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Supplementary Methods 

A simple (uncontrolled) interrupted time series (ITS) cannot exclude time-varying confounders 

that do not form part of the underlying trend, such as other interventions or events occurring 

around the time that may also affect the outcome (history bias) [1].  

 

To address this limitation, a controlled ITS (CITS) analysis was performed in addition to the 

simple ITS. This involved incorporating a control series that was not exposed to the intervention 

to the simple ITS design. In a CITS, if an effect is detected in the intervention group but not in a 

well-chosen control group, it suggests that the effect is more likely attributable to the 

intervention [1]. For our study, patients with chronic obstructive pulmonary disease (COPD) 

exacerbations were used as an internal control group. Per Friedman et al [2], “an internal control 

arm would allow us to check that nothing else in the clinical environment is changing during the 

pre and post period.” Analyzing the discharge rate of patients with COPD provided us with an 

internal patient outcome that would reflect the general care of ED patients. Providing an 

educational initiative on VTE should not have affected the COPD measure, at least not directly.  

 

Both the simple and controlled ITS models were developed based on the simple and segmented 

regression with difference-in-difference models outlined in the article by Mascha et al [3]. These 

models included indicator variables for the intervention or control series as interaction terms. 

The ITS analyses used the same time periods, as described in the study timeline (Figure 1). 

However, as the outcome was analyzed monthly and the interventions did not precisely take 

place at the beginning of a month, date ranges for the analyses were matched as closely as 

possible to account for a full month of data. 
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Supplementary Tables 

Supplementary Table 1. Provider barrier impact score 

  Barrier, n (%) 
Not a barrier  

Somewhat of a 
barrier  

Significant barrier  

Pre-quality 
intervention 

(n=25) 

Post-quality 
intervention 

(n=23) 

Pre-quality 
intervention 

(n=25) 

Post-quality 
intervention 

(n=23) 

Pre-quality 
intervention 

(n=25) 

Post-quality 
intervention 

(n=23) 

Access to DOAC   2 (8%) 6 (26%) 6 (24%) 10 (43%) 17 (68%) 7 (30%) 

Bleeding concern/lack of 
laboratory monitoring    

1 (4%) 3 (13%) 12 (48%) 9 (39%) 12 (48%) 11 (48%) 

Lack of a dedicated 
appointment post-discharge 
with a clinician   

1 (4%) 2 (9%) 6 (24%) 10 (43%) 18 (72%) 11 (48%) 

Differing recommendations 
from providers    

9 (36%) 11 (48%) 12 (48%) 10 (43%) 4 (16%) 2 (9%) 

Converting a patient from 
warfarin to a DOAC   

3 (12%) 4 (17%) 13 (52%) 17 (74%) 9 (36%) 2 (9%) 

Concern for patient 
adherence   

0 (0%) 0 (0%) 11 (44%) 14 (61%) 14 (56%) 9 (39%) 

Concern about a medical 
malpractice lawsuit   

11 (44%) 12 (52%) 10 (40%) 10 (43%) 4 (16%) 1 (4%) 

Discharge paperwork burden   17 (68%) 15 (65%) 6 (24%) 7 (30%) 2 (8%) 1 (4%) 

Lack of patient education 
regarding treatment of 
condition   

1 (4%) 5 (22%) 17 (68%) 10 (43%) 7 (28%) 8 (35%) 

DOAC, direct oral anticoagulant.

  



Supplementary Table 2. Provider demographics 

Variable  

Providers  

(n=25) 

Resident, n (%) 21 (84%) 

     Post-graduate year 1  9 (42.86%) 

     Post-graduate year 2  5 (23.81%) 

     Post-graduate year 3  7 (33.33%) 

Attending, n (%) 4 (16%) 

Years of experience, n (%) 

 
     0-5  0 

     6-10  2 (50%) 

     >10  2 (50%) 

VTE education naïve, n (%) 15 (60%) 

VTE, venous thromboembolism. 

  



Supplementary Table 3. Social determinants of health impact score  

Social determinant of health factors  
Not difficult at 

all  

Somewhat 

difficult  

Very 

difficult  

Lack of support (e.g., family, friends) (n=25) 2 (8%) 12 (48%) 11 (44%) 

Socioeconomic barriers (e.g., low income, 

unemployment, etc.) (n=25)  

0 6 (24%) 19 (76%) 

Low health literacy (n=25) 0 9 (39%) 16 (64%)  

English as a second language (n=25) 0 16 (64%)  9 (39%) 

Difficulty attaining transportation for follow up 

care (n=25) 

0 11 (44%) 14 (61%) 

Housing instability (n=24) 1 (4%) 7 (29%) 16 (67%)  

 
 

  



Supplementary Table 4. Discharge rates for patients diagnosed with acute VTE in the ED 

 

Pilot 

Variable  Pre-pilot Post-pilot P-valuea 

Patients diagnosed with acute PE in the 

ED, n 
204 177  

Disposition, n (%)  

Discharge   10 (4.9%) 22 (12.4%) 0.01 

Observation to discharge  23 (11.3%) 38 (21.5%)  

Observation to admission 6 (2.9%) 4 (2.3%)  

Admission 165 (80.9%) 113 (63.8%)  

Patients diagnosed with acute DVT in 

the ED, n 
152 157  

Disposition, n (%)  

Discharge   81 (53.3%) 70 (44.6%) 0.16 

Observation to discharge  23 (15.1%) 30 (19.1%)  

Observation to admission 3 (2.0%) 0  

Admission 45 (29.6%) 57 (36.3%)  

Total PE and DVT discharges, n (%) 91 (25.6%) 92 (27.5%) 0.61 

 

 

 

 

 

 



Quality intervention  

Variable  
Pre-quality 

intervention 

Post-quality 

intervention 
P valuea  

Patients diagnosed with acute PE in the 

ED, n 
101 96  

Disposition, n (%)  

Discharge   10 (9.9%) 8 (8.3%) 0.89 

Observation to discharge  12 (11.9%) 7 (7.3%)  

Observation to admission 1 (1.0%) 0  

Admission 78 (77.2%) 81 (84.4%)  

Patients diagnosed with acute DVT in 

the ED, n 
71 88  

Disposition, n (%)  

Discharge   39 (54.9%) 47 (53.4%) 0.98 

Observation to discharge  10 (14.1%) 16 (18.2%)  

Observation to admission 0 1 (1.1%)  

Admission 22 (31.0%) 24 (27.3%)  

Total PE and DVT discharges, n (%) 49 (28.5%) 55 (29.9%) 0.86 

DVT, deep vein thrombosis; ED, emergency department; PE, pulmonary embolism.

a P-values for two-proportion z-tests were only assessed for the “Discharge” disposition. 

  



Supplementary Table 5. Segmented linear regression analysis of monthly discharge rates for 

the pilot (simple uncontrolled interrupted time series model)  

Variable  Parameter 95% CI 

Standard 

error P value 

Constant  Β0, 0.363 0.299 to 0.428 0.030 <0.001  

Baseline trend/slope  Β1, −0.024 −0.034 to −0.013 0.005 <0.001 

Change in level   

immediately post-pilot   
Β2, 0.162 −0.009 to 0.333 0.081 0.061 

Change in trend/slope: 

comparison of pre-pilot slope to 

post-pilot slope  

Β3, 0.014 −0.007 to 0.035 0.010 0.176 

  

  



Supplementary Table 6. Segmented linear regression analysis of monthly discharge rates for 

the quality intervention (simple uncontrolled interrupted time series model)  

Variable  Parameter 95% CI 

Standard 

error P value 

Constant  Β0, 0.328 0.241 to 0.415 0.036 <0.001 

Baseline trend/slope  Β1, −0.018 −0.047 to 0.011 0.012 0.173 

Change in level   

immediately post-quality 

intervention  

Β2, 0.096 −0.028 to 0.221 0.051 0.106 

Change in trend/slope:  

comparison of pre-quality 

intervention slope to post-

quality intervention slope  

Β3, 0.000 −0.032 to 0.032  0.013 0.996 

 

  



Supplementary Table 7. Segmented linear regression analysis of monthly discharge rates for 

the pilot (controlled interrupted time series model)  

Variable  
Parameter 95% CI 

Standard 

error 
P value 

Constant  Β0, 0.320 0.196 to 0.443  0.061 <0.001 

Baseline trend/slope of 

discharge rate before pilot 

intervention for COPD 

Β1, 0.022 −0.001 to 0.044  0.011 0.058 

Change in level of discharge 

rate immediately post-pilot 

intervention for COPD 

Β2, −0.132 −0.275 to 0.010  0.070 0.068 

Difference in the trend/slopes 

of discharge rate for COPD 

between prepilot and postpilot 

intervention 

Β3,−0.028 −0.054 to −0.002 0.013 0.039 

Difference between VTE vs 

COPD in level at beginning of 

study  

Β4, 0.044 −0.094 to 0.182 0.068 0.523 

Difference between VTE vs 

COPD in slope for prepilot 

intervention 

Β5,−0.045 −0.070 to −0.021  0.012 0.001 

Difference between VTE vs 

COPD in the change in level of 

discharge rate immediately 

post-pilot intervention 

Β6, 0.294 0.077 to 0.512 0.107 0.010 



Difference between VTE vs 

COPD in change in slope for 

post-pilot intervention 

Β7, 0.042 0.009 to 0.075 0.016 0.015 

COPD, chronic obstructive pulmonary disease; VTE, venous thromboembolism. 

  



Supplementary Table 8. Segmented linear regression analysis of monthly discharge rates for 

the quality intervention (controlled interrupted time series model)  

Variable  
Parameter 95% CI 

Standard 

error 
P value 

Constant  Β0, 0.300 0.187 to 0.413  0.052  <0.001  

Baseline trend/slope of discharge 

rate before pilot intervention for 

COPD 

Β1, 0.043 0.005 to 0.081  0.017  0.029  

Change in level of discharge rate 

immediately post-pilot 

intervention for COPD 

Β2,−0.051 −0.196 to 0.094  0.067  0.460  

Difference in the trend/slopes of 

discharge rate for COPD between 

pre-quality and post-quality 

intervention 

Β3,−0.059 −0.100 to −0.018  0.019  0.009  

Difference between VTE vs COPD 

in level at beginning of study  
Β4, 0.028 −0.109 to 0.165  0.063 0.665 

Difference between VTE vs COPD 

in slope pre-quality intervention  
Β5,−0.061 −0.107 to −0.015 0.021 0.013  

Difference between VTE vs COPD 

in the change in level immediately 

of discharge rate post-quality 

intervention 

Β6, 0.147 −0.035 to 0.330 0.084 0.104 

Difference between VTE vs COPD 

in change in slope post-quality 

intervention  

Β7, 0.059 0.008 to 0.109 0.023 0.026 

COPD, chronic obstructive pulmonary disease; VTE, venous thromboembolism. 

  



Supplementary Figures 

Supplementary Figure 1. Patient infographic in English and Spanish 

 

 



 

 



Supplementary Figure 2. Assessing confidence: assessing comorbidities in requiring surgical 

or medical admission for patients with PE. (A) Proportion of providers by response and (B) 

progression of responses pre- to post-intervention. PE, pulmonary embolism. 
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Supplementary Figure 3. Simple ITS for pre- and post-pilot intervention. ITS, interrupted time 

series. 

 



Supplementary Figure 4. Simple ITS for pre- and post-quality intervention. ITS, interrupted 

time series. 

 

 

 



Supplementary Figure 5. Controlled ITS for pre- and post-pilot intervention. ITS, interrupted 

time series. 

 

 



Supplementary Figure 6. Controlled ITS for pre- and post-quality intervention. ITS, interrupted 

time series. 

 

 


