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Abstract
Transitioning from one electronic health record (EHR) system to another is of the most disruptive events in health care and
research about its impact on patient experience for inpatient is limited. This study aimed to assess the impact of transitioning
EHR on patient experience measured by the Hospital Consumer Assessment of Healthcare Providers and Systems composites
and global items. An interrupted time series study was conducted to evaluate quarter-specific changes in patient experience
following implementation of a new EHR at a Midwest health care system during 2017 to 2018. First quarter post-imple-
mentation was associated with statistically significant decreases in Communication with Nurses (�1.82; 95% CI, �3.22 to
�0.43; P¼ .0101), Responsiveness of Hospital Staff (�2.73; 95% CI,�4.90 to�0.57; P¼ .0131), Care Transition (�2.01; 95%
CI, �3.96 to �0.07; P ¼ .0426), and Recommend the Hospital (�2.42; 95% CI, �4.36 to �0.49; P ¼ .0142). No statistically
significant changes were observed in the transition, second, or third quarters post-implementation. Patient experience scores
returned to baseline level after two quarters and the impact from EHR transition appeared to be temporary.
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Introduction

With the legislative enactment of Heath Information Tech-

nology for Economic and Clinical Health (HITECH) Act,

health care providers including hospitals in the United States

are required to adopt electronic health records (EHR) as part

of the standard of care. Electronic health records were

allowed to be phased in through “meaningful use”, which

included electronic prescribing, health information

exchange, and reporting of data for quality improvement

(1). Meaningful use provided monetary incentives for health

care providers to adopt EHRs and hospitals have also been

engaged in transitioning to more advanced EHRs. Transi-

tioning to a different EHR could be disruptive (2) and hos-

pitals strive to plan carefully for a successful transition (3).

Because patient experience measures are indicative of

health care quality and their scores also impact both the rep-

utation and finances of a hospital (4), it is important for hos-

pital leaders to understand the impact of EHR transitions on

patient experience when a hospital is going through such

changes. Previous reports have found patient experience to

drop during the initial EHR implementation with focus mostly

under ambulatory settings (5). A study from the Mayo Clinic

also reported the patient satisfaction under outpatient settings

had significant drops initially during an EHR transition (6).

Transitioning to a new EHR in the inpatient setting could

disrupt day-to-day operations and negatively impact patient

experience. For example, providers might take some time to

learn about the new EHR and spend less time on patient care,

and workflows could be different from the legacy EHR and

lead to longer waiting time to fulfill patients’ request (7). We

hypothesized that the temporary decline in patient experience

associated with an EHR transition in outpatient settings could

be extended to inpatient settings.

The preferences and expectations from hospitalized

patients are measured by the Hospital Consumer Assessment

of Healthcare Providers and Systems (HCAHPS) surveys,
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which have become key quality indicators for hospitals (8).

Scores from the HCAHPS surveys are publicly reported and

integrated into pay for performance programs managed by

the Centers for Medicare and Medicare Services (CMS) (9).

Specifically, patient experience accounted for 25% of the

total performance scores used in the Hospital Value-Based

Purchasing program (10), and an estimated 2% of certain

Medicare payments were redistributed to hospitals based

on their total performance scores (10,11).

Evidence suggests advanced EHRs have a positive impact

on quality measures in the long run (12), the impact of the

transition to a new EHR on patient experience under inpa-

tient settings remains under-researched. In this Midwest

health care system, 10 adult hospitals transitioned from a

fragmented multivendor system to a single advanced EHR

system in 4 waves between Q3 2017 and Q2 2018. Given the

concerns about potential negative impact on patient experi-

ence during the EHR implementation, we conducted this

study to examine the short-term changes in patient experi-

ence scores associated with implementation of the EHR sys-

tem spanning from 2015 to 2019.

Materials and Methods

Study Design

The research method included an interrupted time series

study design (13), comparing the experience of patients as

measured on HCAHPS survey composites and global items

at pre-EHR and post-EHR time periods to determine whether

there was any statistically significant differences in scores

pre-EHR and post-EHR transition. This study design could

also adjust for temporal trends, seasonal pattern, and other

characteristics (14,15).

Hospitals and Patients

The research included the 10 adult hospitals from a Midwest

health care system that had an EHR go-live from October

2017 to June 2018. Prior to the go-live dates, the health care

system used EHRs from multiple vendors including All-

scripts, Cerner, and McKesson. Post go-live date, a single

instance of an EHR from Epic was implemented. A cluster of

3 to 4 hospitals would go-live on the new EHR, followed by

several months of stabilization before the next set of hospi-

tals. Random samples of patients from each hospital were

selected and interviewed following HCAHPS Quality Assur-

ance Guidelines protocols (16). The overall response rates

were around 35%, and patients who completed surveys

accounted for around 10% of all inpatient discharges across

the hospitals. Patients who are 18 years or older at the time of

admission and have at least 1 overnight hospital stay, have

nonpsychiatric Medicare Severity Diagnosis-Related Groups

(MS-DRG), and are alive at discharge are eligible for survey

(8). We further excluded patients who were not mapped to

an inpatient unit or had invalid MS-DRG codes. Informed

consent was not necessary, given the retrospective nature of

the study.

Study Periods

Calendar quarters were used as the basic units to define study

periods and to evaluate changes in each quarter post-imple-

mentation (15). The hospitals had EHR go-live in 4 waves

given in Table 1. The calendar quarter that overlapped the

EHR go-live day was defined as the transition quarter, the

3 subsequent quarters were defined as the first, second, and

third quarter post-EHR implementation. Together, these

4 quarters formed the post-EHR implementation periods.

The 8 quarters prior to the transition quarter were identified

as the pre-implementation periods.

Outcomes

The primary outcomes were the ratings of care from patients

perspectives following CMS “top-box” methodology to

report the percentage of most positive responses (16). Seven

composite measures (Communication with Nurses, Commu-

nication with Doctors, Responsiveness of Hospital Staff,

Communication about Medicines, Discharge Information,

Care Transition, and Hospital Environment) and 2 global

measures (Hospital Rating, Recommend the Hospital) were

calculated. For each of the measures, the most positive

responses from individual items were scored as 100 and

Table 1. Definition of Study Periods for Pre-implementation and Post-implementation.a

EHR go-live date

Year/calendar quarter

2015 2016 2017 2018 2019

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2

July 2017 (1 hospital) Pre-implementation A B C D
December2017 (4 hospitals) Pre-implementation A B C D
February 2018 (3 hospitals) Pre-implementation A B C D
June 2018 (2 hospitals) Pre-implementation A B C D

Abbreviation: EHR, electronic health record.
aPatients were assigned to the study periods based on discharge date. A: Transition quarter corresponds to the calendar quarter of EHR go-live date; B: First
quarter post-implementation; C: Second quarter post-implementation; D: Third quarter post-implementation.
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other valid responses as 0. Then, the arithmetic average of

individual items making up that composite measure was

taken as the patient-level outcome (17). A summary score

was calculated based on the arithmetic average of the 8 out-

comes (7 composite measures and Hospital Rating) (16).

Additional Variables

For all study participants, we extracted the unique patient

identifiers (UPI) from the survey data, and by linking the

UPI, we extracted additional data about study participants

from our internal enterprise data warehouse. Data about age,

gender (female/male), race (Black/White/Other), education

level (below college/college or above), overall health (excel-

lent or not excellent), and overall mental health (excellent or

not excellent) were collected during the phone interviews.

The MS-DRG (18), admission source (emergent or elective),

length of stay, and Elixhauser comorbidity were extracted

from the enterprise data warehouse (19).

Statistical Analysis

An interrupted time series study design was used to compare

patient experience during the pre-EHR and post-EHR imple-

mentation periods and 2 multivariate regression models for

each individual outcome were used to evaluate the changes

during the study periods. To account for the underlying

temporal trends, quarter was treated as a continuous time

variable, with zero set at the last quarter in the pre-imple-

mentation period. Because implementation dates were stag-

gered over time across the hospitals, and because we

hypothesized there would be disruptions in patient experi-

ence and then recovery, each quarter post-implementation

was treated as an indicator rather than specifying a uniform

trending (ie, treated as a continuous variable). Seasonality

was controlled by including calendar quarter. A random

intercept for inpatient unit was added to account for

within-hospital level unit variations. For each outcome, base

and full models were fit. The base model included time, both

the indicators of post-EHR implementation, and calendar

quarter as independent variables. The full model further

added patient characteristics and inpatient unit to the inde-

pendent variables.

To further test the robustness of the findings, individual

general additive models (GAMs) for each outcome was

fitted to explore the patterns of patient experience outcomes

over time on a monthly basis, adjusting for the same covari-

ates as in the full model in the main analysis (20). We

defined post-implementation month as the new time vari-

able, with zero set at the last month pre-implementation. For

example, patients discharged in June 2017, July 2017, and

August 2017 for hospital with August 2017 as go-live data

would have values of �1, 0, and 1 for the post-implementa-

tion month, respectively. A cubic smoothing spline function

of time variable with 12 degrees of freedom was included to

explore variations over time. The GAM also included

calendar quarter, patient characteristics, and inpatient unit

as additional independent variables.

Analyses were conducted between October 2019 and

March 2020 by the statisticians in our organizations. All

analyses were performed using SAS version, and a 2-sided

P value less than .05 was considered significant.

Results

Patient Characteristics

During the study period, 34 425 patients completed the

HCAHPS surveys. After excluding patients from

unmapped units (85, 0.25%) and invalid MS-DRG (34,

0.10%), the final analysis included 34 306 patients, which

accounted for 99.65% of the initial population. Patient

characteristics and unadjusted outcomes by pre-EHR and

post-EHR periods were presented in Table 2. There were 18

096 and 16 210 patients in the pre-EHR and post-EHR

implementation periods, respectively. The mean (SD) age

of the study population was 59.6 (17.1) years, 19 808

(57.7%) were female, 25 917 (75.5%) were white, 7508

(21.9%) were black, and 17 964 (52.4%) had Medicare as

the primary insurance. The average length of stay (SD) was

4.0 (4.4) days, and 94.5% were discharged home under self-

care or home health care. Patient demographics, comorbid-

ities, admission/discharge status, and treatment received were

similar in pre-implementation and post-implementation

periods.

Quarter-Specific Effect on Outcome Scores

The quarter-specific effects from the base model and the full

model are shown in Figure 1 and Supplemental Figure 1,

respectively. After adjusting for temporal trends and season-

ality in the base model (Figure 1), first quarter post-imple-

mentation was associated with significant decrease of scores

in Communication with Nurses (�1.82; 95% CI, �3.22 to

�0.43; P ¼ .0101), Responsiveness of Hospital Staff

(�2.73; 95% CI, �4.90 to �0.57; P ¼ .0131), Care Transi-

tion (�2.01; 95% CI, �3.96 to �0.07; P ¼ .0426), Re-

commend the Hospital (�2.42; 95% CI, �4.36 to �0.49;

P ¼ .0142) and Summary Score (�1.33; 95% CI, �2.43 to

�0.22; P¼ .0187) compared to the pre-implementation time

quarter. For the second and third quarter post-implementa-

tion, no statistically significant changes were observed

among any of the outcome measures, as compared to the

pre-implementation time quarter.

After further controlling for inpatient unit and patient char-

acteristics listed in Table 2 in the full model, the pattern of

association between specific quarter and outcomes was sim-

ilar. In the full model (Supplemental Figure 1), first quarter

after EHR implementation was associated with significant

decrease in scores in Communication with Nurses (�1.91;

95% CI, �3.27 to �0.54; P ¼ .0062), Responsiveness

of Hospital Staff (�2.87; 95% CI, �4.99 to �0.75;

P ¼ .0080), Care Transition (�2.02; 95% CI, �3.88 to
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�0.15; P ¼ .0344), Recommend the Hospital (�2.65; 95%
CI, �4.56 to �0.74; P ¼ .0066) and Summary Score (�1.43;

95% CI,�2.50 to�0.37; P¼ .0082). Consistent with the base

model, no significant changes among any of the outcomes

were associated with second or third quarter post-

implementation.

Table 2. Patient Characteristics and Unadjusted Study Outcomes during Study Periods.a

Patients discharged
during pre-implementation

period, n ¼ 18 096

Patient discharged
during post-implementation

period, n ¼ 16 210

Patients during both
pre-implementation

and
post-implementation
periods, n ¼ 34 306

Admission characteristics
Age, mean (SD), years 59.6 (17.2) 59.6 (17.1) 59.6 (17.1)
Sex, %

Female 58.7 56.7 57.7
Male 41.3 43.3 42.3

Race, %
Black 21.3 22.6 21.9
White 76.6 74.4 75.5
Other 2.2 3.0 2.6

Primary payer, %
Commercial 31.0 30.6 30.8
Medicaid 11.1 10.6 10.9
Medicare 52.4 50.3 52.4
Self-pay 3.4 3.5 3.4
Other 2.2 3.0 2.5

Admission source, %
Elective 40.2 40.6 40.4
Emergent 59.8 59.4 59.6

Discharge characteristics
Length of stay, mean (SD), day 3.8 (3.8) 4.3 (5.1) 4.0 (4.4)
Discharge disposition, %

Home 69.5 71.0 70.2
Home health 24.8 23.7 24.3
Other 5.7 5.3 5.5

MS-DRG type, %
Medical 56.8 55.6 56.3
Surgical 43.2 44.4 43.7

MS-DRG complication, % 1.7 2.3
Comorbidities, %

0-1 35.6 33.2 34.5
2-3 35.2 37.4 36.2
�4 29.2 29.4 29.3

Self-reported characteristics
Overall health: excellent, % 13.1 13.0 13.0
Overall mental health: excellent, % 32.5 32.0 32.2
Interview language: English, % 99.9 99.5 99.7
Education: College or above, % 23.3 24.5 23.8

Unadjusted study outcomes
Communication with Nurses 83.70 83.15 83.44
Communication with Doctors 83.18 83.40 83.28
Responsiveness of Hospital Staff 66.92 65.10 66.06
Communication about Medicines 67.06 67.93 67.48
Discharge Information 91.29 91.66 91.47
Care Transition 58.05 59.15 58.57
Hospital Environment 69.94 69.87 69.91
Hospital Rating 75.02 75.13 75.07
Recommend the Hospital 78.97 79.20 79.08
Summary Score 74.86 74.87 74.87

Abbreviation: MS-DRG, Medicare Severity Diagnosis-Related Groups.
aPre-implementation included the eight quarters prior to the transition quarter, and post-implementation included transition quarter and three following
quarters. Study outcomes were average of individual nonmissing items and ranged from 0 to 100.
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Effect of Post-EHR Implementation Month
on Outcome Scores

Changes of patient experience scores over post-implementa-

tion month were shown in Figure 2. The trending revealed

how the scores would change over time after adjusting for

seasonality, patient characteristics, and inpatient unit. The

effect of post-implementation month was not significant for

Discharge Information and Hospital Environment and was

significant for the other 8 outcomes. The outcomes with

significant changes all showed decreasing trends during the

first 6 months of the post-implementation period. For exam-

ple, the Communication with Nurses (Figure 2) scores

remained stable before EHR implementation, significantly

decreased during the 0- to 6-month post-implementation

(with upper bound of 95% CI interval below zero), then

returned to baseline levels with no significant changes

(95% CI included zero mostly).

Discussion

We hypothesized that transitioning to another EHR would

compromise the patient experience, and the findings of tran-

sient decrease in some of the care domains supported our

hypothesis. Our findings suggest that patient experience was

restored to historical performance after 2 quarters in the new

EHR system. The normalization may help allay concerns

regarding patient experience performance after implementa-

tion of a new EHR. Our study expanded knowledge about

association of EHR transition with patient experience from

outpatient to inpatient settings. Interestingly, capability of

returning to the previous levels of patient experience after

EHR transition was also observed under outpatient settings

and it took several months for the patient satisfaction to

recover (6). While the accessing to care was most impacted

under outpatient setting (6), our study indicated the respon-

siveness of hospital staff was most negatively impacted.

Hospitals have acknowledged the potential disruptions

from transitioning EHRs and provided strategies for mitigat-

ing disruption such as engaging leaders, standardizing work-

flows, and investing in infrastructure (3). Nurse involvement

is cited as especially important to achieve a smooth transi-

tion because nurses are delivering the care both directly and

indirectly, and they also influence how other team members

perceive the new EHR system (21). Since nurses spend large

amounts of time documenting within the EHR and much of

their time communicating with the patient (22), this could

partially explain the decrease in nurse communication and

staff responsiveness domains observed here. Multiple stud-

ies in the United States and Europe have linked the patient’s

interactions with nurse staff as the top contributors to the

HCAHPS global measures (overall rating or recommend the

Figure 1. Adjusted quarter-specific effect of the association between electronic health record implementation and patient experience
outcomes from base model. Notes: Effects were based on random-effect linear model adjusting for temporal trends, seasonality, and
random intercept for inpatient unit nested in hospital. Forest plots demonstrated point estimate with 95% CI of quarter-specific effect.
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hospital) (23,24). As nurses are learning to adapt to the new

EHR workflows, their interactions with patients may be

compromised during the implementation. This reduced

interaction could contribute to the decrease in patient expe-

rience scores. Scores starting in the second quarter after

implementation were no different from the scores prior to

the transition; thus, the return to pre-implementation base-

lines may be related to overcoming the initial learning curve

associated with transitioning to a new EHR. The findings

suggest that the negative impact on patient experience asso-

ciated with a large-scale implementation of a new EHR are

short-lived. In the long term, different EHRs are likely to

have no impact on the patient experience. For example, one

study evaluated the impact of different EHRs on patient

experience and found no statistically significant associations

in inpatient settings (25).

By using an interrupted time series study design, we

accounted for secular trending and controlled for confound-

ing characteristics with a larger sample size than most exist-

ing studies with patient experience. By using a GAM, the

pattern of patient experience scores over the EHR implemen-

tation time period was also revealed, reinforcing the findings

from comparing quarterly scores. Nevertheless, this is an

observational study and still possesses several limitations.

First, the patients were all from a single large health care

system. There is no standard operations as how to transition

to another EHR, and hospitals likely encountered different

issues such as patient safety and employee stress (26,27).

Second, the patients in the analysis represented about 10%
of the total patient population, and data to compare respon-

ders and nonresponders were not available. Third, although

it is possible that the restored patient experience values could

be attributed to patient experience interventions rather than

recovery from EHR implementation. It is unlikely for the

former to be the case, system, and hospital-specific patient

experience initiatives would have to be synchronously timed

across the varying hospital-specific EHR go-lives. Most

interventions are implemented based on calendar years or

aligned in implementation across the health care system.

These limitations could reduce the generalizability of these

finding to the entire underlying patient population (23).

Conclusion

In this interrupted time series study of hospitalized patients,

the first quarter after transition to a new EHR was associated

with reduced ratings in several HCAHPS domains including

Communication with Nurses, Responsiveness of Hospital

Figure 2. Smoothed effect and 95% CI of month post-implementation on patient experience outcomes. Notes: Covariates in general
additive model included time variable, seasonality, patient characteristics, and inpatient unit. Shaded areas marked the 0- to 6-month post-
implementation.
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Staff, and Care Transition. The changes in patient experience

at the monthly level also showed reduced patient experience

scores during the 0- to 6-month post-implementation month

of the new EHR. These patient experience measures also

reflected the quality of care delivered by nurses who spend

a substantial amount of time interacting with the EHR. These

changes could be expected due to the multifaceted chal-

lenges stemming from an EHR transition (7). A subsequent

rebound in the scores to pre-implementation levels suggests

that the disruptions on patient experience associated with an

EHR transition may be short-lived. After full implementa-

tion, a new EHR is less likely to be the cause of compro-

mised patient experience scores compared to legacy EHR.

Our study described the potential disruptions to patient expe-

rience when health systems are undergoing a change to an

EHR. For health systems undergoing these changes, it is

helpful to be aware of these impacts and be prepared to

recognize these issues around nursing interaction and com-

municate with both patients and staff about these changes

and impacts. Health system should also be confident that the

patient experience could be restored after the temporary dis-

ruptions associated with EHR transitions.
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