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I nnovation is increasingly necessary in the costly and highly 

demanding national healthcare systems worldwide. In particular, 

innovative medical services are essential to drive and stimulate 

the efficiency and sustainability of public services.1 However, 

discrepancies in opinion exist on where to focus efforts to improve 

healthcare while raising awareness about the importance of 

monitoring the use of resources and reducing ever-growing 

healthcare spending.2 Many hospitals are focusing on enhancing 

efficiency through a process reengineering (PR) strategy.3 PR has 

been implemented worldwide, although the long-term effects 

on organizational performance, costs, and competitiveness have 

not yet been proven. Some authors have called for the integration 

of reengineering and quality management systems to achieve 

more robust outcomes.4-6 Nevertheless, experience in process 

improvement has demonstrated that the solution often does not 

improve the outcome of individual activities, but, instead, leads 

to an entirely new work approach.7

Recently, electronic health records (EHRs) and health information 

systems (HIS) have become primary sources of data to potentially 

support improvements in the efficiency of healthcare processes. 

However, traditional analysis tools, such as relational databases and 

statistical tools, have failed to prove their adequacy in evaluating the 

massive influx of data collected in EHRs. New methodology for big 

data analysis has broadened the opportunities to discover patterns 

in complex and heterogeneous data.8-10 However, the knowledge 

gained from high volumes of data is not enough to help hospitals 

develop new ways to provide their services, and so the impacts 

of EHRs and HIS on quality, efficiency, and outcomes of care are 

currently questionable. Furthermore, although patient-centered 

approaches in every step of the process are increasingly advocated, 

limited data exist to assess the effects of interventions on patients’ 

health status; even fewer data exist on the effects on healthcare 

service utilization.11-13

Prior studies using EHR data have examined process improve-

ment tools, both concurrent with and independent from quality 

improvement initiatives.14-20 Most studies have attempted a 

single-intervention approach (eg, changing referral forms), but 
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ABSTRACT

OBJECTIVES: To improve multiple levels of utilization 
and efficiency in specialized outpatient consults using 
information technology–based systems, process 
reengineering, and patient-centeredness.

STUDY DESIGN: Prospective research from 2008 to 2014 
conducted in a hospital in Madrid, Spain. Quantitative 
analysis of 1,162,477 consecutive consultation requests 
and qualitative techniques of 72,368 surveys using a 
structured questionnaire.

METHODS: Key performance indicators were evaluated: 
operational outcomes (productivity, time gap between 
requested consultations and performance, staffing accuracy, 
wait time, and underlying variability), administrative 
burden (downtime losses; no-show, drop-in, cancelled, and 
rescheduled visits), perceived quality scores, and income. 
Data mining, modeling seasonality in demand, process 
reengineering, and a patient-centered approach were 
incorporated as strategies to drive changes. 

RESULTS: Productivity increased 34% for the entire 
period, closing the gap between consultation request and 
performance from 43.7% to 8.7%. Wait time decreased from 
82.7 to 7.9 days, with an 82.9% reduction in interservice 
variability. Staffing adjustments prevented understaffing 
situations; more accurate modeling reduced understaffing 
from 282 to 4 full-time equivalent staff. A seasonal 
autoregressive integrated moving average (1,0,0)(0,1,0) 
model explained 90.3% of forecasted data variability with 
an absolute percentage error between 2.4% and 8.3%. 
The project reduced administrative burden, inefficiency, and 
downtime losses by 47.3%, 53.7%, and 54.5%, respectively. 
Perceived quality indices improved by 19.6%, and complaints 
were reduced from 63 to 10 per 10,000 consultation-years. 
Hospital incomes rose by 49.4%.

CONCLUSIONS: Improving efficiency is complex and 
requires a multimodal approach. Health information 
systems, patient feedback, and multidisciplinary teams are 
components that can improve clinical processes.
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these procedural changes almost invariably 

fall short of expectations to improve quality 

of healthcare.21,22

As the use of specialized outpatient consult 

(SOC) divisions is outpacing other types of 

healthcare provision, wait times in terms 

of days and the expenses associated with 

specialized services have increased.23-26 Our 

study reports the results of a multiyear project 

to improve utilization and efficiency in an 

SOC as part of the overall management of a 

general hospital. In our SOC, the following 

issues were explored: long wait times for appointments after 

referrals, low patient satisfaction, seasonal variability in referral 

volume, fluctuations in provider availability, and income losses. 

The change strategy described here incorporates PR and patient-

centered considerations through multiple approaches, including 

modeling low- and high-volume periods and staffing accordingly, 

incorporation of patients’ preferences (as expressed in structured 

surveys), collaboration with referring primary care physicians (PCPs), 

and expanding the use of HIS. In doing so, we provide tactical and 

operational strategies, which, in turn, may boost organizational 

and process efficiency and effectiveness.

METHODS
The goal of this research is to evaluate the efficiency of SOC inter-

ventions after the implementation of a global change management 

strategy to address PR using information technology–based systems 

and patient surveys. Table 1 describes the activities and objectives 

of the program, which had the overall goals to (1) optimize the 

current systems to increase their efficiency and productivity by 

enhancing cross-functional performance and (2) build a clinical 

management model to guide long-term staffing and maximize 

productivity, ensuring competitiveness.

Further, the secondary objectives of this research are ensuring 

appropriate referrals from primary care, identifying and solving 

bottlenecks and non–value-added activities from a patient’s perspec-

tive, and shortening the time between the date an appointment is 

requested and the date for which the appointment is scheduled 

(eAppendix Figure 1 [eAppendix available at ajmc.com]).

This study used data from 2008 to 2014, with 2008 being a 1-year 

preintervention period prior to implementation. The study site 

was the Hospital Universitario del Tajo, a public general hospital 

in Madrid, Spain, which serves 100,000 people. The SOC provides 

specialist services for allergies, anesthesiology and perioperative 

medicine, cardiology, dermatology, endocrinology, gastroenterology 

and hepatology, internal medicine, general surgery, hematology, 

laboratory medicine and pathology, nephrology, neurology, obstetrics 

and gynecology, medical oncology, ophthalmology, orthopedic 

surgery, otorhinolaryngology, physical medicine and rehabilita-

tion, pulmonary medicine, radiology, rheumatology, specialized 

pediatric and adolescent medicine, and urology. Patient services at 

the SOC are funded by the Spanish National Health Service (NHS). 

Like many other European NHS programs, the Spanish NHS has 

a service portfolio defined by the healthcare authorities. There 

is no patient co-payment except for a partial amount required 

for the purchase of medications. Similar to other NHS programs, 

patients need their PCP’s referral to have access to specialized 

care. Hospitals are required to respond to specialist consultation 

requests within a maximum period of 30 days; otherwise, they are 

penalized. Furthermore, patients can freely visit any other medical 

center if the referral process takes longer than 30 days.

Data Collection and Descriptive Analysis

Data were collected from 2 primary sources: the EHR and patient 

satisfaction surveys. Quantitative analysis consisted of prospective 

analysis of the EHR information of 1,162,477 consecutive requests for 

the SOC. Both the hospital and primary care facilities use EHRs and 

HIS. Therefore, all administrative and clinical activity of the hospital 

was gathered in the Oracle-based electronic data warehouse (Oracle 

Corporation; Redwood City, California). Qualitative techniques 

were used to analyze the surveys of 72,368 SOC patients. Patients 

were recruited consecutively at the time of an administrative 

procedure consultation. Structured interviews to assess patients’ 

perceptions were conducted by trained staff at the Patient Care 

Department. These surveys included 30 questions related to the 

appointment management process, managed care, complaints, and 

suggestions for improvement. The information collected in these 

surveys constituted a key element of the reengineering process. 

Additionally, hospital satisfaction surveys were undertaken annually 

by an external consulting firm using a structured questionnaire 

for computer-assisted telephone interviews targeting 161 people 

who used SOC (sampling error ± 1.5%). All statistical analyses were 

performed using IBM SPSS Statistics for Windows, version 20.0 

(IBM Corporation; Armonk, New York).

Outcomes Assessment and Definitions

We selected the following as key performance indicators: operational 

outcomes, administrative workload management, perceived quality, 

and hospital income. Operational outcomes included productivity, 

gap between the number of consultations requested and the number 

TAKEAWAY POINTS

Our study shows that process reengineering and a patient-centered approach are demonstrable 
ways to achieve tangible and positive administrative and health service–related outcomes. 
Predictive modeling reliably forecasts the demand for consultation for specialist care. 

›› Patient-centered approaches allow hospitals to prioritize action plans and to engage  
professionals in workforce planning and modeling future needs. 

›› Strategies including process reengineering and a patient-centered approach achieved suc-
cessful targets in efficiency and perceived quality.

›› Developing a multifaceted concept of a global change management system puts hospitals 
in a better position to deal with exceptional situations.
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performed (gap), staffing accuracy, wait time, and underlying vari-

ability. Productivity was defined as the number of consultations 

performed by every medical unit, considering human resources in 

full-time equivalents (FTEs). Staffing accuracy refers to the excess 

or shortage of scheduled staff. Wait time refers to the time from 

the consultation request until the time when the consultation 

was performed. Clinical variability refers to the difference in wait 

time among medical departments. Effectiveness in administrative 

workload management refers to the reduction of inefficient work 

(nonrecorded and no-show visits), overload (nonscheduled, cancelled, 

and rescheduled visits), and downtime losses. Nonrecorded activity 

refers to nonbillable visits because of lack of clinical records related 

to the consultation in EHR. Overload indices refer to additional work 

performed to accommodate consultations for patients without an 

appointment, cancellations, and rescheduling of appointments. 

Downtime losses refer to unused time scheduled for consultation. 

All of these indices were measured daily, although descriptive and 

time-series analyses were performed on monthly aggregated data. 

Income indicates the hospital’s revenues based on the number 

of valid consultations. Revenues correspond to a fixed price per 

consultation. The costs and cost savings are calculated based on 

these prices.

TABLE 1. Components of the Extensiveness of the Patient-Centered Approach and Process Reengineering

PATIENT-CENTEREDNESS PROCESS REENGINEERING TARGETS AND OBJECTIVES

Patient Classification Variables Process of Referring a Patient to Specialty Care

P
ro

fil
e 

of
 th

e 
de

m
an

d •	Sociodemographic profile
•	Profile use of healthcare resources
•	Profile use of hospital departments
•	First and follow-up visit profile
•	Overall satisfaction and grade 

of recommendation
•	Concerns about patient safety 
•	Suggestions for improvement C

oo
rd

in
at

ed
 a

pp
ro

ac
h

•	 Identify, quantify, and demand control
•	Analysis of clinical criteria for 

referring a patient
•	Performance and patient safety evaluation
•	Analysis of consequences of wait times  

and delays
•	Analysis of suggestions for improvement
•	Analysis of work environment
•	Hospital strategic objectives and resources

1.	 Make a more understandable 
and accessible service portfolio

2.	 Facilitate patient referrals on the 
basis of medical need

3.	 Specialized prior assessment for priority 
appointments and debatable cases

4.	 Model the demand
5.	 Coordinate doctors and nurses with 

those in primary care to ensure 
continuity of care

 Detailed Analysis Variables Management Procedure of Consultation Agendas

A
pp

ro
pr

ia
te

ne
ss

 o
f r

es
po

ns
e •	Primary and specialty care coordination

•	Ease of scheduling
•	Time from request to appointment
•	Rescheduling and cancellations
•	Facility conditions and signaling system
•	Ease of finding service area
•	Comfort of waiting area
•	Time spent in waiting area
•	Care provided by support staff O

ut
co

m
es

 b
al

an
ce

 s
co

re
ca

rd
•	Redesign common agenda structure 

for consultation
•	Time allocation for diagnosis and 

treatment procedures
•	Resource allocation for current and 

predicted demand
•	Management of attention and 

nonattention time
•	Control wait times and delays
•	Control patients’ health status 

pending appointment
•	Control rescheduled appointments
•	Control defaults and cancellations
•	Control unforeseen appointments

6.	 Ensure standardized procedures at SOC
7.	 Reduce the administrative burden on 

clinical staff
8.	 Reduce productivity losses because of 

no-show visits and data capturing errors
9.	 Reduce administrative work to 

accommodate cancellations, 
rescheduled visits, and drop-ins

M
an

ag
ed

 c
ar

e

•	Doctor’s kindness and quality of care
•	Doctor’s ability to solve medical problem
•	Time doctor spent with patient
•	Quality of the information on the results of 

diagnostic examinations and tests
•	Time doctor spent on physical and 

medical examinations
•	Doctor’s ability to provide the patient with 

further details and to answer questions 
•	Quality of information about:

›› The disease
›› All treatment instructions
›› Warning symptoms
›› Reason for diagnostic tests
›› What diagnostic tests consist of
›› Risks and adverse effects

•	Clarity of communication 
•	Quality of care and information provided 

by nurse 

P
er

fo
rm

an
ce

 g
oa

ls

•	Behavioral and organizational changes 
•	Caseload management and 

performance outcomes
•	Analysis of productivity losses and 

unproductive work
•	Forecasting and model validation
•	Staffing schedule and fast-cycle iteration 

for forecasting
•	 Constraints and non–value-added activities
•	 Improvement in strategic planning process
•	Common delivery and action plans 

between medical units
•	Analysis from a patient perspective
•	Customizing EHR settings for 

medical services 
•	Automation of administrative and 

technical procedures
•	Shared responsibility with delegated tasks
•	Continuity of care
•	Efficiency assessment

10.	 Increase medical productivity at SOC
11.	 Anticipate peaks of demand
12.	 Reduce staffing imbalances
13.	 Reduce mismatch in number of referrals 

and number of visits completed
14.	 Reduce variability in the response time 

among medical units
15.	 Reduce the wait list
16.	 Improve patient satisfaction scores
17.	 Improve hospital revenue

EHR indicates electronic health record; SOC, specialized outpatient consult.
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Forecasting and Model Validation
Staffing needs may vary depending on seasonal workload fluctua-

tions. Drawing on the knowledge gathered in the preimplementation 

period, successive simulated postsample forecasting scenarios 

of requests and staffing were used. Accordingly, every monthly 

prediction was translated into scheduling of staff in each medical 

unit. The discrepancies between the forecast value and observed 

workload were analyzed. Knowledge gained from these projec-

tions fed back to a fast-cycle iteration for additional forecasting 

analysis that progressively built into a demand-variability model. 

The final time series pattern was described by trend, seasonality, 

and random error components. Autoregressive integrated moving 

average (ARIMA) analysis was used to develop forecast modeling. 

The model reflected the trend and seasonality in the series so that 

the data in earlier periods and the errors made in the estimate 

were compared against the actual values to explain the variability. 

Once the pattern was established, it was extrapolated to predict 

future values. The simplest lowest-order model with the lowest 

error component was used for the final ARIMA model parameters. 

The stationary R2, mean absolute percentage error (MAPE), and 

maximum absolute percentage error (MaxAPE) were used to check 

the quality of the fitted model. MaxAPE measures the variation of a 

dependent series versus its model-predicted level. The final model 

was validated by plotting the autocorrelation function residuals and 

Ljung-Box test. The model calculates the 50th and 95th percentile 

CIs of the predictions.

Process Reengineering

A process improvement team analyzed the preintervention framework 

and prioritized the proposed system changes. This steering group 

was composed of the medical director, nursing director, consultants, 

and nursing supervisors. They worked in cross-functional teams on 

a weekly basis and performed a monthly analysis of the balanced 

scorecard and SOC surveys. Quarterly meetings with referring PCPs 

provided a review of outcomes and efficacy of the PR program. 

Finally, high-level annual meetings were held with the hospital 

general director and primary care manager.

RESULTS
Preintervention

As shown in Table 2, during the preintervention period in 2008, 

89,587 consultations were conducted (51,853 first medical visits and 

37,734 follow-up visits). On average, the SOC was unable to serve 

44.1% and 57.6% of new and follow-up visits, respectively, within 

the 30-day response period, with significant variability between 

services (interquartile range [IQR], 22.5%-71.2%). The average wait 

time was 82.7 days (IQR, 23.8-116.1) prior to service. The waiting 

list was the main source of patient complaints (48% in total), and 

33% of respondents indicated that they were less than satisfied. 

There were significant fluctuations in demand, with frequent 

understaffing and overstaffing during high-peak and low-peak 

periods, respectively, which translated into a staffing gap of more 

than 6400 hours during the year. Furthermore, more than 3% of 

patient interactions were not recorded. As such, these visits were 

not billed in the preintervention period, which led to revenue losses 

of more than $500,000.

Operational Outcomes

As shown in Table 2, during the PR period, we observed that the number 

of consultations increased by 88.4%. Overall, per-provider productivity 

increased most significantly during the first and second years (19% and 

10%, respectively), with a 5% annual increase in each of the following 

years. The total productivity increase for the entire study period was 34%  

(P = .001). A slight upward increase of 4.9% in demand was observed 

for the entire study period. The projected increase in demand for the 

entire period was expected to be 11.2%. The gap between requests 

and performance decreased by 80% in the second year and remained 

steady below 9% afterward. In terms of the staffing gap, scores 

significantly improved, showing a switch from a starting imbal-

ance of 43.7% to 9.2% (282 and 4 understaffing FTEs, respectively).

We further found a significant reduction in administrative 

management indices (P = .001). In the PR project, there was a 

47.3% reduction in administrative overload, 53.7% reduction in 

work inefficiency, and 54.5% in downtime losses. Additional 

workload due to rescheduled appointments, unscheduled visits, and 

patient cancellations dropped by 46%, 48%, and 57%, respectively. 

Nonrecorded activity decreased by 96%. There was no significant 

impact on no-show visits (6.8% vs 5.8%; P = .20). Hospital income 

rose by 49.4% between 2008 and 2014. The savings due to staffing 

mismatch improvements and due to increased numbers of patients 

being seen in a 30-day window were $45,833 and $78,238, respectively.

As shown in Figure 1, the average wait time decreased from 82.7 

days to 7.9 days (IQR, 7.6-17.3), with a reduction of 82.9% in the average 

interservice wait time (P = .0001). There was a significant decrease 

in the total number of complaints, particularly those related to 

delays in their first visit to the SOC (P = .0001). This improvement 

was more marked in the first year (77.6%) and it remained steady 

during the following years.

Forecasting and Staffing Schedule

The scatterplot diagram (Figure 2) of the time series data on 

appointments for SOC services shows an increase in overall demand 

during the study period with an underlying annual periodicity, of 

which seasonality was a prominent feature. Seasonal peaks were 

observed in October, November, and March, and low demand was 

observed in July and August. A seasonal ARIMA (1,0,0)(0,1,0) model 

was progressively developed (eAppendix Figure 2). The modeling 

predictions performed well and explained 90.3% of the variability of 

forecasted data. The MAPE across all models was 2.4%. The MaxAPE 

in the worst-case scenario was 8.3%. Reliability and accuracy of the 

predictive model steadily increased (Figure 2). Using this model, 

we were able to reduce mismatch between predicted and actual 

staffing requirements and narrow the gap over time (Figure 3). 
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DISCUSSION
Current hospital reengineering substantially differs from early 

practices.5 PR has been strongly linked to cost-cutting strate-

gies and, to a lesser extent, streamlining delivery systems and 

improving patient care outcomes. Nevertheless, the benefits of 

reengineering may go beyond economics if properly implemented 

with a clear and consistent definition of the goals for systemic 

change. Change requires a reordering of activities, responsibili-

ties, and the allocation of resources. A high-quality PR program 

may create an efficient process using HIS information and patient 

feedback on service quality. An understanding of all the elements 

of the process—backlogs, demographic characteristics, proportion 

of acute conditions and chronic disease dysfunctions, profile use 

of resources, bottlenecks, and coordination problems, among other 

issues—is critical.21 Concrete action plans may address each of these 

problems in responding to patients’ demand.

Consequently, workforce planning should be a crucial component 

of this strategy.27 In this research, techniques for noncausal prediction 

to modeling backlogs were used. A dynamic adjustment of resources 

provided useful information on how the resources required for each 

activity are interconnected.28-30 Results are not immediate because 

TABLE 2. Outcomes in the Intervention Period 

  Preintervention 2009 2010 2011 2012 2013 2014

Operational outcomes

Consultations performed (number/year) 89,587 122,916 134,082 147,086 144,181 160,597 166,743

Gap request performance, mean (SD) 43.7 (23.3) 19.9 (13.8) 17.6 (7.3) 15.1 (7.2) 13.9 (5.1) 12.0 (3.0) 8.7 (4.4)

Productivity, mean (SD) 42.1 (24.2) 52.0 (11.7) 57.3 (7.3) 62.1 (8.8) 65.2 (7.4) 66.2 (4.2) 68.2 (4.3)

Wait time, days, mean (SD) 82.7 (53.6) 52.2 (18.5) 20.4 (6.7) 14.1 (9.8) 11.6 (9.2) 9.1 (7.4) 7.9 (5.5)

Interservice variability 40.4% 28.9% 8.5% 7.2% 6.5% 6.1% 6.8%

Staffing mismatch (hours/year) –6475 –5897 –10,547 4107 –1723 1538 801

Understaffing (hours/year) –10,561 –9618 8410 –2129 –3327 –32 –160

Full-time equivalent (year) –282 –256 224 –57 –89 –1 –4

Administrative management

Nonrecorded data 3.3% 3.1% 2.1% 0.6% 0.6% 0.4% 0.3%

No-show visits 6.8% 6.6% 6.1% 6.5% 7.6% 6.6% 5.8%

Drop-in visits 18.4% 12.2% 10.9% 10.9% 8.6% 8.2% 8.2%

Rescheduled visits 22.2% 14.1% 16.4% 12.2% 12.3% 13.3% 12.1%

Patient cancellations 4.0% 2.7% 1.8% 1.3% 1.3% 1.5% 1.3%

Cancellations/rescheduled visits 83.1% 12.9% 16.9% 12.4% 11.3% 10.1% 9.6%

Perceived quality indices

Surveys completed 161 8913 10,676 9209 10,352 12,393 12,182

Hospital satisfaction score 88.6% 88.3% 90.7% 93.3% 93.5% 92.0% 91.0%

SOC satisfaction score 86.0% 95.5% 93.2% 92.3% 94.5% 93.4% 92.9%

Ease of access to appointment 76.6% 98.2% 82.0% 83.1% 90.0% 89.6% 91.4%

Satisfaction with organizational procedures 88.0% 97.0% 93.5% 92.6% 90.5% 92.1% 91.7%

Consultation wait time 67.5% 68.4% 80.0% 87.0% 87.0% 83.0% 87.0%

Satisfaction with medical work 90.4% 94.6% 98.2% 92.1% 96.4% 90.3% 92.7%

Total time of the outpatient visit 93.8% 93.1% 96.3% 87.9% 87.6% 91.3% 94.0%

Satisfaction with information 89.7% 95.5% 89.7% 95.1% 96.5% 88.4% 92.4%

Satisfaction with nursing work 91.6% 97.6% 99.2% 93.3% 92.9% 90.2% 91.5%

Coordination with primary care 80.0% 90.4% 84.4% 87.9% 86.8% 88.6% 92.2%

SOC complaints per 10,000 consultationsa 47.0 9.0 11.8 10.4 23.8 14.2 14.6

Income adjusted by inflationb

SOC income $11,232,147 $13,317,576 $12,526,493 $16,147,306 $13,441,410 $15,411,109 $16,775,409

No-show cost $557,929 $670,884 $594,254 $818,879 $815,566 $813,939 $782,642

Nonrecorded cost $516,905 $315,112 $204,579 $75,589 $64,387 $49,330 $35,084

Patient cancellation cost $328,953 $274,633 $171,765 $166,286 $161,825 $183,533 $132,024

SOC indicates specialized outpatient consult.
aThe increase of complaints in 2012 was due to a labor strike in healthcare services. 
bIncomes and cost savings are in US dollars and adjusted by inflation.
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FIGURE 1. Changes Over Time in Productivity, Wait Time, and the Percentage Difference Between the Number of Requests and the Number of 
Visits Undertaken in the SOC Department (gap)a

SOC indicates specialized outpatient consult.
aThe green line with triangles shows the increase in productivity in the second axis (gap in performance).
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FIGURE 2. Seasonality and ARIMA Model Parametersa

ARIMA indicates autoregressive integrated moving average; MAPE, mean absolute percentage error; MaxAPE, maximum absolute percentage error; SOC, specialized 
outpatient consult.
aThe Model Fit table provides fit statistics calculated across all of the theoretical models, the MAPE, and the MaxAPE. The Ljung-Box statistic specifies that the model 
is correct.

Model
Number of 

Outliers
Number of 
Predictors

Model Fit Statistics Ljung-Box Q(18)

Stationary R2 R2 MAPE MaxAPE Statistic df P

SOC workload ARIMA (0,0,0)(1,0,0) 0 2 0.903 0.930 2.456 8.333 20.499 18 .305

New visits ARIMA (0,0,0)(1,0,0) 0 1 0.810 0.810 4.881 13.972 20.918 17 .230

Follow-up visits ARIMA (0,0,0)(0,1,0) 0 2 0.613 0.877 5.130 12.939 22.709 18 .202
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they rely on the length of the historical series, although repeated 

modeling achieves greater forecasting accuracy. The likelihood of 

understaffing is lower with more precise staffing allocation, which 

in turn reduces the need for hiring short-term staff. In our research,  

improved forecasting led to 282 FTEs per year in savings.

However, hospital process standardization is a challenge. The 

identification of problems and implementation of improvements 

continues to be demanding. It is difficult to synchronize care in a 

traditionally departmentalized organization with poor coordination 

among units and health-related professionals working semiautono-

mously. Successful PR requires a steering group to engage others in 

enhancing organizational performance and cross-functional teams 

that share objectives and values for a more functional approach 

to processes.31,32 Traditionally, delayed access to hospital services 

has been related to a model based on a fixed number of slots per 

healthcare provider. The improvements we observed will have an 

impact on healthcare providers’ daily work due to a decrease in 

waiting lists. This will allow hospitals to focus on managed care 

for the patient’s benefit.

Finally, optimal PR places patients’ needs at the core of decision-

making processes to foster patient engagement in healthcare 

policy.33-35 To illustrate this, respondents who participated in the 

structured interviews mentioned the impact of online consulta-

tions in dermatology and the usefulness of specialist consultations 

via telemedicine for chronic disorders. Thus, a patient-centered 

approach allows hospitals to prioritize action plans and is also a 

source of innovation.

The collected data strongly suggest that productivity may increase 

with a more integrated and coordinated system. This, in turn, may 

lead to an improvement in efficiency, shared responsibilities, and 

optimal use of financial resources available.36 Another important 

factor is the need to share and disseminate the project achievements 

among patients, PCPs, specialists, and hospital leaders to enhance its 

perceived success and foster a stronger sense of community belonging.

FIGURE 3.  Graphical Assessment for Model and Staffing Accuracy in Hours of Worka

aThe upper graph shows confidence limits for accuracy of modeling. In the lower graph, bars represent the gap between predicted and observed staffing require-
ments for new and follow-up visits. Successive values in time series represent consecutive measurements taken at equally spaced intervals.
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Limitations
Some limitations pertain to this approach. Although PR can be 

successfully used in an SOC, additional barriers still need to be 

addressed. First, this approach cannot be applied universally, as each 

hospital system faces unique challenges. The use of this approach 

in private institutions may be even more demanding. Thus, the 

program described here cannot be used as a simple template for 

other hospitals, but rather as a model that should be customized 

based on the needs of each institution. Second, the intervention 

does not address the burden of healthcare overutilization. Although 

the improved framework has enhanced the perceived quality of the 

service and reduced complaints, additional efforts are required 

to monitor overuse of the public health system.37 Finally, despite 

improved satisfaction and revenue results, the improvements 

in wait time that we observed do not necessarily correlate with 

improvements in patient health outcomes.2

CONCLUSIONS
Improving efficiency in healthcare is complex and requires a multi-

modal approach with HIS, patient feedback, and multidisciplinary 

teams as integral tools in identifying opportunities to improve 

clinical processes.  n
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eAppendix Figure 1. Conceptual Framework for Integrating a Patient-Centered Approach and Reengineering Process 

 

 

 

 

PATIENT CENTERED APPROACH 
Discover profile of use of healthcare resources. 
Understand patient’s perspective on demand. 
Analyze primary and specialty care coordination. 
Redesign referral process centered on patients’ 
needs and preferences. 

 

REENGINEERING PROCESS 
Increase understanding of healthcare processes. 
Analyze healthcare flows and procedures. 
Identify critical steps and work flows.  
Integrate EHRs and big data analysis.  
Redesign healthcare delivery process. 
Rational planning of capacities and resources. 

PATIENT CARE SERVICES 

STEERING GROUP 

MANAGERIAL TEAM 

ORGANIZATIONAL CHANGE 
Network view of medical assistance. 
Assess and streamline pivotal processes. 
Resolve bottlenecks and non-value activities. 
Improve in skill levels. 
Reduce requirement and administrative burden.  

BEHAVIOURAL CHANGE 
Case-management and problem-solving approach. 
Coordinate care among unit and professionals. 
Evaluate performance and quality of care. 
Promote changes in working conditions. 
Continuity of care.  
 

CHANGE HEALTHCARE APPROACH 
Achieve a data-driven thinking. 
Disease management focus on patient’s needs.  
Managerial support to redesign process. 
Right approach at the right time. 
Promote share competences and institutional 
commitment. 

INFORMATION TECHNOLOGY SUPPORT 
Customize setting to automatize and simplify 
administrative procedures. 
Computational tools to discover patterns. 
Data-mining to understand information. 
Analyze information to generate knowledge. 

MANAGED CARE SUPPORT 
Provide personalized workflow profiles for each 
medical unit to actively manage workload. 
Reassign resources and tasks to improve 
performance and coordination. 
Evaluate the impact of implemented changes. 
Ensure standardized procedures. 

ACTION PLANS 
Enhance decision-making in medical units. 
Reduce variability and internal discrepancies. 
Adjust response time to accommodate demand. 
Reduce turnaround preventing entrapment. 
Facilitate patient referrals. 



eAppendix Figure 2. A seasonal ARIMA model was progressively brought about with increased precision. Confidence intervals narrowed over time as the 
model provided more accurate forecasting of requests. 
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