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ABSTRACT
Objective  Reducing backlogs for elective care is a priority 
for healthcare systems. We conducted an interrupted time 
series analysis demonstrating the effect of an algorithm 
for placing automatic test order sets prior to first specialist 
appointment on avoidable follow-up appointments and 
attendance rates.
Design  Interrupted time series analysis.
Setting  4 academic hospitals from Madrid, Spain.
Participants  Patients referred from primary care 
attending 10 033 470 outpatient appointments from 16 
clinical specialties during a 6-year period (1 January 2018 
to 30 June 2023).
Intervention  An algorithm using natural language 
processing was launched in May 2021. Test order sets 
developed for 257 presenting complaints from 16 clinical 
specialties were placed automatically before first specialist 
appointments to increase rates of diagnosis and initiation 
of treatment with discharge back to primary care.
Primary and secondary outcome measures  Primary 
outcomes included rate of diagnosis and discharge to 
primary care and follow-up to first appointment index. The 
secondary outcome was trend in ‘did not attend’ rates.
Results  Since May 2021, a total of 1 175 814 automatic 
test orders have been placed. Significant changes in 
trend of diagnosis and discharge to primary care at first 
appointment (p=0.005, 95% CI 0.5 to 2.9) and ‘did not 
attend’ rates (p=0.006, 95% CI −0.1 to −0.8) and an 
estimated attributable reduction of 11 306 avoidable 
follow-up appointments per month were observed.
Conclusion  An algorithm for placing automatic 
standardised test order sets can reduce low-value 
follow-up appointments by allowing specialists to confirm 
diagnoses and initiate treatment at first appointment, 
also leading to early discharge to primary care and a 
reduction in ‘did not attend’ rates. This initiative points 
to an improved process for outpatient diagnosis and 
treatment, delivering healthcare more effectively and 
efficiently.

INTRODUCTION
Tackling backlogs for outpatient care has 
become a priority for many public healthcare 
systems in the aftermath of the COVID-19 
pandemic. Multiple initiatives to optimise the 
use of outpatient care have been reported, 
including telemedicine-based strategies, 
referral programmes and patient-initiated 
follow-up.1–4 Follow-up appointments account 
for up to 66% of outpatient visits,5 and strate-
gies aimed at reducing unnecessary follow-up 
may decrease backlogs, improve patient expe-
rience and attendance rates.6–8

The definition of ‘low-value care’ includes 
medical services that provide little or no 
clinical benefit or may even cause harm to 
patients.9 In line with this definition and 
initiatives such as the ‘Choosing Wisely’ 
campaign,10 reducing avoidable outpatient 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ Interrupted time series is the most robust quasi-
experimental model when randomisation is not 
possible.

	⇒ Over 10 000 000 outpatient appointments included 
in the analysis.

	⇒ The 6-year study period provides enough data 
points in the pre-implementation and post imple-
mentation groups (26 in each group) for a robust 
statistical analysis.

	⇒ A year of data corresponding to the first three waves 
of the COVID-19 pandemic in Spain was censored 
from analysis.

	⇒ The inclusion of a reference group sharing similar 
characteristics to the intervention group controls for 
time-varying confounders.
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appointments has implications for reducing backlogs and 
for improving value-related aspects of care, such as better 
distribution of healthcare resources, improved access to 
specialist care and reduced disruption to patients’ daily 
routines, thus improving quality of life. The use of tech-
nological support in clinical decision-making has shown 
potential to increase appropriateness of test orders and 
reduce low-value care.11 12 However, to the best of our 
knowledge, large-scale implementation of algorithms for 
placing automatic test orders prior to outpatient appoint-
ments has not been reported.

A network of four teaching hospitals in Madrid, Spain, 
launched an algorithm for placing automatic stan-
dardised test orders on referral from primary to specialist 
outpatient care in May 2021. Since then, automatic test 
orders have been placed for 1 175 814 first appointments 
(FA) from 16 different specialties. We hypothesised that 
the use of the algorithm would lead to an increase in 
the number of patients receiving diagnosis and treat-
ment plans at the FA, with higher rates of discharge back 
to primary care and a reduction in low-value follow-up 
appointments and ‘did not attend’ rates.

METHODS
Design, participants and care setting
We used an interrupted time series (ITS) analysis quasi-
experimental design to study changes in outpatient 
discharge rates, follow-up appointments and attendance 
rates after the implementation of an algorithm placing 
automatic standardised test orders for patients attending 
first outpatient appointments. Implementation took place 
in May 2021. Monthly observational data from January 
2018 to June 2023 gathered as part of routine hospital 
management processes were included. We included a 
reference group comprising three specialties which did 
not participate in the programme to control for other 
external changes occurring during the study period.

Centres participating in the intervention included four 
teaching hospitals (Fundación Jiménez Díaz University 
Hospital, Infanta Elena University Hospital, General 
Villalba University Hospital and Rey Juan Carlos Univer-
sity Hospital) from the Quirónsalud 4-H Network, a 
publicly funded, privately run healthcare network in 
Madrid, Spain. The network’s catchment area covers over 
1 million inhabitants. Each year, more than 500 000 first 
specialist appointments take place at the four hospitals’ 
outpatient clinics, which have seen a steady increase in 
activity over the last decade.

The Spanish NHS relies heavily on primary care physi-
cians (PCPs) as the first port of call for patient care. While 
PCPs can refer patients to specialists without restrictions, 
they have limited access to diagnostic tests, which are 
usually ordered by specialists and performed in hospital 
facilities. Often, after anamnesis and physical examina-
tion, PCPs will refer patients to specialist care for an FA 
with a referral note requesting confirmation of a diag-
nostic suspicion. Specialists must reperform anamnesis 

and physical examination, and then order diagnostic tests 
to confirm or rule out a diagnosis; patients must wait until 
an appointment is available for tests to be performed, 
and then return to the hospital outpatient clinic for a 
follow-up appointment to be informed of the diagnosis 
and treatment plan and potentially discharged back to 
primary care, thus ‘closing the loop’ between primary 
and specialty care.13 For the four centres participating in 
the intervention, around 80% of specialist referrals come 
from PCPs (other specialists from the network account for 
15% of referrals, and referrals from the hospitals’ emer-
gency departments make up the remaining 5%). Addi-
tionally, adherence to current guidelines for diagnostic 
workup is often poor, leading to incomplete test results 
in some cases and inappropriate testing in others,14 and 
potentially causing diagnostic delays and unnecessary 
follow-up appointments.

In 2019, faced with specialist backlogs due to the 
increasing demand, members of hospital management 
and clinical leaders began to design a data-driven initia-
tive to improve the rate of confirmed/ruled-out diag-
noses at FA through implementation of automatic test 
orders before FA. In line with other international initia-
tives for best practice in healthcare stewardship,15 16 we 
hypothesised that if all necessary diagnostic tests could be 
carried out prior to FA, we would be able to increase the 
number of confirmed/ruled-out diagnoses and treatment 
plans made at FA, leading to higher outpatient discharge 
rates and reducing low-value follow-up appointments and 
‘did not attend’ rates (figure 1). Due to the onset of the 
COVID-19 pandemic, large-scale launch of the initiative 
was delayed until May 2021.

Data sharing
Technical appendix, statistical code and data set are avail-
able from the last author (JSA).

Patient and public involvement
No patients or members of the public were involved in 
the design of this initiative, although patient quality of 
life was considered by aiming to reduce the number 
of unnecessary outpatient visits. Patient experience in 
outpatient care is recorded as part of routine quality 
monitoring using net promoter scores (NPS). However, 
specific NPS campaigns to evaluate patient experience of 
this new approach to delivering outpatient care have yet 
to be launched.

Intervention
We developed a decision-making algorithm for placing 
automatic standardised test order sets prior to FA using 
natural language processing (NLP) (figure  2). Proto-
cols for standardised test order sets were developed for 
different presenting complaints from 16 clinical special-
ties, including cardiology, general surgery, maxillofacial 
surgery, dermatology, gastroenterology, endocrinology, 
gynaecology, clinical haematology, internal medicine, 
nephrology, pulmonology, neurology, rehabilitation, 
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rheumatology, orthopaedic surgery and urology. Special-
ties were chosen based on volume of patients in outpa-
tient care, follow-up appointment rates and scope for 
protocolising tests prior to the FA.

A multidisciplinary team, including hospital managers, 
hospital-based specialist physicians, PCPs (data scientists), 
administrative staff, radiologists and laboratory staff, was 
formed to design and implement the project.

A data-driven approach to standardised test order sets
Protocols for automatic standardised test order sets were 
developed using a data-driven approach. We analysed 
outpatient appointments for 16 clinical specialties over 
a 12-month period using diagnostic coding to group 
diagnoses by their most common presenting complaints 
(signs and symptoms). Once a list of the most frequent 

presenting complaints and their corresponding diagnoses 
was compiled, we analysed test orders placed by specialists 
for each complaint. Test orders placed for an individual 
presenting complaint in more than 90% of appointments 
were considered for inclusion. We then designed 257 
protocols for standardised test order sets prior to FA, 
based on presenting complaint and/or suspected diag-
nosis, demographic variables such as age and sex, and 
clinical variables such as previous injury, associated symp-
toms and comorbidity (figure 3). Each protocol was then 
sent to designated experts from the corresponding clin-
ical specialty for review, modification and final validation. 
Protocols are periodically reviewed by laboratory staff, 
radiology staff and clinical leaders, with several modifica-
tions being made since the project was first implemented.

Figure 1  Process map depicting current specialty outpatient care workflow and targeted area for improvement (shaded in 
green) to reduce unnecessary follow-up appointments.

Figure 2  Process map showing the process of referral from primary care to specialty outpatient care before and after the 
implementation of the algorithm. PCP, primary care physician; SCAE, Solicitud de Cita en Atención Especializada (Appointment 
Request for Specialized Care).
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Algorithm implementation and administrative workflow
In Madrid, Spain, PCP petitions for specialist referral are 
placed electronically and sent to a centralised application 
(Solicitud de Cita en Atención Especializada). Before 
implementing the project, as other hospital networks, 
administrative staff from the participating centres booked 
FAs on a first-come, first-served basis (with some excep-
tions, such as suspicion of malignancy17) in which the 
content of the referral note is not taken into account. To 
implement the algorithm, we developed an NLP pipe-
line to perform automatic analysis of each referral note. 
The NLP pipeline was designed following a deterministic 
model: we formed monographic teams to decide which 
clinical terms from referral notes should be assigned to 
each prior test order protocol, and then extracted data 
from the referral database to feed an automatic anno-
tator, creating specific dictionaries for each specialty 
which were then validated by clinical experts. Referral 
notes are analysed by the algorithm, which places stan-
dardised test order sets automatically.

To offer reliable and explainable results, the classifica-
tion logic was implemented based on text labelling, consid-
ering predefined clinical criteria. This strategy allowed 
us to define rules based on standardised concepts adapt-
able to the needs of the project, for example, including 
new criteria through rule modification without having to 
relabel the original texts. A cross-protocol priority matrix 
was implemented for each patient. The results of the 
classification are reviewed periodically, considering false 
positives (which are unusual due to the deterministic 
nature of the process) and false negatives, which serve to 
improve the dictionary. On the other hand, the study of 

unclassified cases helps identify possible categories that 
would be interesting to add to the project.

After classification, administrative staff contact patients 
to schedule test orders and FA, ensuring that all test results 
are available for specialist review before the appointment 
takes place. The number of administrative staff assigned 
to the project is proportional to overall outpatient 
activity; as of July 2023, a total of 31 full-time administra-
tive staff have been reassigned from general administra-
tive workflow. To streamline the FA coordination process, 
we assigned designated administrative personnel to a 
‘contact centre’. These workers are given specific training 
regarding situations such as those test orders requiring 
informed consent and unclassified referral notes. For 
protocols including tests which pose a risk of potentially 
serious adverse effects, such as imaging tests with intra-
venous contrast, contact centre staff flag the patients for 
a brief call with a clinician, who provides information, 
answers doubts and obtains informed consent. When 
referral notes do not include sufficient information to 
be classified by the NLP algorithm, contact centre staff 
call the patient and perform a brief survey following 
predetermined scripts to determine if a protocol for test 
order sets can be applied. Clinical experts are available 
for consultation in those cases in which administrative 
staff have doubts regarding choice of protocol. PCPs 
were informed of the initiative before and during the 
implementation period through online meetings coordi-
nated by the network’s care continuity team. Information 
focused on clinical and operational aspects of the quality 
improvement project, although members of the infor-
mation technology department were available to answer 
technical questions that could arise.

Measurements
The primary endpoint was defined as the trend in 
follow-up outpatient appointment rates. To evaluate this 
outcome, we designed two composite variables: the rate 
of patients receiving diagnosis and treatment plans at FA 
with discharge back to primary care, and the follow-up 
to FA index. The rate of discharge to primary care was 
calculated as the number of patients with a diagnosis 
or treatment plan discharged back to primary care at 
the first outpatient appointment divided by the total 
number of FAs, multiplied by 100. The follow-up to FA 
index was calculated by dividing the overall number of 
follow-up appointments by FAs. The secondary endpoint 
was defined as the trend in ‘did not attend’ rates, calcu-
lated by dividing the overall number of ‘did not attends’ 
by the number of follow-up appointments, multiplied by 
100. Data were gathered at monthly intervals as part of 
routine hospital management processes, which enabled 
us to implement statistical control for seasonality.

Additional endpoints were included based on data 
which did not form part of routine quality monitoring. 
The percentage of patients declining to participate in the 
new model of healthcare delivery was collected for the 
intervention period. Also, as a potential adverse effect 

Figure 3  Example of a standardised test order set for 
a patient referred from primary care to a first cardiology 
outpatient appointment for suspected atrial fibrillation.
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of our initiative could be an increase in test order rates, 
we collected the number of overall test orders for the 
following categories: laboratory test orders (including 
microbiological tests), imaging test orders (plain X-rays, 
MRI scans and CT scans) and electromyogram orders. 
These data were recorded on a semestral basis, and so we 
compared the first semester of the pre-implementation 
period (January 2018 to June 2018) and the last semester 
of the postintervention period (January 2023 to June 
2023) to correct for seasonality. To compensate for fluc-
tuations in the number of outpatient appointments, we 
measured changes in test order rates using a composite 
indicator, the test order to outpatient appointment index 
(total number of test orders for a given period divided 
by total number of outpatient appointments for a given 
period, multiplied by 100).

Analysis
We performed ITS analyses for both primary and 
secondary endpoints using the method described by 
Penfold and Zhang.18 We set the interruption on 1 May 
2021, coinciding with the large-scale implementation of 
the algorithm across all 16 specialties. Due to COVID-
19-related disruptions in normal outpatient activity, with 
suspension of all unnecessary elective care including the 
majority of first outpatient appointments, we censored 
the period from March 2020 to March 2021, which 
accounted for the first three waves of the pandemic in 
Spain.19 20 After censoring the COVID-19 period, our 
ITS analysis included a total of 52 time points (26 prein-
tervention and 26 postintervention). Each ITS model 
included a linear monthly trend term for the preinter-
vention period (‘Time’), a binary indicator variable for 
the months after algorithm implementation (‘Interven-
tion’), capturing any level change in the outcome postin-
tervention, and a linear monthly trend term only for the 
post implementation period (‘Time-After’). These three 
terms allowed us to evaluate changes in the level and 
slope of the outcome after intervention. The 12-month 
COVID-19 period was censored from analysis by coding 
the intervention variable as missing during these months. 
The model was estimated through conditional maximum 
likelihood estimation using the AutoReg function from 
the package StatsModels v0.14.0,21 and p values and 95% 
CIs were calculated using the same package. The number 
of autocorrelation parameters was reduced using back-
ward elimination to fit the most parsimonious model. 
Goodness of fit was assessed using the Akaike information 
criteria score and by visual inspection of residuals around 
predicted regression lines (standardised residual, histo-
gram plus estimated density and normal Q-Q). We also 
graphed differences between the pre-implementation 
and post implementation periods using linear regression 
to present counterfactual effect. We imputed changes 
in number of patients discharged to primary care with 
a diagnosis or treatment plan and ‘did not attend’ rates 
during the post implementation period using the time 
series coefficient for each statistically significant change 

in trend, dividing by the total number of time points in 
the post implementation period to calculate absolute 
differences per month. To estimate attributable change 
in low-value follow-up appointments for the intervention 
group, we simulated the effect of ‘non-intervention’ by 
extrapolating the significant change in trend from the 
control group to postintervention data from the inter-
vention group. To infer the number of avoided appoint-
ments in the intervention group, we then subtracted 
the observed number of patients in the postinterven-
tion period from the number of patients in the simu-
lated ‘non-intervention’ group. To calculate absolute 
differences per month, we divided the result by the total 
number of time points in the postintervention group. 
The non-statistically significant improvement observed 
the implementation group was not taken into account 
when imputing attributable reduction in follow-up 
appointments to avoid overestimating the effects of 
the project implementation. After the first three waves 
of the COVID-19 pandemic, normal elective care was 
resumed, with a tendency towards increased virtual care 
delivery and reduced in-person visits where possible.22 To 
control for time-varying confounding due to these and 
other external factors, we included a reference group 
comprising three specialties (allergology, cardiovascular 
surgery and ophthalmology) which were not included 
in the algorithm and were subject to the same external 
factors as the study group specialties. Data for this group 
were collected during the same period as the study group, 
and trends in primary and secondary outcomes were anal-
ysed using the same method.

RESULTS
A total of 10 033 470 outpatient appointments took place 
during the 6-year study period, of which 7 326 548 were 
follow-up appointments and 2 706 922 were FAs. Anal-
ysis of the overall series showed a steady increase in FAs 
during 2018–2019 (online supplemental figure 1). The 
COVID-19 pandemic (2020–2021) caused a disruption in 
outpatient activity, with a return to prepandemic levels in 
2022 and an increase in outpatient appointments above 
prepandemic levels during 2023. Since the implementa-
tion of the algorithm in May 2021 to June 2023, automatic 
test orders have been placed for 1 175 814 FAs from 16 
different specialties, and 282 692 patients (26.11%) have 
been diagnosed and discharged back to primary care 
with appropriate treatment plans at FA, compared with 
226 291 patients (20.51%) in the preintervention period.

Figure 4 presents the observed time series for primary 
and secondary outcomes, with fitted linear regression lines 
showing preintervention and postintervention trends and 
the extrapolated preintervention trends demonstrating 
counterfactual differences. Statistically significant 
improvements due to algorithm implementation were 
observed for endpoints in the study group compared with 
the reference group regarding diagnosis and discharge 
rates (1.7%, p=0.005, 95% CI 0.5% to 2.9%) and ‘did not 
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attend’ rates (−0.4%, p=0.044, 95% CI −0.1% to −0.8%). 
Using the change in trend attributable to the algorithm, 
we computed the absolute increase in patients discharged 
to primary care with a diagnosis and/or treatment plan 
during the post implementation period as 19 989 appoint-
ments (769 per month). The absolute reduction of ‘did 
not attends’ attributable to the algorithm was calculated 
as 26 888, signifying a reduction of 1034 ‘did not attends’ 
per month The follow-up to FA index presented a non-
significant reduction (improvement) in the study group 

and showed a significant increasing trend in the control 
group (0.25, p=0.007, 95% CI 0.07 to 0.44). We estimated 
an attributable reduction of 293 954 follow-up appoint-
ments during the intervention period, signifying a reduc-
tion of 11 306 unnecessary follow-up appointments per 
month.

Regarding additional endpoints, less than 1% of patients 
declined to participate in the new model of care delivery. 
We also compared overall test order rates between the 
first and last 6-month intervals of the study period using 

Figure 4  Interrupted time series analyses evaluating the effect of an algorithm for placing automatic standardised test order 
sets prior to first specialist appointment on low-value follow-up appointments and attendance rates. For each plot, the black 
circles are the raw data for each month, the grey circles are the censored data from the first three waves of the COVID-19 
pandemic, the solid black lines are the fitted regression lines for pre-implementation and post-implementation periods, and the 
dashed line is the projected trend (counterfactual) assuming there was no intervention. Rates of patients receiving diagnosis and 
treatment plans at first appointment with discharge back to primary care is depicted in panel A (intervention group) and panel B 
(control group). Changes in the follow-up to first appointment index are presented in panel C (intervention group) and panel D 
(control group). Changes in ‘did not attend’ rates are depicted in panel E (intervention group) and panel F (control group).
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data from the first half of the year in both cases to correct 
for seasonality. Overall, test order rates decreased by 2.67. 
Test order rates for plain X-rays showed a slight reduction 
between 2018 and 2023, as did electromyogram and labo-
ratory test order rates, with a slight increase in MRI scan 
and CT scan order rates (table 1).

DISCUSSION
This study presents the results of an ITS analysing the 
effects of an algorithm placing automatic standardised 
test order sets prior to first outpatient appointments. 
During the study period, we found a significant increase 
in the number of patients diagnosed and discharged 
back to primary care with appropriate treatment plans at 
FA. An estimated attributable reduction of 11 306 avoid-
able follow-up appointments per month was observed. 
A significant reduction in ‘did not attend’ rates was also 
observed, with an estimated attributable average reduc-
tion of 1034 ‘did not attends’ per month. Overall test 
order rates did not increase during the study period, and 
less than 1% of patients declined to participate in the new 
model of healthcare delivery.

One of the major strengths of our study is the use of ITS, 
the most robust quasiexperimental methodology when 
randomisation is not possible. The inclusion of a refer-
ence group controls for the influence of external factors 
which could bias our results. The extended study period 
(6 years) guarantees sufficient data points to provide a 
robust analysis. Limitations of the study include the 
absence of patient experience data, since this variable was 
not included specifically as part of routine data collection, 
and the lack of patient participation during algorithm 
design. However, the fact that less than 1% of patients 
declined to participate in the new care model points to 
high patient acceptance. We believe that by reducing 
time to diagnosis through the implementation of auto-
matic standardised test order sets, patients receive treat-
ment earlier, improving health and experience. Another 
limitation is the fact that, as the number of test orders 
was not included as part of routine data collection, we 
were unable to include this variable as part of the primary 

analysis. However, we were able to correct for seasonality 
by including the first semester of each year from the 
preintervention and postintervention periods and also 
corrected for the number of outpatient appointments in 
each period. A slight increase was observed in CT scan 
and MRI scan orders (+0.89% and +1.32%, respectively). 
This may be due, in part, to the increased complexity of 
patients referred to our four centres during the study 
period. However, we cannot exclude the possibility that 
this increase may be partially due to the implementation 
of protocolised test order sets. No increase in intravenous 
contrast-related complications was notified during the 
study period. Finally, both clinicians and patients were 
aware of the project implementation, which potentially 
may have led to clinician bias when discharging patients 
to primary care.

Process standardisation and automation in healthcare 
has been demonstrated to improve quality of care,23 24 
patient safety,25 26 patient experience27 28 and healthcare 
savings.29–31 Protocols for test orders during diagnostic 
workup are common, with many clinical guidelines 
featuring algorithms for confirming or ruling out clin-
ical conditions based on presenting signs and symp-
toms, along with a series of other variables such as 
duration of symptoms, comorbidities, age and sex.32–35 
However, reports of fully automated test order sets in 
clinical practice are few and are mostly experimental 
and limited to emergency care.36–38 These studies indi-
cate that automated protocols for test ordering may 
improve metrics such as emergency room length of stay 
but may increase overall test costs. In our report, test 
order rates for specialist outpatient appointments have 
shown a slight overall decrease between 2018 and 2023, 
indicating that the implementation of the algorithm has 
not caused a rise in overall test orders and their associ-
ated costs. To the best of our knowledge, this is the first 
report of large-scale standardisation and automation of 
test order sets for common presenting complaints prior 
to FA. Our results demonstrate an increase in diagnosis 
and initiation of treatment at FA, pointing to scope for 
improvement regarding appointment and clinician 
time-related opportunity costs. On a practical level, this 
does translate as improved use of resources, reduced 
backlog for specialist appointments and cost savings 
and improved patient experience due to time savings 
and less travel.

Recent publications highlight the importance of mini-
mising unnecessary time spent at healthcare facilities to 
improve patient experience, especially in patients with 
chronic conditions.28 Unnecessary healthcare interven-
tions are a global concern, with many international and 
national initiatives underway to reinforce appropriate use 
of health resources.4 Our project is in line with others 
such as the ‘Choosing Wisely Campaign’, which seeks to 
improve healthcare by reducing those medical interven-
tions which do not add value for patients or may even 
cause harm.15 The use of technology including artifi-
cial intelligence-based approaches to standardise and 

Table 1  Test order/outpatient appointment index for the 
first and last semesters of the study period (January to June 
2018 and January to June 2023)

Preintervention Postintervention

Laboratory tests 45.03 40.33

CT scans 1.79 2.68

MRI scans 3.54 4.86

Plain X-rays 5.87 5.70

Electromyogram 0.62 0.60

Total test orders 56.84 54.17

Test order/outpatient appointment index: total number of test 
orders/total number of outpatient appointments×100.
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automatise test orders has potential to reduce low-value 
care and should be considered when seeking to optimise 
care.

Sustainability is a current priority for healthcare poli-
cymakers and reducing backlogs for elective care is a 
challenge that both public and private healthcare systems 
face in the aftermath of the COVID-19 pandemic. Given 
the current shortage of healthcare professionals, optimal 
distribution of resources such as specialty care is vital to 
ensure sustainable systems. Our initiative demonstrates 
an increase in discharge back to primary care and a 
reduction in ‘did not attend’ rates. The 11 306 extra 
appointment slots per month gained by avoiding unnec-
essary follow-up appointments are used entirely for FAs, 
increasing access to timely care. The four centres partic-
ipating in this project currently present an overall time 
from referral to FA of 11.88 days (±0.89), compared with 
an average of 60.08 (±19.22) for other non-participating 
public centres in Madrid, Spain.

Given the positive impact the project appears to have 
had on patients and service provision, we have begun 
to implement the initiative in the remaining 43 Spanish 
hospitals belonging to the Quirónsalud network. The 
main difficulties for implementation included technical 
issues regarding algorithm integration with underlying 
software which have been solved with the network-wide 
adoption of the Casiopea electronic health record. On 
the other hand, the implementation team has organised 
various meetings between clinical experts from the four 
original centres participating in the initiative and health-
care professionals from the other 43 hospitals, in order to 
answer questions and overcome resistance to change (a 
common obstacle for digital transformation and quality 
improvement initiatives39 40).

Our study opens the door to several areas for future 
research, including the effect of the algorithm on the 
earlier diagnosis of serious conditions such as cancer, 
and the way that healthcare professionals and patients 
perceive this new form of delivering healthcare. Further 
studies are being planned to answer these questions.

CONCLUSION
An algorithm for placing automatic standardised test 
order sets reduces low-value follow-up appointments by 
allowing specialists to confirm diagnoses and initiate treat-
ment at FA. The algorithm also reduces ‘did not attend’ 
rates. This initiative points to an improved process for 
outpatient diagnosis and treatment, delivering healthcare 
more effectively and efficiently. Further studies are neces-
sary to explore aspects such as patient and healthcare 
professional experience with the new model of outpatient 
healthcare delivery.
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