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eAppendix A ‘Data sources’ 
 
Data were obtained from several health administrative databases from Ontario, Canada (Supplementary Figure 1 
below): 
 

A) The Ontario Health Insurance Plan History Database captures claims for inpatient and outpatient 
physician services with high accuracy (96%). These include billing codes for surgical procedures. 

 
B) The Canadian Institute for Health Information Discharge Abstract Database (CIHI-DAD), the CIHI Same Day 

Surgery Database (CIHI-SDS), and the National Ambulatory Care Reporting System (NACRS) contain 
detailed diagnostic and procedural information about all hospital admissions, day surgeries and 
emergency department visits, respectively.  The sensitivity and positive predictive values for International 
Classification of Diseases 10th Revision (ICD-10) hip fracture diagnoses in these databases are 0.95 (95% CI: 
0.93 to 0.97) and 0.95 (95% CI: 0.92 to 0.97), respectively.  

 
C) Demographic and vital status information were obtained from the OHIP Registered Persons Database 

(RPD) and characteristics of surgeons from the ICES Physician Database (IPDB). The primary surgeon for 
each hip fracture surgery was obtained from billing information in the Ontario Health Insurance Plan 
(OHIP) database. Surgeon characteristics, such as experience, were then obtained from the ICES Physician 
Database (IPDB) after data linkage. 

 
These databases are held securely in linked, encoded form and analyzed at ICES. They have been used successfully 
in prior studies of hip fracture patients. 
 
Supplementary Figure 1: Cohort Development and Database Linkage. 
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eAppendix B ‘Database codes’ 
 
Cohort inclusion (one of each): 

A) International Classification of Diseases, Tenth Revision (ICD-10) diagnostic code:  
a. S72.0 (fracture of head and neck of femur); S72.1 (Pertrochanteric fracture); or S72.2 

(Subtrochanteric fracture); and 
B) OHIP Physicians Billings Database code:  

a. F100 (fixation); F096 (IMN); F101; R440; or R439 (arthroplasty); and 
C) Canadian Classification of Health Interventions (CCI) code:  

a. 1VA53; 1VA74; 1VA80; 1VC74; or 1VC80 
D) Not shaft or distal femur fracture: (ICD 10) S72.3, S72.4, S72.8, S72.9 

 
Primary exposure – ‘wait times’ 
Exact surgery start and end times are linked to CCI codes listed in the Discharge Abstract Database (CIHI DAD): 
1VA53, 1VA74 ,1VA80, 1VC74, 1VC80 
 
Medical outcomes: 

A) DVT (ICD10) – I801, I802, I803, I809, I822, I823, I828, I829 
B) PE (ICD10) – I260, I269 
C) MI (ICD10) – I210, I211, I212, I213, I2140, I2141, I2142, I2149, I219, I220, I221, I228, I229 
D) Pneumonia (ICD10) – J100, J101, J108, J110,J111, J118, J120, J121, J122, J128, J129, J13, J14, J150, J151, 

J152, J153, J154, J155, J156, J157, J158, J159, J160, J168, J180, J181, J182, J188, J189 
 
Surgical outcomes: 

A) Dislocation – (OHIP) D042, D043, R628, D038, D039, D040, D031, R403; (ICD10) S730x, x=0,1,8,9; S8310x, 
x=0,1,2,3,8,9; S83000 or S83001 

B) Removal of Hardware – (OHIP) R267  
 
Covariates: 
Previously validated algorithms identified patients with the following diagnoses: 

Comorbidity Sensitivity % Specificity % Reference 
Diabetes 86.0 97.0 1 
Hypertension 72.0 95.0 2 
COPD 57.5 95.4 3 
CHF 84.8 97.0 4 
CAD 88.8 92.8 5 
Dementia 79.3 99.1 6 
Frailty From Johns Hopkins’ Diagnostic Groups 7 
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eAppendix C ‘Empirically derived surgical delay threshold –  Spline regression’: 
 
Restricted cubic splines were used to model the probability of complications according to the time elapsed from 
ED arrival to surgery (with error bars indicating 95% confidence intervals).  These curves were adjusted for age, 
sex, year, income quintile, rurality, pre-admission disposition, medical comorbidity, fracture and surgery type, 
Injury Severity Score, surgeon volume and experience, hospital volume and type, and surgery duration.  
 
All splines were generated for the average (or most common) hip fracture patient in the cohort; i.e. an individual 
with average patient (age, sex, co-morbidity, etc) and provider/system characteristics (surgeon volume, teaching 
hospital status, etc). This ‘average’ individual in our cohort was a reasonably healthy 80-year-old female treated at 
a large community hospital. As these characteristics were changed, the absolute probabilities of the complications 
changed, but the overall shape of the curve did not. We therefore generated all curves for the same average 
individual, except where a subgroup analysis required a characteristic to be changed (for the analysis restricted to 
male or female patients, for example).  
 
These stratified analyses are presented below and were conducted to determine whether the time threshold 
identified was consistent between different patient subgroups. The area of inflection identified in primary analyses 
around 24 hours was robust to stratification among these subgroups. Legend for subgroup analyses: MI, 
myocardial infarction. DVT, deep vein thrombosis. PE, pulmonary embolism. 
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Subgroup analyses: female hip fracture patients (28,829 of 29,759 eligible patients analysed). 
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Subgroup analyses: male hip fracture patients (11,886 of 12,471 eligible patients analysed). 
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Subgroup analyses: hip fracture patients without hospital admission in the prior 5 years or with Deyo-Charlson 
Score = 0 (25,402 of 26,256 eligible patients analysed) . 
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Subgroup analyses: hip fracture patients with medical comorbidity (9,498 of 10,008 eligible patients analysed) 
(Deyo-Charlson Score 2 or greater).  
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Subgroup analyses: hip fracture patients treated at academic hospitals (11,584 of 12,167 eligible patients 
analysed). 
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Subgroup analyses: hip fracture patients treated at community hospitals (29,497 of 30,063 eligible patients 
analysed). 
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Subgroup analyses: hip fracture patients arriving at hospital between 0800 – 1600 hrs (19,276 of 19,967 eligible 
patients analysed). 
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Subgroup analyses: hip fracture patients arriving at hospital between 1600 – 2400 hrs (15,748 of 16,426 eligible 
patients analysed). 

 
*Dislocation at 30-days was not plotted since there was complete separation of datapoints. 



SUPPLEMENTARY    APPENDIX 

© 2017 American Medical Association. All rights reserved. 

Subgroup analyses: hip fracture patients arriving at hospital between 2400 – 0800 hrs (5,442 of 5,837 eligible 
patients analysed) 

*Dislocation at 30- and 90-days were not plotted since there was complete separation of datapoints. 
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eAppendix D ‘Empirically derived surgical delay threshold – ROC analysis’: 
 
At time thresholds around the area of inflection, we interrogated the area under (AUC) the receiver operating 
characteristic (ROC) curve (with 95% confidence intervals) for logistic regression models relating surgical delay to 
mortality (30-day in blue, 90-day in red, 365-day in green). At each follow-up period, the maximum AUC increase 
occurred when using 24-hours to classify patients into “early” or “delayed” surgery groups compared to 6-, 12-, 18-
, 30- and 36-hour thresholds.  
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eAppendix E ‘Adjusting for Antiplatelet and Anticoagulant prescription (23,468 patients)’: 
 
Supplementary Table: Primary and secondary outcomes in a cohort restricted to patients greater than age 65, after 
matching on propensity scores that included provision of anticoagulant or antiplatelet medications within the year 
prior to surgery.a 

Outcome <=24 hours 
(n=12,022) 

>24 hours 
(n=12,022) 

ARD (%, 95% CI)b 

Primary Outcome, [N (%)]    
Mortality    
30d 780 (6.5%) 886 (7.4%) 0.88 (0.25 to 1.51)  

    
Secondary Outcomes, [N (%)]    
Mortality    
90d 1,439 (12.0%) 1,584 (13.2%) 1.21 (0.38 to 2.03) 
365d 2,581 (21.5%) 2,797 (23.3%) 1.80 (0.75 to 2.84) 
    
Composite, [N (%)]    
30d 1,336 (11.1%) 1,586 (13.2%) 2.08 (1.26 to 2.90) 
90d 2,077 (17.3%) 2,341 (19.5%) 2.20 (1.23 to 3.16) 
365d 
 

3,408 (28.3%) 3,729 (31.0%) 2.67 (1.53 to 3.81) 
  
a Greedy matching occurred 1:1 on the logit of a propensity score with a caliper of 0.2*standard deviation in a 
cohort restricted to patients > age 65. Covariates presented in Table 2 of the manuscript were also balanced after 
matching for this restricted cohort (standardized differences <0.1).  
b ARD, %; absolute risk difference expressed as a percentage (with 95% confidence intervals). 
c Composite of mortality, pulmonary embolism, deep vein thrombosis, myocardial infarction and / or pneumonia. 
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eAppendix F ‘Relationship between matching status and mortality in delayed group patients” (23,709 patients 
analysed): 
 
There were N=13,731 matched delayed patients and N=13,578 patients unmatched in the delayed group. Those in 
the matched delayed group were younger (age: 80.13 ± 10.68 versus 82.33 ± 9.57, standardized difference = 0.22), 
healthier (Charlson 3+: 1,555 (11.3%) versus 2,902 (21.4%), standardized difference = 0.27), and less likely to wait 
for surgery (wait-time: 48.45 ± 27.31 versus 51.90 ± 29.38, standardized difference = 0.12) or die within 30 days 
(898 (6.5%) versus 1,196 (8.8%), p < .001). 
 
To test whether this difference in mortality was related to differential comorbidity or residual confounding, a 
logistic regression analysis restricted among delayed group patients was conducted. The primary outcome was 
modeled (30-day mortality) and the following variables were included: wait-time, age, sex, year, income quintile, 
rurality, pre-admission disposition, medical comorbidity, fracture and surgery type, Injury Severity Score, surgeon 
volume and experience, hospital volume and type, and surgery duration same variables were included. “Matched / 
unmatched” status was the one additional variable.   
 
Being matched versus unmatched was not significantly associated with mortality [OR 1.00 (95% CI 0.91 to 1.10)].  
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eAppendix G ‘Subgroup analysis of those undergoing surgery within 36 hours’ 
 
Supplementary Figure: Adjusted spline regression restricted to patients receiving surgery within 36 hours, relating 
wait-time to mortality at 30-, 90- and 365- days (analysis among 23,983 patients).  
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Supplementary Table: Primary and secondary outcomes in a cohort restricted to patients receiving surgery within 36 
hours after matching on propensity scores.a 

Outcome <12 hours 
(n=4,201) 

12-24 hours 
(n4,201) 

ARD (%, 95% CI)b 

Primary Outcome, [N (%)]    
Mortality    
30d 250 (6.0%) 227 (5.4%) -0.55 (-1.54 to 0.44) 

    
Secondary Outcome, [N (%)]    
Mortality    
90d 446 (10.6%) 420 (10.0%) -0.62 (-1.92 to 0.68) 
365d 808 (19.2%) 771 (18.4%) -0.88 (-2.53 to 0.77) 
    
Composite, [N (%)]c    
30d 418 (10.0%) 382 (9.1%) -0.86 (-2.12 to 0.41) 
90d 629 (15.0%) 612 (14.6%) -0.40 (-1.93 to 1.12) 
365d 
 

1,059 (25.2%) 1,035 (24.6%) -0.57 (-2.39 to 1.25) 
  

Outcome 12-24 hours 
 (n=9.160) 

24-36 hours 
(n=9,160) 

ARD (%, 95% CI)b 

Primary Outcome, [N (%)]    
Mortality    
30d 531 (5.8%) 588 (6.4%) 0.62 (-0.07 to 1.31) 

    
Secondary Outcome, [N (%)]    
Mortality    
90d 1,001 (10.9%) 1,089 (11.9%) 0.96 (0.06 to 1.87) 
365d 1,813 (19.8%) 1,975 (21.6%) 1.77 (0.63 to 2.90) 
    
Composite, [N (%)]c    
30d 938 (10.2%) 1,029 (11.2%) 0.99 (0.11 to 1.88) 
90d 1,487 (16.2%) 1,583 (17.3%) 1.05 (-0.01 to 2.11) 
365d 
 

2,450 (26.7%) 2,587 (28.2%) 1.50 (0.24 to 2.75) 
  
a Greedy matching occurred 1:1 on the logit of a propensity score with a caliper of 0.2*standard deviation in a cohort 
restricted to patients receiving surgery within 36 hours. Covariates presented in Table 2 of the manuscript were also 
balanced after matching for this restricted cohort (standardized differences <0.1). 
b ARD, %; absolute risk difference expressed as a percentage (with 95% confidence intervals). 
c Composite of mortality, pulmonary embolism, deep vein thrombosis, myocardial infarction and / or pneumonia. 
 


