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eAppendix. Supplemental Methodology Description 
 
Supplemental Information on Data Source and Patient Selection 
The Optum Electronic Health Record (EHR) dataset contains structured information, such as diagnosis, 

procedure codes, lab results and observations, including vital signs, blood pressure, pain and body mass 

index (BMI). It also contains unstructured information in the form of clinical notes from office visits, 

consultation reports, discharge summaries and reports from nursing records, pathology, radiology and 

cardiology. Using a natural language processing (NLP) system, Optum staff extract these unstructured 

data and organize them into structured fields for clinical assessment. During the use of NLP, clinical 

notes are scanned to discover, interpret, and extract important clinical information. This information is 

then separated into tables of signs/symptoms, treatment rationale, and clinical measurements. Clinical 

measurements include numeric fields from clinical notes such as blood pressure, pain and BMI. We 

identified patients who underwent THA or TKA from 2014 to 2017 using ICD-9, ICD-10, or CPT codes 

(THA: ICD-9, 81.51; ICD-10, 0SR90J9, 0SR90JA, 0SR90JZ, 0SRB0J9, 0SRB0JA, 0SRB0JZ; CPT, 27130; TKA: 

ICD-9, 81.54; ICD-10, 0SRC07Z, 0SRC0JZ, 0SRC0KZ, 0SRC0LZ, 0SRD07Z, 0SRD0JZ, 0SRDD0KZ, 0SRD0LZ, 

0SRT07Z, 0SRT0JZ, 0SRT0KZ, 0SRU07Z, 0SRU0JZ, 0SRU0KZ, 0SRV07Z, 0SRV0JZ, 0SRV0KZ, 0SRW07Z, 

0SRW0JZ, 0SRW0KZ; CPT, 27447).  

 
Supplemental Information on Opioid Prescription and Pain Measurement 
We used National Drug Code, product name, strength, and therapeutic class description from 2011-2019 
Red-Book Select Extracts database to identify any opioid prescribed from discharge to 60 days after 
discharge. We analyzed whether patients received any opioid prescriptions from discharge to 60 days 
after discharge. To capture opioid prescriptions possibly for post-discharge use, we included opioid 
prescribed up to 2 days before discharge, which accounted for additional 32% of patients received 
opioid in the study period. Clinicians frequently write scripts for discharge medications 1 to 2 days 
before discharge, in anticipation of impending discharge or delayed discharge. They also write new 
opioid prescriptions, even after the surgical patient has been discharged home especially if the patient’s 
pain worsened post discharge to the extent that the clinicians decide to write a new prescription. It is 
possible but is very unlikely in clinical practice that a written discharge medication would be dispensed 
and administered by the nurse to the patient in the inpatient service. If that rare possibility holds, then 
our estimate of outpatient discharge medications will be an overestimate. About 9.0% of patients with 
missing information on quantity prescribed were excluded and resulted in 67,075 THA and 117,486 TKA 
patients included in the MME analyses. 
 
The Optum EHR data can include multiple values of pain level on each day, with the time of assessment 
not always recorded. Because of this inconsistency, we created level of pain at discharge by using an 
average pain score for all observations on the day closest to discharge. We created four categories 
based on the pain score distribution (no pain, 1-3, 4-6, 7-10). The pain variable at discharge from the 0-
to-10 visual analogue scale was used when available (97.3% of pain values). When the 0-to-10 
structured data was not available, pain was obtained from the NLP-created structured fields for clinical 
measurements. This was done by selecting measurement records where the assessment term was 
“pain.” Values were excluded that were assessed on a different scale (e.g., 0 to 100) or were not 
numeric (e.g., “increased”). Number of patients with pain measurement at time periods post-discharge 
(7-14, 15-21, 22-29, 30-44, and 45-60 days) were 9,482, 5,628, 6,071, 10,053, and 7,226 for those with 
THA, and 21,689, 16,020, 17,691, 24,906, and 18,965 for those with TKA, respectively.  Overall, 81.8% of 
pain value came from structured data. 
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Supplemental Information on Covariates and Analysis 
The number of condition categories were included in the model, not as individual, separate conditions. 

These condition categories came from the CMS report on hospital readmission for hip or knee 

arthroplasty and additional conditions, including anxiety, depression, and substance use disorder. All of 

these condition category variables were assessed in the 12 months prior to the joint arthroplasty. 

Smoking status (never, former, current, other) were obtained from clinical observations found in the 

EHR and were taken from the observation nearest to the day of discharge, up to 6 months prior to the 

date of discharge. When there were multiple recorded statuses for smoking or selected, we recorded 

the most severe category with the “other” category being the least severe (i.e. current smoker, former 

smoker, never smoker, other). Other or unknown categories were included in the model, but not 

reported. 
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eTable. Study Cohort Selection 

aIntegrated Delivery Network. We made this selection because only patients from IDNs had data in "visit" 
table, which is used to identify inpatient stays. 

  Surgeries, 
N 

Admissions, 
N 

Patients, 
N 

1. THA/TKA surgeries performed between Jan 2014 – 
12/31/2017 

449,717   383,506 

2. Surgeries from patients in an IDNa 408,709   347,872 

3. Surgeries in an inpatient setting 384,877 380,252 331,713 

4. Exclude admissions with records of > 2 knee or > 2 hip 
surgeries 

  380,191 331,660 

5. Discharged before 12/31/2017   380,068 331,554 

6. No revision surgeries during the inpatient stay   361,894 317,789 

7. Exclude admissions with any non-elective surgery   351,673 308,682 

8. First admission per person   308,682 308,682 

9. Patient was 18 years old or older     308,603 

10. Exclude patients with unknown gender     308,394 

11. Patient had at least one numeric pain score within 3 
days before discharge 

    238,984 

12. Exclude those whose LOS was beyond 3 SDs from the 
mean 

    236,631 


