
Research and Applications

Analysis of the effects of EHR implementation on timeliness

of care in a dermatology clinic: a simulation study

Vahab Vahdat,1 Jacqueline A Griffin,1 James E Stahl,2,3 and F. Clarissa Yang4

1Department of Mechanical and Industrial Engineering, Northeastern University, Boston, MA, USA, 2General Internal Medicine,

Dartmouth-Hitchcock Medical Center, Lebanon, NH, USA, 3Geisel School of Medicine, Lebanon, NH, USA and 4Department of

Dermatology, Brigham and Women’s Hospital, Harvard Medical School, Boston, MA, USA

Corresponding Author: Jacqueline Griffin, 334 Snell Engineering Center, 360 Huntington Avenue, Boston MA 02115, USA;

ja.griffin@northeastern.edu

Received 3 October 2017; Revised 26 December 2017; Editorial Decision 17 February 2018; Accepted 7 March 2018

ABSTRACT

Objective: Quantify the downstream impact on patient wait times and overall length of stay due to small

increases in encounter times caused by the implementation of a new electronic health record (EHR) system.

Methods: A discrete-event simulation model was created to examine the effects of increasing the provider-

patient encounter time by 1, 2, 5, or 10 min, due to an increase in in-room documentation as part of an EHR im-

plementation. Simulation parameters were constructed from an analysis of 52 000 visits from a scheduling

database and direct observation of 93 randomly selected patients to collect all the steps involved in an outpa-

tient dermatology patient care visit.

Results: Analysis of the simulation results demonstrates that for a clinic session with an average booking ap-

pointment length of 15 min, the addition of 1, 2, 5, and 10 min for in-room physician documentation with an

EHR system would result in a 5.2 (22%), 9.8 (41%), 31.8 (136%), and 87.2 (373%) minute increase in average pa-

tient wait time, and a 6.2 (12%), 11.7 (23%), 36.7 (73%), and 96.9 (193%) minute increase in length of stay, re-

spectively. To offset the additional 1, 2, 5, or 10 min, patient volume would need to decrease by 10%, 20%, 40%,

and >50%, respectively.

Conclusions: Small changes to processes, such as the addition of a few minutes of extra documentation time in

the exam room, can cause significant delays in the timeliness of patient care. Simulation models can assist in

quantifying the downstream effects and help analyze the impact of these operational changes.

INTRODUCTION

In the last few decades, several technologies and decision support sys-

tems such as electronic medication management systems, telemedi-

cine, real-time location systems, and electronic health record (EHR)

systems have been introduced and widely utilized in the healthcare

sector.1–5 While there are many benefits to implementing new tech-

nologies and practices in healthcare organizations, the use of these

new technologies can have unforeseen impacts on the processes and

policies within a clinic or hospital.6 An often overlooked component

in the technology transition is the impact of these changes on the pa-

tient care experience and timeliness in delivery of care.

Implementation and use of EHR and health information systems

have increased significantly with the goal of improving the quality,

safety, and efficiency of health care delivery.7,8 In the United States

in 2009, the Health Information Technology for Economic and

Clinical Health Act legislation was established to provide financial

incentives to Medicare and Medicaid providers to promote adoption

and “meaningful use” of EHR technology from 2011 to 2015.9 Al-

though the growth in use of EHR technology has been associated

with some positive effects on physician productivity10 and improve-

ments in patient care11 through decision support platforms and real-

time prescription alerts,12 there have also been reports of significant

challenges and possible loss of revenue with its implementation.13–15
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While the benefits of EHRs are attractive, implementation of these

systems may have unforeseen consequences, including changes in

the timeliness of care.

One of the key recommendations with EHR applications is that

some electronic documentation is performed in the examination

room, denoted here as indirect patient care. Examples include medi-

cations reconciliation, allergy and pharmacy verification, smoking

status documentation, prescription and laboratory test ordering, bill-

ing, or real-time visit note documentation. Lo et al.8 found that in

specialty clinics, the visit time per patient increased by approximately

one minute after implementing an EHR system. Feblowitz et al.16 per-

formed a 1-year retrospective data analysis that showed a negative

impact on patient throughput in an emergency room after implement-

ing a switch from paper documentation to electronic documentation

due to increased provider documentation time.16 The increase in time

spent on electronic documentation is a critical barrier to realizing the

benefits of EHR systems. Miller and Sim17 predict that extra docu-

mentation time of physicians may decrease the use of electronic sys-

tems, lowering the potential for achieving quality improvements.17

Although an increase of a few minutes per patient visit may seem

minimal and inconsequential, ambulatory care clinics are complex

systems in which a small change in one part of the system can have

significant ramifications. In such complex systems, the impact of

changes are often difficult to analyze using time-motion18 or self-

reporting studies. In pre- and post-intervention comparisons, ensur-

ing observer and subject continuity, unbiased behavior, and manage-

ment of uncontrolled variables are particularly difficult, thereby

limiting the reliability of the results.18 In contrast, computer simula-

tion modeling helps to account for stochastic behaviors, thereby

fully representing the complexity of the system, and allows for a

more reliable prediction of the effects of system changes.19 Addition-

ally, this method allows for evaluation of the impact of changes

without disrupting the normal operations of the clinic.20 Thus, we

used a discrete-event simulation model to quantify and estimate the

impact on timeliness of care caused by minor changes in in-room

documentation time, which can occur with the implementation of a

new EHR system.

METHODS

Outpatient Setting
This study was performed in an outpatient academic dermatology

clinic at Brigham and Women’s Hospital, a large teaching hospital,

located in the New England region of the United States. The clinic

supports more than 50 000 patient visits annually. Each clinical ses-

sion was comprised of scheduled appointments every 15 min

throughout a 3.5 or 4 h period. At the initiation of this study, the

clinic used a home-grown EHR system, in which almost no

computer-based in-exam room documentation was performed other

than electronic medication prescribing. The clinic was about to un-

dergo a hospital-wide initiative requiring the implementation a new

EHR (Epic Systems, Madison, WI, USA) system for which there

were in-room documentation recommendations as part of the work-

flow. We sought to measure the potential impact of these recom-

mendations on the efficiency of the clinic. This was performed as a

quality improvement project.

Data Collection
In order to appropriately characterize patient flow in the clinic and

build a discrete-event simulation model, 2 types of data were col-

lected and analyzed. A scheduling database, including information

from more than 50 000 de-identified patients, was analyzed. An

analysis of the data from June 2013 to June 2014 was used to iden-

tify patient arrival patterns, the average number of physicians in the

clinic per day, patient no-show rates, and percentages of new and

returning patients. Additionally, 93 randomly selected patient visit

flow patterns were observed in July and August of 2014 in order to

capture patient flow processes such as check-in and check-out dura-

tions, average time patients spent with physicians and clinical sup-

port staff, and time required to turnover exam rooms. The collected

data, in addition to feedback from providers and clinic management,

established the simulation model parameters. For ease of parameter

and simulation model verification by the team, triangular distribu-

tions were used for defining the probability distributions for process

times. Table 1 presents parameters for the triangular distribution for

each patient process in the studied clinic.

During the clinic observation, interdependencies of flows be-

tween the physicians, staff, and patients in the system were ob-

served.21 A modification in one process will directly impact other

processes. The complexity of these interdependencies is illustrated in

Figure 1, which depicts the patient, physician, and staff processes in

the dermatology clinic. When a patient arrives to the clinic and

checks-in, the patient waits in the waiting area until both the room

and the nurse designated for the physician become available. The

nurse then walks the patient to the room, performs the patient in-

take, and leaves the exam room. The patient is left to change into a

gown while waiting for the physician. Subsequently, the physician-

patient encounter occurs and, if required, the physician asks the

Table 1. Parameters for Triangular Probability Distributions for Clinic Processes

Process location Process Minimum

(minutes)

Mode

(minutes)

Maximum

(minutes)

Probability of

process per patient (%)

Waiting area Check-in 1.00 2.00 3.00 100

Patient routing to room 0.50 0.75 1.25 100

Exam room Patient preparation (nursing intake) 2.00 3.00 4.00 100

Patient visit by physician, new patient 12.00 15.00 25.00 11

Patient visit by physician, return patient 10.00 12.00 18.00 89

Nurse assisting physician procedure 5.00 7.00 10.00 39

Post-procedure specimen processing by the nurse 3.00 5.00 8.00 20

Room turnover by nurse (cleaning) 1.00 2.00 3.00 100

Physician office Physician documentation 1.00 2.00 3.00 100

Waiting area Check-out 1.00 2.00 5.00 90

2 Journal of the American Medical Informatics Association, 2018, Vol. 0, No. 0

Downloaded from https://academic.oup.com/jamia/advance-article-abstract/doi/10.1093/jamia/ocy024/4961213
by Carleton University Library user
on 10 April 2018



nurse for assistance, most commonly for procedures such as biop-

sies. If assistance is needed, the nurse will return to the room once

he or she is available. If specimens are generated, they are logged by

the nurse. After the visit, the patient leaves the exam room and

checks-out, while the nurse cleans and turns over the room. Ac-

counting for the differences in care experiences among patients,

probabilities corresponding to the likelihood of visit characteristics

are integrated into the model. An overview of the probability of

each process per patient is included in Table 1.

Based on new EHR implementation recommendations to imple-

ment in-room documentation by providers, we applied our simula-

tion model to analyze the downstream cumulative impacts on the

timeliness of patient care.

Discrete-event Simulation
There are various modeling and simulation approaches that can as-

sist decision makers in the healthcare sector.22–24 The main benefit

of using simulation approaches is that the effectiveness of new poli-

cies and strategies can be tested prior to implementation, avoiding

the adverse effects involved with testing directly in the clinic.

Discrete-event simulation (DES) is a stochastic simulation modeling

approach that codifies the interplay of processes within a complex

system. DES is widely used in healthcare and is known as an effec-

tive tool to support operational decision making and planning.25–32

DES is the process of encoding the behavior of a system as a se-

quence of well-defined discrete-events in which an event causes a

change to the state of the system at a specific point in time. Patients

in outpatient clinics are modeled as independent entities that carry

associated information as attributes (e.g., scheduled appointment

time and date, and arrival patterns). Entities enter the simulation

system according to a probability distribution based on the hour of

the day and engage in activities and decision processes analogous to

patient flows. Inputs to the model are informed by probability distri-

butions derived from collected data, and model outputs are gener-

ated after all entities of a simulated day complete all processes.

Accordingly, the statistics gathered from the model represent results

equivalent to a “sampling experiment performed on a real sys-

tem.”26 A discrete-event simulation model of the studied dermatol-

ogy clinic was developed using Rockwell Arena 14.0 software.

Arena is a Microsoft Windows application consisting of building

blocks and modules for defining system flows and data objects

which characterize the processes to be simulated.33

Any simulation model requires assumptions to codify a real-

world model into a computer model. When modeling the dermatol-

ogy clinic, we assumed that the clinic has limited operating hours

from 8:00 AM to 5:00 PM, but that it will continue operating in

overtime until all patients leave the clinic. The number of physicians

per day can vary between 7 and 9 and each physician has one dedi-

cated nurse. Based on historical data analysis results, on average

each physician has 27 scheduled patients per day. The scheduled ap-

pointment times of patients were modeled with a nonstationary

Poisson process to allow for an approximation of the 15-min sched-

uling intervals that are implemented in practice and to mimic the

variations in patient arrivals by hour of the day that are seen in the

clinic. Also, as supported by historical data, 9% of patients do not

show up for their appointments. Finally, each physician should only

visit with his or her scheduled patients.

Our analysis showed that patients do not always arrive on-

time, and the arrival patterns relative to the scheduled

Figure 1. Process flow map detailing patient and nurse processes, precedence relationships between processes, and physical movements between clinic areas

(e.g., nurse station, waiting area, exam room). Decision modules highlight the differences in flow as defined by the visit characteristics (e.g., requires check-out,

nurse assistance, etc.). The effects of in-room documentation are highlighted, to describe future flows with in-room documentation. The physician visit includes

all processes from the time the physician enters the room until he or she departs.
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appointment time follow a Normal Distribution with the mean of

�18 min and variance of 22 min2 or equivalently

x � N l ¼ �18 ðmÞ ;r2 ¼ 22 ðm2Þ
� �

. On average, patients arrive

18 min early to the appointment which also impact the patient wait

time (WT) and length of stay (LOS). The clinic is modeled as a ter-

minating system in which each day operates independently and all

resources and patients are initialized at the beginning of each simu-

lation day.

To validate the model statistically, outputs of the model were

compared to observation data using 2-sample t-tests. Average pa-

tient LOS was the primary output of interest for the analysis. The

results showed no statistically significant differences between ob-

served and simulated data (95% CI for difference: [�2.32 6

10.16]). Thus, the simulation model is assumed to be an accurate

representation of the true system and appropriate for evaluating the

impact of in-room documentation on patient timeliness of care.

RESULTS

Using the validated simulation model, experiments were performed

to quantify the effects of changes to the in-room documentation

time on the timeliness of patient care, as measured with 2 perfor-

mance metrics. The first performance metric of interest is average

patient LOS, or the average period of time between arrival and de-

parture of patients from the clinic. The second metric is the average

total WT, or the average amount of time a patient waits during the

visit, including waits in both the waiting area and the exam room.

Four scenarios have been explored through the simulation

model. Each of the scenarios corresponds to physicians spending ex-

tra time in the exam room as part of the visit, specifically for an ad-

ditional 1, 2, 5, or 10 min. Results of the simulation model for each

of the four scenarios are shown in Table 2. A 1 min increase in exam

room utilization per patient due to in-room documentation (equiva-

lent to an 8% increase over the original patient encounter duration)

increases the average patient WT by 5.29 min (22%) and LOS by

6.23 min (12%). A 2-min increase in exam room utilization (13%),

increases the average patient WT by 9.80 min (41%) and average

patient LOS by 11.69 min (23%) compared to the initial state. Addi-

tionally, adding 5 (32%) and 10 (65%) min of in-room documenta-

tion per patient causes increases of 36.66 min (73%), and 96.94 min

(193%) in LOS, respectively. As additional time is required for in-

room documentation, LOS, and WT increase disproportionately.

One possible approach for alleviating the impact of in-room doc-

umentation is to reduce the number of patient visits per day. An

analysis was performed to investigate the patient throughput reduc-

tion required to offset each in-room documentation scenario. In

Table 3, bolded numbers represent the volume reduction level re-

quired to maintain the initial performance levels, with each in-room

documentation scenario.

Based on the results, if in-room documentation requires only an

additional 1 or 2 min, with all else remaining the same, the patient

volume would need to reduce between 10% and 20%, if the clinic

wishes to maintain its initial LOS. In the case of an additional 5 or

10 min, patient volumes need to be reduced by 30%–40% and

>50%, respectively. Patient volume reduction would correspond to

a loss of revenue and could create other issues such as reduced access

to care.

In addition to physician EHR workflow implementation recom-

mendations, there were also support staff workflow recommenda-

tions. More specifically, rather than verbally confirming a paper

copy of the patient intake sheet, the nursing staff would enter and

reconcile patient information into the EHR system in the examina-

tion room. An analysis similar to what was presented above was

conducted for nurse in-room documentation in which the nurse

requires 1, 2, 5, or 10 min to complete these tasks prior to the physi-

cian starting the patient encounter. The results are presented in

Table 4.

The results demonstrate that, similar to having physicians com-

plete the in-room documentation, patient LOS and WT also increase

when nurses complete the in-room documentation. However, the ef-

fective increase in LOS and WT is proportionately less when the

nurses complete the tasks for a similar length of in-room time. For

instance, an additional 2 min of in-room documentation completed

by the nurse increases the patient LOS by 10% and WT by 12%.

While with the same conditions, in-room documentation by the

Table 2. Average Patient Length of Stay and Wait Time (95% CI) in Minutes Resulting from the Addition of 1, 2, 5, and 10 min to the

Physician Visit Time for In-room Documentation

In-room documentation time Average length of stay (LOS) Average wait time (WT)

Base case (initial state) 50.2 (60.32) 23.34 (60.33)

Additional 1 min for documentation 56.43 (6.041) 28.63 (60.40)

Additional 2 min for documentation 61.89 (60.46) 33.14 (60.46)

Additional 5 min for documentation 86.85 (60.67) 55.16 (60.68)

Additional 10 min for documentation 147.14 (61.18) 110.50 (61.17)

Table 3. Patient Volume Reduction to Maintain the Current Status Quo of Average Patient Length of Say (95% CI) Corresponding to the

Addition of 1, 2, 5, and 10 min to the Physician-patient Encounter Time for In-room Documentation

In-room documentation

time

No volume

reduction

10% volume

reduction

20% volume

reduction

30% volume

reduction

40% volume

reduction

50% volume

reduction

Base case 50.2 (60.32) – – – – –

Additional 1 min 56.43 (6.040) 50.7 (60.36) 43.97 (60.31) 40.51 (60.27) 36.79 (60.23) 34.44 (60.20)

Additional 2 min 61.89 (60.46) 55.74 (60.41) 48.26 (60.34) 43.15 (60.30) 39.31 (60.26) 36.31 (60.23)

Additional 5 min 86.85 (60.67) 75.10 (60.60) 64.40 (60.53) 55.26 (60.43) 48.74 (60.38) 44.05 (60.32)

Additional 10 min 147.14 (61.18) 124.01 (61.02) 100.41 (60.92) 82.40 (60.75) 67.35 (60.60) 59.58 (60.53)

Bolded numbers represent the volume reduction required to maintain the initial performance levels for each in-room documentation scenario.
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physician increases the patient LOS by 23% and WT by 41%. Simi-

larly, in order to offset the impact of the in-room documentation by

the nurse, the required patient volume reduction is analyzed. The

results demonstrate that for an additional 1, 2, 5, and 10 min of in-

room documentation by the nurse, the patient volume should be re-

duced by <10%, 10%, 30%, and >50%, respectively. Therefore,

regardless of whether it is the physician or the nurse who spends

more time documenting in the exam room, there is a clear dispro-

portionate impact on LOS and WT.

DISCUSSION

The results show that increases in in-room documentation resulting

from changes in workflow, even in small increments, can negatively

impact timeliness of care. In many outpatient clinics, the schedules

are designed to ensure that physicians and exam rooms are highly

utilized while patient WTs are also minimized. Thus, any increase in

the provider visit time or room utilization, even small changes, adds

more workload to already highly-utilized resources. The impact cas-

cades through the whole clinic and compounds throughout the day,

causing significant increases in patient WTs and, consequently,

LOS.

For example, if nothing else changes, when a physician visit

increases by 2 min, the next patient is required to wait for an extra 2

min in the waiting area. Additionally, accounting for the additional

2 min in the physician visit due to in-room documentation, the LOS

for the second patient will increase by 4 min. This pattern is then

replicated for subsequent patients such that patients arriving during

the peak hours of the day and later in the day experience the greatest

increases in WTs with the implementation of in-room documenta-

tion. To offset the negative impact of in-room documentation, the

number of patients visited by each provider per day would need to

be decreased from 10% to over 50% based on the in-exam room

documentation time. If we assume an average rate of return per pa-

tient, that would correspond to a significant loss of revenue, which

is neither feasible nor sustainable in most cases.

While the results presented above pertain to a dermatology

clinic, with high patient volumes and high room turnovers, an out-

patient clinic with longer appointments may not be as significantly

impacted by the increased in-room documentation; however, con-

versely, the negative impact could be magnified in practices that

have even higher patient volumes. Nevertheless, the cumulative ef-

fect on the clinic operations is critical to understand. Our analysis

supports the need for clinic managers to proactively address the

expected changes to patient flow in advance of the implementation

of any new technology. This may include making changes to opera-

tional policies to offset this increase in time in order to ensure that

timeliness of care is not sacrificed.

After this analysis and with the implementation of the new EHR,

the dermatology practice chose to minimize its in-room documenta-

tion workflows in multiple ways despite the recommendations of

the EHR company and the institution. Firstly, nurses were asked to

complete the computer-based input of the patient intake sheet infor-

mation (medication reconciliation, allergy, smoking status, etc.) and

queue up medication refills outside the patient room at their nursing

station touch-down computer. Physicians were asked to minimize

any computer work in the rooms by providing them with a custom-

ized report printout of the most recent visit notes, dermatopathology

report, and laboratory values in a paper chart prior to entering the

room (this workflow was previously established prior to the EHR

implementation). Instead of using the EHR to alert the front desk of

when patients should make their follow-up, they used a paper form

to avoid logging into the computer. Furthermore, rather than per-

forming billing on the EHR system directly at the conclusion of the

visit, physicians circled billing codes on paper which were subse-

quently entered by support staff. Finally, scribes were hired for the

practice since they were able to help with real-time documentation,

EHR information input, medication and lab/pathology requisition

pending, which also minimized the physician-based documentation.

CONCLUSION

EHRs have shown some promising benefits to patients’ quality of

care where a provider’s in-room documentation in outpatient clinics

elevates the accuracy of information appended to EHR systems.

This study shows that implementation of in-room documentation

can have unforeseen and overlooked effects that negatively impact

patient care as well. Even when the additional time required to com-

plete in-room documentation is minimal, it may lead to significant

delays for patients, if no other operational changes are made. This

study demonstrates the importance of analyzing the effects of in-

room documentation before the implementation, as the scale of the

effects may vary based on the clinic features (e.g., appointment

length, scheduling patterns, and patient volumes).

Due to the complexities of the clinical workflows, discrete-event

simulation provides an ideal way of modeling operational proposals

to evaluate the impact on patient care and revenue. Furthermore,

multiple changes to operational policies may be needed to offset the

expected increases in average patient LOS and WT. Ultimately, the

studied clinic successfully implemented multiple adjustments to pro-

cesses in order to combat the expected impact of the new EHR with-

out decreasing patient throughput.
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