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Summary

Background: Patient access to care has been a known and continuing struggle for many health
care providers. In spite of appointment lead time policies set by government or clinics, the problem
persists. Justification for how lead time policies are determined is lacking.

Objectives: This paper proposed a data-driven approach for how to best set feasible appointment
target lead times given a clinic's capacity and appointment requests.

Methods: The proposed approach reallocates patient visits to minimize the deviation between ac-
tual appointment lead time and a feasible target lead time. A step-by-step algorithm was presented
and demonstrated for return visit (RV) and new patient (NP) types from a Pediatric clinic excluding
planned visits such as well-child exam and the same day urgent appointments. The steps are: 1. Ob-
tain appointment requests; 2. Initialize a target lead time; 3. Set up an initial schedule; 4. Check the
feasibility based on appointment availability; 5. Adjust schedule backward to fill appointment slots
earlier than the target; 6. Adjust schedule forward for appointments not able to be scheduled ear-
lier or on target to the later slots; 7. Trial different target lead times until the difference between
earlier and later lead time is minimized.

Results: The results indicated a 59% lead time reduction for RVs and a 45% reduction for NPs. The
lead time variation was reduced by 75% for both patient types. Additionally, the opportunity for the
participating clinic to achieve their organization’s goal of a two-week lead time for RVs and a two-
day lead time for NPs is discussed by adjusting capacity to increase one slot for NP and reduce one
slot for RV.

Conclusions: The proposed approach and study findings may help clinics identify feasible appoint-
ment lead times.
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1. Background

Timely access is a key component of high quality healthcare. This goal of improving healthcare ac-
cess has become ubiquitous throughout the industry. To achieve this goal countries with national
healthcare systems have implemented scheduling targets mandating acceptable lead times until an
appointment. Canada’s provincial governments have mandated a 4 week maximum lead time for
radiation therapy treatment for cancer [1]. Swedens lead time guarantee assures access to a general
practitioner within 7 days and a specialist within 90 days [2]. The UK’s National Health Service
(NHS) mandates a maximum 18 week lead time to see a specialist, 2 week if cancer is suspected, and
a 48 hour for genitourinary medicine [3-5]. In the US, the Institute of Medicine recently released a
report focused on transforming access and scheduling. This report recommends future research into
standardized measures and benchmarks for timely access to health care as national standards do not
currently exist [6].

A traditional scheduling approach involves reserving a fixed number of daily appointment slots
for different patient types, such as reserving slots for urgent patients requiring same day appoint-
ments [7, 8]. To balance the access needs of differing patient acuity levels clinics have studied the op-
timal number of appointment slots to keep open for same day appointments [9]. Additional sche-
duling research has focused on defining appointment slot lengths for different patient types and ser-
vice times [10-12] and designing improved scheduling templates [13-15]. Factors such as the order
of appointment types, appointment lengths, and where add on appointments are placed throughout
a schedule have been shown to significantly impact schedule performance and clinic throughput
[16]. However, this traditional approach can lead to poor performance if appointments are sched-
uled far in advance. Long appointment lead times have been shown to increase the probability of pa-
tient no show which leads to overall decreased clinic throughput [17]. Research has focused on how
to predict no shows and cancellations [18, 19] and design optimal overbooking policies to mitigate
the effect of no shows [20, 21]. Therefore, the alternative scheduling approach gaining popularity is
open access, also known as advanced access, where a majority of the clinic day is not scheduled in
advance and patients call in for same or next day appointments [22]. Yet, barriers exist to imple-
menting open access such as the increased burden placed on patients to call in for appointments as
they cannot schedule in advance [23]. Additionally, many clinics are unprepared to handle the chal-
lenge of matching provider capacity to variable daily demand which can lead to longer lead times
overall [24]. Specifically, the NHS cited this issue with matching variable demand and provider ca-
pacity as a barrier [25]. Other approaches, such as short booking windows have been studied and
shown to perform better compared to open access while still providing patients with timely access to
care [26].

In spite of the numerous efforts to improve scheduling methods, the issue of patient access to care
persists. Outside of government mandated lead times, many clinics have tried to set their own pol-
icies around target lead times. One possible motivation for selecting target lead times could be due
to quality goals defined by hospitals, such as to reduce the current waiting time within quality im-
provement programs. These policies may be clinically based such as with chemotherapy regimens
that indicate specific timeframes within treatment must occur [27]. However, most clinics have
flexibility in how they set these target lead time policies; examples show a variety in selected target
wait times from a gastroenterology clinic’s goal of seeing new patients within 10 days [28], the Mili-
tary Health System’s goal of seeing routine return primary care visits within 1 week [6], a urology
clinic’s goal of seeing new patients within 5 days [29], and an academic medical center’s goal of
seeing patients in the correct specialty within 3 days [30]. It is difficult to discern a clinic’s moti-
vation for selecting a specific target lead time. Some seem to have been set from the stand point of
clinical safety by medical providers [31], while others attribute these decisions to their desire to in-
corporate patients preferences [32]. Most patients prefer shorter lead times, especially when seeking
general practitioner appointments [33]; however, some survey studies conclude that lead time toler-
ance can range up to two weeks [34]. Studies also indicate that patient waiting longer than expected
lead times results in dissatisfaction [35]. Others conclude that lead time preferences depend on pa-
tient characteristics such as age, gender, social status, health conditions, and illness and other factors,
such as the continuity of care with one doctor or choice of appointment time during the day, are
often more important to patients than days until appointment [36, 37]. To the best of our know-
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ledge, there is a lack of study evaluating lead time policy performance and the effects lead time pol-
icy selection has on appointment outcomes and scheduling.

2. Objectives

This paper explores how to best set appointment target lead times for each patient type, excluding
planned visits such as well child exam and the same day urgent appointments, given a clinic’s capac-
ity and appointment requests. The proposed approach reallocates patient visits to minimize the
deviation between actual appointment lead time and target lead time.

3. Methods

The study aims to determine the feasible lead time policy of each patient type for the unplanned and
non-urgent visits using an algorithm that minimizes the total lead time from appointment requests
given appointment availability. The approach is summarized as follows: 1. Obtain appointment re-
quests; 2. Initialize a target lead time; 3. Set up an initial schedule by scheduling all requested ap-
pointments at the target lead time; 4. Check the feasibility based on appointment availability; 5. Ad-
just schedule backward to fill appointment slots earlier than the target; 6. Adjust schedule forward
for appointments not able to be scheduled earlier or on target to the later slots; 7. Trial different tar-
get lead time until the difference between earlier and later lead time is minimized. In the other
words, the target lead time is selected to minimize the difference. The incremental lead time is calcu-
lated by the absolute value of the difference between total lead time of backward and forward adjust-
ments, abs(L;, - Ly). Steps 1-6 of the approach are demonstrated through a hypothetical example in a
6-day period. A case study from a pediatric clinic is presented for step 7. The following notations are
used throughout the paper.

R(i) = the total appointment request at day i.

t = the target lead time.

C(i) = appointment capacity or availability at day i.

Ej(i) = excess capacity at day i, where j is schedule adjustment for ¢ (target lead time), b (moving
backward), and f (moving forward). E (i) is the excess capacity after schedule adjustment when tar-
get lead time ¢ is set. E,(i) is the excess capacity after backward schedule adjustment and Ei) is the
excess capacity after forward schedule adjustment.

Si(i) = appointment schedule at day i adjusted based on situation k, where k = t (target lead time), b
(moving backward), and f (moving forward).

L, = total lead time generated by backward adjustment.

L= total lead time generated by forward adjustment.

3.1 Appointment request

Most scheduling systems capture when appointments are created. In this study, appointment created
date was used to determine the amount of daily appointment requests. For this example, assume for
day 1, 2, 3, 4, 5 and 6, the incoming number of appointment requests are 5, 6, 3, 7, 2, and 9, respect-
ively, hence, R(1) =5, R(2) =6, R(3) =3, R(4) =7, R(5) = 2, and R(6) = 9; see »>Table 1.

3.2 Target lead time and initial schedule

The target lead time can be set at any value. In our example, the target lead time is set to be 3 days (¢
= 3), which means that the five patients requesting appointments on day one should be scheduled
no later than day four where S,(i+t) = R(i). The algorithm starts by initially scheduling all requested
appointments at the target lead time. Hence, by incorporating the target lead time, the appointment
requests for day 1, 2, 3, 4, 5 and 6 should be initially scheduled at day 4, 5, 6, 7, 8, and 9, where S,(4) =
5,8(5) =6, 5,(6) =3,S(7) =7, S(8) =2, and S,(9) = 9; »Table 1.
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3.3 Appointment feasibility

After the initial schedule is created, a feasibility check is needed to see if the clinic’s current capacity
is sufficient for the requested appointments. The capacity can be fixed or varied daily. In this
example, we assume a capacity, or appointment availability, of four every day, C(i) = 4 where i =1, 2,
..., 12. The excess capacity from the initial schedule, E(i), is calculated by C(i) - S(i). In this
example, E,(4) = C(4) - S(4) =4 -5=-1,E(5) =-2,E(6) =1, E(7) = -3, E(8) = 2, and E,(9) = -5;
see P>Table 1. E,(i) < 0 indicates the initial schedule based on target lead time ¢ at day i exceeds the
capacity at day i.

3.4 Backward schedule adjustment

When E,(i) < 0, the excess patients need to be scheduled to a day other than day i. It is preferred to
search appointment openings prior to the target lead time until the request day in order for the
clinic to honor the lead time policy. Therefore, the search starts from i — 1 to i - . The adjustment
will start from the latest day, day 9. The search algorithm is the following:

Step 1: initialize E, (i), let E;(i) = E(i)

Step 2: if E,(i) < 0, search backward until E,(i-n) > 0, wheren=1,2, ..., t.

Step 3: modify (E,(i), Sy(i)) and (Ey(i-n), Sy(i-n))

Step 4: repeat step 2 and 3 until E,(i-t) < 0

In »Table 1 E,(i = 9) = -5 which means five patients need to be moved from day 9, the search starts
fromi-1=9-1=8toi-t=9-3=6.E(8) =2 means there are two appointment slots available, so
two of the five patients from day 9 are moved to day 8. E,(7) = -3 means there are no spots available.
E,(6) = 1 means one of the remaining three patients can be moved to day 6. Then, the backward
search ends. The remaining two patients stay at day 9. From this schedule adjustment the following
updates are seen in »>Table 1 (E;(9), S(9)) = (-2, 6), (E,(8), Sp(8)) = (0, 4), and (E,(6), S,(6)) = (0, 4).
Next, we check E,(8); however, since E,(8) = 0 there is no capacity issue. Next, E,(7) = -3, which
means three patients need to be moved from day 7, the search starts from day 6 to day 4. E,(6) is
now 0 meaning that there is no appointment spot available. E,(5) = -2 and E,(4) = -1 means there
are no spots available, as well. Then, the backward search ends. All three excess capacity patients at
day 7 stay at day 7 and there is no update needed. Next, we check E,(6); however, since E,(6) = 0 there
is no capacity issue. E,(5) = -2 which means two patients need to be moved from day 5. The back-
ward search starts from day 4 to day 2. Since E;(3) = 4, both patients can be moved to day 3. Then,
the search ends. The updates are (E,(5), Sy(5)) = (0, 4) and (E,(3), Sy(3)) = (2, 2). Lastly, E,(4) = -1
indicates one patient needs to be moved . Since E,(3)= 2 this patient can be moved to day 3. There-
fore, this patient is moved to day 3 and the updates are (E,(4), Sy(4)) = (0, 4) and (E,(3), S(3)) = (1,
3).

3.5 Forward schedule adjustment

Patients who are scheduled on days where the capacity is exceeded even after the backward schedule
adjustment will be scheduled forward from their current scheduled day. The forward search starts at
the earliest day where the capacity is exceeded, day 7 in the example. There is no limit how far for-
ward the search can go since patients need to be scheduled somewhere. The search algorithm is
similar to the backward search and outlined as follows:

Step 1: initialize E((i), let E(i) = E,(i)

Step 2: if E((i) < 0, search forward until Efi+n) > 0, where n =1, 2, ..., m. m can be as far in the fu-
ture as the schedule allows.

Step 3: modify (E((i), S(i)) and (E((i+n), S(i+n))

Step 4: repeat step 2 and 3 until all E(i) > 0

» Table 1 shows that the first E(i) < 0 is E(7) = -3. Looking forward, the first possible opening is at
day 10 where E{10) = 4. Hence, these three patients are moved to day 10. The updates are (E(7),
S(7)) = (0, 4) and (E(10), S(10)) = (1, 3). The next E((i) < 0 occurs at day 9 where E{9) = -2. Day 10
has one slot available (E(10) = 1) and day 11 has four spots available (E{(11) = 4). Therefore, one pa-
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tient is moved to day 10 and another is moved to day 11. The updates are (E{(9), S(9)) = (0, 4),
(E[(10), S(10)) = (0, 4), and (E[(11), S(11)) = (3, 1).

3.6 Lead time measurement

The study goal is to determine the lead time policy for each patient type. The proposed method fo-
cuses on measuring the lead time generated by backward and forward adjustments. The example in
» Table 1 summarized the total lead time generated by backward adjustment (L,) is 10 days and by
forward adjustment (L) is 12 days. Backward adjustments include two patients moved from day 9 to
day 8, one patient from day 9 to day 6, two patients from day 5 to day 3, and one patient from day 4
to day 3. The total lead time is then calaculated by 2 (patient) x 1 (day) + 1 x3+2x2+1x1=10
days. The calculation is similar for forward adjustments. There are three patients moved from day 7
to day 10, one patient from day 9 to day 10, and one patient from day 9 to day 11. The total lead time
is calaculated by 3 x 3+ 1 x 1 + 1 x 2 = 12 days.

3.7 Incremental lead time optimization

The backward adjustment actually reduces lead time, while the forward adjustment increases lead
time. If the initial target lead time is longer, set further ahead, there are more chances for backward
adjustment. On the other hand, if the target lead time is shorter, set closer to the appointment re-
quest day, the chances of forward adjustment are higher. The decision then is how to set the target
lead time value (t) in order to minimize the incremental lead time. The incremental lead time is cal-
culated by the absolute value of the difference between total lead time of backward and forward ad-
justments, abs(L;, — Ly). It represents the changes of these adjustments from the target lead time. The
key is to ensure the overall lead time after adjustments is closest to the target lead time. Therefore,
the goal is to minimize abs(L;, — L) by changing the target lead time (). The optimization is demon-
strated through a case study for the return visit patient in a Pediatric clinic. The optimization steps
are: 1.

Step 1: Select a target lead time — The initial target lead time (¢) could start from one day, f = 1.

Step 2: Find the total lead time for backward (L,) and forward (L) adjustment given t.

Step 3: Calculate the absolute value of the lead time difference, abs(L, - Ly), between backward (L)
and forward (L) adjustment given ¢.

Step 4: Repeat Step 1 to Step 3 for ¢ + 1.

Step 5: Compare abs(L;, - Ly) given t and ¢ + 1. If abs(L, - Ly) given t < abs(L, — Ly) given ¢ + 1, then
abs(L;, - Ly) given ¢ is the minimum and the optimization search stops. Otherwise, set abs(L;, — Ly)
given f + 1 to be minimum and repeat step 1 to 4 for ¢ + 1.

3.8 Case study

This case study is based on six months of data from a Pediatric clinic including appointment date
and time, appointment type, and appointment created date and time. The lead time is calculated by
the difference between the appointment date and the appointment created date. Patients are sched-
uled on a scheduling template either by as first come first serve or by their acuity. The clinic has four
different appointment types: new patient (NP), return visit (RV), well child exam (WCE), and the
same day appointment. The distribution percentages of these appointment types are 3.8%, 22.4%,
26.7%, and 47.1%, respectively. The lead time policy decision does not affect WCE appointments,
which are planned at regularly scheduled intervals far in the future, or same day appointments,
which are used for unplanned urgent cases and are required to be seen right away. However, the
clinic does have discretion on setting a lead time policy for NP and RV patient types. NP appoint-
ments are scheduled for 30 minutes and RV appointments for 15 minutes. On any given clinic day,
there are two physicians seeing about 50 total patients. Hence, the daily capacity for the return visit
patients is about 50 x 22.4% =~ 11 appointment slots and for new patients is about 50 x 3.8% = 2 ap-
pointment slots. The proposed algorithm was used to set the feasible target lead time starting from
one day. »-Figure 1 indicates that the incremental lead time was minimized when the target lead
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time was four or five days for RV and three days for NP. The minimized absolute difference of incre-
mental lead time between forward and backward adjustment was 80 days for RV and 4 days for NP.

When the RV target lead time is equal to four days, the total lead time from the backward adjust-
ment is 323 days and from the forward adjustment is 243 days. When RV target lead time is equal to
five days, the total lead time from the backward adjustment is 327 days and from the forward adjust-
ment is 247 days. In this case, the clinic can choose either one option. For NP where the target lead
time is three days, the total lead time from the backward adjustment is 57 days and from the forward
adjustment is 61 days. The target lead time should be set at three days in order to optimize the incre-
mental lead time.

4. Results

4.1 The feasible target lead time for current patient types

The case study for return visit patients in the Pediatric clinic concluded the feasible target lead time
for RV patients was either 4 or 5 days. The proposed method reallocated the appointment schedule
for 6 months (128 days) of requests given a fixed appointment capacity of 11 slots in a clinic day. To
have a fair comparison to the current lead time, we analyzed results for a variable capacity model as
well. The variable capacity, unlike the fixed capacity set at 11 RV slots in our example, varies ap-
pointment capacity daily. There are many reasons a clinic may have variable capacity of RV appoint-
ment slots such as patient preference, sudden changes of appointment schedule due to physicians’
schedule, or weather conditions. Hence, the actual number of RV patients scheduled for the same
time period was used as the variable capacity. Using the proposed method with the varied capacity,
the target RV lead time was minimized at 7 days. The results indicated that the current lead time for
return visit patients is 9.4 days on average with a standard deviation of 6.4 days. The proposed
method with fixed capacity reduces the lead time to 3.9 days on average with a standard deviation of
1.7 days when target lead time is 4 days, which is 59% reduction on average and reduces 4.7 days
variation from the current lead time. As for target lead time of 5 days, the average lead time is 4.9
days and the standard deviation of 1.5 days, which reduces 48% on average and about 5 days vari-
ation from the current lead time. The proposed method with variable capacity has the average lead
time of 7.1 days and a standard deviation of 5.6 days, which is 25% reduction on average and about
one day variation reduction from the current lead time. »Figure 2 shows lead time distribution for
current, proposed with fixed capacity at the target of 4, proposed with fixed capacity at the target of
5, and proposed with varied capacity at the target of 7. B>Figure 2 also demonstrates visually how
much lead time variation was reduced and the target lead time was shifted to fewer days using the
proposed algorithm on RV patients.

As for new patients, the study concluded the feasible target lead time was 3 days given a fixed ap-
pointment capacity of 2 slots in a clinic day. The actual number of NP patients scheduled for the
same time period was also used as the variable capacity for a fair comparison to the current lead
time. Using the proposed method with the varied capacity, the target lead time was minimized at 5
days. The results indicated that the current lead time for new patients is 5.5 days on average with a
standard deviation of 8.0 days. The proposed method with fixed capacity reduces the lead time to
3.0 days on average with a standard deviation of 2.0 days, which is 45% reduction on average and re-
duces 6 days on variation from the current lead time. The proposed method with variable capacity
has the average lead time of 5.0 days and a standard deviation of 3.1 days, which is 8% reduction on
average and about 5 days reduction on variation from the current lead time. »Figure 3 shows NP
lead time distribution for current, proposed with fixed capacity at the target of 3, and proposed with
varied capacity at the target of 5. P-Figure 3 again demonstrated visually on the reduction of lead
time variation and the target lead time for NP patients. For both RV and NP cases, the proposed
method reduces not only the average lead time, but also the spread of the lead time.

© Schattauer 2016 Y Huang, SM Bach. Appointment lead time policy development

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



Research Article a Applied Clinical Informatics 960

4.2 The impact of appointment capacity to target lead time

In this section, the impact of changes to appointment capacity to achieve a desired lead time target
policy is discussed. If a clinic desires to institute a certain lead time target they may need to adjust
appointment capacities to do so effectively. Continuing with the RV patient case, the appointment
capacity is currently at 11 patient slots in a clinic day, which generates the target lead time policy to
be either 4 or 5 days. If the clinic wishes to reduce the lead time for RVs to be less than 2 days on
average, the appointment capacity has to be increased to 12 slots in a clinic day and the lead time
policy set to be 2 days; »-Table 2. In the case of NPs, the current capacity is 2 appointment slots in a
clinic day, which has a target lead time of 3 days. If the clinic prefers to have all new patients sched-
uled within 2 days on average, the capacity needs to increase to 3 slots in a clinic day. »Table 2 sum-
marized the changes on target lead time, lead time from backward and forward adjustment, the
minimum absolute difference, and average lead time. A common preference among clinics is to have
a two-week lead time for return visit patients and a two-day lead time for new patients. For this
Pediatric clinic to achieve this goal the capacity for NP needs to be increased to 3 slots in a day,
which requires an additional slot. For this clinic, an NP slot is scheduled for 30 minutes and a RV
slot is scheduled for 15 minutes. To accommodate an additional NP slot, the clinic needs to reassign
two RV slots, which reduces the number of RV slots to 9 slots. »-Table 2 indicates that the average
lead time at capacity of 9 would increase significantly from 4.9 days to 29.2 days. However, if there is
no difference on slot length or duration between RV and NP, reassigning one RV slot to NP slot
would only increase average lead time to 14.1 days, which is roughly two weeks. »-Figure 4 shows
the tradeoftf of the target lead time when switching between NP and RV capacity where the duration
of NP slot is twice of RV slot and where the duration of NP slot is the same as RV slot; »-Figure 4.
This result demonstrates an example where in order to achieve a target lead time defined by the gov-
ernment or organization, an adjustment of capacity is necessary. If the capacity cannot be adjusted
from other patient types, the alternatives will be to increase work hours or hire additional medical
providers.

Instead of using a scheduling template with a fixed capacity for each patient type, an alternative
solution to the capacity planning is to allow capacity to be varied due to demand variation on differ-
ent appointment types. Clinics often adjust capacity by adding one type and reducing another ap-
pointment type on certain days. In our example, clinic days could vary between having two or three
appointment slots for NP and adjust RV capacity accordingly. However, the proposed algorithm as-
sumes the demand and the capacity are known when calculating the target lead time. A further in-
vestigation is needed to examine or even predict the pattern of appointment requests so that the ca-
pacity can be planned accordingly. In the case where NP slots are filled and a new patient needs to
be place in a RV slot without running the algorithm for capacity changes, this new patient will have
the target lead time of RVss.

5. Discussion

As literature stated, most patients prefer shorter lead times, but about 17% of patients can tolerate
longer lead times of up to two weeks for unplanned, non-urgent visits. One study found that pa-
tients’ willingness to wait was impacted by certain patient characteristics. Specifically, beyond the
expected lead time the study found patients who prefer to choose their own doctors and times were
willing to wait one extra day, female patients were willing to wait two extra days, and elderly patients
were willing to wait two and half extra days [36]. Overall, the two primary concerns of patients are:
1. Shortening appointment lead times; 2. Reducing the variation of actual lead time from the ex-
pected lead time. The proposed approach, as demonstrated through the case study, indicates the
achievement of accommodating both concerns. Clinics should place patients in available appoint-
ment slots according to patients’ preference when they can, but should negotiate within patients’
lead time tolerance. The results indicated an as much as 59% lead time reduction from the current
9.4 days to the proposed 3.9 days for return visit patients and a 45% reduction from 5.5 days to 3
days for new patients. The lead time variation also reduced 77% for return visit patients and 75% for
new patients. This result achieved patients’ preferences of shorter lead time and lead time variation.
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The results also discussed the impact of capacity changes on appointment lead time and demon-
strated how to adjust capacity needed for each patient type in order to achieve a target appointment
lead time defined by a law or organization. Limitations include the need to provide: 1. Systematic
guidelines for incorporating patient scheduling preferences to place patients in the most appropriate
appointment slots; 2. Reasons for appointment changes and appointment demand pattern for better
capacity planning; 3. Feasibility of the proposed algorithm to be automated in currently scheduling
systems. These limitations require further investigation and could be potential future research.

6. Conclusions

This paper proposed a data driven approach to define the appointment lead time policy based on
appointment requests and clinic capacity. A step-by-step algorithm was presented and demonstrated
for return visit and new patient types from a Pediatric clinic. The proposed approach will not only
assist clinics in setting appointment lead times, but will also consequently reduce lead time to poten-
tially increase patient access to care.

Clinical Relevance Statement

This study aimed to provide a better appointment lead time policy by setting feasible target lead
times based on a clinic’s capacity and appointment requests. The step-by-step approach discussed
using a real-life case in a Primary Care clinic could guide clinics to establish their lead time policy.

Conflict of Interest
The authors declare that they have no conflict of interest.

Protection of Human and Animal Subjects
The research study was not human subject research.

© Schattauer 2016 Y Huang, SM Bach. Appointment lead time policy development

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



Research Article a Applied Clinical Informatics 962

4090 1 = == Backward Adjustment
900 - ++++++ Forward Adjustment
== Absolute Difference
800
700 ~
2
© 600 -
g8
g 500 -
=
S 400 -
1]
—
300 ~
200 -
100 ~
80 ] T TR Sescescenensen,,
0 A
1 2 3 4 S 6 7 8 9 10 11 12
Target Lead Time (days)
0 = = Backward Adjustment
«s«s++ Forward Adjustment
120 ”,
— Absolute Difference -
100 -
)
>
©
a 80 A
Q
E
[
- 60 1
©
Q
—
40 A
20 - k
al N
0 f f f f f I I Jree t |
1 2 3 4 D 6 7 8 9 10
Target Lead Time (days)

Fig. 1 Lead time optimization for a six-month appointment request for return visit patients (top) and for new pa-
tients (bottom) in a Pediatric clinic
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Fig. 3 Lead time comparison for a six-month (128 days) Pediatric NP appointment requests
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Table 1  Example of Appointment Requests and Schedule Adjustments with 6-days of Requests and a Target Lead
Time of Three Days (t = 3)

Day (i) 1 2 3 4 5 6 7 8 9 10 11 12
Appointment request R(i) 5 6 3

Schedule adj. to target lead time 5 6 3 7 2 9

Sdi)

Appointment capacity C(i) 4 4 4 4 4 4 4 4 4 4 4 4
Excess cap. from target E (i) 4 4 4 -1 -2 1 32 5 4 4 4

Backward adjustment
Schedule adj. backward S,(i=9)

move 2 from day 9 — 8 4 7

move 1 from day 9 — 6 4

search stops ati—t =6 (2 moves) 0 0 0 5 6 4 7 4 6 0 0
Excess cap. backward E,(i=9) 4 4 4 -1 2 0 3 0 2 4 4

Schedule adj. backward S,(i=7)
search stops ati—t =4 (no move) 0 0 0 5 6 4 7 4 6 0 0 0

Excess cap. backward E(i=7) 4 4 4 -1 2 0 30 2 4 4 4
Schedule adj. backward S,(i=5)

move 2 from day 5 — 3 2

search stops ati—t =2 (1 move) 0 0 2 5 4 4 7 4 6 0 0 0
Excess cap. backward E(i=5) 4 4 2 -1 0 0 30 2 4 4 4
Schedule adj. backward S,(i=4)

move 1 from day 4 — 3 3

search stops ati—t =1 (1 move) 0 0 3 4 4 4 7 4 6 0 0 0
Excess cap. backward E,(i=4) 4 4 1 0 0 0 3 0 2 4 4 4

Forward adjustment
Schedule adj. forward S{i=7)

move 3 from day 7 — 10 4 3
search stops (1 move) 0 0 3 4 4 4 4 4 6 3 0 0
Excess cap. forward Efi=7) 4 4 1 0 0 0 0 0 21 4 4

Schedule adj. forward S{i=9)

move 1 from day 9 — 10 5 4

move 1 from day 9 — 11 4 4 1
search stops (2 moves) 0 0 3 4 4 4 4 4 4 4 1 0
Excess cap. forward E{i=9) 4 4 1 0 0 3 4
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Table 2 Summary of Appointment Capacity Changes to Lead Time Policy
Patient Type  Appoint- Target Backward Forward Absolute Average

ment Lead Adjustment Adjustment Difference Lead Time
Capacity Time

Return Visit 13 1 86 71 15 1.0
Patient (RV) 12 2 182 122 60 1.1
11 4 323 243 80 3.9
5 327 247 80 4.9
10 14 1935 2021 86 14.1
9 29 4484 4754 270 29.2
New Patient 3 1 10 5 5 1.0
(NP) 2 3 57 61 4 3.0
1 28 1308 1242 66 28.6
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