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Background
Long patient wait times are non-value added times in outpa-
tient clinics (OPCs), which result in prolonged cycle times, 
inefficiencies, overworked staff and, most importantly, unhappy 
patients.1 Wait times are caused by an imbalance between the 
numbers of patients arriving at each service station and the 
number being examined within a specified time frame.2 
Collectively, wait times at multiple stations of the examination 
process often account for more than half of the cycle time,3 
which is the total time spent between registration and the end 
of the patient visit. In general, patients prefer to continue in a 
hospital for further treatment only if they feel satisfied with 
their experience in the OPC.4 Therefore, it is important for 
hospitals to focus on managing wait times, thereby improving 
patient satisfaction and increasing service demand.

In order to manage wait times and find ways to reduce them, 
we need to recognise that hospitals are complex systems with 
several subsystems.5 Patients pass through a series of stations at 
the OPC, including registration, identifying insurance and 
financial status, recording vital signs and history, investigations 
and finally the doctor’s examination. Furthermore, wait times 
at different stations influence each other and often the interac-
tions between them are difficult to track.

Generally, OPCs are designed as open-loop systems, 
which means that clinicians are unable to modify the system 
based on ongoing feedback about performance outcomes 
such as wait times. In such a system, clinicians are allowed to 
assign a patient to the next station after completing service at 
a given station without knowing this patient’s wait time at 
the next station. Assigning patients without knowing about 
the status at downstream stations creates an imbalance and 
unnecessary queues in the system. At the same time, resources 
that are unused during periods of slack cannot be used in the 
future.6

Several factors contribute to the wait time. Patient volume 
varies throughout the year, which makes it difficult to plan 
resources. Uneven arrival patterns of patients create imbalance 
within the system. Hospitals that offer appointments face chal-
lenges due to no-shows, late patient arrivals, late arrival of doc-
tors and so on. When a patient with multiple pathologies is 
referred to another clinic, the patient is added to the existing 
queue in the other clinic. Inability to coordinate in assigning 
patients to the appropriate resources, lack of clarity about 
whether returning patients need to go through all the stations, 
and difficulty in mobilizing additional resources when needed, 
all contribute to wait times.
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There is considerable interest in improving the cycle time at 
OPCs. A set of studies have developed simulation models of 
scheduling, resource allocation or patient flow.7-9 For instance, 
a discrete event simulation model was developed to test indi-
vidual strategies for improving patient turnaround times, and 
design of experiment was employed to assess the joint effect of 
multiple factors. The recommendations were subsequently 
deployed in an eye hospital.9 Additionally, several hospitals 
have used continuous quality improvement approaches such as 
Lean – eliminating waste throughout the process; Six Sigma – 
eliminating the causes of defects; and Plan-Do-Study-Act 
(PDSA) – testing new ideas and strategies.1,3,10

In studies conducted in 2014-201511-14 at Aravind Eye 
Hospital (AEH), Madurai, India, Munavalli et  al identified 
ways to improve patient flow and wait times, following closed-
loop theory. In their analysis, the authors noted the necessity 
and importance of migrating OPCs from open-loop to closed-
loop systems. A closed-loop system synchronizes the status of 
upstream stations with those of downstream stations. Munavalli 
et al11 recommended a resource planning model (RPM) that 
sized resources according to demand in the short term and 
could reduce cycle time by 23%, from 120 to 92 min. By com-
parison, an integral patient scheduling (IPS) model coupled 
with assessment of the actual system status of all departments 
in the OPC14 resulted in a 12% reduction of cycle time, from 
120 to 105 min. The real-time coordination (RTC) model12 
reduced cycle time by 29%, from 120 to 85 min. Each of these 
models was implemented one at a time after being evaluated in 
simulations. Among these models, the RTC model, which pro-
vides feedback when the output deviates from the internally 
defined standard, was found to be most efficient and patient-
friendly, with greater reduction in wait times.

The literature on managing cycle time is abundant; how-
ever, it is mostly based on simulation, and lacks comprehensive 
solutions that would be practically feasible in outpatient clin-
ics.7 Also, most studies are based on hospitals that practice an 
appointment system. A few studies discuss implementation but 
discuss only one approach, addressing a part of the whole prob-
lem. Implementing these approaches individually is not desir-
able in practice. Research15,16 shows that optimal patient flow 
can only be achieved when resource allocation, scheduling 
policy and patient flow patterns are analysed and addressed 
together. This integrated approach, however, is rarely imple-
mented or compared to individual approaches.

Outpatient clinics at Aravind Eye Hospital (AEH) are only 
walk-ins and do not allow appointments. The closed-loop the-
ory based approaches that Munavalli et  al11–14 experimented 
with were operationalized in AEH’s processes and software 
systems with appropriate customization. The introduction of 
electronic medical record system in 2015 enabled more real-
time interactions. When COVID-19 forced a reduction in 
patient load to maintain social distance and sanitation, AEH 
introduced a new scheduling system in May 2020, which 

allowed a limited number of patients to be registered per hour 
and still maintaining efficiency.

In hospitals, optimization models are generally imple-
mented but no follow-up is conducted. Studying the long term 
outcome of the implementation of these models would provide 
various dimensions to the study, as well as support for deter-
mining their robustness and applicability. As a result, the same 
optimization models can be applied to a variety of workflows, 
and fine-tuned based on the feedback.

The aim of the current study was to determine the impact 
on the cycle time of practicing multiple approaches concur-
rently, compared to the results of previous studies that assessed 
implementation of one approach at a time, at AEH Madurai. 
In addition, we assessed the impact after introducing a sched-
uling system over the existing approaches, to manage the new 
norms of the Covid-19 pandemic.

Materials and Methods
Study setting

A retrospective descriptive study was conducted at AEH, 
Madurai, the first hospital of the Aravind Eye Care System 
(AECS), India, established in 1976. AECS has a network of 7 
tertiary, 6 secondary, 6 community and 104 primary eye care 
centres in Tamil Nadu, Andhra Pradesh and Pondicherry states 
in southern India. In April 1 2019 to March 31 2020, over 
4.6 million outpatient visits were handled and over 500,000 eye 
care treatment procedures were performed at AECS facilities.

In the study site at AEH Madurai, 670,073 outpatients 
were examined in 2019-2020, at an average of 2160 per day. At 
the beginning of COVID-19 the outpatient volume dropped 
to 5%, but improved as the lockdown was eased and more 
transport facilities became available. Approximately 70% of the 
regular patient volumes were examined during the study period 
August to November 2020.

Aravind outpatient workflow

Over a period of time, AEH has optimized its workflow to 
reduce patient wait time and cycle time. We will first explain 
the working and the workflow at AEH and then the existing 
optimization technique used by AEH are explained.

The outpatient service at AEH Madurai is open from 7 am 
to 6 pm, Monday-Saturday. Patients come as walk-ins, accord-
ing to their convenience. Outpatients visiting the hospital for 
the first time are asked to fill out the registration form with 
patient information, as well as provide consent to administer 
necessary drugs and conduct required investigations. A unique 
identification number (UIN) is generated for each new patient, 
and the patient is assigned to one of four general clinics accord-
ing to patient load. Patients who come for review examinations 
are registered using their previous UIN and assigned to the 
appropriate clinics based on the details of their previous visits. 
As part of the registration process, a list of stations is generated 
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according to the patient's complaint, previous visit advice and 
protocol. This list directs the patient where to go next. All 
patients undergo vision test (V), refraction (RR), intraocular 
pressure (IOP) measurement, blood pressure (BP) measure-
ment, preliminary examination (Prel), dilation (DL) for fundus 
examination, doctor examination (DE), Pre-operative investi-
gation (Pre-op invest) and finally counselling (Couns) (Figure 
1). The patient workflow in the OPC starts with registration 
and finishes with the final examination. A patient after registra-
tion (either new or review) moves through various departments 
in any of the pathways: V-IOP-RR-BP-Prel-DL-DE-Couns. 
IOP and blood pressure are checked for patients over 40 years of 
age. RR is checked for all the patients with presenting vision of 
less than 6/6 (20/20) as well as based on the doctor’s advice.

Existing optimization techniques practiced at AEH 
Madurai for managing cycle time

Information technology-based solutions were implemented in 
1991 to manage all patient care areas including registration, 
billing, clinic management, medical records, counselling, inpa-
tients reservation, admission, operation room, inpatient ward 
and so on. The platform was replaced in 2016 with eyeNotes, a 
comprehensive system developed by AEH that includes patient 
care management and electronic medical records. eyeNotes was 
developed using Microsoft (MS) technology (asp.net) and 
Google Angular for frontend with MS SQL server 2016 data-
base at the backend. HTML, MS SQL server reporting ser-
vices and Google chart for reports and dashboards. These 
systems improved overall efficiency by enabling capture of nec-
essary data as part of patient flow and interaction of patients at 

various stations and real-time information for managing oper-
ations, planning and decision-making.

During the early 1990s AEH also adopted problem-solving 
methods. Problem areas that are identified for improvement 
are discussed during the weekly managers meeting following a 
structured process. In recent years, Lean, Six Sigma and Plan-
Do-Study-Act methods have been used. The following are 
some of the main strategies that have been introduced.

Annual prediction.  To manage uncertain inflow of walk-in 
patients, at the beginning of each year AEH undertakes an 
exercise (Figure 2) to develop an annual calendar (Annexure) of 
daily anticipated patients load in a systematic way. The calen-
dar is used as a reference for operational and resource planning 
and is regularly updated to current reality.

Predictive resource planning.  Based on the predicted patient 
load and arrival pattern of patients, monthly manpower 
resource needs are scheduled. A daily meeting is held to review 
the patient load, confirm the availability of resources as required 
by planning, and arrange alternative or additional resources 
when necessary. The patient demand is analysed timeslot wise 
in a day (short term) and depending on the demand the 
resources like doctors and paramedics are allocated to the 
departments. The resources are allocated in such a way that the 
patient flow is continuous throughout.

Managing uneven arrival of patients.  To manage peak loads, 
AEH follows ‘Zero @ 10 am’, a goal of completing examina-
tions of all patients registered before 9 am by 10 am. This ena-
bles capacity to be available for patients coming during peak 

Figure 1.  Functional and operational structure of a closed-loop outpatient clinic (OPC) for assigning the patients to the next station.
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hours, which are 9 am to 12 noon. In addition, postoperative 
and local patients are encouraged to arrive in the afternoon 
hours, which are post-peak.

Integrated patient scheduling.  EMR gives real-time information 
about patients waiting as well as active resources available, 
which allows the system to implement a closed loop for provid-
ing reliable, accurate and real-time information on cycle times. 
For example, after a patient completes an examination at each 
station, the EMR indicates to the provider pending examina-
tions with approximate time required for a new patient arriving 
at each station (Figure 3). This technique uses the system status 
in real time and schedules the patients to the pathways or 
departments so that the patient’s wait time and cycle time is 
minimized.

Real-time coordination.  Several practices are followed in real 
time to manage cycle times. These include segregating patients 
based on their condition, prioritizing and allocating patients to 
the right resources, assigning and keeping the next patient 
ready close to the examination cubicle to avoid time spent in 
transporting patients and so forth. Further, dashboards (Figure 
4) and real-time information are used to assign patients to the 

next station based on their expected wait time and alerts are 
generated to indicate excessive waiting time (Figure 5). The 
coordinator of respective outpatient clinic plan the resources 
required on the previous day as well as coordinate real-time to 
ensure adequate resources are available to handle the current 
patients load. Ophthalmologists or technicians who examine 
the patient in the current station will choose and assign to the 
next station in the EMR using the details of pending stations 
with approximate waiting time expected for each stations. 
Assigning to specific resource is done by the coordinator (allied 
ophthalmic personnel or mid-level ophthalmic personnel, who 
were recruited after completion of higher secondary [12 years 
of ] schooling and trained at AEH for 2 years) of the respective 
station based on the patient’s condition and their judgement. 
Patient care managers, who had management education back-
ground and underwent fellowship programme in eye hospital 
management at AEH, support these coordinators and oversee 
overall patient flow.

Introduction of separate refraction clinic.  One-third of patients 
registered for general outpatient services are in the age group 
15-40 years, and primarily come for refraction services. A sepa-
rate refraction clinic was set up to avoid including them with 
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Figure 2.  Outpatients load calendar development process.

Figure 3.  Assigning next station based on expected time.
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others who undergo more investigation before the final 
examination.

Proposed optimization technique to manage 
COVID19 norms

Scheduling for registration.  Although AEH normally does not 
operate with an appointment system, to comply with COVID-
19 social distancing norms and government health agendas, 
AEH implemented scheduling with the aim of dispersing 
patient arrivals during the day. Based on an audit of the avail-
able physical capacity in terms of cubicles, chairs, equipment, 
service time at each station and past productivity, AEH 

determined the potential number of patients who could be seen 
during each time slot (Figure 6) by applying restrictions to 
ensure social distancing and other norms. Based on our find-
ings, the capacity to handle patients for a day following new 
norms was approximately the same or slightly higher than the 
maximum number of patients handled in a day previously. We 
sent a text message to all patients who were due for follow-up 
visits with instructions to call a particular number and schedule 
the visit according to the availability of the slot. Video-confer-
ence link was shared to patients who could not travel due to 
travel restrictions. To receive phone calls and schedule visits, a 
team was assigned. Patients were allowed only after hand wash 
and temperature screening. Those who arrived without 

Figure 4.  Dashboard for patient care staff to monitor patients waiting time.

Figure 5.  Patients waiting at the assigned examination station: Patients highlighted in red exceeded the standard cycle time.
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scheduling were asked to book their timeslot at the scheduling 
counter and wait until their scheduled time for registration. 
During the pandemic, all patients had their general health 
assessed and their information was recorded on forms that 
were scanned and uploaded.

After COVID19, AEH continued to follow standard pro-
tocol with the incorporation of a scheduling system, restriction 
of attendants, self-declaration for COVID19 exposure, general 
health screening and cleaning of equipment after each 
examination.

Sample and Study Design
In this study we included all 59,205 encounters of patients 
examined at general outpatient clinics from August to November 
2020, all 77,098 encounters during August to November 2019 
and all 89,421 encounters during August to November 2014. We 
obtained information on the duration of registration, final exam-
ination and counselling, as well as the details of technicians and 
doctors. In addition, data were obtained on expected and actual 
number of outpatients during 2019. Data were also gathered on 
outpatient arrival patterns for the study period (Aug-Nov 2019 

Figure 6.  Illustrative worksheet for capacity estimation based on new norms after COVID-19.
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and Aug-Nov 2020), and for 2014 as a baseline period that was 
also used by Munavalli et al. 11-14

Data Collection
Data were extracted from the EMR (eyeNotes) database, run-
ning on Microsoft SQL 2016 server. The system captures 
details of patient visits from registration to completion of 
examination. As the patient moved from station to station, 
start and completion times, findings by technicians and doc-
tors, prescriptions, advice and details of investigations and 
treatment procedures were recorded automatically.

Variable definitions

Patient load.  To allow comparison with past studies11-13 all 
dates were classified into three categories based on the number 
of patients encounters. Dates with less than 1601 patients 
encounters were labelled ‘Low’, 1601-2000 patients encounters 
were labelled ‘Medium’ and >2000 patients encounters were 
labelled ‘High’.

Cycle time.  The total duration between the time a patient reg-
isters and the time an examiner selects ‘patient can go home’ in 
the system after the examination has been completed.

Wait time.  The total duration of the time interval between the 
time of assignment and starting time for each service.

Data Analysis
We computed mean cycle times for each of the three levels of 
patient load during the study period and compared it with 
2014 levels obtained from published studies. Accuracy of 
patient load predictions and arrival patterns of patients were 
also analysed. Further, actual utilisation of resources at different 
times was analysed.

The data from legacy databases was exported into Stata for-
mat through Stata Transfer. Testing for normality was per-
formed using the Shapiro-Wilk test. Mean (SD) and frequency 
(percentage) calculations were performed. All the statistical 
analyses were done by STATA (14.0, Texas, USA).

Results
There were 59,205 patient encounters during August 1, 2020 
to November 30, 2020, 77,098 patient encounters during 
August 1, 2019 to November 30, 2019 and 89,421 encounters 
during August 1, 2014 to November 2014.

Cycle-time comparison

We compared mean cycle time of baseline model with five 
optimization techniques that are in use at AEH: predictive 
resource planning,11 integrated patient scheduling,14 real-time 
coordination,12 integrated approach (includes predictive 
resource planning + integrated patient scheduling + real time 

coordination) and integrated approach combined with sched-
uling for registration.

Figure 7 compares the cycle times in 2014 reported in past 
studies with the cycle times in 2019 and 2020 obtained during 
the current study. Treating 2014 as a baseline, mean cycle times 
were significantly reduced in 2019 by 20% (from 99 to 79 min), 
20% (from 118 to 94 min) and 19% (from 136 to 110 min) for 
low, medium and high patient load days, and in 2020 by 39% 
(from 99 to 60 min), 36% (from 118 to 76 min) and 29% (from 
136 to 96 min) respectively. The mean cycle time was less in 
2020 compared to baseline and all studied approaches and the 
reductions were statistically significant (P < .05). Similarly, the 
mean cycle time in 2019 was less compared to baseline and two 
of the three studied approaches. The differences was statisti-
cally significant (P < .05).

Accuracy of date-level projection of outpatient load
Table 1 shows the accuracy of outpatient load projection. The 
variations over the predicted patients load were within 20% on 
93% of the days and within 10% on 65% of the days. AEH 
considers a 10% variation on prediction to be manageable, and 
there were more than 10% variations on 8% of the days.

Arrival Pattern of Patients
As shown in Table 2, peak hours were between 9:00 am and 
12:00 noon. These account for around 45% of the total number 
of patients registered in a day. Patient arrival patterns were 
almost similar in 2020 and 2019, but when compared to 2014, 
8% of the patients shifted to after 01:00 pm.

We compared the cycle time between 2019 and 2020 based 
on the arrival pattern of patients and the size of patient load. 
Table 3 shows that patients registered between 10:00 am and 
1:00 pm spent more time on average compared to other 
patients. In addition, the average cycle time during the 
medium patient load was 15 min more than for the high 
patient load, it was 31 min more compared to the average 
cycle time in low patient load days in 2019. A major differ-
ence was found between 11 am and 1 pm for both medium 
and high patient loads. Compared to 2019, cycle time was 
19 min less during low patient load, 18 min less during 
medium patient load, and 14 min less during high patient 
load and 36 min less overall.

Human Resource Utilization
Figure 8 shows the number of doctors and refractionists that 
examined patients during the day in general outpatient clinics. 
It can be observed that more resources were engaged during 
the peak hours from 09:00 am to 12:00 noon.

Discussion
Our analysis found that implementing an integrated closed-
loop based approach for optimizing outpatient clinic (OPC) 
operations resulted in a sustained improvement in cycle times 
and further improvements after introducing scheduling system.
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A hospital that does not use an appointment system should 
practice predicting the OPC patient loads based on its histori-
cal experience, which can help with resource planning. Regular 
review and adjustment of the prediction approach would fur-
ther improve its accuracy. Our analysis of prediction accuracy 
of patient loads (Table 1) reveals that at AEH the patient load 
exceeded prediction by more than 10% on only 8% of the work-
ing days.

When the system is not streamlined, uneven arrival patterns 
of outpatients at registration can cause disruption. Arrival pat-
terns often depend on patients’ preferences, as well as the avail-
ability and cost of public transportation to the hospital at 
specific times. In addition, compared to secondary centre, a 
tertiary centre get more patients from long distance who gen-
erally prefer to arrive in morning hours so that they could 
return to home by evening. These patterns can be observed in 
historical data. Our data indicate that most AEH patients 
arrive in the morning, which is common to many hospitals. 
Comparison of arrival patterns (Table 2) shows a shift in 
patients arriving in the late afternoon from 19% in 2014 to 
27% in 2020; this is in part a result of a continuous effort by 
AEH. According to our analysis of average cycle time relative 
to arrival times of patients (Table 3), patients arriving during 

Table 1.  Accuracy of outpatient load projections compared to actual 
number of patients registered for the year 2019.

(Actual–projected)/
projected %

No. of days % of days

50%-55% 1 0.3

61%-65% 3 1.0

71%-75% 5 1.6

76%-80% 9 2.9

81%-85% 22 7.0

86%-90% 45 14.4

91%-95% 60 19.2

96%-100% 64 20.4

101%-105% 47 15.0

106%-110% 31 9.9

111%-115% 13 4.2

115%-120% 8 2.6

>120% 5 1.6

Grand total 313 100

Figure 7.  Comparison of mean cycle times for different patient load days. 2019-Integrated approach and 2020-COVID period are based on current study. 

All others are based on published studies.
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peak hours spent considerably more time than those who 
arrived during nonpeak hours. Arrival patterns can be improved 
by introducing a scheduling system and encouraging patients 
from the local area and post-operative patients to avoid peak 
workdays and hours. During COVID, patients learned the 
importance of scheduling to ensure timely care and avoid a 
crowded environment. Scheduling did not significantly affect 
arrival patterns, indicating that peak-hours slots were optimally 
utilized but it is expected to become more streamlined as 
demand increases. With the implementation of a scheduling 
system, the capacity determined per day in compliance with 
COVID19 was found to be equivalent to or slightly higher 
than traditional patient volumes. Thus, introducing a schedul-
ing system streamlines patient flow while managing volume at 
the same time. COVID19 travel restrictions reduced patient 
volume to about 70% of normal during the study period.

An additional source of patient load at a clinic is cross-refer-
ral of patients for an additional opinion or further treatment. 
At AEH this is a common practice: one-third of patients are 
cross-referred to more than one clinic. As a result, procedures 
have been put in place to manage cross-referrals efficiently. For 
instance, details including the time required to undergo an 
examination in the next clinic are determined, since the patient 
will be added to the queue of the next clinic. Patients are offered 
the option of scheduling an examination on another day unless 
it is an urgent situation. Cross-referral of patients after 4 pm is 
generally discouraged.

Inadequacy in staffing can have adverse impact on the 
patient flow17 and there the right mix of human resources can 
minimize waiting times and ensure a smooth flow of patients. 

Human resource planning becomes more efficient when 
patient load and arrival patterns are accurately predicted. It is 
important to plan for additional resources during peak hours 
and when there is uncertainty about the patient load. Equally, 
it is imperative to develop a plan for utilizing the resources that 
are not required by outpatient clinics. Adding additional 
resources to the operation during peak hours would help 
improve the process.18 This was confirmed in our study. Our 
analysis of HR utilization (Figure 8) shows that active resource 
utilization varies throughout the day, and all scheduled 
resources are actively engaged during peak hours.

Real time coordination of patient flow reduces unnecessary 
examinations and repetitions. This requires access to patient 
records, patient condition and treatment advised on previous 
visit and so on to route the patient. Apart from real-time infor-
mation, coordinators need to play a crucial role in this regard. It 
is possible to replace the manual coordination with a system-
based allocation using artificial intelligence.19

Reducing waiting times is the most effective way to 
improve cycle time and patient satisfaction. A study on wait-
ing times found that patients spend around 89.4% of their 
time waiting for services.20 In another study, reducing the 
proportion of waiting time on cycle time from 73% to 43% 
reduced the cycle time from 189 to 85 min.3 A management 
case study based on an eye hospital reported 119 minutes as 
average cycle time.21 The results (Figure 7) of integrated 
approach showed that the average cycle time was 79, 94 and 
110 min for low, medium and high patient load days, respec-
tively in 2019. Introduction of scheduling system to inte-
grated approach brought down the cycle time by 39% (from 

Table 2.  Arrival pattern of patients of outpatients registered during August to November. 

Registration time 2020 2019 2014

% Cum % % Cum % % Cum %

07:00 am-08:00 am 7 7 8 8 13 13

08:00 am-09:00 am 11 18 10 18 12 25

09:00 am-10:00 am 14 32 13 31 16 41

10:00 am-11:00 am 15 47 14 46 17 58

11:00 am-12:00 pm 16 63 16 61 14 72

12:00 pm-01:00 pm 11 74 11 73 8 81

01:00 pm-02:00 pm 7 81 8 81 5 86

02:00 pm-03:00 pm 7 88 7 88 6 92

03:00 pm-04:00 pm 7 95 7 95 5 97

04:00 pm-05:00 pm 4 99 4 99 2 99

05:00 pm-06:00 pm 1 100 1 100 1 100

Total 100 100 100  

Highlighted cells denote the shift of patients’ arrival towards afternoon hours.
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96 to 60 min), 36% (from 118 to 76 min) 29% (from 136 to 
96 min) respectively during low, medium and high patient 
load days when compared with baseline data. It is likely that 
review patients will experience shorter cycle times since 
some of the steps may be either not necessary or faster with 
previous visits’ reports. Our analysis (not included in results) 
of cycle times between review patients and new patients 
reveals that review patients spend 6-8 min shorter on average 
than new patients.

Hospitals should keep the pace of patients exit equal or 
greater than the number of patients arriving at a clinic at a 
given time interval for achieving a meaningful cycle time, 
which can be one and a half to two times the overall service 
time. However, it is more important to work towards improve-
ments following possible strategies, even if it is a small improve-
ment like a 10 minute reduction in cycle time, would enhance 
efficiency, create more space for more patients, and improve 
patient satisfaction.

Table 3.  Average cycle time based on the arrival time for different levels of patient load in 2019 versus 2020.

Arrival time 2019 2020

Low Medium High Total Low Medium High Total

07:00 am-08:00 am 01:33 01:38 01:42 01:41 01:00 01:04 01:15 01:02

08:00 am-09:00 am 01:17 01:30 01:37 01:34 00:58 01:04 01:15 01:01

09:00 am-10:00 am 01:17 01:33 01:47 01:42 01:01 01:17 01:29 01:09

10:00 am-11:00 am 01:26 01:38 01:57 01:51 01:05 01:23 01:45 01:14

11:00 am-12:00 pm 01:19 01:47 02:14 02:05 01:07 01:35 02:05 01:21

12:00 pm-01:00 pm 01:31 01:48 02:16 02:07 01:06 01:33 02:18 01:20

01:00 pm-02:00 pm 01:18 01:30 01:49 01:43 01:00 01:18 01:43 01:09

02:00 pm-03:00 pm 00:59 01:13 01:24 01:20 00:51 01:02 01:10 00:56

03:00 pm-04:00 pm 00:58 01:05 01:12 01:09 00:46 00:51 00:55 00:48

After 04:00 pm 00:38 00:46 00:50 00:48 00:35 00:38 00:39 00:36

Grand total 01:19 01:34 01:50 01:44 01:00 01:16 01:36 01:08

Highlighted cells denote the patients spent more than 10 min on average cycle time for the respective cohort.

Figure 8.  Average number of active resources that handled patient loads during a day.
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AEH has developed a systematic and evidence-based frame-
work that is suited to hospitals that do not follow an appoint-
ment system and face a highly variable and unpredictable 
patient load. Having access to precise and timely data empow-
ered the concerned staff and enabled predicting, planning, 
making collaborative decisions on-the-spot, and supporting 
ongoing decisions. Practicing these approaches without real-
time information was challenging but as electronic medical 
records became more prevalent, data was captured and kept up 
to date at all times and real-time monitoring became possible. 
Real-time information was made available for coordinators as 
well as care providers and patient care managers who are sup-
posed to act based on the current status. A standard training to 
use the EMR for capturing clinical notes, assigning patients to 
next station, using the information given in the dashboard for 
managing the patient flow were given to all staff who were 
already doing these works manually. A literature review22 of 
articles on the benefits of EMR found that wait times are 
reduced in many settings. EMR enabled real-time manage-
ment of patient flow and resource allocation at AEH, which 
led to reduced cycle times.

This study contributes to the closed-loop theory that using 
multiple approaches make the system more efficient than they 
are practiced individually. Scheduling enabled more realistic 
prediction of resources required based on the feedback on 
number of patients scheduled in different timeslots from the 
system and allot the resources accordingly.

A strength of this study is that it compared the cycle time 
after full implementation of various models with that 
achieved by independent approaches. The research also 
demonstrated that the system could operate in a complex 
environment such as the COVID-19 pandemic. Possible 
potential confounding factors that could have influenced 
cycle times are changes in patient profile, experience levels 
of doctors and technicians, and changes in medical tech-
nologies. However, the influence of these factors is expected 
to be small as the study was conducted in general outpatient 
eye clinics with only small changes in patient profile, 
resources posted and technologies used during the 2014-
2020 period. While cycle time management is important, it 
should not be at the expense of quality time spent with the 
care provider. Although measuring patient satisfaction was 
left out of the study, AEH conducted a regular patient satis-
faction survey which has shown no change in satisfaction 
levels. This study has demonstrated how following an inte-
grated approach could improve cycle time, but it was based 
on a tertiary eye hospital's experience, which should be 
taken into account while applied in other settings. The pro-
portion of patient load shifted to more towards medium and 
high patient load category in 2019 and 2020. Further inves-
tigation might be worthwhile as the difference of cycle time 
in patient load between high and low patient days is 
substantial.

Conclusion
Longer cycle times in hospitals are a major concern for outpa-
tients. Using different models in combination leads to reduced 
cycle times. The COVID-19 pandemic forced the health indus-
try to devise new approaches to deliver care more efficiently. 
New norms emphasized practicing of closed loop more inten-
sively to ensure timely service of patients, and to accommodate 
the next batch of patients promptly. The integrated approach, 
coupled with scheduling, contributed to sustaining efficiency. 
Maintaining current methods will help ensure that the system 
will remain effective after the pandemic.
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Annual calendar of expected outpatients load: shows the antic-
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