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Objective: The aim of this study is to identify scheduling inefficiencies and to develop a per-

sonalized schedule based on diagnosis, service time (face-to-face time between the patient and 

the provider), and patient wait time using a Gantt diagram in a chronic pain clinic.

Design: This is an observational prospective cohort quality improvement (QI) study.

Setting: This study was carried out at a single outpatient multidisciplinary pain management 

clinic in a university teaching hospital.

Subjects: New and established chronic pain patients at the University of Pittsburgh Medical 

Center (UPMC) Montefiore Chronic Pain Clinic were recruited for this study.

Methods: Time tracking data for each phase of clinic visit and pain-related diagnoses were 

collected from 81 patients on 5 clinic days in March 2016 for patient flow analysis.

Results: A Gantt diagram was created using Microsoft Excel® software. Areas of overbooking 

and underbooking were identified. Median service times (minutes) differed dramatically based 

on the diagnosis and were highest for facial pain (23 [IQR, 15–31]) and chronic abdominal and/

or pelvic pain (21.5 [IQR, 16–27]) and lowest for myalgia. Abdominal and/or pelvic pain and 

facial pain median service times consistently exceeded the 15-minute allocation for return visits.

Conclusion: Schedule efficiency analysis using the Gantt diagram identified trends of over-

booking and underbooking and inefficiencies in examination room utilization. A 15-minute 

appointment for all return patients is unrealistic due to variation of service times for some 

diagnoses. Scheduling appointments based on the diagnosis is an innovative approach that 

may reduce scheduling inefficiencies and improve patient satisfaction and the overall quality 

of care. To the best of our knowledge, this type of scheduling diagram has not been used in a 

chronic pain clinic.

Keywords: quality of health care, chronic pain, outcome assessment, pain management, physi-

cian performance, referral and consultation, satisfaction, strategic planning

Introduction
Comprehensive assessment and multimodal treatment is a cornerstone of high-quality 

pain specialty practice.1 Naturally, additional face-to-face time between the patient and 

the provider may be needed for the more complicated cases of treatment refractory 

pain, such as chronic pelvic pain. However, in clinical practice, it can be quite difficult 

to operationalize this principle and proactively manage the scheduling of patients to 

foster a higher quality of service delivery and improve patient satisfaction. For instance, 

follow-up visits might only be scheduled for 15 or 20 minute (min) appointments, 

regardless of the diagnosis and whether the visit is likely to take a shorter time or 
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longer than this time. In this study, we applied an analysis 

technique used in the manufacturing sector to a pain clinic 

in an effort to improve the quality of care.

A Gantt diagram is a horizontal bar chart used to analyze 

process efficiencies and used historically in manufacturing 

sectors to track specific tasks within a project schedule and to 

achieve better visibility of work flow constraints for process 

improvement analysis, eg, bottlenecks in processing rate or 

wait time.2,3 Additional advantages of the Gantt chart include 

its simplicity and ease of understanding while conveying 

complex dynamics within a schedule.4

Outside the field of chronic pain, one published study 

used Gantt diagrams to prospectively simulate scheduling in a 

primary care setting.5 Another study at an academic residency 

program’s internal medicine clinic used business-proven six 

sigma methodologies to improve clinic efficiency.6 Other 

outpatient medical clinics have also used another business 

and engineering practice – the application of lean method-

ologies – to eliminate waste and identify value in an effort 

to improve clinic efficiency.7,8 Queue line theory is often 

used in construction and manufacturing sectors to describe 

waiting time, idle time, system capacity, and service sta-

tions.9 In that sense, queue line theory could also be used to 

describe a chronic pain clinic whereby the attending chronic 

pain physician would serve as a single service station. This 

study analyzed a sample of median service times and their 

variability and also analyzed median time spent in the queue 

(wait times). These are important factors when determining 

arrival and service patterns in a single-server queuing system.

A personalized schedule based on diagnosis, service 

time, and wait time using a Gantt diagram has not been 

applied to a chronic pain clinic in an effort to analyze a 

schedule and improve its efficiency. A five-day sample of 

patient wait and service times in a single provider chronic 

pain clinic schedule was analyzed using this method with 

the aim of identifying scheduling inefficiencies and reduc-

ing wait times.

Methods
Overview
With institutional University of Pittsburgh Medical Center 

Quality Improvement (QI) Committee approval (#427), an 

observational prospective cohort study of outpatient clinic 

scheduling efficiency was conducted using Gantt diagrams. 

Data for the development of these diagrams were collected 

from 81 adult patients during five separate clinic days at a 

single chronic pain clinic within a large multi-clinic chronic 

pain program. All patients were under the medical care of 

one board-certified pain management physician. Time points 

collected included the time of the patient appointment, patient 

arrival, patient entering examination room, provider(s) enter-

ing examination room, and provider and patient leaving the 

examination room. Providers included advanced practice 

providers, residents, fellows, and/or the attending physician. 

Pain-related diagnosis, visit type (new versus return visit), 

and no-shows were recorded.

Total service time was defined as total time an advanced 

practice provider, resident, fellow, and/or attending physi-

cian spent with the patient in the examination room and/or 

procedure room.

Total wait time was defined as duration spent by the 

patient in the waiting room and examination room with-

out any provider present. This included the period of time 

the patient waited in the examination room following the 

completion of the initial provider evaluation (advanced 

practice provider, resident, or fellow) until the attending 

physician entered the examination room. In most situations, 

the attending physician exited the examination room prior to 

the patient while discharge instructions for the patient were 

being prepared. This remaining short period of time until the 

patient was discharged from the room was excluded from the 

calculation of patient wait time.

Setting and data collection
The UPMC Montefiore Chronic Pain Clinic is an outpatient 

multidisciplinary pain management clinic in a university 

teaching hospital. The clinic utilizes four examination rooms 

and one procedure room. Fifteen-minute intervals are allotted 

for each follow-up visit, and 30-minute intervals are allot-

ted for new patients, which are defined as patients who have 

not been seen by any provider within the hospital network’s 

chronic pain division within the past 3 years. These short 

scheduling intervals are also structured to account for an 

expected “no-show” rate of approximately 15%, and thus, 

it is expected that initial and follow-up visits may routinely 

take longer than these times.

Most patients were evaluated by an advanced practice pro-

vider, a fellow, or a resident prior to the attending physician’s 

evaluation. All new and follow-up evaluations at UPMC 

Pain Medicine clinics follow a structured comprehensive 

assessment and multimodal treatment planning approach, 

which had been studied and shown to have uniform applica-

tion in practice in our treatment network.10 Time points were 

recorded onto a standardized checklist during the course of 

the clinic visit for each patient. Clinic staff recorded the time 

points of the patient appointment, patient arrival, patient 
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entering  examination room, and patient leaving the exami-

nation room. The provider entering examination room time 

and provider leaving examination room time were recorded 

by the respective provider. These data were subsequently 

deidentified and recorded in a Microsoft Excel spreadsheet 

for each of the 5 clinic days. The clinic days that were chosen 

during the study period represented days when the physician 

provider staffed the clinic at this single location either in the 

morning or both in the morning and afternoon.

Per clinic policy, patients who arrived 15 minutes after 

scheduled appointment time were rescheduled for an appoint-

ment at a future date and documented as a missed appoint-

ment or “no-show.” All 5 clinic days in this sample included 

a 45-minute break period in the schedule to account for staff 

break times that did not include scheduled appointments, 

although patients were often evaluated during this time period.

Patients
Eighty-one adult patients were evaluated consecutively 

by one pain medicine attending physician at an outpatient 

chronic pain clinic. This sample included both initial and 

established patient visits. Specific patient diagnoses were 

recorded and documented as one of the following six cat-

egories based on the chief complaint: neck/back pain or 

cervical/lumbar radiculitis, facial pain, chronic abdominal 

and/or pelvic pain, other joint pain, myalgia, miscellaneous 

(eg, complex regional pain syndrome, multiple sclerosis, 

diabetic neuropathy).

Gantt chart creation
A Gantt chart was constructed using the Microsoft Excel® 

software stacked bar chart feature and de-identified patient 

time points for each of the 5 clinic days. Each diagram depicts 

all scheduled patients for 1 clinic day, with a horizontal axis 

representing the total time span of a single clinic day and 

a vertical axis representing patients with scheduled clinic 

appointments specific to 1 clinic day (Figure 1). Specifically, 

the X-axis, measured in time units (minutes), corresponded to 

the time of day of clinic operation; the horizontal minimum 

and maximum bounds were limited to the first and last hour 

of the clinic day, rounded to the nearest hour. Patients were 

represented numerically in a chronological order of appoint-

ment time on the Y-axis.

The clinic visit duration is depicted by a single horizontal 

bar for each patient, which is divided into red and green sec-

tors to represent the wait time and service time, respectively. 

The individual wait and service intervals can be compared 

temporally among same day visits to the clinic schedule.

Patients who were documented as “no-shows” are repre-

sented by an asterisk on the Y-axis of the diagram without a 

corresponding bar on the X-axis.

Data analyses
The Shapiro–Wilk test and the normal probability plot were 

used to test the normality of data. The time interval data and 

diagnosis subgroups demonstrated non-normal distribution 

patterns, and non-parametric tests were used for all statistical 

analyses. Descriptive statistics are presented with median 

value and IQR. Wait and service time data were compared 

for new and return patients using the Wilcoxon test. The 

Kruskal–Wallis test was used to compare the distribution of 

these values across the pain subgroups and to compare the 

5 clinic days. P-values <0.05 were considered statistically 

significant. JMP®, Version 14.0 (SAS Institute Inc., Cary, NC, 

USA), 2018, was used for all statistical analyses.

Results
The 5 clinic days included 101 scheduled appointments 

with 20 no-shows. Of the 81 patients evaluated, 69 were 

established patients. Two of the 5 clinic days included return 

patients only although both new and follow-up patients could 

be scheduled on any given day. The relative number of new 

and return patients during the clinic days was representative 

of the provider’s schedule. The median clinic day duration 

(time of first scheduled appointment until the completion of 

last appointment) was 5 hours and 55 minutes (range=3 hours 

and 33 minutes to 6 hours and 24 minutes), with a median 

of 17 (range=12–20) patient evaluations. Fourteen patients 

(17%) in the 5-day sample were evaluated by attending physi-

cian only; this included 12 of 17 patients on the first clinic 

day and 2 of 12 patients on the second clinic day. All others 

were evaluated by a resident, a fellow, or an advanced practice 

provide prior to the attending physician. New patients were 

typically seen by a trainee (a resident or a fellow) for teach-

ing purposes. These cases could potentially decrease clinic 

efficiency because they could lead to increased wait times and 

service times due to the extra time spent by the trainee with 

the patient and subsequently discussing the patient with the 

attending physician prior to the attending physician entering 

the examination room. However, many follow-up patients 

were seen by trainees as well since many of these cases also 

had educational value.

The median clinic visit time for new patients was 72.5 

minutes (IQR, 57–97 minutes), including a median wait 

time of 42 minutes (IQR, 24–58 minutes), and service time 

of 24 minutes (IQR, 17–31 minutes). The median clinic 
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Figure 1 The number of return/follow-up patients with each diagnosis type is shown in parentheses and the median service time in minutes is shown at the inner right side 
of each bar. The thick vertical line in the middle of the figure shows the allotted appointment time, and diagnoses that on average exceeded this time extend beyond this 
line to the right.  
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visit time for established patients was 58 minutes (IQR, 

47–75 minutes), including a median wait time of 30 minutes 

(IQR, 23–46 minutes), and service time of 16 minutes (IQR, 

11–23 minutes). Although the median duration of service 

times was expectably longer for initial visits than follow-up 

visits (P=0.0425), there were no significant differences in 

the median values for total clinic visit time and wait time 

between the groups (P=0.0664 and P=0.1587, respectively).

Clinic visit wait time included the time interval that the 

patient spent in the waiting room from scheduled appointment 

time until initial interaction with a provider in the examination 

room (median, 25 minutes [IQR, 15–38 minutes]) and the 

period of time between providers (median, 5 minutes [IQR, 

0–14 minutes]), if applicable. Time spent in examination 

room after the attending physician exited the room (median, 

6 minutes [IQR, 3–10 minutes]) was excluded. This additional 

period of waiting time until the patient left the room was used to 

complete the patient’s orders, prescriptions, urine drug screens, 

and discharge instructions. Median total examination room 

time was 55 minutes [IQR, 46.5–73 minutes], and median 

time spent by the patient in the examination room without 

a provider present was 35 minutes [IQR, 24.5–51 minutes].

Time spent by the patient in the waiting room before 

scheduled appointment time was excluded from the analysis 

(ie, arrival time). This included an additional median wait 

time of 26 minutes [IQR, 15–36 minutes] for the 64 patients 

with punctual or early arrival with respect to scheduled 

appointment time. Seventeen patients arrived <15 minutes 

late for appointment; those arriving later than 15 minutes 

were documented as no-shows. Wait times and service times 

for patients arriving late vs punctual to the clinic appoint-

ment did not differ significantly (P=0.5363 and P=0.8527, 

respectively).

Total median service time, defined as the total time a 

provider (eg, advanced practice provide, resident, fellow, and/

or attending physician) spent in the examination room with 

the patient, was 18 minutes (IQR, 13–24.5 minutes) for all 

patients. Median service times (Figure 2) differed dramati-

cally based on the diagnosis (P=0.0051); median wait times 

were similar (P=0.9703). Diagnoses associated with higher 

median service times in this sample included facial pain (23 

minutes [IQR, 15–31 minutes]), chronic abdominal and/or 

pelvic pain (21.5 minutes [IQR, 16–27 minutes]), and cervi-

cal or lumbar radiculitis or neck/back pain (16 minutes [IQR, 

Figure 2 Service time (minutes) based on the diagnosis, University of Pittsburgh Medical Center pain clinic, March 2016.
Notes: The mean wait time for the six diagnosis categories is shown above. The number of return/follow-up patients with each diagnosis type is shown in parentheses and 
the mean service time in minutes is shown at the inner right side of each bar. The thick vertical line in the middle of the figure shows the allotted appointment time, and 
diagnoses that on average exceeded this time extend beyond this line to the right.
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10–22 minutes]). Shorter duration of time with provider were 

those presenting with myalgia (8 minutes [IQR, 8–8 minutes]) 

and other joint pain (9 minutes [IQR, 5–17 minutes]); these 

were the only two groups in the sample that did not include 

new patient visits.

Bottlenecks in the clinic schedule due to overbooking 

were observed to occur at approximately 09:30, and under-

booking occurred after 13:00. Although median patient wait 

times were similar across 5 clinic days (range, 25–33.5 min-

utes; P=0.5800), specific intervals during individual clinic 

days are easily visualized on the Gantt Chart in Figure 1.

Discussion
A Gantt chart analysis was applied to a representative clinic 

schedule of one attending physician to identify both schedul-

ing inefficiencies and areas for process improvement. Specific 

time points were recorded to determine wait time and service 

time for all patients in this sample, and Gantt charts provided 

a visual assessment of patient throughput trends, such as the 

time of day when patients waited the most and least. Schedule 

efficiency analysis revealed several factors that contributed 

to clinic inefficiency.

Our standard practice of booking 30 minutes for new 

patients and 15 minutes for follow-up patients has been shown 

to be different from actual practice. This observation would 

certainly differ based on the individual provider’s practice 

habits. Adjusting appointment time lengths is not by itself a 

new concept; a previous study completed at a pain clinic found 

that allowing specific chronic pain patients to switch from 

15- to 30-minute follow-up visits improved certain aspects of 

their satisfaction with the visit.11 Schedule efficiency analysis 

also shows that the typical 15-minute return patient time 

allotment is unrealistic for specific patient diagnoses due to 

the observation of differing service times depending on the 

diagnosis. Inaccurate time allotment for patients can affect 

not only patient satisfaction but also the overall quality of 

care. In this sample, abdominal and/or pelvic pain and facial 

pain consistently had service times exceeding the 15-minute 

allocation for return visits. Scheduling by diagnosis instead 

of the designated 15-minute established patient (30 minutes 

for initial patient visit) allotment may prove efficacious; this 

had not previously been widely reported in the literature and 

would be a novel booking scheme for patients. However, it 

would be unrealistic to create a clinic schedule based on the 

appointment slots set to an exact number of minutes. Instead, 

the six diagnosis categories used in this study could be used 

by office schedulers to help create appointment slots that 

approximate the expected length of visit. An example of how 

this change could be implemented is presented in Table 1.

Certain diagnoses tended to have longer office visits. 

Specifically, visits were longer for the diagnoses of facial 

pain and chronic abdominal and/or pelvic pain. These visits 

tended to be longer in duration for multiple reasons, including 

the need to often have detailed discussions on the risks and 

benefits of specific injections pertaining to their diagnosis, 

discussions surrounding the use of controlled substances, and 

the need for attention to the psychiatric components of their 

pain history. Furthermore, patients with these diagnoses often 

had been referred to this university-based pain management 

clinic after having seen numerous other specialists in the past, 

and therefore had a complex medical history to review with 

the patient. Factors that attributed to the shorter duration of 

time spent with the provider among those with a diagnosis 

of myalgia include the decreased use and discussion of con-

trolled substances (eg, opioids) as treatment options and a 

decreased utilization of fluoroscopic guidance for procedures.

Examination room utilization was also inefficient with 

approximately 62% of examination room time as idle time. 

Such “down” time may be an opportunity for patient educa-

tion about pain using written or electronic materials or for 

the completion of surveys for patient-reported outcomes. 

This idle time could also be used for complementary tech-

niques that encourage patient relaxation such as ambient 

music therapy.12 Idle time may also be considered a negative 

Table 1 Proposed appointment booking scheme by pain diagnosis

 Current booking scheme (minutes) Proposed booking scheme (minutes)

New patient 30 –
Return patient 15 –
Myalgia – 15
Miscellaneous – 15
Other joint pain – 15
Cervical/lumbar radiculitis, lumbago – 30
Facial pain – 30
Chronic abdominal/pelvic pain – 30
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 consequence of clinic inefficiency because it gives the patient 

additional time to agonize about the reason for their visit and 

potentially feel a sense of abandonment.13

Given that the majority of patients seen in this clinic 

were established patients for 15-minute appointments, any 

schedule change that would result in established patients 

being seen in 30-minute appointment slots could theoretically 

decrease the number of patients seen per day by any provider. 

However, an improvement in scheduling efficiency may allow 

for improved satisfaction through lower patient wait times 

and for the potential to add additional patient appointments 

during underbooked time periods. One retrospective study 

of new patient wait times at an orthopedic clinic found a 

significant correlation between wait times at the clinic and 

the patient’s overall satisfaction with the clinic experience.14

Variables contributing to clinic inefficiency may differ 

between physicians and institutions. Gantt charts can be used 

to make a personalized “smart” schedule for each physician 

based on a provider’s average service rates (provider time 

with patient) and waiting time rates. This offers the ability 

to identify factors contributing to inefficiencies specific to 

individual and can be adjusted accordingly.

Clinic efficiency can also be improved through other 

strategies. One study ran simulations to show that overbook-

ing patients can help counterbalance patient “no-shows,” 

especially in clinics with lower service time variability and 

large patient volumes.15 Computer simulation and modeling 

has also been used to identify optimal staff levels, identify 

causes of delay in patient flow, and improve scheduling.16,17

This study is not intended to account for factors contribut-

ing to inefficiencies at other clinics or institutions; instead, 

it provides a method that may aid clinic efficiency analysis 

and improve the quality of care that could then be applied to 

other outpatient clinic settings.

Limitations
Analysis for this study involved data from 81 patients over 

a 5-day period. Although an individual Gantt diagram can 

be created for each clinic day, the short study period may 

lead to a skewed representation of the time data given the 

limited data points. An individual provider’s schedule may 

vary dramatically from the schedule template used by this 

provider. For example, the median clinic day duration may be 

considered shorter than expected. This was due to the provider 

spending the first 3 hours of each day in other inpatient care 

and offsite responsibilities.

Patients arriving more than 15 minutes late were resched-

uled for a future appointment and were documented as 

“ no-shows” in this analysis. The provider entering exami-

nation room time and provider leaving examination room 

time were recorded by the respective provider; all providers 

were aware that these data were being collected for a clinic 

efficiency analysis. Utilization of an independent observer to 

record times could be used to help minimize this bias. Finally, 

the grouping of patients into specific diagnosis categories 

is often an oversimplification that becomes difficult in real 

practice when one accounts for overlapping of diagnoses, 

multiple diagnoses, and severity of disease. If the clinic 

schedule was switched to book based on diagnosis, it would 

also require basic medical knowledge of the scheduling staff 

to determine the diagnosis category of the patient.

Conclusion
This single provider study is intended to demonstrate a 

method that may aid in analysis of outpatient chronic pain 

clinic efficiency and scheduling management. The next step 

in this project is to perform additional analyses of wait times 

and services times with new Gantt diagram creation after the 

implementation of a booking scheme based on the patient 

diagnosis. An understanding of queue line theory principles, 

such as wait times and service times, can help both practice 

managers and individual providers optimize scheduling to 

improve efficiency.
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