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Abstract

Background: Recently, real-world data have been recognized to have a significant role
for research and quality improvement worldwide. The decision on the existence or
nonexistence of postoperative complications is complex in clinical practice. This mul-
ticenter validation study aimed to evaluate the accuracy of identification of patients
who underwent gastrointestinal (Gl) cancer surgery and extraction of postoperative
complications from Japanese administrative claims data.

Methods: We compared data extracted from both the Diagnosis Procedure
Combination (DPC) and chart review of patients who underwent Gl cancer sur-
gery from April 2016 to March 2019. Using data of 658 patients at Kyoto University
Hospital, we developed algorithms for the extraction of patients and postoperative
complications requiring interventions, which included an invasive procedure, reop-
eration, mechanical ventilation, hemodialysis, intensive care unit management, and
in-hospital mortality. The accuracy of the algorithms was externally validated using
the data of 1708 patients at two other hospitals.

Results: In the overall validation set, 1694 of 1708 eligible patients were correctly ex-
tracted by DPC (sensitivity 0.992 and positive predictive value 0.992). All postopera-
tive complications requiring interventions had a sensitivity of >0.798 and a specificity
of almost 1.000. The overall sensitivity and specificity of Clavien-Dindo 2grade Illb
complications was 1.000 and 0.995, respectively.

Conclusion: Patients undergoing Gl cancer surgery and postoperative complications
requiring interventions can be accurately identified using the real-world data. This
multicenter external validation study may contribute to future research on hospital
quality improvement or to a large-scale comparison study among nationwide hospi-

tals using real-world data.
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1 | INTRODUCTION

To improve the quality of medical care, identification of patients who
underwent a medical intervention and evaluation of the outcomes
following the intervention are essential. In addition, large-scale clin-
ical research among multiple institutions is needed to evaluate the
effectiveness of such interventions.

Administrative claims databases have played a significant role
as real-world data for research and quality improvement world-
wide."? Claims data contain records related to medical procedures;
therefore, it should be possible to gain information on medical inter-
ventions and outcomes. Unlike manual development of a clinical da-
tabase, utilization of electronic claims data can save data collection
time or cost.® In the field of gastrointestinal (Gl) surgery, utilization
of claims databases has been increasing.™¢

However, the decision on the existence or nonexistence of
postoperative complications is complex in clinical practice; hence,
it cannot be mechanically handled. The accuracy of extraction of
postoperative complications from real-world data should be consid-
ered carefully but has been rarely validated. The use of incorrectly
extracted data for evaluation of surgical intervention and quality
management could lead to inappropriate conclusions or counter-
measures.”® The present study aimed to develop and validate al-
gorithms for identifying patients who underwent Gl cancer surgery
and for extracting the corresponding outcomes from claims data in

Japan.

2 | METHODS
2.1 | Study design and participants

This was a retrospective cohort study conducted across three hospi-
tals. First, algorithms for extracting cases of Gl cancer surgery from
claims data were developed using data at Kyoto University Hospital.
In addition, algorithms for extracting postoperative complications
from claims data were developed. Next, using data at two other hos-
pitals (i.e. Kyoto Medical Center and Osaka Red Cross Hospital), we
evaluated the accuracy of the developed algorithms for extracting
the cases and complications.

The eligibility criteria were consecutive patients who underwent
esophagectomy, gastrectomy, colectomy, or proctectomy for Gl
cancer between April 2016 and March 2019 at each participating
hospital. Melanoma, lymphoma, sarcoma, gastrointestinal stromal
tumor, and other nonepithelial tumors were excluded. Those who
underwent concurrent or consecutive surgeries for multiple Gl can-
cers; underwent surgery that was not covered by the national health
insurance; and paid their own expenses were excluded. Because a

mix of both insured and out-of-pocket treatment has been prohib-
ited in Japan, except for special circumstances, almost all patients
with resectable Gl cancer during the study period were presumed to

have undergone surgery using the national health insurance.

2.2 | Clinical data as the reference standard

Each hospital has prospectively maintained its own clinical database
including data of postoperative complications. However, to create
accurate and reliable reference standard information, the chart re-
view was performed by H.K. First, original lists of patients who were
recorded in the electronic medical record as entering the operation
rooms were used to identify patients who underwent any surgeries
between April 2016 and March 2019 at each hospital. Thereafter, a
chart review was performed to extract those who met the eligibility
criteria. Next, postoperative complications were recorded accord-
ing to the Clavien-Dindo classification and were standardized by the
Japan Clinical Oncology Group criteria.”!° Discrepancies between
a hospital-maintained clinical database and chart review were re-
solved by involving a third physician (i.e. T.N., K.H., H.H., R.M_, H.H.,,
or S.1.). The completed lists of patients and postoperative complica-

tions were treated as a reference standard.

2.3 | Administrative claims data

Diagnosis Procedure Combination (DPC) data were used to extract
cases with Gl cancer surgery and postoperative complications.
Japan introduced a medical reimbursement system known as the
DPC-based Per-Diem Payment System (DPC/PDPS) in 2003.1*
DPC data were originally designed to accompany the DPC/PDPS
and was previously required to be submitted to the Ministry of
Health, Labour and Welfare, only by hospitals adopting this sys-
tem. However, recently many (over 5000) hospitals have prepared
and submitted DPC data to the MHLW.*? In particular, submission
of data are now mandatory in acute-care hospitals,'® and using
DPC data enables standardized data analysis related to surgery
at hospitals throughout Japan. DPC data are recorded electroni-
cally in a standardized format and include a brief record of medical
information, such as patient characteristics, some clinical informa-
tion, admission and discharge statuses, and diagnoses. Diagnoses
are recorded with the International Classification of Diseases,
10th revision codes, as well as Japanese original codes. Based on
the diagnosis codes, the following five diagnoses were selected to
represent hospitalization: most resource-consuming; second most
resource-consuming; main; trigger for admission; and comorbidity

at admission. All medical treatment procedures, examinations, or

85U8017 SUOWWIOD 3AIKRID 3|l jdde au Ag pauenob a1e 9ol e VO ‘SN J0 S8 104 AReiq1T 8UI|UO AB]IM UO (SUORIPUD-PUR-SWBH LD A8 |IM"AleIq 1 [BU U0//SANY) SUOIIPUOD pue SWie | 8Ly 89S *[£202/90/TT] Uo AriqiTauliuo A8|im ‘veder ateiyo0d Aq 40,ZT €sBe/z00T 0T/10p/woo A8 1M Aelq1jeul|uo//Sdny wolj papeojumod ‘0 ‘8280512



KINOSHITA ET AL.

prescriptions during hospitalization are recorded using Japanese

original codes.'

2.4 | Development of algorithms for extracting Gl
cancer surgery cases

Algorithms for extracting Gl cancer surgery cases from the DPC data
were developed using the data of 658 patients at Kyoto University
Hospital. Both the codes of the operative method and the corre-
sponding diagnosis were used to achieve a highly accurate extrac-
tion.®> The extracted data from the DPC data and clinical data
created by chart review were compared, and algorithms were modi-
fied several times in order to improve the accuracy.

The final inclusion criteria to extract Gl cancer surgery cases
from the DPC data were esophagectomy or gastrectomy for upper
Gl cancer and colectomy or proctectomy for lower Gl cancer. The
exclusion criteria to extract Gl cancer surgery cases from the DPC
data were cases with multiple codes of esophagectomy, gastrec-
tomy, colectomy, or proctectomy during the same hospitaliza-
tion, except additional upper Gl surgeries after esophagectomy
or gastrectomy and additional lower GI surgeries after colectomy
or proctectomy. Cancer diagnosis codes were extracted from the
most resource-consuming, second most resource-consuming,
main, or trigger diagnosis for admission. This combination was
decided based on analysis of the identification of patients among
eight potential patterns of a combination of diagnosis in the DPC
data. The results are listed in Table S1. The codes of each oper-
ative method and cancer diagnosis are shown in Appendices S1
and S2.

2.5 | Development of algorithms for extracting
postoperative complications

Algorithms for extracting postoperative complications requiring
interventions from the DPC data were developed using the data
of patients at Kyoto University Hospital. Postoperative complica-
tions were defined in accordance with the general concepts of the
Clavien-Dindo classification 2grade lll; invasive procedure, that is
surgical, endoscopic, or radiological intervention not under general
anesthesia; reoperation under general anesthesia; mechanical ven-
tilation; hemodialysis; intensive care unit (ICU) management; and in-
hospital mortality.

The final algorithms for extracting postoperative complications
are shown in Table 1. In terms of mechanical ventilation, two al-
gorithms were developed. Extubation is sometimes performed on
postoperative day (POD) 1 or thereafter even without complications,
especially in patients undergoing esophagectomy. Therefore, in one
algorithm (i.e. mechanical ventilation algorithm A), patients who had
the codes of mechanical ventilation for consecutive 1, 2, or 3d after
surgery were regarded as having no complication. In another algo-
rithm (i.e. mechanical ventilation algorithm B), patients who had the
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codes for 1 or 2 consecutive d after surgery were regarded as having
no complication.

Similarly, two algorithms were developed for extracting ICU
management. When ICU admission was scheduled after surgery, the
ICU stay can continue after POD 1, even if the patient did not de-
velop complications. Therefore, patients who had the codes of ICU
stay for 1 or 2 consecutive d after surgery were regarded as having
no complication in one algorithm (i.e. ICU management algorithm
A). In another algorithm (i.e. ICU management algorithm B), patients
who had the codes of ICU stay for 1, 2, 3, 4, 5, or 6 consecutive d
after surgery were regarded as having no complication.

The analyses of the accuracy of the final algorithms at Kyoto

University Hospital are summarized in Table S2.

2.6 | Validation of the developed algorithms

We evaluated the accuracy of the developed final algorithms at
Kyoto Medical Center (Hospital A) and Osaka Red Cross Hospital
(Hospital B) in extracting cases of Gl cancer surgery and postop-
erative complications requiring interventions. Data were extracted
from the DPC, while being blinded to the clinical data. The accuracy
of following extracted data was evaluated: patients who underwent
Gl cancer surgery; patient characteristics, such as age and sex; op-
erative method; surgical approach; each postoperative complication;
overall postoperative complications 2grade llla and zgrade IlIb; and
postoperative course, such as length of postoperative hospital stay,
discharge destination, and 30-d unplanned hospital readmissions.
Overall postoperative complication was counted as the use of me-
chanical ventilation algorithm and ICU management algorithm A.

2.7 | Statistical analysis

The accuracy of identifying patients who underwent Gl cancer
surgery was calculated as the sensitivity and positive predictive
value (PPV). Sensitivity was defined as the proportion of patients
extracted from the DPC data among eligible patients by chart re-
view. PPV was defined as the proportion of eligible patients by chart
review among patients extracted from the DPC data. Moreover, we
examined the reasons for incorrect identification of patients. Since
patients who visited the hospital for diseases other than Gl cancer
or pharmaceutical treatment were out of the scope of this study, the
number of patients who did not undergo Gl cancer surgery was not
tallied. Therefore, specificity and negative predictive value (NPV)
were not calculated in the analyses, which evaluated the accuracy of
identifying patients who underwent Gl cancer surgery.

Patient characteristics, postoperative complications, and course
were analyzed in cases that could be identified in both DPC and
chart review. The sensitivity, specificity, PPV, and NPV were exam-
ined. Sensitivity was defined as the proportion of patients extracted
as positive from the DPC data among those identified as positive by
chart review. Specificity was defined as the proportion of patients
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TABLE 1 Definitions of postoperative complications based on the administrative data

Invasive procedure

The codes of the invasive procedures (Appendix S3) were assigned on POD 1 or thereafter. If the codes of general

anesthesia (Appendix S4) and specific interventions (Appendix S5) were assigned on the same day, the events were
regarded as reoperation and excluded from this outcome.

Reoperation

The codes of general anesthesia (Appendix S4) or tracheostomy (Appendix S6) were assigned on POD 1 or thereafter.

Pulmonary resection for malignant tumors; liver resection, including microwave ablation or radiofrequency ablation, for
malignant tumors; stoma closure; or two-stage reconstruction after esophagectomy or proctectomy was not regarded

as reoperation.

1. The code of postoperative intubation as a life-saving procedure (Appendix S7) was assigned on POD O or thereafter; OR
2. The code of tracheotomy (Appendix S6) was assigned, followed by that of mechanical ventilation (Appendix S8) on POD

3. [The codes of mechanical ventilation, excluding nasal-related mechanical ventilation, were assigned on POD 4 or

the codes of mechanical ventilation were assigned on POD 3 but not on POD 2; OR
the codes of mechanical ventilation were assigned on POD 2, but not on POD 1.]

[In cases of reoperation, consecutive codes, beginning from the day of reoperation until day 3 after, were not regarded as

In cases with respiratory-related codes (Appendix S9) before surgery, postoperative mechanical ventilation was not

Mechanical
ventilation
algorithm A 1 or thereafter; OR
thereafter; OR
AND
the outcome.
regarded as the outcome.]
Mechanical
ventilation
algorithm B

thereafter; OR

1. The code of postoperative intubation as a life-saving procedure was assigned on POD O or thereafter; OR
2. The code of tracheotomy was assigned, followed by that of mechanical ventilation on POD 1 or thereafter; OR
3. [The codes of mechanical ventilation, excluding nasal-related mechanical ventilation, were assigned on POD 3 or

the codes of mechanical ventilation were assigned on POD 2, but not on POD 1]

AND

[In cases of reoperation, consecutive codes, beginning from the day of reoperation until day 2 after, were not regarded as

the outcome.

In cases with respiratory-related codes before surgery, postoperative mechanical ventilation was not regarded as the

outcome.]

Hemodialysis
AND

The codes of acute hemodialysis (Appendix S10) were assigned on POD 1 or thereafter.

In cases with codes of hemodialysis (Appendix S11) before surgery or those with the diagnosis of chronic or end-stage renal
failure as comorbidities, postoperative hemodialysis was not regarded as the outcome.

ICU management
algorithm A

ICU management
algorithm B

In-hospital Death was registered as the discharge outcome.

mortality

The codes of ICU management (Appendix S12) were assigned on POD 3 or thereafter; OR
The codes of ICU management were assigned on POD 2 but not on POD 1.

The codes of ICU management were assigned on POD 7 or thereafter; OR
The codes of ICU management were assigned intermittently between POD 1 and 6.

Note: If the codes of scheduled surgery (Appendix S13), such as pulmonary resection, liver resection, stoma closure, or two-stage reconstruction
after esophagectomy, following Gl cancer surgery in practice were assigned during the hospitalization, extraction of any outcomes after the

scheduled surgery was not counted.
Abbreviations: ICU, intensive care unit; POD, postoperative day.

identified as negative in the DPC data among those identified as
negative by chart review. PPV indicated the proportion of patients
who were diagnosed as positive by chart review among those ex-
tracted as positive from the DPC data. NPV indicated the propor-
tion of patients who were diagnosed as negative by chart review
among those identified as negative in the DPC data. In addition, we
reviewed the reasons for incorrect identification of these outcomes.

There is no clear standard on the accuracy of data extracted
from health administrative data.'® However, because a PPV of >0.80
is considered to gain a homogeneous population, this value was used
to interpret the accuracy of identifying patients who underwent Gl
cancer surgery.” Specificity has been emphasized more than sen-
sitivity when interpreting the incidence of events in a comparative

study. Especially when the outcome is a rare event, a decrease in
specificity can cause a significant risk of bias.'® If specificity values
would have been approximately 1.00 or 20.90 at worst, we expected
that the accuracy of extracting postoperative complications would
be interpreted.

Although a specific number of patients was difficult to set, a
sample size was estimated, as described in this paragraph. A sample
size was set in consideration of estimated sensitivity, specificity of
postoperative outcomes, and their 95% confidence intervals (Cls).19
The sensitivity and specificity were assumed to be 90%, with 10% of
the maximum marginal error of estimate under 95% Cls. Assuming a
prevalence of 5%-10% for postoperative invasive procedure, which
might be the most difficult to extract,?°~2% a sample size of 350-700
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cases at each hospital was considered desirable.’? Considering the
annual number of surgical cases in Hospitals A and B, patients seen
within a 3-y period were included in the present study.

For all diagnostic accuracy statistics, 95% Cls were calculated
using a normal approximation of binomial distribution. All statistical
analyses were conducted using R version 3.6.2 software (Vienna,
Austria).

3 | RESULTS

3.1 | Identification of patients who underwent Gl
cancer surgery

After chart review at Hospitals A and B, a total of 1708 patients (608
at Hospital A and 1100 at Hospital B) who underwent Gl cancer sur-
gery were identified. From the DPC data of the two hospitals, 1694
patients were extracted. As shown in Table 2, the sensitivity was
0.992(95% Cl, 0.986-0.996) and the PPV was 0.992 (95% Cl, 0.987-
0.996). Analysis by each hospital showed similar favorable accuracy
(Table S3). The details of the reasons for incorrect identification of
patients are shown in Table S4. For example, cancer diagnosis codes
were not included in eight patients and were incorrectly assigned for
noncancer diseases in three patients.

3.2 | Accuracy of the extracted patient
characteristics

Validation analyses of the matched 1694 patients (603 at Hospital
A and 1091 at Hospital B) were performed. Table 3 shows the ac-
curacy of the patient characteristics extracted from the DPC data.
There were no incorrect age and sex data. In terms of operative
methods, the sensitivity and specificity were above 0.985, except
for proximal gastrectomy. Although 29 patients underwent proximal
gastrectomy in practice, data extraction of operative methods was
correct in 15 patients. On the other hand, in 14 patients there were
miscoding errors, such as distal gastrectomy, probably caused by the
infrequent use of proximal gastrectomy codes. For the surgical ap-
proach, the sensitivity, specificity, PPV, and NPV were all 20.974.

TABLE 2 Accuracy of identification of
patients who underwent gastrointestinal
cancer surgery

TP TN
1694 NA

= = . 5
Y AG Surg Annals of Gastroenterological Surgery _Wl L EY

3.3 | Accuracy of the extracted postoperative
complications

Table 4 shows the results of the validation analyses of postoperative
complications. For all outcomes, the sensitivity was >0.798, and the
specificity was almost 1.000. The reasons for incorrect identifica-
tion of postoperative complications are listed in Table S5.

The invasive procedure, which was surgical, endoscopic, or ra-
diological intervention not under general anesthesia, was actually
performed in practice on 89 patients. However, the codes of the
complications were not recorded in the DPC data in 18 patients (sen-
sitivity 0.798; 95% Cl, 0.699-0.876).

All reoperations that were actually performed in practice on
35 patients were correctly extracted from the DPC data (sensitiv-
ity 1.000; 95% Cl, 0.900-1.000). Scheduled consecutive surgeries
for other diseases following Gl cancer surgery were incorrectly ex-
tracted as reoperation in four patients (specificity 0.998; 95% ClI,
0.994-0.999).

Mechanical ventilation was extracted according to two al-
gorithms. All cases of mechanical ventilation that was actually
performed in practice (n=21) were correctly extracted by both al-
gorithms (sensitivity 1.000; 95% Cl, 0.839-1.000). The specificity of
mechanical ventilation extracted by the two algorithms was 0.998
and 0.997, respectively. Because NPPV was recorded as mechanical
ventilation in the DPC data, three and four patients who underwent
NPPV were incorrectly regarded as receiving mechanical ventilation
in each algorithm, respectively.

Moreover, ICU management was extracted according to two
algorithms. In practice, 25 patients were admitted to the ICU for
life-threatening complications. Extraction was correct in 23 patients
using algorithm A (sensitivity 0.920; 95% Cl, 0.740-0.990) and in 21
patients using algorithm B (sensitivity 0.840; 95% Cl, 0.639-0.955).
Two and four patients were discharged from the ICU within POD
3 and 7, respectively, after requiring immediate postoperative ICU
management because of critical postoperative complications. Those
patients were regarded as having no ICU management in each algo-
rithm. In addition, the specificity of algorithm A and B was 0.998 and
0.999, respectively.

For hemodialysis and in-hospital mortality, all diagnostic accu-

racy statistics were 1.000.

Sensitivity Specificity NPV
FP  (95% Cl) (95% ClI) PPV (95% Cl) (95% ClI)
13 0.992 NA 0.992(0.987- NA
(0.986- 0.996)

0.996)

Note: TP was defined as a case that was identified in both DPC and chart review. FN was defined
as a case that was identified by chart review but not in the DPC. FP was defined as a case that was
identified in the DPC but not by chart review. Sensitivity was defined as the proportion of patients
extracted from the DPC data among eligible patients in the chart review. PPV was defined as the
proportion of eligible patients in the chart review among patients extracted from the DPC data.

Abbreviations: Cl, confidence interval; FN, false negative; FP, false positive; NA, not applicable;
NPV, negative predictive value; PPV, positive predictive value; TN, true negative; TP, true positive.
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TP TN FN FP Sensitivity (95% Cl)
Age® NA NA NA NA NA
Sex, male 986 708 0 0 1.000 (0.996-1.000)
Operative method
Esophagectomy 105 1589 0 1.000 (0.965-1.000)
Total gastrectomy 133 1559 0.985 (0.948-0.998)
Proximal 15 1664 14 1 0.517 (0.325-0.706)
gastrectomy
Distal gastrectomy 352 1325 1 16 0.997 (0.984-1.000)
Colectomy 679 1012 1 2 0.999 (0.992-1.000)
Proctectomy 390 1301 2 1 0.995 (0.982-0.999)
Surgical approach
Open 147 1542 1 4 0.993(0.963-1.00)
Laparoscopic/ 1475 213 4 0.997 (0.993-0.999)
Thoracoscopic
Robotic 66 1627 1 0 0.985 (0.920-1.000)
Mediastinoscopy 0 1694 0 0 NA

Specificity (95% Cl)
NA
1.000 (0.995-1.000)

1.000 (0.998-1.000)
1.000 (0.998-1.000)
0.999 (0.997-1.000)

0.988 (0.981-0.993)
0.998 (0.993-1.000)
0.999 (0.996-1.000)

0.997 (0.993-0.999)
0.991 (0.967-0.999)

1.000 (0.998-1.000)
1.000 (0.998-1.000)

PPV (95% ClI)

NA
1.000 (0.996-1.000)

1.000 (0.965-1.000)
1.000 (0.973-1.000)
0.938(0.698-0.998)

0.957 (0.930-0.975)
0.997 (0.989-1.000)
0.997 (0.986-1.000)

0.974 (0.934-0.993)
0.999 (0.995-1.000)

1.000 (0.946-1.000)
NA

NPV (95% Cl)

NA
1.000 (0.995-1.000)

1.000 (0.998-1.000)
0.999 (0.995-1.000)
0.992(0.986-0.995)

0.999 (0.996-1.000)
0.999 (0.995-1.000)
0.998 (0.994-1.000)

0.999 (0.996-1.000)
0.982 (0.953-0.995)

0.999 (0.997-1.000)
1.000 (0.998-1.000)

Note: TP was defined as a case that was identified in both DPC and chart review. TN was defined as a case that was not identified in both DPC and
chart review. FN was defined as a case that was identified by chart review but not in the DPC. FP was defined as a case that was identified in the

DPC but not by chart review sensitivity=TP/(TP +FN); specificity=TN/(FP+TN); PPV =TP/(TP+FP); NPV=TN/(FN+TN).
Abbreviations: Cl, confidence interval; FN, false negative; FP, false positive; NA, not applicable; NPV, negative predictive value; PPV, positive

predictive value; TN, true negative; TP, true positive.
2Extracted age that fully coincided with that in the clinical data.

Overall complications 2grade Illa occurred in 111 patients. and
correct extraction was achieved in 93 patients (sensitivity 0.838;
95% Cl, 0.756-0.901). There were 15 negative cases incorrectly
extracted as positive from the DPC data (specificity 0.991; 95%
Cl, 0.984-0.995). Overall complications =grade Illb occurred
in 47 patients; all were extracted correctly (sensitivity 1.000).
There were nine negative cases incorrectly extracted as posi-
tive from the DPC data (specificity 0.995; 95% Cl, 0.990-0.997).
The results for each hospital and operative method are shown in
Tables S6 and S7.

3.4 | Accuracy of the extracted
postoperative course

Table 5 shows the results of the validation analyses of the postoper-
ative course. All extracted data on length of postoperative hospital
stay coincided with the clinical data by chart review. In practice, 47
patients were transferred to another hospital postoperatively, and
this outcome was correctly extracted in 43 (sensitivity 0.915; 95%
Cl, 0.796-0.976). Two patients were incorrectly regarded to have
this outcome (specificity 0.999; 95% Cl, 0.996-1.000). Unplanned
readmissions within POD 30 occurred in 55 patients in practice and
was correctly extracted in 51 patients (sensitivity 0.927; 95% ClI,
0.824-0.980). No patient was misidentified as experiencing read-
mission (specificity 1.000).

4 | DISCUSSION

Most validation studies using administrative data were internally
performed at a single center.2#2> On the other hand, in the present
study algorithms for extracting Gl cancer surgery cases and postop-
erative complications requiring interventions were developed using
data from one hospital and were externally validated using data from
two other hospitals. The extraction of Gl cancer surgery cases had a
high PPV, and the specificity of extraction of postoperative compli-
cations was almost 1.000. In studies that aim to prove hypotheses,
a high PPV is required to obtain the target population, and a high

k.8 Our re-

specificity is required to obtain the correct relative ris
sults indicated that patients who underwent Gl cancer surgery and
postoperative outcomes requiring interventions can be accurately
identified from the administrative claims database. As far as we
know, this was the first multicenter study to validate the accuracy of
extraction of postoperative complications, according to the severity
of complications, from claims data.

The importance of validation studies has been emphasized to
avoid misclassification bias of results.? Nevertheless, a past study
reported that 88% of studies that used an administrative claims da-
tabase employed unvalidated algorithms to extract cohorts or out-
comes.” This present multicenter external validation study may
contribute to future research on hospital quality improvement. For
instance, feedback on the annual trends of overall complications

>grade llIb following Gl cancer surgery in a hospital may be done with
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TABLE 4 Accuracy of the extracted postoperative complications (n=1694)

Prevalence

TP TN FN FP (%)
Invasive procedure® 71 1594 18 11 5.3
Reoperation 35 1655 0 4 21
Mechanical ventilation
Algorithm A 21 1670 0 3 1.2
Algorithm B 21 1668 0 5 1.2
Hemodialysis 1 1693 0 0 0.1

ICU management

Algorithm A 23 1666 2 3 1.5
Algorithm B 21 1668 4 1 1.5
In-hospital mortality 5 1689 0 0 0.3

Overall complication > grade 93 1568 18 15 6.6
Illa

Overall complication 2 grade 47 1638 0 9 2.8
Illb
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Sensitivity

(95% CI) Specificity (95% CI) PPV (95% Cl) NPV (95% CI)
0.798 0.993(0.988-0.997) 0.866 0.989
(0.699-0.876) (0.773-0.931) (0.982-0.993)
1.000 0.998 (0.994-0.999) 0.897 1.000
(0.900-1.000) (0.758-0.971) (0.998-1.000)
1.000 0.998 (0.995-1.000) 0.875 1.000
(0.839-1.000) (0.676-0.973) (0.998-1.000)
1.000 0.997 (0.993-0.999) 0.808 1.000
(0.839-1.000) (0.606-0.934) (0.998-1.000)
1.000 1.000 (0.998-1.000) 1.000 1.000
(0.025-1.000) (0.025-1.000) (0.998-1.000)
0.920 0.998 (0.995-1.000) 0.885 0.999
(0.740-0.990) (0.698-0.976) (0.996-1.000)
0.840 0.999 (0.997-1.000) 0.955 0.998
(0.639-0.955) (0.772-0.999) (0.994-0.999)
1.000 1.000 (0.998-1.000) 1.000 1.000
(0.478-1.000) (0.478-1.000) (0.998-1.000)
0.838 0.991 (0.984-0.995) 0.861 0.989
(0.756-0.901) (0.781-0.920) (0.982-0.993)
1.000 0.995 (0.990-0.997) 0.839 1.000
(0.925-1.000) (0.717-0.924) (0.998-1.000)

Note: TP was defined as a case that was identified in both DPC and chart review. TN was defined as a case that was not identified in both DPC and
chart review. FN was defined as a case that was identified by chart review but not in the DPC. FP was defined as a case that was identified in the
DPC but not by chart review.Prevalence=(TP+FN)/(TP + TN+ FN + FP); sensitivity =TP/(TP + FN); specificity=TN/(FP+TN); PPV =TP/(TP+FP);

NPV=TN/(FN+TN).

Abbreviations: Cl, confidence interval; FN, false negative; FP, false positive; ICU, intensive care unit; NPV, negative predictive value; PPV, positive

predictive value; TN, true negative; TP, true positive.

2Surgical, endoscopic, or radiological intervention not under general anesthesia.

benchmark data. In addition, large-scale comparisons between inter-
ventions (e.g. robotic surgery vs. thoracoscopic/laparoscopic surgery)
can be performed using DPC data in nationwide hospitals in Japan.

In terms of identification of patients who underwent Gl cancer
surgery, we combined both DPC diagnosis and surgical procedures,
which led to a highly accurate extraction. This was consistent with
previous findings that utilization of a combination of diagnosis and
surgery allowed a more accurate extraction of the target cohort.*
Unlike most administrative databases, the DPC database has several
diagnoses that represent hospitalizations; therefore, the combina-
tion of those diagnoses can be used.* This might also contribute to
a higher extraction accuracy.

Information on outcomes, such as postoperative complica-
tions, has been considered difficult to collect using claims data.?¢
Therefore, we did not choose a study design to validate the diag-
nostic codes themselves, indicating complications. However, we
considered that we could extract postoperative complications
requiring invasive treatments, such as reoperation and intensive
care, because the administrative data routinely hold all procedure-
related information with the aim of submitting claims for payment.
Although we used a Japanese claims database, we believe that this
fundamental principle could be applied to other countries and fields.
Nevertheless, similar validation studies are warranted.

In terms of invasive procedure not under general anesthesia,
we expected a lower accuracy, compared with that of the other
outcomes, because of miscoding or noncoding of the procedures.
Indeed, previous studies have shown that minor procedures, such
as those generally performed at hospital wards or radiology de-
partments, tended to be coded inaccurately, whereas major pro-
cedures, such as surgery, tended to be coded accurately in the
administrative data.?”2® In the present study, although the sensi-
tivity for this outcome was lower (0.798), compared with that of
the other outcomes, the specificity was high (0.993). This tendency
of decreased sensitivity was observed among all operative meth-
ods: esophagectomy, gastrectomy, and colorectomy. It might be
attributed to the fact that coding professionals were less likely to
notice minor procedures performed in the ward, such as percuta-
neous drainage with nelaton catheters. We believed that the use of
this outcome in future studies may be acceptable if its limitations
are fully understood.

With regard to reoperation, we extracted cases of general an-
esthesia use postoperatively. The accuracy was considerably favor-
able by preliminarily excluding scheduled surgeries, such as stoma
closure, or second operation of two-stage esophagectomy, which
could be performed during hospitalization rather than as treatment
of complications.
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TABLE 5 Accuracy of the extracted postoperative course

Prevalence

(%)

Specificity (95% Cl) PPV (95% Cl) NPV (95% ClI)

Sensitivity (95% Cl)

™™ FN FP

TP

NA NA NA

NA

NA
2.8

NA

NA NA
4
4

NA
43

Length of postoperative hospital stay®

0.998 (0.994-0.999)
0.998 (0.994-0.999)

0.956 (0.849-0.995)

0.999 (0.996-1.000)

0.915 (0.796-0.976)

1645
1639

Transfer to a different hospital

0.927 (0.824-0.980) 1.000 (0.998-1.000) 1.000 (0.930-1.000)

3.2

51

30-day unplanned hospital readmission

Note: TP was defined as a case that was identified in both DPC and chart review. TN was defined as a case that was not identified in both DPC and chart review. FN was defined as a case that was

TPATP+FN);

(TP+FN)/(TP+TN+FN +FP); sensitivity

identified by chart review but not in the DPC. FP was defined as a case that was identified in the DPC but not by chart review.Prevalence

TN/(FN+TN).
Abbreviations: Cl, confidence interval; FN, false negative; FP, false positive; NA, not applicable; NPV, negative predictive value; PPV, positive predictive value; TN, true negative; TP, true positive.

TN/(FP+TN); PPV =TP/(TP+FP); NPV =

specificity

4Extracted length of postoperative hospital stay fully coincided with the clinical data.
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For mechanical ventilation, two patterns of validation were per-
formed, because the duration of postoperative mechanical ventila-
tion might vary among facilities. As a result, the accuracy was better
for algorithm A than for algorithm B. Nevertheless, algorithm B may
be valuable, as there had been several past reports that set 48h as
the cutoff value for the postoperative ventilation period when ex-
tracting from administrative data.?%° In a future project or study, ei-
ther of the algorithms can be selected, depending on which will suit
the purpose. In both algorithms, NPPV was included as mechanical
ventilation, because the Japanese coding guidelines allow NPPV to
be registered as mechanical ventilation if certain conditions that de-
fine when acute respiratory failure are met. Notably, interpretation
of the results needs caution, because NPPV is usually not defined as
a Clavien-Dindo grade IV equivalent.3%%!

The accuracy of two algorithms for extraction of postoperative
ICU management was examined, because the length of ICU stay
after a scheduled admission varied among hospitals.®? Although
the balance of sensitivity and specificity for ICU management
seemed to be better with algorithm A than with algorithm B, the
use of both algorithms might be acceptable in future projects and
research.

With regard to hemodialysis or in-hospital mortality, no inaccu-
rate extraction was found in the present cohort. In-hospital mortal-
ity had been previously used as an outcome in many reports using
DPC data.*” It will serve as a basis for ensuring the quality of prior
and future researches.

The present study had some limitations. First, the inclusion of
relatively large-scale affiliated hospitals in this study may limit the
generalizability of our findings. Second, coding can be changed or
added in the future, because revision of medical fees is conducted
principally every 2y. Third, the information validated in this study
is only part of the DPC data. Although some studies report a high
validity of diagnoses in the DPC data, further validation studies are
warranted to avoid information bias regarding patients' comorbidi-
ties and surgical characteristics.3>34

In conclusion, our developed algorithms to identify patients who
underwent Gl cancer surgery and to extract postoperative compli-
cations requiring interventions from the real-world data had high
accuracy. This external validation study could provide an important
basis for ensuring the quality of future studies that will use real-
world data in the surgical field.
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