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Abstract: In Chile and the world, the supply of medical hours to provide care has been reduced due
to the health crisis caused by COVID-19. As of December 2021, the outlook has been critical in Chile,
both in medical and surgical care, where 1.7 million people wait for care, and the wait for surgery
has risen from 348 to 525 days on average. This occurs mainly when the demand for care exceeds
the supply available in the public system, which has caused serious problems in patients who will
remain on hold and health teams have implemented management measures through prioritization
measures so that patients are treated on time. In this paper, we propose a methodology to work
in net for predicting the prioritization of patients on surgical waiting lists (SWL) embodied with a
machine learning scheme for a high complexity hospital (HCH) in Chile. That is linked to the risk
of each waiting patient. The work presents the following contributions; The first contribution is
a network method that predicts the priority order of anonymous patients entering the SWL. The
second contribution is a dynamic quantification of the risk of waiting patients. The third contribution
is a patient selection protocol based on a dynamic update of the SWL based on the components of
prioritization, risk, and clinical criteria. The optimization of the process was measured by a simulation
of the total times of the system in HCH. The prioritization strategy proposed savings of medical
hours allowing 20% additional surgeries to be performed, thus reducing SWL by 10%. The risk of
waiting patients could drop by up to 8% annually. We hope to implement this methodology in real
health care units.

Keywords: surgical waiting list; multiple linear regression; prioritization; decision support systems

MSC: 37M05

1. Introduction

According to Jiang et al. [1], health systems are collapsing due to the care demands
they face every day. Hospitals must make crucial decisions with the resources available
to care for patients, and even then, it is not enough. One process that describes the
above is the problem of surgical waiting lists. For example, in Chile, and according to
a report prepared by the Ministry of Health, as of 31 December 2018, there was a list of
250,000 patients nationwide and with an average wait of 385 days. As of 31 December
2020, and due to the COVID-19 pandemic, the list increased to 254,000 patients with
a significant increase in the average waiting days, reaching 525 days. The foregoing
confirms what was stated by Escobar and García-Centeno [2]—waiting times increased
between 7.6% and 19.4% as a result of the pandemic and, according to Bowers [3] and
Sutherland et al. [4], that would make it increasingly complex to provide timely service
to patients; according to García-Rojo et al. [5], Madanipour et al. [6], Cheng et al. [7], this
situation would aggravate and put the health of patients at risk.

In such a scenario, the use of support systems for the coordination of tactical and operative
decisions is fundamental for ensuring an effective and efficient provision of healthcare services.
According to that mentioned by Castillo and Kelemen [8], these decision support systems help
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reduce administrative and management errors, patient adverse events, and care processes’
efficiency. For instance, in Sutherland et al. [4], Hilkhuysen et al. [9], Gutacker et al. [10], the
authors show that the waiting list management, in the planning phase of surgeries, is one
of the most critical operations in clinical decision making, but it is also critical in the decision-
making of emergency services (see, e.g., Fields et al. [11]) or when scheduling therapeutical
procedures such as radiotherapy (see, e.g., Riff et al. [12]). This means computing a correct
ranking of patients and, as Rahimi et al. [13], Silva-Aravena et al. [14] point out, is crucial
for ensuring the fairness and clinical effectiveness of the provided healthcare services.

In the care and prioritization process, physicians assess not only clinical conditions but
also consider psychological and social components that are affecting the patient’s condition and
therefore should be included in the overall evaluation of the process, i.e., in the stage of attention,
prioritization, and scheduling of patients to the ward (see, e.g., Allepuz et al. [15], Harrison
and Appleby [16]). Since then, some of the examples where biopsychosocial dimensions are
included in the prioritization of patients have included the work by Silva-Aravena et al. [14],
Mullen [17], Siciliani and Hurst [18], Siciliani et al. [19], Tamayo et al. [20].

From the point of view of disease prevention, it is vitally important to consider integrated
care management and network collaboration to avoid complex health situations or investigate
them in their early stages, to reduce the admission rate of SWL, or prevent patients from
worsening their clinical condition when they enter the list. For this reason, authors such as
Hungin and Rubin [21], Wadmann et al. [22], Abad [23], Cicchini et al. [24], Sidhu et al. [25]
and others have considered that the development of government initiatives for health work is
an essential network collaboration for both institutions and professionals, which would allow
greater satisfaction of patients and better management of healthcare resources.

This motivates us to develop a prioritization methodology that includes the experts’
criteria of the clinical area linked to automated learning and networking strategies. Taking
this, we designed a dynamic system that would reduce the risk of patients while they wait
for surgery. With this proposed strategy, physicians could efficiently manage their medical
hours and thus provide more care. The proposal determines an order of patients through a
multiple linear regression based on historical information. The simulation of the results
was carried out in 2021 with anonymous patients from an Otorhinolaryngology (ENT) unit
in an HCH in Chile. The simulated results show that the created methodology satisfies the
care demand, optimizes the hours of the health team, and reduces the SWL.

Our contribution and paper outline. This paper summarizes the following contribu-
tions. First, we build a dynamic networking system that allows us to predict the prioriti-
zation of anonymous patients who enter the SWL. The second contribution is a dynamic
update of the model allowing a timely selection of patients, and optimizing the hours
of the health team. The methodology included in this paper is an extension of the work
presented in Silva-Aravena et al. [14], but it differs in that; (1) it proposes a work strategy in
the network, i.e., Primary Health Care (PHC) physicians and specialist physicians from the
ENT unit of HCH, including comptroller physicians, participate in the patient prioritization
process; (2) it includes a strategy that combines the opinion of specialist physicians with
the resolution of a machine learning model; (3) it can prioritize patients in less time (greater
computational efficiency) and simplifies the problem and facilitates the understanding
and decision-making of the health team; and (4) it would save around 112 medical hours
annually, which would translate into a potential annual increase of 20% in surgeries and a
decrease of up to 10% in SWL.

The paper is organized as follows. Section 2 presents the relevant literature in relation
to the techniques and methods used to manage the prioritization of patients on the waiting
list. In Section 3, we present the main methodology used in our work. The results obtained
from the implementation of the designed system are presented in Section 4. A discussion is
presented in Section 5. Finally, in Section 6 we draw conclusions and make suggestions for
future work.
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2. Related Literature

Next, this section presents a brief literature review on the main elements related to this
work, considering the problem of waiting lists, decision support systems, the importance
of networking, and some evidence of recent results.

2.1. Context of the Problem of Waiting Lists

According to Valente et al. [26], health problems constitute one of the priority objectives
in the design of public policies, and to support management in this matter, some authors
such as Rahimi et al. [13], Silva-Aravena et al. [14], Turner et al. [27] propose creating
support systems for medical management.

According to Siciliani and Hurst [18], the management of surgeries in hospitals is
one of the more complex health processes from the clinical, administrative, and budgetary
points of view. Despite the efforts of organizations and countries to provide human
(i.e., medical specialists in clinical areas and support), technological, administrative, and
financial resources to deliver an effective service to the population, often they fail to resolve
the demand carefully. According to Netten and Curtis [28], the previous situation generates
dissatisfaction in patients and a more significant challenge for health services. Even more
so, and according to Escobar and García-Centeno [2], the COVID-19 health scenario has
worsened the situation.

So, the imbalance between supply and demand for health services has been the main
problem for managing waiting lists. According to Bowers [3] and Sutherland et al. [4], it can
lead to the death of patients. To solve this problem, Sutherland et al. [4], Hilkhuysen et al. [9],
Gutacker et al. [10] state that an adequate characterization allows ordering and managing the
demand of patients with surgical problems. Additionally, Mullen [17], Siciliani and Hurst [18],
Siciliani et al. [19], suggest mathematical tools to improve problems caused by supply and
demand gaps.

2.2. Decision Support Systems in Health Services

From the point of view of tools to support the management of waiting lists, authors such
as Rahimi et al. [13] and Rahimi et al. [29] have used a combination of approaches that allow
the prioritization of the patients (such as hierarchical processes, data analysis and dynamic
aspects of the disease) and improvement of the effectiveness of the waiting list process. Along
the same lines, Silva-Aravena et al. [14], de Almeida et al. [30], Rahimi et al. [31] have used
the criteria of experts in the medical area and other mathematical approaches to measure the
evolution of the priority of patients while they wait. Additional methods of management,
which include predictive tools, have been used for patient prioritization. For example,
Petwal and Rani [32] have exposed a hybrid metaheuristic strategy combined with a nature-
inspired algorithm. Other authors such as Jiang et al. [1] propose the development of
tools prioritization based on genetic algorithms and neural networks. Kilinc et al. [33]
designed a decision tree-based tool for predicting surgical patients. On the other hand,
Dash et al. [34] provides a combined procedure using machine learning, k-means, linked
with mathematical programming to prioritize outpatients. Finally, Lei et al. [35] predicts
the priority clinical evaluation using support vector regression (SVR) and support vector
classification (SVC) to classify patients with Parkinson’s disease.

Successful projects, such as those noted by Rahimi et al. [13], Hadorn and the Steering
Committee of the Western Canada Waiting List Project [36] and others, have contributed to
improving the management of waiting lists in health services. In the first, a prioritization
project was developed for five clinical units in Canada that included the participation of
19 health institutions, achieving effectiveness and reliability to prioritize patients according
to the evaluation of the evaluation teams and providers of primary health care. Finally, in
the second, the tool allowed an improvement by 30% of the effectiveness of patients within
the maximum waiting times.
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2.3. Importance of Networking in Health

Authors such as Gutiérrez Porlán et al. [37], Candón-Mena [38] and others have highlighted
the importance of the work of collaborative networks, mainly in industries such as education.
In the health area, meanwhile, the importance of collaborative and multidisciplinary work
between health teams is known due to the urgency that this implies for patients’ quality of
life. Different institutions and different types of professionals participate in these processes
(i.e., physicians, nurses, kinesiologists, nutritionists, etc.), who, as a whole, contribute to the
recovery of patients in all care processes, including the support of the internet of things in
SWL (see, e.g., Oddershede et al. [39]). On the other hand, authors such as Sidhu et al. [25]
and others have developed qualitative and comparative case studies to address the strategy of
networks. Others, such as Turgeon et al. [40], Peduzzi and Agreli [41], have offered networking
methodologies to better service patients, e.g., drugs for cancer treatment. In addition, the digital
interconnection provided by the internet of things has also been addressed by authors such
as Zeadally and Bello [42], Ghazal et al. [43], Philip et al. [44] to improve communication and
networking systems between health institutions and teams.

2.4. Prioritization Systems in Chile: Recent Evidence

In Chile, the government has injected resources to minimize, in part, the problem of
waiting lists, but it has not been enough. Some authors have tried to solve the problem with
management tools, such as the proposal by Silva-Aravena et al. [14], Cisneros [45], Julio
et al. [46]. Like the international literature, the works try to improve management through
the opinion of physicians and to represent this experience with ad-hoc mathematical tools
to show the reality of each health service in a particular way. However, none of them have
included in the management process the previous level of patient care or primary health
care, which could be strategic for prevention and control, from waiting lists.

2.5. Prioritization Justification of the Chosen Method

According to the literature review and the prioritization strategies exposed therein,
we believe it is possible to optimize the SWL process from the moment of the patient’s first
consultation in PHC until the second level of care stage in HCH. The former considers
using a machine learning approach embedded in a networking protocol supported by a
decision support system. The main justifications are presented below:

1. In the surgical waiting list management process, it is essential to include all relevant
patient information, i.e., clinical and non-clinical, that allows the design of mathemati-
cal and/or predictive models for prioritizing patients to optimize management and,
as a consequence, for contributing to reducing waiting lists;

2. There is not enough evidence of process optimization strategies to prioritize patients
on the surgical waiting list in Chile, but only local developments are not linked
to the healthcare network. Although the government has designed networking
strategies, these have not been entirely effective given the existing gap between
supply and demand.

Both findings reveal the urgency of developing management tools that allow the
optimization of surgical waiting list processes through network collaboration between
hospitals and PHC.

3. Novel Surgical Waiting List Management Strategy: Development of the Methodology

The design of this methodology was carried out in an ENT unit of an HCH in Chile dur-
ing the year 2021. For the training and validation of the model, we have taken as a source of
information a dataset that contains 20 psychosocial variables (see Table 1) and data from 205
anonymous patients published in Silva-Aravena et al. [47], (see also (https://docs.google.
com/spreadsheets/d/1wgDxPN5MrnmCNyJCkml5vSPRoNqbOWxJ/edit?usp=sharing&
ouid=113430872565444964982&rtpof=true&sd=true, accessed on 25 May 2022)). The de-
sign and implementation team comprised professionals from the ENT unit (five nurses

https://docs.google.com/spreadsheets/d/1wgDxPN5MrnmCNyJCkml5vSPRoNqbOWxJ/edit?usp=sharing&ouid=113430872565444964982&rtpof=true&sd=true
https://docs.google.com/spreadsheets/d/1wgDxPN5MrnmCNyJCkml5vSPRoNqbOWxJ/edit?usp=sharing&ouid=113430872565444964982&rtpof=true&sd=true
https://docs.google.com/spreadsheets/d/1wgDxPN5MrnmCNyJCkml5vSPRoNqbOWxJ/edit?usp=sharing&ouid=113430872565444964982&rtpof=true&sd=true
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and seven physicians with specialties in the area) and one engineer from the hospital
management area.

Table 1. The variables used by the physicians of the ENT unit to prioritize patients on the surgical
waiting list with their weights of relative importance, wi, (see, Silva-Aravena et al. [14] and the β′i of
the SB strategy proposed in this work (see (3)).

β Variable Definition wi β′i

0 Intercept Intercept - −0.0292

1 Sever Severity 0.081 0.58

2 Urg Urgency 0.076

3 Jclin Maximum waiting time 0.066

4 Tsuen Sleep disorder 0.063 0.60

5 Tlist Time on list 0.062

6 Pmcx Expected improvement due to surgery 0.055 0.20

7 Dest Capacity to study 0.054 0.24

8 Com Chances of developing comorbities 0.053

9 Lfam Capacity of participating in family activities 0.053 0.63

10 Hanor Affected area 0.052

11 Opat Presence of other pathologies 0.047

12 Diag Diagnosis 0.046

13 Olim Other limitations 0.045

14 Ncuid Need of a caregiver 0.043 0.56

15 Rcuid Patient cares for another person 0.043 0.51

16 Dolor Pain sale 0.040 0.20

17 Dtrab Capacity to work 0.038 0.22

18 Acc Type of residence area 0.033

19 Dtras Difficulty in transfering 0.028 0.80

20 Ccrit Need for clinical bed 0.023

The structure of our prioritization strategy is based on a data mining methodology for the
health sector, CRISP-DM, which is widely studied by authors such as Arias et al. [48], Schröer
et al. [49], Cunha et al. [50], Kolyshkina and Simoff [51]. This method, which is patient-
centered and visualized in Figure 1, favors the understanding of the data mining design
of this research and is associated with the following sequence of phases: (1) knowledge
of the most critical processes and needs of the ENT unit surgical waiting list in the HCH,
which is addressed in Sections 3.1 and 3.2; (2) understanding of the anonymous data of
patients on the waiting list analyzed in this work and in Silva-Aravena et al. [14,47]; (3) the
data were prepared through various analyses, e.g., structure and description of variables,
visualization techniques, and correlations, among other aspects; (4) the technique selected
for this dataset and its analysis is the multiple linear regression model; (5) the designed
model was validated with statistical and resampling hypothesis tests, such as LOOCV and
k-folds cross-validation; finally, in (6) an implementation model between HCH and PHC is
proposed. In the rest of the section, we will describe the development of all the components
of the proposed strategy.
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Figure 1. CRISP-DM method of this research.

3.1. Characterization of Patients on the Surgical Waiting List of the ENT Unit

To characterize the ENT unit patients on SWL, we obtained from Silva-Aravena et al. [14]
the general information about the patient—we observed their characteristics, the type of
care, the diagnosis of admission to the waiting list, the name of the treating physician and
whether they had other additional pathologies. We measured the patient’s psychosocial
information; their ability to work, study, perform family activities, be cared for, care for
a third party, their difficulty in moving to the hospital, their access, and their time on the
waiting list. Finally, and from the patient’s clinical information, we generally measured the
characteristics of the disease that caused admission to the waiting list, such as the level of
pain, functional limitations, abnormal findings in the affected area, the progression, and
severity of the disease, the probability of improvement with surgery, the development of
comorbidities due to waiting, and the level of urgency, among others.

For this work, we included a new variable, physician score (Pscore), to calculate the
score of patients based on the opinion of physicians from each patient on SWL. Other
authors, such as Lei et al. [35] and others, used patient data from radiological images to
calculate and be able to predict the score.

Table 2 shows both the variables and parameters that physician gave to each one.
Thus, and with methodology from Silva-Aravena et al. [14] we obtained a score for each
patient on SWL. The new variable, (Pscore), included as a new vector in the dataset, was
used in this paper to predict the score of each patient.

Table 2. Number of patients who remain in SWL annually in the ENT unit of HCH.

Date n

31 December 2015 998
31 December 2016 1200
31 December 2017 1123
31 December 2018 1108
31 December 2019 1307
31 December 2020 1136
31 December 2021 1028

Of the 205 anonymous patients, 105 were women and 100 were men. From an age
point of view, 61.5% of the cases were between the ages of 0 and 20, 12.5% were between
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the ages of 21 and 40, 15.4% were between the ages of 41 and 60 and 10.6% of the cases
were patients over 60.

3.2. Current Prioritization Strategy (SA)

According to the HCH health information system records, about 10,000 people consult
PHC annually for health problems associated with ENT. Of these, 6970 are referred to
the HCH to be treated by a specialist physician in the area. In the hospital, the patient
goes through the admission and consultation process of diagnostic confirmation of his/her
disease, and after that, 4112 (59%) continue in medical control. Of these, 20% are discharged.
In this way, 2788 (40%) enter the SWL process, and about 70 (1%) are declared as not
pertinent (see Figure 2 and Table 3).

Table 3. Prioritization of patients in SWL according to SA in the ENT unit, HCH (in minutes).

Stage Patients Minimun Average Maximum Total

Admission 6970 1.47 5.02 9.21 34,989.40
Diagnostic confirmation 6970 4.92 15.01 25.27 104,619.70
Medical control 4112 4.20 15.03 25.86 61,803.36
Biospychosocial assessment 2788 0.41 1.99 3.69 5448.12
Confirmation of patient to ward 2788 48.33 59.95 71.24 167,140.60
Total process time – – – – 374,101.18

Figure 2 shows the SA prioritization strategy, proposed by Silva-Aravena et al. [14]. The
process evidences the stages through which patients referred to the ENT unit go, i.e., admission,
diagnostic confirmation, medical control, evaluation of the 20 prioritization variables, and
confirmation of patients scheduled for the ward, as provided by the clinical committee.
Table 3 shows a simulation of the prioritization process and the times associated with
patient care through AS.

With respect to SA embedded in Figure 2, we take the following example. A particular
patient, coming from PHC with a consultation order for surgical suspicion, presents his
documentation in the ENT admission unit at HCH. Then, the admitter refers him to the
attention box, where the doctor evaluates the patient’s medical history and diagnoses,
thus being able to make three types of decisions: (1) the patient must continue under
medical control since his problem is not surgical and must remain under continuous clinical
monitoring; (2) the patient has a sufficient history of the disease and should be placed on the
surgical waiting list; or (3) the patient is not relevant for care in the ENT unit. Suppose the
doctor indicates that the patient should be placed on the waiting list for surgery at the exact
moment of the consultation. In that case, the professional evaluates the 20 biopsychosocial
variables to determine their level of prioritization. Suppose, in the previous process, the
patient is highly prioritized. In that case, they will be evaluated by the Surgical Waiting List
Committee, who will determine by consensus, after studying the necessary clinical and
management history, if the patient goes on to the surgical process. If the Committee gives
the go-ahead, the patient will soon undergo surgery. The above described is performed
weekly and for the entire waiting list of prioritized patients.

The process stages follow a normal distribution of their care times, which were mea-
sured during one month in the ENT unit. The admission stage has a mean of 5 min and a
standard deviation of 1 min. Both diagnostic confirmation and medical consultation have a
mean of 15 min and a standard deviation of 3 min. The biopsychosocial evaluation stage
has a mean of 2 min and a standard deviation of 0.5 min, and the confirmation of patients
to the ward, carried out by the clinical committee, has a mean of 60 min and a standard
deviation of 15 min. The total time of the simulated process was 374,129.38 min.
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Figure 2. SWL prioritization process, according to SA.

Table 2 shows that, despite the efforts made to manage the waiting lists, the number of
patients who remain waiting as of 31 December of each year exceeds one thousand patients,
since of the 2788 patients who enter the surgical waiting list, approximately 520 can be
operated on annually with the resources available during business hours, and around 1200
are resolved with strategies for the purchase of medical services during non-business hours.

3.3. The New Dynamic Patient Selection Strategy in SWL (SB)

To develop the new dynamic surgery patient selection strategy, SB, we used infor-
mation from 205 patients characterized by twenty predictor variables constructed by the
seven physicians (see Table 1). When specialists apply these variables to each patient
admitted to SWL, they obtain a prioritization measure—Pscore In this way, we obtained
the first adjusted model, (1). Later, and to improve the quality of the model, we used the
mixed selection method to select the variables statistically significant that require an MLR
scheme, obtaining (2). Then we fit a model with those predictors that meet the statistical
assumptions, which allowed us to create (3) finally. We performed the validation and
estimation of its predictive quality for this model. We detail below the elements of the
methodology, which was built with the support of the statistical software RStudio.

3.3.1. Multiple Linear Regression: Initial Model

The estimation of the parameters βi, i = {1, . . . , 20}, allowed us to adjust the prior-
itization given by the physicians considering the new vector, Pscore (see Figure 3), as a
dependent variable, to then be able to obtain predicted physician score, psp. Tanto Sever
as Ccrit are some of the variables used by the health team of the ENT unit that allows for
characterizing patients (see Table 1). In this way, and with the elements mentioned above,
we have formulated (1):

psp = β0 + βi(Severp) + · · ·+ βi(Ccritp) + ε, (1)

where β0 is the intercept term, ε is the measure of error and βi are the estimated parameters.
(1) has filed an adjusted R-Square of 0.9743, a F-statistic 387.4 and RSE of 0.03656. However,
we find that some predictors are not statistically significant (i.e., have a p-value greater
than α: 0.05, reference value for each test t-statistic). To correct that, we used a criterion that
allows selecting significant variables for a better fit.
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Figure 3. Pearson’s correlation coefficient evidences a strong linear relationship of the test data
between the Pscore (priority given by physicians to patients using 20 variables) and Predscore (p̄sp),
associated with the final fitted model (3). *** There is a robust linear relationship between the
predicted score from the test data and the initial score, Pscore.

3.3.2. Variables’ Selection

For the selection of the variables we used the mixed selection method, stepwise,
which is a combination of forward and the backward selection. The new model starts
without the inclusion of variables; then, and through the forward selection strategy, we
added the variable that gives us a more excellent fit, which for this particular case, is Sever
(see wi in Table 1). Then, we continued to add variables one-by-one. Hence, if at any point
the p-value for one of the variables in the model rose above a certain threshold, we removed
that variable from the model. We continued to perform these forward and backward steps
until all variables in the model had a sufficiently low p-value. In this way, we obtained a
new adjusted model with 15 predictor variables, (2).

p̂sp = β0̂ + β î(Severp) + · · ·+ β î(Ccritp) + s, (2)

where p̂sp is the predicted physician score associated with the fifteen variables, β0̂ is

the intercept, s is the measure of error and the β î, î = {1, . . . , 15}, are the new adjusted
parameters. Despite losing information with the five variables excluded by the mixed
selection (i.e., Tlist, Opat, Diag, Acc, Ccrit), the results have not deteriorated, since
an adjusted R-Square of 0.9741, an F-statistic 512.3 and an RSE of 0.0367 were obtained. To
see if it is possible to reduce more variables without losing the quality of (2), we evaluated
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the presence of multicollinearity between the fifteen variables, using the variance inflation
factor (VIF), the test of the Lagrange multiplier (Breusch–Godfrey), and a correlation matrix.

For VIF, some variables, such as Urg y Jclin, have a value greater than 5. According
to this criterion, there is a suggestion of multicollinearity between the variables, excluding
those exceeding that threshold from the model. We also evaluated the Breusch–Godfrey
hypothesis test (p-value: 0.007028), confirming the presence of multicollinearity in the vari-
ables Urg, Jclin, Com, Hanor, Olim. Finally, with the correlation matrix’s visualization,
we confirmed that the correlated and previously similar predictors should come out of
the model. The Sever variable was taken as a reference, considering that it is the one that
explains a more significant proportion of the variance. Figure 4 shows the variables that,
with a correlation equal to or greater than 0.5 with respect to Sever, were removed from
the model.

 

Figure 4. Correlation matrix of the variables used in (2). Multicollinearity is displayed when
comparing the variable with the highest fit, Sever, with respect to the predictor variables Urg,
Jclin, Com, Hanor, Olim.

With the above criteria, we have fitted a new model, (3), which has ten predictors (i.e.,
Sever, Tsuen, Pmcx, Dest, Lfam, Ncuid, Rcuid, Dolor, Dtras, Dtrab) that are sta-
tistically significant and do not present multicollinearity problems. Below is (3), which
represents the final fit of our predictive model.

p̄sp = β0′ + βi′(Severp) + · · ·+ βi′(Ccritp) + g, (3)

where p̄sp is the predicted physician score associated with the ten selected variables, β0′ is
the intercept, g is the measure of error and βi′ , i′ = {1, . . . , 10} are the adjusted parameters
that proportional (3). According to the characterization that each patient has in SWL, the
patient has a score according to the medical evaluation, e.g., If a patient has Sever=low his
score will be 0.06, and if you have no problems to work, Dtrab=no, its value will be 0.071.
These values are explained in the Appendix B of Silva-Aravena et al. [14]. Now, if we
calculate the score of a patient p using the new βi′ (see Table 1), and whose characterization
is given by: Sever = medium ≈ 0.29; Tsuen = severe ≈ 0.66; Pmcx = medium ≈ 0.33;
Dest = no ≈ 0.06; Lfam = no ≈ 0.091; Ncuid = no ≈ 0.068; Rcuid = no ≈ 0.061;
Dolor = 1 ≈ 0.016; Dtrab = yes ≈ 0.929; and, Dtras = yes ≈ 0.875, his SWL entry
prioritization value and which is predicted by (3), p̄sp, will be:

p̄sp = −0.0292 + 0.58(0.29) + 0.6(0.66)+
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0.20(0.33) + 0.24(0.06) + 0.63(0.091)+

0.56(0.068) + 0.51(0.061) + 0.20(0.016)+

0.22(0.929) + 0.80(0.875) + 0.06

p̄sp ≈ 1.71

3.3.3. Training and Testing Process: Model Fit

For the (3) training process, we used a random sample of 50% of the available patient
records, which is equivalent to 102 cases, and the rest of the information was used for
the validation and testing stage, which will be used in Section 3.3.4. In this way, (3)
simultaneously solves the problems of autocorrelation and the significance of the variables.

Although there was a loss of information due to the elimination of 50% of the variables
of the original dataset, this did not affect the global evaluation of (3). In fact, the significance
of the selected variables allowed us to obtain an RSE of 0.06822, an adjusted R-squared of
0.9104, a global F-statistic of 208.4 and a p-value < 2.2 × 10−16. The above results imply
that; (1) there is a linear relationship between the selected predictors and the response
variable, Pscore, confirmed with the global results of the F-statistic; (2) the importance of
the selected variables was obtained with the mixed selection method; (3) the adjustment of
(3) was confirmed with RSE and adjusted R-squared; and (4) the predictors provide a good
fit to estimate Pscore.

3.3.4. Model’s Validation

For the validation of the model, we used the autocorrelation tests of the variables.
In addition, we measured the residuals based on independence, normality, and constant
variance. Subsequently, we compared the prioritization of anonymous patients, Pscore,
and compared it with the predictive capacity of the model, Predscore. Figure 3 shows the
linear relationship between Pscore and the physician predicted score, Predscore ( p̄sp).
We also performed cross-validation with resampling methods (see Table 4).

Figure 5 shows the correlation matrix of the variables selected for (3), which indicates
that there is no multicollinearity between the predictor variables. Anyway, as some cor-
relation problems are not detected with the matrix, we obtained the VIF of each selected
variable. Considering the limit of tolerance of 5 VIF, the results presented in Figure 6 rule
out autocorrelation problems between the variables. To confirm the above, we applied
the Breauch–Godfrey test. A p-value of 0.5031 was obtained in the test result hypothesis,
confirming the absence of autocorrelation in (3).

 

 

Figure 5. Correlation matrix of variables of the final adjusted model, (3). Absence of multicollinearity
between the predictor variables is visualized.
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Figure 6. Variance inflation factor (VIF) of each predictor variable of (3). The tolerable limit to avoid
collinearity problems between variables is 5.

On the other hand, in Figure 7 we can see the constant shape of the residuals and a
linear relationship between the 10 predictor variables and the response variable, Pscore. In
other words, there is no evidence of a pattern that demonstrates any nonlinearity problem.
To measure the independence of the residuals, we performed the Durbin–Watson test,
obtaining a p-value of 0.2061, which confirms the independence of the residuals. On the
other hand, we performed the Shapiro–Wilk test to evaluate the normality of the errors,
which was confirmed with a p-value of 0.3492. To assess if the residuals are homoscedastic,
we performed the studentized Breusch–Pagan test, which reported a p-value of 0.3291,
confirming that the residuals are homoscedastic. That is, they have constant variance (see,
Figure 7).

Is of particular interest for the validation of the model to measure the error of the
unknown data (i.e., test data), by RMSE. To estimate RMSE, we used the cross-validation
approaches: LOOCV, k-Fold Cross-Validation, and repeat k-Fold Cross-Validation. Table 4
shows the results of RMSE, R-squared and MAE, , the latter used to quantify the (3)
prediction. The results of the different both approaches confirm the performance of the
model against the test data. On the other hand and to assess the quality (3) predictive , we
obtained a Pearson correlation of 0.96 between Pscore and Predscore. Figure 3 shows the
linear relationship of both variables.

 

Figure 7. Residuals with constant variance. Linear fit of the predictor variables of (3).
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Table 4. Different cross-validation methods for measuring the performance of the predictive (3) with
the test data sets.

Resampling Method RMSE R-Squared MAE

LOOCV 0.0703 0.9045 0.0573
5-Fold 0.0708 0.9014 0.0579
10-Fold 0.0705 0.9090 0.0573
10-Fold,repeated 3 times 0.0696 0.9061 0.0573

The above tests and the certainty in predicting the priority of new patients confirm that,
with a reduced model of variables, it is possible to replicate the priority given by physicians
by comparing the level of importance of the selected variables for more automation and
work prioritization in the network. This situation shows improvements in clinical times for
greater medical productivity. The detail will be seen in Section 4 of the results.

The prediction of patient prioritization in SWL establishes an improved methodology
for the unit of ENT from HCH. Additionally, and linked to the predictive priority model,
we propose a scheme that dynamically quantifies the risk of patients and the choice of these
as candidates for surgery. The details of the new strategy are presented below.

3.3.5. Determination of the Dynamic Risk Function

Once patient p has been assigned his predicted physician score of (3), p̄sp, she must
wait on the list until he is contacted for surgery. While she waits, her clinical condition
evolves, which may lead to a change in the position of SWL and her level of risk.

The health teams, both PHC and HCH, need to know the complete information of
each patient p who enters SWL for timely and effective medical decision-making in the
choice and surgical scheduling, where the waiting time becomes fundamentally critical
for patients.

The elements present in the dynamic determination of the waiting patient hazard
function are: (1) the amount of time that patient p has spent in SWL, which is compared to
the maximum amount of time that patient p, has to wait, as directed by the physician at the
time the patient is admitted to SWL; (2) a factor that measures the number of additional
pathologies of patient p, which is determined by the health team and is updated each time
patient p sis diagnosed with an additional pathology, and different from that of admission
to SWL (see Table 5); and (3) the impact of the type of diagnosis of admission to SWL
according to the criteria of the medical team (see Table 6). In this way, the level of risk,
rp(t′), is defined as:

rp(t′) =

[
t′ − tp

cjp

]
+
[
app(t′)

]
+

[
exp

1
dtp −1

]
, (1)

where (exp
1

dtp − 1) is the value obtained by the health team and the consensus classification
given by them to the type of diagnosis of admission to SWL, where dtp = 1 are the most
complex and serious diagnoses, and dtp = 4 the most minor complex (see Table 6). On the
other hand, app(t′) is a factor provided by ENT physicians that quantifies the additional
pathologies of the patient upon admission to the SWL or when they develop during the
time on hold. In that sense, and for each app(t′), the physicians were consulted to assign
a factor between 0 (not relevant) and 2 (very relevant); let λj,p(t′) be the factor assigned
by the consensus of the physicians to each app(t′) of patient p in t′, where j ∈ {1, . . . , 14}.
Table 5 shows the consensus factor assigned to each of the additional common pathologies
in the ENT unit is given by:

app(t′) =
14

∑
j=1

λj,p(t′). (2)
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On the other hand, cjp is the clinical judgment of the maximum waiting time, and tp is
the date of SWL admission. Both PHC physicians and the HCH ENT unit health team can
update app(t′) of the patients in SWL and the medical history each time a patient consults.
All this depends on the privilege they have (see, Figures 8 and 9).

Table 5. Additional pathologies or conditions that ENT patients in SWL commonly present. The
medical team agreed upon the group and the Factor of each one.

Pathology or Status Factor (λj,p)

Valvulopathy or other heart disease 1.8
Risk of malignancy 1.6
Sleep apnea syndrome 1.4
Chronic lung disease 1.4
Immunosuppression 1.3
Rheumatoid arthritis 1.1
Arterial hypertension 1.0
Diabetes 0.9
Risk of infectious complications 0.8
Hearing loss 0.8
Depression/Anxiety 0.5
Neurological complications 0.5
Gastrointestinal disorders 0.3
Down’s Syndrome 0.2

Table 6. Diagnostic Types, dtp, most common admissions to SWL in ENT units, and defined in
consensus by the health team.

Diagnostic Name Diagnostic Type (dtp)

Tonsil tumor 1
Nostril tumor 1
Middle ear tumor 1
Glottis tumor 1
Subglottic tumor 1
Maxillary sinus tumor 1
Ethmoid sinus tumor 1
Frontal sinus tumor 1
Sphenoid tumor 1
Other tumors 1
Tonsil and adenoid hypertrophy 2
Adenoid hypertrophy 2
Tonsil hypertrophy 2
Chronic mastoiditis 3
Middle ear cholesteatoma 3
External ear cholesteatoma 3
Nasal septum deviation 3
Nasal turbinate hypertrophy 3
Nasal polyp 3
Tear duct obstruction 4
Frontal mucocele 4
Tympanic membrane perforation 4
Chronic tonsillitis 4
Inflammatory polyposis 4
Chronic sinusitis 4

Figures 8–10 represent the decision support system (DSS), enabling collaborative and
networked work between PHC and HCH. For example, if a physician belongs to PHC,
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she will complete the required elements in Figure 8; when a patient consults for their
health status, symptoms lead to suspicion of a surgical diagnosis linked to ENT. In this
way, the doctor registers the variables Dest, Lfam, Ncuid, Rcuid, Dtras, Dtrab and
Dolor, and refers the patient to the ENT unit at HCH. Then, the patient will be treated
by an ENT specialist physician at HCH, who, after clinical and diagnostic evaluation,
will confirm, modify or reject the diagnosis given to the patient at PHC. If the evaluation
confirms that the diagnosis is surgical and not urgent, the specialist must complete the
variables Sever, Tsuen, Pmcx y Cj, obtaining the level of priority and risk given by the
system to the patient admitted to the waiting list. Immediately, the same specialist doctor
will be able to observe the location of said patient to monitor and control the evolution of
the disease during the time they remain on hold (see Figure 10).

Figure 8. The patient consults in PHC. If the PHC physician suspects a surgical diagnosis for the
surgical waiting list, he/she completes the variables and pathologies from the patient and refers
him/her to ENT units, see Figure 9.

Figure 9. When the patient reaches the ENT unit, the ENT physician evaluates the patient, and
confirms, modifies, or rejects the patient’s diagnosis. If he/she confirms or modifies the diagnosis,
he/she completes the prioritization variables SWL and calculates the risk and priority of the patient.

For instance, take two patients, p and p′, who were admitted to the SWL on the same
day and where the treating physicians indicated cjp = 1 month and cjp′ = 3 months,
respectively. In addition, and the first month after being added to the list, patient p was
diagnosed with two additional pathologies, high blood pressure, and diabetes (i.e., with
a factor λj,p(1) of 1.9 = 1.0 + 0.9). Patient p′, meanwhile, has not developed additional
pathologies during his waiting time (i.e., with a factor of 0). Finally, the SWL admission
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diagnosis for patient p was a tonsil tumor, and for patient p′ chronic sinusitis (see Table 6).
Thus, the level of risk after six months on hold for each patient is given by:

rp(6) =
6
1
+ 1.9 + 1.7 = 9.6 and rp′(6) =

6
3
+ 0 + 0.3 = 2.3;

so, although both patients have been waiting for 6 months for a surgery, patient p is
4.17 times more at risk than patient p′, i.e., 9.6

2.3 = 4.17. It is evident that, even when both
were admitted to the SWL on the same day, the level of risk and severity of patient p
has grown with greater magnitude. Therefore, they are a higher priority for surgery than
patient p′.

Figure 10. In this Figure, the health team can see the list of shortlisted patients and decide who will
go to the ward soon.

The antecedents above demonstrate the importance of the traceability and availability
of information on patients on the surgical waiting list for adequate decision-making that
benefits clinical and administrative network work proposed by the SB strategy of this
paper. For a better understanding of SB, embedded in Figure 11, we take the following
example. The HCH and PHC health team defines in consensus the 10 variables of (3) that
will be measured for each patient. Then, and at PHC, the physician will evaluate seven
variables, see Figure 8, of patients suspected to be in need of surgery and will be referred
by the same system to the Otolaryngology unit of the HCH. Then, the incoming patient
reviews the patient’s history and sends him to the attention box, where the doctor evaluates
the diagnostic opinion of the PHC doctor plus the clinical history and diagnosis of the
patient at that time, thus being able to make three types of decision: (1) the patient must
continue under medical control since his problem is not surgical and must continue under
continuous clinical follow-up; (2) the patient has a sufficient history of the disease and
must be included on the surgical waiting list; or (3) the patient is not relevant to care in
the ENT unit. If the specialist doctor excludes that the patient should be placed on the
waiting list for surgery, at the exact moment of the consultation, the professional evaluates
only three biopsychosocial variables and adds the clinical judgment of maximum waiting
time (see CJp and Figure 9) to then determine the level of prioritization of the patient. If,
in the previous process, the patient is highly prioritized, they will be evaluated by the
Surgical Waiting List Committee, who will determine by consensus, after studying the
necessary clinical and management history, if the patient goes on to the surgical process.
If the Committee gives the go-ahead, the patient will soon undergo surgery. The above
described is performed weekly and for the entire waiting list of prioritized patients.

As we will describe in the next section, the health team has defined a patient selection
mechanism. To do this, we have constructed a predicted physician score, p̄sp, linked to a
dynamic mechanism that quantifies patients’ risk level, rp(t′). These elements are part of
the new SWL management SB strategy through collaborative network work.
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Figure 11. Prioritization process based on the proposed networking strategy, SB.

3.3.6. Patients Selection Protocol

The final component of our DSS is the automated and weekly selection that the health
teams carry out, taking the orderly proposal of patients made by the system with the
updated information from the SWL. The patient selection algorithm, cp(t′), is composed of
the sum of p̄sp and rp(t′), as follows:

cp(t′) = p̄sp + rp(t′); (3)

for example, if patients p and p′ had a predicted prioritization of p̄sp = 1.71 and p̄sp′ = 1.2
at the time of entering SWL, and their risk level obtained after spending six months waiting
(i.e., rp(6) = 9.6 y rp′(6) = 2.3). Therefore, the order of selection for surgery would be:

cp(6) = 1.71 + 9.6 = 11.31 and cp′(6) = 1.2 + 2.3 = 3.5;

that is, patient p with cp(6) = 11.31 would be the first patient selected for surgery, and p′

with cp′(6) = 3.5 the second. The above analysis is calculated for the entire SWL.
Networking can be seen in Figures 8–10, where PHC and ENT physicians interact and

update each DSS record each time patients consult. Therefore, the patient selection protocol
is developed according to the following procedure:

1. Patients with health problems associated with ENT visit the physicians at PHC,
who, in the case of surgical suspicion, complete in the DSS the information of seven
variables of (3) (i.e., Dest, Lfam, Ncuid, Rcuid, Dtras, Dtrab, Dolor). This was
defined by a patient assessment protocol between PHC physicians and ENT specialty
physicians (see the system in Figure 8 and the process in Figure 11). The PHC
physician will also add the additional pathologies that the patient has, and the system
will automatically calculate app(t′), which the ENT specialist in step 2 can also update.

2. The patient admitted to the DSS is referred by the same system and using a referred
medical care order to the ENT specialist, who evaluates the patient’s clinical condition
and confirms if his diagnosis is surgical. If so, the physician completes the three
missing variables of (3) (i.e., Sever, Tsuen, Pmcx). The DSS automatically calculates
the predicted score, p̄sp, (see the the system in Figure 9 and process in Figure 11). The
specialist physician will also add the maximum time that patient p should remain on
hold, cjp.;

3. Each day the order of the SWL will change depending on the dynamic risk of each
patient, rp(t′). so and every week, the ENT clinical committee will manage the
resources required to perform as many surgeries as possible according to the order of
the list provided by cp(t′) (see Figure 10). SWL patients will remain controlled and
monitored until their surgical turn corresponds. ;

4. If a patient undergoes surgery and after his first post-surgical medical control in the
ENT unit, he will leave the SWL and be referred to the PHC for preventive follow-
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up. This process would be carried out for each prioritized patient selected by the
committee and whose surgical problem is resolved;

The procedure described above is performed automatically by the devised tool. The
list of all patients whose surgeries are proposed to be scheduled within the informed
available operating-room time corresponds to the list of selected patients. The clinical team
refines this list according to additional considerations that are not included in the DSS;
for instance, surgeons’ availability, special clinical supplies’ availability, and unexpected
changes in the patient’s conditions, among other situations.

4. Main Results of Methodology

The methodology results were agreed with the medical teams of the PHC and the ENT
unit of the HCH, where patients with different types of surgical diagnoses and the position
of each of them in the SWL were reviewed. The results presented below show that the new
SB strategy supports the management of health teams and improves patient attention. This
new proposed strategy efficiently uses patient prioritization, impacting timely, just, and
equitable selection, thus improving care for each patient.

4.1. Efficiency of the Prioritization Process

Tables 3 and 7 show the difference in times, measured in minutes, obtained by sim-
ulating both strategies, SA and SB, respectively. Table 7 shows that by following the
methodology proposed in this work, the times of the health team are optimized, saving
around 112 h per year, which is the total process time, measured in minutes between SA
and SB, i.e.,

(
374.101 − 367.358

60

)
≈ 112.4 h.

Table 7. Simulation of the network prioritization process for new patients in SWL, measured in
minutes, according to the new SB strategy.

Stage Patients Minimun Average Maximum Total

Admission 6970 1.05 5.00 8.36 34,850.00
Diagnostic confirmation 6970 4.51 14.94 24.56 104,131.80
Medical control 4112 4.30 14.98 25.05 61,597.76
Biospychosocial assessment 2788 0.08 0.16 0.2 446.08
Confirmation of patient to ward 2788 48.15 59.66 72.11 166,332.08
Total process time – – – – 367,357.72

4.2. Surgical Performance

According to the protocol defined by the Chilean Ministry of Health, a significant
outpatient surgical intervention is a procedure in a ward that must be performed by one
or two physicians, who allocate an average of 1 hour per surgical act. All this depends on
the characteristics of the surgery, the patient’s condition, the available resources, and the
complexity of the surgery itself. However, and as observed in the data provided by the
HCH ward system, the surgeries classified by ENT physicians as less severe (i.e., dtp = 4,
see Table 6) have been preferably performed in 1 hour and by one ENT physician. Then,
and assuming that only surgeries of said group are performed and according to the hours
saved in Section 4.1 by means of the SB strategy, about 20% of additional surgeries would
be produced during business hours, around 100, with the resources available (i.e., if with
SA there are 520 surgeries on average per year, with SB there would be 620 (see Section 3.2)).
The foregoing would allow an annual reduction of up to 10% of the SWL, considering that
at the cutoff date of 31 December of each year about 1000 patients waiting in the ENT unit
(see Table 2).

4.3. Reduction of the Risk of Patients on the SWL

As we have pointed out, the dynamism of the level of risk of patients in SWL evolves
daily, being able to alter the order of selection of patients to the ward. For this reason, with
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the health team, we decided to compare the elements associated with the risk function and
its quantification, taking the average of one month as a reference. For SA and SB, we use
the month of August in 2020 and 2021, respectively. As shown in Table 8, there is a lower
monthly average waiting time for SB than SA, [t′ − t.]. The previous is due to the greater
efficiency of the process (optimization of medical hours), which has allowed physicians to
suggest shorter waiting times for patients, cj.. On the other hand, and due to networking
with PHC, a more timely investigation of patients has been generated, which translates
into a lower monthly average number of additional pathologies, ap.(t′) and diagnoses of
less severe admissions to SWL, [exp

1
dt. − 1]. Thus, SB demonstrates an 8% lower SWL risk

level than SA.

Table 8. Comparison of the monthly risk level of the SA and SB strategies of the SWL. The values are
expressed as a monthly average, August 2020 for SA and August 2021 for SB.

Strategy [t′− t.] cj. ap.(t′) [exp
1

dt. −1] r.(t′)

SA 41.3 18 2.90 1.20 6.39
SB 36.1 15 2.64 0.83 5.88

5. Discussion

The methodology presented in this work and due to the ease for PHC and ENT physi-
cians to interpret the results of waiting patients, the multiple linear regression techniques
turns out to be effective in predicting the score of new patients admitted to SWL in this unit,
a technique that also satisfies the assumptions and statistical hypotheses with the avail-
able data. However, this prediction of patient priority could also be effective using other
available machine learning methods that are competent with multiple linear regression
(i.e., regression decision tree, support vector machine, among others).

Several works, such as García-Rojo et al. [5], Madanipour et al. [6], Cheng et al. [7]
and others have shown the risk, consequences, and impact that the COVID-19 pandemic
has caused on surgery waiting lists. However, unlike these works, our proposal offers
the possibility for health teams to work in coordination and as a network, contributing to
carrying out personalized clinical actions and controlling patients’ risk levels during the
pandemic period.

On the other hand, and if this methodology needs to be replicated and scaled to other
HCH units or to other hospitals in the network with SWL problems, it is imperative to
analyze each case independently, since the clinical conditions of the patients differ from one
unit to another and/or from one hospital to another, and where other types of variables are
likely to come into play, which may not be linear with respect to the priority and dynamic
risk of patients.

Despite the advantages offered by the proposed methodology, we believe that it is
necessary to consider the evaluation and selection of patients through a control mechanism,
such as, for example, a controlling doctor, who could evaluate the opinions that each doctor
incorporates for each patient, at the time of prioritization. Due to the experience of specialist
professionals, there may be natural clinical variability, which could differ from the opinions
of primary care physicians. This situation could cause differences when selecting the most
urgent patients for surgery in this line of sensitivity. For this reason, it is essential to have
technical protocols prepared by the consensus of the participating health team.

On the other hand, the Clinical Committee meets weekly to decide which patient to
schedule for surgery (see Section 3.3.6), which should be held in a consensus meeting. This
selection decision is due to additional management components that are analyzed and
discussed among physicians. For example, suppose the patient prioritized as No. 1 requires
a particular element for his surgery (machine, supplies, equipment, etc.) and the hospital
does not have it. In that case, the institution must manage that resource, and the patient
will be operated on in time and as soon as possible when they have everything they need.
Therefore, they will schedule patients 2, 3, and so on, as long as they have all the necessary
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resources for surgery. For the reasons mentioned above, this process continues to be manual
since clinical considerations must be evaluated as well as management considerations that
are not contemplated in this work.

Regarding the data division for model training, we use 80%, 70%, 60%, and 50% of
training. As there was no significant difference between the different strategies, we finally
opted for a 50%. However, other alternatives can be implemented, such as using cross-
validation with stratification to generate another division of the data. This implementation
can give continuity to work and offer improvements to what is proposed.

Although we were able to replicate the priority given by physicians in Silva-Aravena
et al. [14] using 50% of the variables and using new relative weights or betas, it is mandatory
to consult the clinical opinion in the decision process since, for (3), the outliers or the
variability of a particular case could be highly sensitive to the results. In addition, there
are qualitative and resource management considerations available to medical experts to
complement better decision-making in prioritization, risk assessment, and patient selection
for surgery. In the same way, and as the present model has been built thanks to the
opinion of the physicians of the ENT and PHC unit, it is necessary to consult the opinion
of specialists in other hospitals and network-linked services to know and minimize the
variability and bias of the opinions of the physicians regarding the management of the SWL.

6. Conclusions and Future Work

In the present work, we have developed a methodology for the selection of new
and anonymous patients in SWL—the SB strategy—which contemplates a mathematical
algorithm that measures, on the one hand, the dynamic risk of the patients, and on the
other hand, a prioritization scheme based on a multiple linear regression model. For this,
we used the registry of 205 anonymous cases of SWL patients from the ENT unit of HCH.
Then, and through the use of the mixed selection method, we discovered those relevant
variables of (3), which, with new β′i, allowed us to replicate and predict the priority of
patients through p̄sp. With this new strategy it is possible to predict the prioritization
results of the previous strategy, SA. This methodology provides new elements and a greater
degree of effectiveness in the management of SWL, since the health team can determine
the selection of new patients with a greater degree of automation and in less time, thereby
benefiting the patients and the management of the ENT unit.

From a methodological point of view, the new prioritization proposal complies with
the statistical assumptions associated with multiple linear regression models. In addition,
and in the component that measures patients’ risk in SWL, we include the criteria of
specialists in the clinical area. This experience allowed us to mathematically model the risk
function for each new patient who enters the waiting list. This combination and dynamism
allows for characterizing, prioritizing, and selecting patients, favoring the management of
the health team.

The new strategy presented in this article (SB) was compared with the strategy used by
physicians (SA). The reduction of time to prioritize patients in SWL decreases by 112 h per
year, which translates into approximately 100 additional surgeries per year and an average
10% reduction in SWL. On the other hand, the risk of SWL decreases by 8%. Likewise,
by reducing the prioritization variables from 20 to 10, greater computational efficiency is
produced, simplifying the problem and discovering greater understanding on the part
of the health team in decision-making. This methodology will help reduce SWL in the
ENT unit since it will improve efficiency (optimization of medical hours) and effectiveness
(more potential surgeries), allowing greater patient satisfaction. These types of strategies
must be developed with health teams for the benefit of patients and be constantly validated
over time.

In order to successfully implement this type of strategy in other health services, it is
necessary to have the variables, relevant attributes and/or criteria of the experts in each
area and have the data to be able to model, train, and validate the strategy robustness of
algorithms with similar characteristics on patient prioritization and selection systems.
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We hope to implement new simulations of our methodology using new kinds of data
and variables in health care units. We also intend to implement this methodology in a
system belonging to an actual HCH unit.
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