)
PROCEDURAL

Cystectomy Code—Incontinent (%) 270 (97.1) 23 (284) 128 (0.0) 461 (0.1)

- Continent (%)? 150 (54.0) 222 (100.0) 87 (0.0) 459 (0.1)

1° procedure—In Main OR? 275(98.9) 222 (100.0) 145 473 (34.0) 145 970 (34.0)

- Not in Main OR? <5(0.7) 0(0.0) 177 6XX (41.X) 177 604 (41.4)

- None 0(0.0)

General Anesthetic (%)? 265 (95.3) 215(96.8) 114 629 (26.8) 115109 (26.9)

Median 1° Procedure, min (IQR)? 526 (468, 590) 641 (576, 695) 0.0(0.0,113) 0.0(0.0,113)
OUTCOMES

Unplanned Return to OR, 28d (%)? 21(7.6) 19 (8.6) 12 (0.0) 52(0.0)

DC Home, no supports (%)° 36(12.9) 48 (21.6) 266 924 (62.3) 267 008 (62.3)

Death/Readmit in 28d (%) 25(9.0) 19 (8.6) 37587 (8.8) 37631 (8.8)

Median Acute LOS (IQR)* 11.0 (8.0, 19.0) 10.0 (8.0-19.0) 30(20,7.0) 3.0(20,7.0)

The database source (Table 2) of each covariate is indicated (*Discharge Abstract Database, "Ontario Cancer Registry, “Registered Persons Database)

SD Standard deviation, % Percentage, OCR Ontario Cancer Registry, DAD Discharge Abstract Database, 1 Primary, OR Operating room, min minutes, /QR Interquartile

range, d days, DC Discharge, LOS Length of stay

cystectomy-incontinent diversion (Appendix B), status
assignment using this threshold increased sensitivity to
99.6% but decreased specificity from 100.0% to 99.6%
and the positive predictive value to 14.6% (Table 3B).
Compared to codes for cystectomy-continent diversion
(Appendix B), status assignment using the ADCM-con-
tinent threshold maintained sensitivity and specificity
at 100.0% while increasing positive predictive value to
73.5% (Table 3B).

Misclassification bias differed significantly when
cystectomy-incontinent diversion status was deter-
mined using CCI/OHIP codes, ADCM-categorical,
or ADCM-bootstrap imputation (Fig. 3A-Fig. 3DD).
Procedure incidence was significantly higher when
cystectomy-incontinent status was determined with
CCI/OHIP-codes (+66.7%) or ADCM-categorical
(+580.6%) (Fig. 3A). Estimates with ADCM-categor-
ical returned the largest misclassification bias, being
especially notable for cystectomy’s association with
operation time (-32.5%, Fig. 3F), transfusion (-63.0%,
Fig. 3G), home discharge status (+660.3%, Fig. 3H), and
acute length of stay (-56.1%, F ig. 3I). Estimates for all

statistics with ADCM-bootstrap were always within
the 95% confidence intervals of true values. Median
(interquartile range) standardized mean squared errors
for code, ADCM-categorical and ADCM-bootstrap
imputation was 0.163 (0.02-0.63), 0.418 (0.10-1.78),
and 0.004 (0.0004-0.059), respectively. Misclassifica-
tion bias differed significantly between the different
cystectomy assignment methods (F=12.75; p<0.0001)
with ADCM-bootstrap imputation having significantly
smaller misclassification than the others (p <0.05).
Misclassification bias also differed significantly by
cystectomy assignment methods for cystectomy-con-
tinent status (Fig. 4A-Fig. 4DD). Procedure incidence
increased significantly when cystectomy-continent sta-
tus was determined with CCI/OHIP-codes or ADCM-
categorical (Fig. 4A). Again, ADCM-bootstrap
estimates for all statistics were always within the 95%
confidence intervals of true values. Median (interquar-
tile range) standardized mean squared errors using
CCI/OHIP codes, ADCM-categorical and ADCM-
bootstrap imputation was 0.228 (0.02-0.77), 0.073
(0.02-0.22), and 0.006 (0.0007-0.026), respectively.
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Table 3 Cystectomy classification accuracy with codes and using Administrative Data Cystectomy Model (ADCM)

A. Cystectomy Status Using Administrative Database Codes

Cystectomy-Incontinent Diversion Status

+ - Sens 97.1%
Coded With Cystectomy—Incontinent Diversion + 270 191 Spec 100.0%
- 8 428,228 +PV 58.6%
-Pv 100.0%
+LR 21785
-LR 0.0
Cystectomy-Continent Diversion Status
+ - Sens 100.0%
Coded With Cystectomy—Continent Diversion + 222 237 Spec 99.4%
- 0 428,238 +PV 484%
-PV 100.0%
+LR 1807.9
-LR 0.0
B. Cystectomy Status Using ADCM and Best Expected Probability Thresholds*
Cystectomy-Incontinent Diversion Status
+ - Sens 99.6%
ADCM Cystectomy—Incontinent Diversion + 277 1614 Spec 99.6%
- 1 426,805 +PV 14.6%
-PV 100.0%
+LR 264.5
-LR 0.0
Cystectomy-Continent Diversion Status
+ - Sens 100.0%
ADCM Cystectomy—Continent Diversion + 222 80 Spec 100.0%
- 0 428,395 +PV 73.5%
-PV 100.0%
+LR 53559
-LR 0.0

For cystectomy status classification by administrative database codes (Section A), patients were classified with cystectomy by diversion type if they met criteria

listed in Appendix B. For cystectomy status classification using the ADCM (Section B), patients were classified with cystectomy-incontinent diversion if the expected
probability from the ADCM was at least 0.0922%; patients were classified with cystectomy-continent diversion if the expected probability from the ADCM was at least
0.0626%. (Sens Sensitivity, Spec Specificity, + PV Positive predictive value, -PV negative predictive value, + LR Positive likelihood ratio, -LR Negative likelihood ratio).
Values have been rounded to 1 decimal place. *As determined using Youden’s method

Misclassification bias differed significantly (F=11.25;
p<0.0001) with ADCM-bootstrap imputation having
significantly lower misclassification bias than the others
(p<0.05).

Discussion
This study found that cystectomy-diversion type status
can be predicted with high accuracy using a multivariate
model created with health administrative data (HAD).
Imputing cystectomy-diversion status based on predicted
probabilities from this model significantly decreased mis-
classification bias compared to identifying cystectomy
using HAD codes alone.

Our study had several notable findings. First, we found
that procedure codes for cystectomy (Appendix B) had

sensitivities and specificities approaching 100% (Table 3).
Given these operating characteristics, many research-
ers and readers would believe that misclassification bias
would be minimal and would consider code status essen-
tially equivalent to true cystectomy status. However, our
data show this conclusion is incorrect since it ignores
the very low prevalence of cystectomy (0.12% of all hos-
pitalizations). As a result, these codes had low positive
predictive values of 58.6% and 48.4% for incontinent and
continent cystectomies, respectively (Table 3). There-
fore, hospitalizations identified as having cystectomy
with a particular diversion type using these codes had
only about a 50% chance of truly having that procedure,
resulting in notable misclassification bias (Figs. 2 and
3). These results highlight that it is essential to consider
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| C-STAT=0.9986 (0.9964-0.9994), ICI=0.0000 (0.0000-0.0000)

OBSERVED P(INCONTINENT CYSTECTOMY)

T
0.0 0.2 0.4 0.6 0.8 1.0

EXPECTED P(INCONTINENT CYSTECTOMY)

| C-STAT=1.0000 (1.0000-1.0000), ICI=0.0000 (0.0000-0.0000)

OBSERVED P(CONTINENT CYSTECTOMY)

T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

EXPECTED P(CONTINENT CYSTECTOMY)

Fig. 2 Performance of the Administrative Data Cystectomy Models. In both plots, the vertical axis indicates the observed probability of cystectomy
with incontinent diversion (A) or continent diversion (B), calculated using a LOESS model. The horizontal axis presents the expected probability

of cystectomy with incontinent diversion (A) or continent diversion (B), calculated using the respective Administrative Data Cystectomy Model
(Appendix D). Each plot presents the model’'s optimism-adjusted internally validated discrimination and calibration using the C-statistic (C-STAT)

and the integrated calibration index (ICl), respectively

case prevalence when interpreting code accuracy meas-
ures. Second, we found that health administrative data
can be used to create multivariate regression models
which accurately predict procedure probability. The
ADCM was extremely discriminative and well-calibrated
(Fig. 2) to identify cystectomy-diversion status using
health administrative data, despite the relative similarity
of the two cystectomy subtypes. However, we also found
that misclassification bias remained prominent when we
determined cystectomy status by categorizing predicted
ADCM probabilities using probability thresholds that
maximized accuracy (Figs. 2 and 3). In contrast, mis-
classification bias was minimized when ADCM-based
predictions were used to probabilistically impute cys-
tectomy-diversion status. This phenomenon — wherein
categorization of an accurate probability estimate causes
misclassification bias — has been seen in previous stud-
ies [15]. These results highlight the importance of apply-
ing predicted case status using probabilistic methods like
bootstrap imputation.

Several issues should be kept in mind when interpret-
ing our results. First, although our study was done over
an entire decade and included almost a half a million
hospitalizations, it was completed exclusively at one
center. Therefore, it would be important to repeat these

methods at another hospital to ensure generalizability.
Although health records abstractors — who assign diag-
nostic and procedural codes at each hospital in Canada
— undergo similar training and follow the same coding
guidelines, it is possible that coding practices might vary
between hospitals. This could influence the performance
of the ADCM, which is based partially on coded data. In
addition, it would be important to measure the model’s
performance in hospitals that are distinct from that used
to derive the ADCM including non-teaching institutions
and hospitals having a much lower—or even absent —
incidence total cystectomy. Second, our data found that
using codes to determine cystectomy status significantly
increased misclassification bias compared to probabil-
istically imputing cystectomy status using the ADCM.
However, we found no situations where cystectomy’s
association with a covariate was categorically opposite
when its status was determined with codes versus its true
value. Some would conclude that these results validate
the use of codes to determine cystectomy status since
doing so never returned incorrect binary conclusions.
We argue that the goal of any scientific study is to return
results that are as close to the truth as possible; therefore,
imputing cystectomy status using an accurate prediction
model is preferable. Third, our gold standard cohort only
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Fig. 3 True cystectomy-incontinent diversion and its unadjusted association with other variables compared to cystectomy status determination
using codes or the ADCM. Plots present cystectomy-incontinent diversion incidence (A) or the unadjusted association of the variable
with cystectomy-incontinent diversion status determined using true status (TRUE), procedure codes in Appendix B (CODE), predicted
cystectomy-incontinent probability from ADCM categorized to optimize accuracy (ADCM-CAT), or bootstrap imputation using ADCM-predicted

cystectomy-incontinent probability (ADCM-BI)

included patients who underwent cystectomy as a pri-
mary surgery. Therefore, patients undergoing cystectomy
as a secondary operation as part of a larger surgery (such
as pelvic exenterations) will be excluded. These patients,
however, represent a separate cohort of patients with

different outcomes as compared to those who underwent
cystectomy as a primary operation; we therefore feel that
their exclusion is appropriate. It is also possible that a
primary cystectomy was miscoded in the SIMS database
(Table 1) and would have been missed in the study.
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Fig. 4 True cystectomy-continent diversion and its unadjusted association with other variables compared to cystectomy status determination
using codes or the ADCM. Plots present cystectomy-continent diversion incidence (A) or the unadjusted association of the variable
with cystectomy-continent diversion status determined using true status (TRUE), procedure codes in Appendix B (CODE), predicted
cystectomy-continent probability from ADCM categorized to optimize accuracy (ADCM-CAT), or bootstrap imputation using ADCM-predicted

cystectomy-continent probability (ADCM-BI)

In summary, despite HAD-based procedure codes for
cystectomy-diversion type having very high sensitivities
and specificities, our study found that their use to impute

cystectomy status resulted in important misclassification
bias. This can be minimized by imputing cystectomy status
using accurate cystectomy probabilities from the ADCM.
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