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ABSTRACT
BACKGROUND:  Guidelines recommend Advance Care 
Planning (ACP) for seriously ill older adults to increase 
the patient-centeredness of end-of-life care. Few inter-
ventions target the inpatient setting.
OBJECTIVE:  To test the effect of a novel physician-
directed intervention on ACP conversations in the inpa-
tient setting.
DESIGN:  Stepped wedge cluster-randomized design 
with five 1-month steps (October 2020–February 2021), 
and 3-month extensions at each end.
SETTING:  A  total  of  35/125 hospitals  staffed by  a 
nationwide physician practice with an existing quality 
improvement initiative to increase ACP (enhanced usual 
care).
PARTICIPANTS:  Physicians employed for ≥ 6 months at 
these hospitals; patients aged ≥ 65 years they treated 
between July 2020–May 2021.
INTERVENTION:  Greater than or equal to 2 h of expo-
sure to a theory-based video game designed to increase 
autonomous motivation for ACP; enhanced usual care.
MAIN MEASURE:  ACP billing (data abstractors blinded 
to intervention status).
RESULTS:  A  total  of  163/319  (52%)  invited,  eligi-
ble hospitalists consented  to participate, 161  (98%) 
responded, and 132 (81%) completed all tasks. Phy-
sicians’  mean  age  was  40  (SD  7);  most  were  male 
(76%), Asian  (52%),  and  reported playing  the  game 
for ≥ 2 h (81%). These physicians treated 44,235 eligi-
ble patients over the entire study period. Most patients 
(57%) were ≥ 75; 15% had COVID. ACP billing decreased 
between the pre- and post-intervention periods (26% v. 
21%). After adjustment, the homogeneous effect of the 
game on ACP billing was non-significant (OR 0.96; 95% 
CI 0.88–1.06; p = 0.42). There was effect modification by 
step (p < 0.001), with the game associated with increased 
billing in steps 1–3 (OR 1.03 [step 1]; OR 1.15 [step 2]; 

OR 1.13 [step 3]) and decreased billing in steps 4–5 (OR 
0.66 [step 4]; OR 0.95 [step 5]).
CONCLUSIONS:  When added to enhanced usual care, 
a novel video game intervention had no clear effect on 
ACP billing, but variation across steps of the trial raised 
concerns about confounding from secular trends (i.e., 
COVID).
TRIAL  REGISTRATION:  Clinicaltrials.gov;  NCT 
04557930, 9/21/2020.
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Gaps persist in the patient-centeredness of care provided 
to patients with serious  illness1. Clinical practice guide-

lines encourage Advance Care Planning (ACP)—the itera-
tive process where patients complete advance directives, 
articulating their preferences for future health care, and/
or preparing their proxies—to address these  gaps2–4. Acute 
hospitalizations, which make salient these considerations, 
may be a high yield opportunity to engage patients in ACP.

The most successful ACP interventions to increase ACP 
completion rates by patients use third-party facilitators (e.g., 
research staff) to shepherd patients through their conversa-
tions with clinicians, but have limited  scalability5. Existing 
scalable interventions designed to increase clinician ACP 
conversations with their patients (e.g., audit-and-feedback, 
financial incentives) have produced only moderate improve-
ments in  performance6,7. None target autonomous motiva-
tion (defined as the psychological need to perform tasks that 
generate innate satisfaction or that align with deeply held 
values), which we identified as one (but not the only) predic-
tor of sustained behavior  change8. We built a theory-based 
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digital behavior change intervention, a customized video 
game played on iPads, to increase clinicians’ willingness to 
engage in ACP  conversations9.

The objective of this study was to test whether the game 
increased hospitalists’ willingness to have ACP conversa-
tions (measured by attitudes) and frequency of conversa-
tions (measured by ACP billing) in a stepped-wedge cluster-
randomized clinical trial at hospitals staffed by a hospitalist 
group that already offered ACP education, financial incen-
tives, and audit-and-feedback. We chose the trial design to 
avoid the misclassification of patients and the contamination 
of control physicians introduced by physician-level randomi-
zation, to minimize the risk of imbalance introduced by a 
parallel-cluster design because of the high intra-class corre-
lation for ACP billing at the hospital-level, and to maximize 
statistical efficiency.

METHODS

Overview
We conducted a stepped-wedge cluster-randomized trial in 
the USA between July 2020 and May 2021, with 35 hospi-
tals, 5 1-month steps, and 3-month pre- and post-intervention 
extensions (see Appendix), and compared the difference in 
the ACP billing of physicians before-and-after dissemination 
of a digital behavior change intervention. We have previ-
ously published the trial protocol and details of the develop-
ment of the  intervention9,10.

Trial Oversight
Dartmouth’s Committee for the Protection of Human Sub-
jects approved the study. The National Institute of Aging 
funded the trial and convened an independent data and safety 
monitoring board. The authors vouch for the accuracy and 
rigor of the analysis.

Hospital Sites, Physicians, and Patients
We partnered with a national physician practice that provides 
hospitalist services to 220 acute-care hospitals in the USA, 
and with an interest in supporting efforts to increase appro-
priate ACP billing. We selected 125 hospitals that partici-
pated in a value-based delivery model of care, had > 0% risk-
adjusted ACP billing in Quarter 1 2020, and were staffed 
by the organization for ≥ 2 quarters. We sampled 40 for the 
trial, based on their balance on blocking variables (e.g., risk-
adjusted ACP rates). Using a schema developed in R (R Core 
Team, Vienna, Austria), one team member (AJO) stratified 
hospitals into eight blocks and randomized each hospital per 
block to the step in which they were invited to receive the 
intervention. At the start of each step (to accommodate the 
oscillating stresses from COVID-19), we sequentially con-
tacted the chief of the hospitalist services of each hospital. 

With their consent, we e-mailed invitations to their hospi-
talist team, and screened responders for eligibility. Once we 
reached the target enrollment for the step, we stopped recruit-
ment. Physician eligibility included employment at the prac-
tice for ≥ 2 quarters, staffing of an eligible hospital for ≥ 1 
quarter, affirming the use of ACP billing codes during the 
eligibility screen, providing informed consent, and the provi-
sion of contact information that matched employer records. 
We excluded non-physician providers because of variation 
in billing practices. We obtained discharge abstracts for 
patients over the age of 65 treated by a trial physician at a 
trial hospital during the study period. Potential trial phy-
sicians remained unaware of the trial until we approached 
them for consent. The two trial analysts remained blinded to 
the hospital’s intervention status until the completion of data 
abstraction. We provide additional details in the Appendix.

Study Protocol
Physicians completed a questionnaire when they enrolled, 
reporting their demographics, professional characteristics, 
and attitudes toward ACP. Next, we mailed them a new iPad 
with the game pre-loaded, which they kept at the conclusion 
of the trial (approximate value: $300). The use of the iPad 
both allowed us to provide participants with an honorarium 
that they would value and also standardized access to the 
 intervention11. We asked participants to spend ≥ 2 h playing 
the game within 2 weeks of receiving the iPad, and then to 
complete a post-intervention questionnaire. We issued four 
reminders.

Intervention: Hopewell Hospitalist. As part of a theory-based 
development process modeled on best-practice principles 
adopted from Intervention Mapping and the Behavior 
Change Wheel, we reviewed the literature, performed a 
Delphi-panel study to generate expert consensus guidelines 
for ACP conversations in the hospital, and conducted semi-
structured interviews with a sample of hospital leaders 
responsible for leading ACP quality improvement efforts 
at the physician practice with which we  partnered1,12–22. 
Specifically, we specified the criteria that providers should 
use when deciding whether or not to have ACP conversations 
with hospitalized older adults, and attempted to isolate 
barriers and facilitators of the behavior. Results from the 
Delphi panel reframed the behavioral problem from one 
of recognition (i.e., training providers to detect patients 
who needed ACP conversations) to one of willingness 
(i.e., persuading providers to make ACP conversations a 
priority for all patients over 65)18. The literature review 
and the interviews with end-users identified three barriers 
to willingness to have ACP conversations in the hospital: 
skills, attitudes, and logistical  impediments13,14,17,19–22. We 
could not find any existing interventions that effectively 
modified providers’ attitudes, and therefore decided to focus 
our efforts in this area, using self-determination theory as our 
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basis of behavioral  change5–7,23. A multi-disciplinary team 
created a theory-based video game in collaboration with 
Schell Games (Pittsburgh, PA) with the behavioral objective 
of increasing hospitalists’ willingness to have inpatient ACP 
conversations with all patients over the age of  658,9,24,25. We 
include additional details in Box 1.

Box 1 Description of Hopewell Hospitalist. 

Objective: To increase the frequency of ACP conversations during 
acute illness by targeting hospitalists’ willingness to raise the topic 
with all patients over the age of 65

Duration: 3 h of gameplay possible
Theory of behavior: self-determination theory
Framework of design: narrative engagement theory
Didactic principles: ACP conversations—(a) help to ensure goal-

concordant treatment decisions when or if medical decompensation 
occurs; (b) represent an opportunity to discuss hospice eligibility: 
(c) allow older adults to think generally about “life completion” 
tasks; (d) reduce emotional distress and decisional conflict experi-
enced by surrogates and patients. Race should not influence physi-
cian decisions to engage in ACP conversations because individual 
goals and values, not race, affect patient preferences for end-of-life 
treatment

Game concept: The player takes on the role of Andy Jordan, a young 
emergency medicine physician, who moves home after his grandfa-
ther’s disappearance and accepts a job at a local community hospital 
covering night shifts

Game content
Medical: Physicians interview patients who present to Hopewell Hos-

pital, and have the option of investigating further, having an ACP 
conversation with the patient/surrogate, or entering a code status 
order. The patients include:

• 5 “teaching” cases of older patients with serious illness (e.g., heart 
failure), adapted from clinical practice. If players engage in ACP 
conversations, they later receive updates on the positive outcomes 
experienced by these patients. If players do not engage in ACP con-
versations, these patients return with complications of their initial 
complaint. Players also receive feedback from in-game characters 
(e.g., their supervisor, consultants, family members) about the 
impact that timely advanced care plans can have on the trajectories 
of patients’ care

• 5 “non-teaching” cases of patients with diagnostically challenging 
problems, adapted from the clinical case records of the Massachu-
setts General Hospital as presented in the New England Journal of 
Medicine. These patients are designed to facilitate player engage-
ment in the clinical task

• 2 “non-teaching” cases of patients with life-threatening illnesses, 
adapted from clinical practice. These patients serve as a manage-
ment challenge to facilitate player engagement in the clinical task

Non-medical: Robert Jordan, Andy’s estranged grandfather, has 
disappeared. The prologue hints that his disappearance may or may 
not have occurred voluntarily. The player must solve the mystery 
by uncovering clues revealed through conversation with in-game 
characters and by exploring the environment. The non-medical 
content is designed to increase player engagement with the game by 
increasing realism, interest, and identification

Game mechanics
1. Connect the dots: clues (medical and non-medical) appear on a 

notepad on the screen. The player can draw connections between 
clues to uncover information and to unlock additional dialogue 
options

2. Tap to act: the player can tap on the screen to move through the 
world and interact with other characters. This mechanic also allows 
the player to perform key patient-care actions, including procedures 
like lumbar punctures and intubations

3. Points: players receive points for uncovering non-medical clues, 
which unlock in-game lore. Specifically, they can access letters 
written by Andy and his grandfather, which should provide addi-
tional insight into their characters and motivations

Comparator: Enhanced-Usual Care. The physician practice 
had already implemented best-practice quality improvement 
efforts to improve ACP practices for patients ≥ 65  years 
among its providers, which resulted in an increase in billing 
from 0% in 2016 to 21% in Quarter 1 2020. The program, 
targeting knowledge and extrinsic motivation, included web-
based didactic education to increase knowledge of ACP 
guidelines and of coding rules for billing, reminders in the 
electronic medical record, audit-and-feedback to reinforce 
organizational norms, and a financial incentive of $20 for 
each billed ACP conversation. It was extant during the trial 
period.

Data Sources and Management

Hospital, Physician, and Patient Characteristics. In 
January 2020, the physician practice provided data on 
their hospitals (i.e., ACP billing proportions, numbers of 
hospitalists, organizational characteristics). At the time of 
enrollment, participating physicians provided information 
on their personal characteristics. In December 2021, the 
practice provided (a) discharge abstracts for all patients 
treated by its hospitalists during the study period, with 
demographics, insurance status, dates of stay, discharge 
diagnoses, disposition status, and readmission (7- and 
30-day); (b) physician claims filed during the hospitalization; 
(c) physician responses to the Surprise Question (“would you 
be surprised if the patient died in the next year?”), a prompt 
triggered for all inpatients over the age of 65 and linked to a 
reminder to engage in ACP.

Fidelity of Intervention Delivery and Receipt. To assess 
fidelity of delivery (adherence), we relied exclusively on self-
reported data (see Appendix for more details). We measured 
the fidelity of intervention receipt (i.e., assessed participant 
comprehension and use of novel cognitive skills) by capturing 
physicians’ attitudes to ACP before and after playing the game 
using items adapted from a published  study26. Additionally, 
after playing the game, we asked physicians to review a set of 
five vignettes with varying inpatient and 1-year mortality, and 
describe how they would prioritize an ACP  conversation18. 
Within-subject improvements in positive attitudes toward 
ACP or evidence that they prioritized ACP during their 
responses to the vignettes would suggest receipt of learning 
principles in the game.

Outcome Assessment. We used ACP billing (i.e., the 
presence of ACP charges [billing codes 99,497 and 99498]) 
as a proxy measure for the outcome of interest (ACP 
conversations) because it made the work  feasible27. In pilot 
work (details provided in the Appendix, manuscript in 
preparation), we found the measure specific (100%) but not 
sensitive (41%). To increase the reliability of the outcome 
assessment, two independent, blinded analysts abstracted the 
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patient data provided by the physician practice, with complete 
agreement, and then one (MM) performed the analyses.

Sample Size and Protocol Deviations

Power Calculation. To calculate the sample size for the 
trial, we decided that a clinically meaningful effect would be 
a 3% absolute increase in ACP billing across quarters (twice 
the 1.5% per quarter increase that the physician practice 
had achieved between 2018 and 2019 with enhanced usual 
care). We then estimated the design-effect (a measure of 
the inefficiency of the design in comparison to a completely 
randomized one), and performed conventional power 
calculations in  R28. Based on the practice’s ACP billing in 
Quarter 1 2020, a hospital intra-class correlation coefficient of 
0.01–0.10, and 160 evaluable patients per physician-quarter, 
with 25 to 30 physicians per hospital and 4 to 8 hospitals 
per step, we anticipated the ability to detect between a 1% 
absolute difference with a power of 80% and a 3.5% absolute 
difference with power of greater than 99% using a two-sided 
test at the 0.05-level between ACP billing before and after 
the distribution of the game.

Protocol Deviations. We followed a pre-defined protocol 
except for four  violations10. First, we mailed iPads directly to 
participants’ homes instead of to a practice-employed nurse 
liaison. Second, we could not use game-based analytics to 
assess adherence (see Appendix) and relied on self-report. 
Third, after step 3, we increased the cap on physician 
enrollment from 30 to 40 per step because of physician 
interest in the trial. Fourth, we planned direct observation of 
ACP behaviors at a subset of sites, but canceled this analysis 
because of restrictions imposed by COVID.

Analyses
We summarized hospital, physician, and patient character-
istics using means (standard deviations) and proportions 
and compared their distribution using chi-square and F 
tests. We calculated a cooperation frequency for the trial 
as the proportion of invited, eligible physicians at rand-
omized hospitals who agreed to participate, a response 
frequency as the proportion who agreed to participate and 
performed any study tasks, and a completion frequency as 
the proportion who completed all the study tasks.

Fidelity of Intervention Delivery and Receipt. We summarized 
the length of time that physicians spent playing the game. We 
compared responses to items on the survey of physician attitudes 
to ACP before and after the intervention using McNemar tests, 
and summarized responses to the vignettes.

Statistical Models and Analyses to Estimate Relationship 
of Intervention to Outcomes. We applied the intention-to-
treat principle to analyses of all inpatients over the age of 
65 who received care from at least one enrolled hospitalist 
in our primary analysis estimating the effect of treatment 
assignment, and not delivery. In a descriptive analysis of the 
outcome, we summarized the proportion of patients with an 
ACP bill in the pre- and post-intervention periods.

To estimate the effect of the video game, we used a tra-
ditional statistical model for the analysis of stepped-wedge 
designs. Homogeneous intervention effect was assumed across 
the steps with the presence of an ACP bill as the dependent 
variable. Specifically, we estimated a mixed-effects patient-
level logistic regression model with indicator variables for 
trial step and for calendar time, patient and hospital covariates 
hypothesized to influence the likelihood of an ACP conversa-
tion (e.g., serious illness), and random effects for hospitals to 
account for clustering of multiple patient observations within 
each  hospital29,30. We specify the full model in the Appendix.

We conducted planned secondary analyses to evaluate the 
effect of heterogeneity among steps (including a step-by-
intervention interaction) and the dose-treatment effect. In post 
hoc analyses, we tested the durability of the treatment effect 
(the time-by-treatment-effect interaction), excluded hospitals 
ending their contract with the practice within 3 months of 
the conclusion of the trial (to mitigate against incomplete 
data), restricted patients to those treated by physicians at 
the original site of enrollment (to mitigate against physician 
cross-over among steps), and focused on the sickest patients 
(including a mortality-by-intervention interaction).

RESULTS

Hospital, Physician, and Patient 
Characteristics
We enrolled 35 hospitals and 163 eligible, invited hospi-
talists (cooperation 52%), and identified 44,235 patients 
treated by these physicians across the trial period of July 
2020–May 2021 (see Fig. 1). Hospitals were mostly large 
(51%), urban (89%), and Southern (66%). Physicians were 
mostly male (66%), Asian (52%), and experienced (mean 
6.6 years [SD 5] in practice). At baseline, they reported 
using ACP billing codes often (45%) or always (33%) after 
having an ACP conversation. Most of their patients were 
over 75 (57%); 35% had at least one serious illness, and 
15% had COVID-19. We include a description of hospital, 
physician, and patient characteristics in Table 1 and a com-
parison of these characteristics in the Appendix.

Fidelity of Intervention Delivery and Receipt
Among physicians who enrolled in the trial, 161 (response 
99%) completed the post-enrollment survey and 132 reported 
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playing the video game for ≥ 2 h (completion 81%). No phy-
sician reported any harms from the intervention. Physicians 
had positive attitudes toward ACP before the trial, describing 
confidence in their ability to discuss ACP with patients and 
belief that ACP improved end-of-life care. These attitudes 

did not change after exposure to the video game. After play-
ing the game, most participants (58%) reported prioritizing 
ACP conversations for all patients over the age of 65, even 
among those with the lowest risk of inpatient and 1-year 
mortality. We include more details in the Appendix.

Hospitals staffed by partner 

organization

(N=220)

Excluded:

• Not part of value-based system (n=58)

• No information on ACP rates Q3 

2019-Q1 2020 (n=37)

Excluded:

• Did not meet balance on blocking 

variables (n=85)

Eligible hospitals

n=125

Randomized hospitals

n=40; m=456

Step 1 – Oct

Eligibility assessed

n=8; m=90

Enrolled

n=8; m=39

Excluded

• Not eligible 

(m=13)

• No response 

(m=38) 

Step 3 – Dec

Eligibility assessed

n=6; m=66

Excluded  

• Physician leader 

did not respond 

(n=2; m=15)

Enrolled

n=6; m=25

Excluded

• Not eligible 

(m=3)

• No response 

(m=38) 

Step 4 – Jan

Eligibility assessed

n=7; m=81

Excluded

• Physician leader 

did not respond 

(n=1; m=34)

Enrolled

n=7; m=41

Excluded

• Not eligible 

(m=5)

• No response 

(m=35)

Step 5 – Feb

Eligibility assessed 

n=7; m=61

Excluded

• Hospital left 

payment model 

(n=1; m=31)

Enrolled

n=7; m=28

Excluded

• Not eligible 

(m=2)

• No response 

(m=31) 

Step 2 – Nov

Eligibility assessed

n=7; m=68

Excluded  

• Enrollment 

exceeded (n=1; 

m=10)

Enrolled

n=7; m=30

Excluded

• Not eligible 

(m=6)

• No response 

(m=32) 

Observations

n=8; m=39; l=3,037

Baseline

July–Sept

Period 1

Oct

Period 2

Nov

Period 3

Dec

Period 4

Jan

Period 5

Feb

Follow-up

Mar–May

Observations

n=8; m=39; l=1,066

Observations

n=8; m=39; l=1,156

Observations

n=8; m=39; l=1,141

Observations

n=8; m=39; l=997

Observations

n=8; m=39; l=869

Observations

n=8; m=39; l=3,013

Observations

n=7; m=30; l=1,921

Observations

n=6; m=25; l=1,779

Observations

n=7; m=41; l=2,351

Observations

n=7; m=28; l=2,612

Observations

n=7; m=30; l=717

Observations

n=7; m=30; l=737

Observations

n=7; m=30; l=684

Observations

n=7; m=30; l=723

Observations

n=7; m=30; l=640

Observations

n=7; m=30; l=1,946

Observations

n=6; m=25; l=662

Observations

n=6; m=25; l=726

Observations

n=6; m=25; l=729

Observations

n=6; m=25; l=682

Observations

n=6; m=25; l=563

Observations

n=6; m=25; l=1,868

Observations

n=7; m=41; l=805

Observations

n=7; m=41; l=876

Observations

n=7; m=41; l=850

Observations

n=7; m=41; l=857

Observations

n=7; m=41; l=794

Observations

n=7; m=41; l=2,392

Observations

n=7; m=28; l=925

Observations

n=7; m=28; l=917

Observations

n=7; m=28; l=1,044

Observations

n=7; m=28; l=1,034

Observations

n=7; m=28; l=762

Observations

n=7; m=28; l=2,360

n=hospital; m=physician; l=patients

control         intervention 

Figure 1  Schedule of eligibility screening, enrollment, and assessments based on the CONSORT guidelines—extension for stepped wedge 
cluster randomized trials. 
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Table 1  Hospital, Physician, and Patient Characteristics. We Present Hospital and Physician Characteristics Aggregated for the Entire 
Trial, and Patient Characteristics Stratified by Intervention Phase (Before and After roll-out of the Intervention)

Hospital characteristics
Enrolled hospitals (n = 35)

Locality, n (%)
  Rural (areas of < 50,000 people) 4 (11)
  Urban (metro-areas of ≥ 50,000 people) 31 (89)

Region, n (%)
  Midwest 9 (26)
  South 23 (66)
  West 3 (9)

Hospital  size1, n (%)
  Large 18 (51)
  Medium 10 (29)
  Small 7 (20)

Teaching status
  Non-teaching 16 (46)
  Teaching 19 (54)

Number of providers, mean (SD) 14 (6.0)
ACP billing rate Quarter 1 2020, mean (SD) 20.8% (9.9)
Change in ACP billing rate from Quarter 2 2019–Quarter 1 2020, mean (SD) 1.1% (6.2)
Physician characteristics

Enrolled physicians (n = 163)
Age—years mean (SD) 40 (7)
Female, n (%) 55 (34)
Race

  White 52 (32)
  Black 17 (10)
  Asian 84 (52)
  Prefer not to say 9 (6)

Ethnicity
  Hispanic or Latino 9 (6)

Fellowship training—no, n (%) 153 (94)
Employment status

  1.0 FTE 151 (93)
  0.75 FTE 5 (3)
  0.5 FTE 7 (4)

Exclusively a nocturnist—yes, n (%) 12 (7)
Experience—years, mean (SD) 6.7 (5)
How frequently do you use the ACP billing code, n (%)

  Always 54 (33)
  Often 74 (45)
  Sometimes 28 (17)
  Rarely 7 (4)

CME completion, n (%)
  Any of the 5 recommended modules 136 (83)
  All 5 recommended modules (introduction, five-step framework for a serious 

illness conversation, code status, ethics, prognosis)
120 (74)

Patient characteristics
Pre-intervention patients (n = 20,774) Post-intervention

(n = 23,461)
Age, n (%)

  65–74 8943 (43) 10,136 (43)
  75–84 7413 (36) 8384 (36)
  85 + 4418 (21) 4941 (21)

Sex, n (%)
  Male 9202 (44) 10,022 (43)
  Female 10,218 (49) 11,383 (49)
  Unknown 1354 (7) 2056 (9)

Payor, n (%)
  Medicaid 153 (0.7) 210 (0.9)
  Medicare 15,781 (76) 17,705 (76)
  Self-pay 222 (1) 133 (0.6)
  Commercial 4618 (22) 5413 (23)

COVID-19 status
  No 17,679 (85) 20,495 (87)
  Yes 3095 (15) 2966 (13)

Serious illness
  Any 7317 (35) 8961 (38)
  AIDS 0 (0) 0 (0)
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Fidelity of Intervention Enactment
The intervention rollout intersected with the Delta wave of the 
pandemic, with steps 1–2 occurring as it crested, step 3 occurring 
at the peak, and steps 4–5 occurring as it ebbed (see Fig. 2). ACP 
billing declined over the study from 26 to 21% (see Table 1). 
After adjustment for time, patient, and hospital characteristics, 

when the effect of the intervention was pooled across the steps, 
exposure to the video game had a non-significant average effect 
on ACP billing (odds ratio [OR] 0.96; 95% confidence interval 
[CI] 0.88–1.06) as shown in Table 2. However, we found a sig-
nificant interaction between the step of the trial and the effect 
of the intervention (p < 0.001), with the intervention having a 

SD standard deviation, ACP advance care planning, FTE full time equivalent, CME continuing medical education, AIDS acquired immune defi-
ciency syndrome, COPD chronic obstructive pulmonary disease
1 Defined using the National Inpatient Sample classification, which categorizes hospitals based on number of beds, teaching status, region, and 
urbanicity of the location (i.e., rural v. urban). Additional details provided in the Appendix

Table 1  (continued)

  Heart failure 1904 (9) 2413 (10)
  Cancer 240 (1) 274 (1)
  Dementia 641 (3) 624 (3)
  Diabetes 514 (3) 507 (2)
  Coronary artery disease 981 (5) 1,310 (6)
  Hip fracture 610 (3) 688 (3)
  End-stage renal disease 748 (4) 876 (4)
  Cirrhosis 262 (1) 258 (1)
  COPD or respiratory failure 1783 (9) 2430 (10)
  Neurodegenerative disease 6 (0) 9 (0)
  Peripheral vascular disease 19 (0.1) 24 (0.1)
  Stroke 461 (2) 565 (2)

Surprise question—would you be surprised if the patient died in the next year?
  Yes 10,050 (48) 10,867 (46)
  No 10,724 (52) 12,593 (54)

Billed ACP, n (%) 5298 (26) 4920 (21)
Critical care provided, n (%) 1,065 (5) 1,034 (4)
Discharge disposition status, n (%)

  Home 6868 (33) 8151 (35)
  Long-term acute care facility, skilled nursing facility, inpatient rehab 3345 (16) 3969 (17)
  Transfer to other inpatient facility 4609 (17) 4041 (17)
  Expired or admitted to inpatient hospice 1625 (8) 1862 (8)
  Left against medical advice 9 (0) 18 (0.1)
  Missing 5318 (26) 5420 (23)

Length of stay—days, mean (SD) 6.5 (5.3) 6.4 (5.0)
7-day readmission—yes, n (%) 756 (4) 750 (3)
30-day readmission—yes, n (%) 2065 (10) 2190 (9)

Figure 2  Relationship between the rollout of the intervention and the COVID surge of the winter of 2021, with the frequency of ACP bill-
ing and COVID diagnoses as a proportion of hospitalizations. 
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positive effect in steps 1–3 (OR 1.03, 95% CI 0.89–1.19 [step 1]; 
OR 1.15, 95% CI 0.98–1.36 [step 2]; OR 1.13, 95% CI 0.97–1.33 
[step 3]) and a negative effect in steps 4–5 (OR 0.66, 95% CI 
0.57–0.76 [step 4]; OR 0.96, 95% 0.89–1.19 [step 5]). We pre-
sent these analyses in Table 3, along with the time-by-treatment-
effect interaction and a dose–response effect, which confirm the 
heterogeneity of the intervention’s effect across steps. Additional 
post hoc sensitivity analyses are presented in the Appendix. Only 
one analysis changed the main effect of the intervention from 
null to positive: comparing decedents to survivors. This should 
be interpreted with caution not only because it is a post hoc 
analysis, but because it is conditioned on an outcome (death) 
after “treatment” (ACP).

DISCUSSION
In this trial of a video game designed to increase physician 
willingness to have ACP conversations with hospitalized 
adults, adherence to the experimental protocol was high, and 

physicians reported strongly positive attitudes toward ACP 
conversations. Nonetheless, ACP billing practices did not 
improve between the pre- and post-intervention periods. In 
planned secondary analyses, an interaction occurred between 
the step of the trial and the effect of the game.

There is increasing controversy in the literature over the 
ability of ACP initiatives to improve end-of-life care in the 
 USA31. Systematic reviews differ in their conclusions about 
the effect of advance care planning on patient outcomes and a 
recent opinion piece suggests that “in the moment” decision 
support (i.e., goals of care conversations) is more useful for 
aligning care with treatment preferences.5,19–21 We speculated 
that ACP conversations conducted during acute care hospi-
talizations would be more like “in the moment” decision sup-
port than those in the outpatient setting because they probably 
inform more proximate (hospital) decisions. In the end, our 
trial cannot inform this controversy because it had a null result.

Several factors could have contributed to this null 
effect. First, when designing the trial in 2019, we selected 

Table 2  Overall Homogeneous Association Between ACP Billing and Exposure to the Intervention Estimated using a Mixed-effects Model 
that Simultaneously Adjusted for Time, Patient Characteristics, and Hospital Characteristics. The Model Adjusted for the Variables 

Listed in the Table as well as Time (Month and day of Admission)

Variable Odds ratio with 95% confidence intervals p value

Intervention 0.96 (0.88–1.06) 0.42
Step of the trial

  One Referent
  Two 1.05 (0.61–1.82) 0.85
  Three 0.97 (0.53–1.77) 0.92
  Four 1.11 (0.61–2.00) 0.74
  Five 1.11 (0.65–1.92) 0.70

Patient age
  65–74 years Referent
  75–84 years 1.47 (1.39–1.55)  < 0.001

   ≥ 85 years 2.15 (2.02–2.29)  < 0.001
Covid status

  Covid positive Referent
  Covid negative 0.70 (0.66–0.76)  < 0.001

Coronary artery disease 1.01 (0.93–1.09) 0.87
Heart failure 1.12 (1.00–1.25) 0.05
Dementia 1.02 (0.87–1.18) 0.84
COPD 1.35 (1.25–1.47)  < 0.001
Diabetes 1.09 (0.93–1.27) 0.28
Charlson score

  Zero Referent
  One 0.95 (0.88–1.02) 0.17
  Two 1.18 (1.11–1.27)  < 0.001
  Three 1.17 (1.07–1.29) 0.001
  Four 1.20 (1.05–1.36) 0.008
  Five 1.51 (1.31–1.74)  < 0.001

Would you be surprised if the patient died in the next year
  Yes Referent
  No 1.64 (1.56–1.73)  < 0.001

Region
  South Referent
  Midwest 0.62 (0.34–1.14) 0.13
  West 1.18 (0.55–2.51) 0.68

Practice size 1.03 (1.00–1.07) 0.07
Proportion of hospitalizations with COVID 0.75 (0.47–1.19) 0.22
ACP rate in Quarter 2 of 2020 (effect of a 10 percentage-point increase) 1.41 (1.08–1.85) 0.01
Change in ACP rate between Q2 of 2019 and Q1 of 2020 1.55 (0.03–73.10) 0.82
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a stepped-wedge rather than a parallel-cluster design to 
reduce the impact of site-level intraclass correlation on trial 
 power32. Stepped wedge trials assume that clusters expe-
rience secular trends equivalently, particularly when rand-
omization balances the distribution of cluster characteris-
tics across steps. However, the Delta wave of COVID-19 
began to crest shortly after we started enrollment. The stress 
exerted by the pandemic potentially had a differential impact 
across the steps, changing the contextual conditions moder-
ating the intervention in unexpected ways and potentially 
biasing results toward the  null33. Anecdotally, for example, 
we learned that hospitals in step 4, where a reduced rate 
of ACP billing was observed, experienced greater organi-
zational turmoil (e.g., losing their clinical nurse provider 
who spearheaded the ACP initiative; changing their physi-
cian leader) than hospitals in the other steps of the trial. 

Obviously, we cannot exclude the possibility that these eco-
logical observations may have no relationship.

Second, we used ACP billing to assess the effect of the 
 intervention34. In a chart review, billing data captured physi-
cian behavior with good specificity but limited sensitivity, 
under-estimating the number of conversations that occurred 
in practice. We selected ACP billing pragmatically, but can-
not exclude the possibility that a trial with a more sensitive 
outcome measure (e.g., direct observation) may have had a 
different result.

Third, we selected our behavioral target to maximize the 
potential for scalability and to address a gap in the physi-
cian practices’ existing quality improvement program, but 
in doing so may have limited the incremental efficacy of the 
intervention.17,18,35 Other barriers (e.g., competing patient 
care obligations) may have a greater impact on behavior, 

Table 3  Sensitivity Analyses. Association Between the Intervention and ACP Billing by step after Adjusting for Time, Patient Characteris-
tics, and Hospital Characteristics. These Results Demonstrate the Heterogeneity of the Effect of the Intervention Across Steps. We Include 

Results from Additional Sensitivity and Secondary Analyses in the Appendix

1 Overall test of the null hypothesis that the ORs are equal to 1 for all 5 steps
2 Overall test of the null hypothesis that the ORs are equal across the 5 steps (although not necessarily 1)

Variable Odds ratio with 95% 
confidence intervals

p value

Model 1: Sensitivity analysis: association between the intervention and ACP billing by step of the trial
[referent: pre-intervention period]
Overall effect allowing effect heterogeneity across the  steps1  < 0.001
Step 1 1.03 (0.89–1.19) 0.74
Step 2 1.15 (0.98–1.36) 0.09
Step 3 1.13 (0.97–1.33) 0.11
Step 4 0.66 (0.57–0.76)  < 0.001
Step 5 0.95 (0.89–1.19) 0.49
Interaction  effect2  < 0.001
Model 2: Sensitivity analysis: association between the intervention and ACP billing by step of the trial after categorization of the post-interven-

tion period into an early (≤ 90 days) and late phase (> 90 days) [referent: pre-intervention period]
Overall effect allowing effect heterogeneity across the  steps1  < 0.001
Step 1—early 0.96 (0.82–1.12) 0.62
Step 1—late 1.25 (1.02–1.53) 0.03
Step 2—early 1.10 (0.92–1.32) 0.30
Step 2—late 1.46 (1.15–1.85) 0.002
Step 3—early 1.36 (1.13–1.63)  < 0.001
Step 3—late 1.19 (0.93–1.53) 0.17
Step 4—early 0.77 (0.64–0.93) 0.006
Step 4—late 0.78 (0.61–1.01) 0.06
Step 5—early 1.16 (0.95–1.42) 0.15
Step 5—late 0.91 (0.66–1.25) 0.55
Interaction  effect2  < 0.001
Model 3: Sensitivity analysis: association between the intervention and ACP billing by step after adjusting for the duration of game play by trial 

participants
Duration of game play [referent: none]
 < 2 h 1.17 (1.07–1.29)  < 0.001
2–3 h 1.03 (0.97–1.10) 0.37
 > 3 h 1.07 (0.99–1.16) 0.10
Intervention*step [referent: pre-intervention period]
Overall effect allowing effect heterogeneity across the  steps1  < 0.001
Step 1 1.03 (0.89–1.19) 0.69
Step 2 1.14 (0.97–1.35) 0.11
Step 3 1.13 (0.97–1.32) 0.12
Step 4 0.66 (0.57–0.76)  < 0.001
Step 5 0.94 (0.81–1.09) 0.43
Interaction  effect2  < 0.001
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particularly during a  pandemic13–15. The intervention may 
also have encountered a ceiling effect, as most physicians 
expressed generally positive attitudes toward ACP at the 
start of the trial and many reported always using the billing 
codes. Finally, we designed the experiment to test a clini-
cally meaningful effect size of 3%, based on a review of the 
literature but may have overestimated the potential power of 
the intervention.

The observation that ACP conversations did increase 
among the sickest cohort of patients, those who died, sug-
gests potential future directions of this program of research. 
For example, interventions may need to improve physician 
recognition of patients with serious illness in addition to 
increasing their willingness to have these conversations. 
Other potential opportunities include combining the game 
with interventions that target other determinants of behavior 
(e.g., communication skill), testing its effect on physicians 
with less positive attitudes to ACP, and using more sensitive 
measures of behavior (e.g., natural language processing of 
charts). Finally, future trials (ideally conducted outside of a 
pandemic) should use best-practice implementation science 
methods to evaluate the effectiveness of the intervention 
more fully.

We note several weaknesses of the trial. The organization, 
with which we partnered, had an explicit commitment to 
increasing ACP within hospitals. The effect the video game 
would have outside of this context is unclear. Second, we did 
not supplement data collection with a systematic evaluation 
of ACP behaviors at each hospital, which may have pro-
vided insight into the contextual conditions that moderated 
the game’s effect. We planned this analysis, but canceled 
data collection because the pandemic made site visits infea-
sible. Third, we powered the trial to include all hospitalized 
patients, and not just those with serious illness, who might 
have experienced the greatest impact of the intervention. 
Fourth, we limited the pre-intervention assessment of atti-
tudes to ACP to minimize respondent burden, but in doing so 
impeded our ability to make inferences about the mechanism 
of the null trial result.

In summary, exposure to a customized, theory-based video 
game did not consistently affect the ACP billing practices of 
physicians when treating hospitalized older adults. However, 
changes in contextual conditions at hospitals because of the 
COVID-19 pandemic made isolating a pure and coherent 
effect of the intervention challenging and sensitive to model 
specifications. Next steps should include testing the effect 
of the intervention on a cohort of patients with more serious 
illness.
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