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Abstract: Acute pulmonary embolism (APE) is a cardiovascular emergency, representing the main
cause of mortality, morbidity, and hospitalisation in Europe. We aim to evaluate the economic and
healthcare impact of lung perfusion scintigraphy (LPS) used in patients with suspected APE, in the
event of non-conclusive or contraindicated computed tomography pulmonary angiography (CTPA).
We considered two alternative healthcare processes for APE diagnosis, with and without LPS. We
performed a cost analysis with the aim of evaluating the average direct healthcare costs for diagnosis,
risk assessment, and treatment of APE. We used data from a monocentric trial. Our economic model
showed that the strategy with LPS was preferable in terms of costs. The average per-patient costs for
the diagnosis and treatment of the acute phase of PE in low-risk patients with a non-conclusive or
not-executable CTPA, with and without LPS, are EUR 2145.25 and EUR 4912.45, respectively. LPS is
a simple, quick, and economic examination, useful in this setting of patients not only for an early
diagnosis but also to exclude APE, demonstrating an advantage in terms of healthcare resources. To
the best of our knowledge, this study is the first to analyse the economic and healthcare impact of the
use of LPS in the diagnostic pathway of suspected APE.

Keywords: acute pulmonary embolism; lung perfusion scintigraphy; computed tomography pul-
monary angiography; healthcare costs; economic model

1. Introduction

Acute pulmonary embolism (APE) is a cardiovascular emergency defined as the
sudden obstruction of a pulmonary artery, mainly caused by a thrombus-derived embolus
developing in the venous system of the lower limbs in the presence of deep vein thrombosis
(DVT) [1]. It represents the third most common cardiovascular disease (after myocardial
infarction and stroke) and the main cause of mortality, morbidity, and hospitalisation in
Europe, as well as maternal mortality [2]. In Western countries, the yearly incidence of APE
is 50 events per 100,000 inhabitants, whereas in Italy, it is higher in women than in men,
with 55.4 and 40.6 events per year per 100,000 inhabitants, respectively (p < 0.001) [3,4].
The APE-related mortality rate is 7-11% within 30 days of diagnosis and rises to 30% in
untreated cases [4]. These data show how important it is to perform an early diagnosis
with easy-to-use, safe, and highly accurate diagnostic tools. The first hours after clinically
suspected onset are critical [5].
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Multidetector computed tomography pulmonary angiography (CTPA) is considered
the method of choice for the imaging of pulmonary vascularisation. However, the low
patient compliance, especially in cases of polytrauma, immobilisation, and assisted ventila-
tion, as well as frequent cases of a presumed or ascertained allergic condition to the contrast
medium, chronic renal failure, and concerns regarding pregnancy or fertility in women
reduce its feasibility, especially in an emergency setting [6]. In addition, in some cases,
CTPA is not conclusive with respect to the diagnosis of APE; further investigation is then
required, often leading to inappropriate hospitalisation as a precautionary approach [7].

Lung perfusion scintigraphy (LPS) is a simple, easy-to-perform, and inexpensive nu-
clear medicine method with no contraindications or side effects, showing high performance
for the diagnosis of APE in patients with high clinical suspicion but with inconclusive
CTPA imaging. Due to its characteristics, LPS can be performed in all patients, including
uncooperative and critical patients, as well as those with iodinated contrast medium (ICM)
allergy and chronic renal failure. Furthermore, considering its very low irradiation, it can
also be performed in young fertile or pregnant women [8].

Importance and Objectives

The features reported above highlight the importance of LPS as a support in the diag-
nostic process of patients with suspected APE, providing elements that help to more clearly
define the presence and the level of severity of embolism and, consequently, allowing the
activation of the most appropriate therapeutic pathway.

Currently, the use of LPS in an emergency regimen is not carried out in all hospital
centres. Moreover, to the best of our knowledge, no study has analysed the changes in
healthcare pathways and the resources needed for the adoption of LPS to overcome the
limits of other imaging methods in the healthcare decision-making process.

The aim of this study is thus to evaluate the economic and healthcare impact of adding
LPS into the diagnostic pathway of suspected APE in the case of a non-conclusive or con-
traindicated CTPA examination, demonstrating, through our experience, the importance of
a nuclear medicine service.

2. Materials and Methods

The current study was performed according to the Consolidated Health Economic
Evaluation Reporting Guidelines (CHEERS) [9].

2.1. Patient Population—QOrganisation

We retrospectively evaluated patients with suspected APE and inconclusive or con-
traindicated CTPA who were admitted to the Nuclear Medicine Department, sent from
the Medical Clinic, Surgery, or Emergency Room Department, to perform LPS in ordinary
(from 8:00 a.m. to 4:00 p.m.) or emergency (the remaining 16 h) regimens [10].

The suspicion of APE was based on the presence of clinical symptoms (in particular,
chest pain, dyspnoea, and cough), associated with altered biohumoral values (D-dimer
dosage > 500 ng/mL), and abnormalities on the chest X-ray [11].

2.2. Lung Perfusion Scintigraphy (LPS): Acquisition and Interpretation Criteria

Lung perfusion scans were acquired using the OPTIMA NM/CT 670 or OPTIMA
NM/CT 640 gamma camera (GE Medical System, West Milwaukee, WI, USA) soon after the
intravenous injection of 185-370 MBq metastable technetium 99-labelled macroaggregated
albumin (™ Tc-MAA) particles.

According to the European Association of Nuclear Medicine (EANM) guidelines [8],
LPS was acquired via the planar technique in the anterior, posterior, right and left pos-
terior /anterior oblique, and latero-lateral projections, using the following acquisition
parameters: 128 x 128 matrix and 500-700 K counts per projection.
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If necessary, an additional acquisition of LPS was performed using the single photon
emission tomography (SPET) or SPET/CT techniques to obtain tomographic images with
additional morpho-functional details.

In order to interpret LPS, the two criteria suggested by the Prospective Investigative
Study of Acute Pulmonary Embolism Diagnosis (PISAPED) were used: (1) the presence of
single or multiple wedge-shaped perfusion defects; and (2) the size of pulmonary perfusion
defects (in the segmental or subsegmental region) [12].

2.3. Risk Stratification and Homecare

The Pulmonary Embolism Severity Index (PESI) has been used as a validated risk
stratification score in predicting 30-day mortality for patients with PE and in identifying
low-risk patients who can be discharged early for home treatment [13].

Based on patient characteristics, including the predictors that comprise the original
PESI and the simplified PESI (sPESI) [14], risk assessment was performed in order to assign
patients to the most appropriate therapy:

e  High risk, for those patients who present shock or hypotension. Due to the high rate
of in-hospital mortality, especially in the first hours after hospitalisation, they must be
addressed to thrombolytic therapy or, if contraindicated or not enough, to surgical
embolectomy. These patients need hospitalisation with intensive care;

e Intermediate risk, for those patients in apparent hemodynamic stability on admission
showing signs of right ventricular dysfunction and /or myocardial injury. The initial
preferred anticoagulant therapy is unfractionated intravenous therapy. These patients
need ordinary hospitalisation;

e  Low risk, for those patients without any primary APE-related risk factors for whom
early discharge can be planned with adequate outpatient care and anticoagulant
therapy can be provided (subcutaneous low-molecular-weight heparin; new oral
anticoagulants).

2.4. Clinical Decision Models

Two alternative clinical decision models for the diagnosis of APE were compared in
the present study for patients with inconclusive or contraindicated CTPA: with LPS (LPS
pathway) and with CTPA alone (conventional pathway). These healthcare processes were
represented through the standard graphical Unified Modeling Language™ (UML®). UML
was chosen based on the result of a systematic review of graphical languages/notation
adopted in the healthcare setting, because it allows inter-professional analyses and is also
easy to understand by non-experts [15]. Activity diagrams presented in this work were
realised using Visual Paradigm Community Edition software [16].

The conventional pathway requires that, in cases of suspected APE, the patient should
undergo CTPA, if possible. If it is negative, and in the absence of significant clinical
symptoms, the patient is sent home without further indications for APE unless other
diseases are diagnosed. Conversely, the patient is hospitalised in the case of a positive
result, as well as in the case of non-conclusive or not-executable CTPA (precautionarily)
(see Figure 1).

On the other hand, Figure 2 represents the process for patients with a non-conclusive
or not-executable CTPA when LPS is available (LPS model).

Both clinical decision models include the possibility that (a) patients who undergo
ordinary hospitalisation can incur a worsening of their condition and require a period in
the Intensive Care Unit (ICU); and (b) every patient who undergoes intensive care requires
subsequent ordinary hospitalisation before discharge.
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Figure 1. Representation of the conventional pathway: in the scenario where LPS is not performed, the patient is hospitalised
both in the case of a CTPA-positive result and, precautionarily, in the case of non-conclusive or not-executable CTPA.
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Figure 2. Representation of the LPS pathway: in the scenario where LPS is performed, in the case of non-conclusive or
not-executable CTPA, the patient is precautionarily assisted at home if PE is negative, whereas they are admitted to the best
risk-based hospitalisation regimen if PE is positive.
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2.5. Cost Analysis

Resource utilisation and costs were evaluated from the National Health Service (NHS)
perspective and considered only direct healthcare costs.

The identification of costs was performed through retrospective data analysis consid-
ering the percentage of performed LPS, the percentage of LPS complemented by SPET/CT,
and the average duration and daily cost for intensive care. In addition, we adopted official
data that included national fees for ordinary hospitalisation for PE and diagnostic examina-
tions. For the data relating to the percentage of subjects with an early discharge, we chose
a value of 16.2%, in agreement with the literature [17].

The economic model was defined as a decision tree to evaluate the two described sce-
narios, conventional and LPS pathways, in the case of a non-executable or non-conclusive
CTPA and considering hospital treatment of the acute phase after the risk assessment.

The outcome of the model was the per-patient cost for diagnosis, risk assessment,
and treatment of the acute phase. To address significant uncertainty with the modelled
parameters, sensitivity analyses were undertaken. Each parameter was varied through a
range of plausible values, 25% either side of the base value.

3. Results

As reported in Figure 3, a total of 1846 instances of LPS were performed in our Nuclear
Medicine Department over a period of four years, including patients from the Medical
Clinic (n = 666), Surgery (n = 46), and Emergency (n = 1134) Departments. Of these,
1157 patients were admitted in our department during the emergency timeframe (from
4 p.m. to 8 a.m.), and the remaining 689 during the ordinary timeframe (from 8 a.m. to
4 p.m.). The majority of patients (1386/1846, 75%) could not undergo a CTPA examination
because of allergic diathesis or immediate hypersensitivity reactions (IHRs) to iodinated
contrast media (ICM), whereas 460/1846 (25%) patients underwent CTPA with a non-
conclusive result. Planar LPS was integrated with SPET/CT in 369/1846 cases (20%). LPS
results were positive in 309/1846 (16.7%) patients and negative in 1537 /1846 (83.3%).

Out of the LPS-positive subjects, 9 were found to have a low severity and were
sent home, while 300 were hospitalised. Among the patients requiring hospitalisation,
204/300 (68%) needed intensive care, whereas 96/300 (32%) required only ordinary hospi-
talisation (either in the Operational Unit of Cardiology or Pneumology Department).

The parameters considered in the model were derived from the cohort of our study
and integrated with sources reported in Table 1.

Focusing on the scenario without LPS where PE low-risk patients with non-conclusive
or not-executable CTPA are sent to ordinary hospitalisation precautionarily, our economic
model assumed that the percentage of patients who were discharged after one day was
16.2% [17]. In fact, being discharged after one day was the critical parameter because it
determined the application of a drastic cost reduction, moving from just a one-day ordinary
hospitalisation cost of EUR 405 to an ordinary hospitalisation cost of EUR 4009 (see Table 1).

As detailed in Table Sla—c (in the Supplementary Material), the average per-patient
costs for the diagnosis and treatment of acute phase PE in low-risk patients with a non-
conclusive or not-executable CTPA, with and without LPS, are EUR 2145.25 and EUR
4912.45, respectively, with a difference of EUR 2767.20. Based on our study data, consider-
ing an annual patient flow of approximately 500 patients (1846 patients in four years) and
applying a range of £50% (from 250 to 750), the overall annual reduction in direct hospital
costs could be estimated as varying from EUR 691,800 to EUR 2,075,400.
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Figure 3. Patient flow within the diagnostic and therapeutic process for patients who underwent LPS, integrated with the
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Table 1. Parameters adopted in the economic model.

.. Sensitivity Range
Name Description Basal Value Values (£25%) Source
Prevalence high risk Prevalence of PE subjects 204/1846 8.3%, Internal
& needing hospitalisation in ICU (11.1%) 13.8% retrospective data
Prevalence medium Prevna;ggics of)f(fi;:fjects 96/1846 3.9%, Internal
risk 1§ oraihary (5.2%) 6.5% retrospective data
hospitalisation
Percentage of subjects in
Percentage of subjects ordinary hospitalisation who o 12.2%, .
with early discharge are discharged early, which 16:2% 20.3% Stein etal. [17]
determines a low fare
Daily cost of hospitalisation for
Daily cost of intensive pulmonary embolism for EUR 1350.00, ..
care hospitalisation patients requiring EUR 1800 EUR 2250.00 Expert opinion
intensive care
Number of days of
Duration of intensive hosp1tahsa.t10n forp u}monary .
e embolism for patients 7 days / Expert opinion
care hospitalisation . .
requiring intensive care
(average number)
. Cost of the DRG 78 . .
COS;EZ 1;&?;;?‘3:“5’ (pulmonary embolism) for EUR 405 303.75 €, 506.25 € Italgrrleff["ltgnal
p patients discharged after 1 day
Cost of ordinary ( ulCrgZ:;ith:rrlilzgsﬁ) in EUR 4009 EUR 3006.75, Italian National
hospitalisation pu Y emborism EUR 5011.25 Fares [18]
ordinary hospitalisation
. Cost for executing an ordinary . .
Cost of lung perfusion .. . . EUR 51.36, Italian National
scintigraphy sc1nt1grapl'}y (i.e., .durmg the EUR 68.48 EUR 85.60 Fares [19]
morning regimen)
Additional cost of Additional cost for executing
pulmonary an ordinary scintigraphy (i.e., FUR 41.32 EUR 30.99, Internal
scintigraphy in during the ’ EUR 51.65 retrospective data
emergency evening/night regimen)
Costof SPET/CT ~ Lheadditional cost of an LPS EUR 26.03, talian National
when executed with SPET or EUR 34.71
supplemented LPS SPET/CT EUR 43.39 Fares [19]
Percentage of subjects with a
Percentage of subjects nondiagnostic LPS that o o 5 Internal retrospective
with nondiagnostic LPS requires LPS complemented 20% 15.0%, 25.0% data
with SPET or SPET/CT
. Percentage of LPS instances .
Percentage of LPS in executed during the 1157/1846 (62.7%) 47.0%, 78.3% Internal retrospective
emergency data

emergency timeframe

Based on the sensitivity analysis, the most important driver of the cost difference
between the two strategies is the cost of ordinary hospitalisation (Table 1a). When such cost
is supposed to be low, at EUR 3006.75 (from EUR 4009.00 of the basal value), the overall
expected per-patient cost difference decreases to EUR 2063.81 (EUR 1982.37 vs. EUR 4046.18
for the strategies with and without LPS, respectively). The findings were also sensitive to
the percentage of subjects in ordinary hospitalisation who were discharged early. At its
upper limit of 20.3%, the overall expected per-patient cost difference decreased to EUR
2643.45 (EUR 2145.25 vs. EUR 4788.70). However, the strategy with LPS remained superior
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in terms of cost savings compared with the alternative scenario for all the variables tested in
the one-way sensitivity analysis (see Figure 4 for the six most important model variables).

-- Percentage Subjects Early Discharge (0.203 to 0.122)
-. Prevalence High Risk (0.138 to 0.083)

II Prevalence Medium Risk (0.065 to 0.039)
II Cost LPS (85.6 to 51.36)
'I Cost 1d Ordinary Hospitalisation (303.75 to 506.25)

Cost Intensive Care Hospitalisation (1350 to 2250)

EV: 2767.20
| 1 | I I | I I

Q9 O © @ & ©® & O O DO LSS O
S O S SO LS
N v A N S S AN S S O
Figure 4. Tornado diagram of one-way sensitivity analyses of the differences between the two strategies. EV, expected value
with baseline parameters; LPS, lung pulmonary scintigraphy. Blue bars indicate the effect of the parameter decrease.

An example of the healthcare impact in terms of LPS detection ability is reported
in the next two cases extracted from our sample of patients (Figures 5 and 6). In both
cases, LPS enabled the direct visualisation of lung perfusion through the identification
of perfusion defects at the segmental /subsegmental level, providing information on the
presence, site, and extent of embolism. The availability of modern SPET/CT technology
offers the possibility of adding tomographic acquisition to the standard planar views,
achieving higher sensitivity and specificity for a reliable diagnosis of APE in selected, more
complicated, cases [16].



Healthcare 2021, 9, 716 10 of 14

POST ANT
' ~ \
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RPO RAO

Figure 5. Lung perfusion scintigraphy performed for the suspicion of APE in a 79-year-old patient with dyspnoea, left chest
pain, increased d-dimer values (842 ug/L, n.v. < 500), and chronic renal failure. Planar acquisitions (A) and tomographic 3D
reconstruction (B) demonstrated a single wedge-shaped subsegmental perfusion defect in the posterior segment of the right
upper lobe, thus confirming the suspicion of APE. Consequently, anticoagulant therapy was planned, and after one day
of critical parameter monitoring, the patient was discharged early with adequate home therapy. POST: posterior; ANT:
anterior; RPO: right posterior oblique; RAO: right anterior oblique.

PAN A

RAO

Ay

LPO LAO

POST

*®
RPO

Figure 6. Lung perfusion scintigraphy performed for the suspicion of APE in a 32-year-old pa-
tient affected by a genetic rare disease (MTHFR mutation), who presented severe dyspnoea, hy-
poxia/hypocapnia at arterial blood gas analysis, increased d-dimer values (3253 ug/L, n.v. < 500),
and referred allergic diathesis. Planar (A) and SPECT/CT (B) acquisitions demonstrated multiple
wide wedge-shaped segmental perfusion defects in both lower lobes, thus confirming the suspicion
of APE. Consequently, the patient was immediately referred to the intensive care unit for prompt
therapeutic support. POST: posterior; ANT: anterior; RPO: right posterior oblique; RAO: right
anterior oblique; LPO: left posterior oblique; LAO: left anterior oblique.
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4. Discussion

APE is one of the most common and life-threatening cardiovascular conditions, with
high morbidity and mortality [20]. Currently, multidetector CTPA is the examination
of choice in patients with suspected APE, thanks to its high spatial resolution that pro-
vides detailed and optimal-quality imaging for studying the pulmonary vasculature, while
also allowing a panoramic view of the whole chest and visualisation of possible differ-
ent/concomitant diseases (such as atelectasis, bronchopulmonary foci, haemorrhagic foci,
and/or emphysema), important for differential diagnosis [21].

However, the emergency APE scenario could reduce CTPA feasibility because it
requires contrast medium administration, which is not always possible in patients with
renal failure and/or allergic diathesis.

LPS is a nuclear medicine diagnostic tool with a consolidated role in supporting the
diagnostic process of patients with suspected APE, thanks to its high performance, lack of
contraindications or side effects, and very low irradiation exposure.

In fact, LPS provides an effective dose of 2.4 mSv for a 200 MBq administered dose,
much lower than that provided by CTPA (14.4 mSv for a CTPA 16 Slice), leading to
subsequent lower radiation doses to the lung and breast [22]. For this reason, LPS is
considered the method of choice in young women of childbearing age and in pregnancy. In
addition, it is increasingly used in the non-invasive assessment of APE in patients with
renal insufficiency and contrast-medium allergy who cannot undergo CTPA, particularly
in an emergency condition [6].

To the best of our knowledge, this study is the first to analyse the economic and
healthcare impact of the use of LPS in the diagnostic pathway of suspected APE. All
other studies have been more focused on evaluating the impact of target-specific oral
anticoagulants [23] than on evaluating different potential pathways linked to alternative
diagnostic tools.

As reported in Figure 1, our study assumed that, in a hospital without a nuclear
medicine centre, all patients, whether unable to undergo a CTPA or with an indetermi-
nate or uncertain diagnostic result, are hospitalised as a precaution and are kept under
observation, with monitoring of the clinical course and symptoms, as well as laboratory
tests, in order to confirm suspicions or to exclude pulmonary embolic pathology. In this
way, although the patient is safe and constantly monitored by highly qualified medical
personnel, there is the risk of an inappropriate hospitalisation, diagnosing the patient as
a false positive, and then causing the administration of an unnecessary therapy regimen,
with a consequent strong impact on national health expenditure.

The most relevant data emerging from the present study are that the more accurate
patient stratification provided by LPS (among all 1846 patients included, with inconclusive
or non-executable CTPA, 1537—83.3%—were negative for APE) determines an overall
annual reduction in hospital direct costs estimated between EUR 691,800 and EUR 2,075,400
(EUR 2145.25 versus EUR 4912.45, respectively, for the strategies with and without LPS on
a per-patient basis) thanks to early discharge and home treatment.

It appears clear that even in the less critical situation for the scenario without LPS, i.e.,
when 20.3% of inappropriate hospitalisation is resolved within just one day, the strategy
with LPS is preferable in terms of costs: EUR 2145.25 (LPS pathway) vs. EUR 4788.70
(conventional pathway). If we consider a further increased economic burden for the
LPS pathway, i.e., the need for SPET/CT integration, the average cost for a patient is
minimally affected, as demonstrated in the sensitivity analysis (in fact, it is not among the
first six relevant drivers of the cost difference between the two strategies). In addition to
its low overall economic impact, SPECT/CT multimodality imaging provides additional
morphological information, allowing a more accurate diagnosis to be obtained in a single-
shot examination. With a significant part of healthcare costs linked to hospitalisations, our
results are perfectly in line with the results reported in the literature [24].

In fact, the most recent European Society of Cardiology (ESC) guidelines, published in
2019, focus on the clinical management of PE. In particular, in the paragraph “Treatment in
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the acute phase’, a new recommendation of Class Ila (Level of evidence A) was inserted,
which states that ‘carefully selected patients with low-risk PE should be considered for
early discharge and continuation of treatment at home, if proper outpatient care and
anticoagulant treatment can be provided’ [6]. Two meta-analyses confirmed the safety
of home treatment in selected PE patients. Zondag et al. included 1657 PE patients who
were treated at home as outpatients, finding low pooled incidences of recurrent VTE (1.7%,
95% CI 0.92-3.1), major bleeding (0.97%, 95% CI 0.58-1.59), and mortality (1.9%, 95% CI
0.79-4.8) that did not differ relevantly from those rates in hospitalised patients [25]. Piran
et al. included 1258 patients and found these pooled incidences to be 1.47% (95% CI
0.47-3), 0.81% (95% CI 0.37-1.42), and 1.58 (95% CI 0.71-2.8), respectively [26]. These two
meta-analyses demonstrated the safety of outpatient treatment and early discharge for
patients judged as being at low risk of an adverse clinical outcome. Consequently, since
2014, international guidelines have indicated that early discharge and home treatment
for selected acute low-risk PE patients with adequate home circumstances should be
considered (Class Ila, Level of evidence B) [27]. Furthermore, in terms of healthcare
impact, avoiding unnecessary hospitalisation is of utmost importance, especially in times
of emergency that cause a shortage of beds reserved for typically managed diseases.
The current very high demand for beds caused by the global novel coronavirus (SARS-
CoV-2) pandemic makes any consideration on the re-determination of hospitalisation
criteria useful.

Our data suggest that LPS, thanks to its high diagnostic accuracy in appropriately
selecting patients, would enable us to avoid improper hospitalisations with huge economic
savings, highlighting the great impact of 24 h nuclear medicine service availability. In addi-
tion, the sensitivity analysis could provide elements for reflection in scenarios with different
numbers of patients assisted, epidemiological profiles, and costs of healthcare services.

This study also has some limitations. Firstly, it was a retrospective, single-centre
study, and as such, our findings may be subject to selection bias or incomplete information.
However, it is important to consider that our sample was derived from a very large
hospital centre that covers a wide catchment area and a heterogenous population. To
mitigate this limitation, we performed a sensitivity analysis on critical parameters to stress
our economic model. Another limitation was the lack of follow-up data to check the
current performance of LPS in the investigated cohort, with particular reference to false
negative results. Nevertheless, the very high performance of LPS is well known. As
described in the EANM guidelines, this examination has a negative predictive value (NPV)
of 97-99%, a sensitivity of 96-99%, and a specificity of 96-98% for PE diagnosis, with a
rate of nondiagnostic findings of just 1-4% [8], which is further decreased by the use of
SPECT/CT, as in the modelled scenario. Among the most relevant studies in this setting,
Sostman et al. reported an LPS specificity of 96.6% and NPV of 95.5% for acute APE, using
PISAPED criteria [28]. These data were also confirmed by Mazurek et al., who reported
significantly higher diagnostic accuracy with sensitivity, specificity, and NPV of 100%,
83%, and 100%, respectively, with the addition of the hybrid SPECT/CT technique [29].
For these reasons, even considering the low rate of false negative LPS results eventually
included in our sample, our choice to consider early discharge and home treatment for
selected acute low-risk PE patients is supported by the international guidelines [27].

5. Conclusions

LPS, when used to exclude the suspicion of APE in an emergency scenario, offers a
huge advantage in terms of cost in health resources because it allows patients to avoid
hospitalisation in favour of specialist outpatient follow-up, with a net benefit in terms of
health resources in the territorial management of a critical pathology. Furthermore, this
diagnostic tool proved to be of fundamental importance for better patient risk stratification
and for optimisation of the management of those who do not require admission to intensive
care or ordinary hospitalisation, with significant savings in terms of costs.



Healthcare 2021, 9, 716 13 of 14

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/healthcare9060716/s1, Table S1: One-way sensitivity analysis of the per-patient cost difference
between the two strategies (top influencing variables); Table S2: One-way sensitivity analysis of the
per-patient cost of the LPS strategy (top influencing variables); Table S3: One-way sensitivity analysis
of the per-patient cost of the strategy not adopting LPS (top influencing variables).

Author Contributions: Conceptualisation, G.R., C.G.L. and PM. (Pierpaolo Mincarone); method-
ology and formal analysis, C.G.L. and P.M. (Pierpaolo Mincarone); investigation, C.F.,, A.R.P. and
P.M. (Paolo Mammucci); resources, PM. (Paolo Mammucci), C.G.L. and PM. (Pierpaolo Mincarone);
data curation, C.G.L. and PM. (Pierpaolo Mincarone); writing—original draft preparation, C.F., PM.
(Paolo Mammucci), C.G.L. and PM. (Pierpaolo Mincarone); writing—review and editing, C.F, AR.P,
PM. (Paolo Mammucci), PM. (Pierpaolo Mincarone) and C.G.L.; supervision, G.R.; All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

Pelletier-Galarneau, M.; Zannier, E.; Zuckier, L.S.; le Gal, G. Referral Patterns and Diagnostic Yield of Lung Scintigraphy in the
Diagnosis of Acute Pulmonary Embolism. Thrombosis 2017, 2017, 1623868. [CrossRef] [PubMed]

Raskob, G.E.; Angchaisuksiri, P.; Blanco, A.N.; Buller, H.; Gallus, A.; Hunt, B.J.; Hylek, E.M.; Kakkar, A.; Konstantinides, S.V.;
McCumber, M.; et al. Thrombosis: A major contributor to global disease burden. Arterioscler. Thromb. Vasc. Biol. 2014, 34,
2363-2371. [CrossRef] [PubMed]

Rubini, G.; Asabella, A.N.; Ianora, A.S.; Rubini, D.; Gaudiano, A.; Angelelli, G.; Rotondo, A. Acute pulmonary embolism:
Comparison and integration of perfusion lung scintigraphy with multislice spiral CT. Radiol. Med. 2007, 112, 174-184. [CrossRef]
[PubMed]

Torbicki, A.; Perrier, A.; Konstantinides, S.; Agnelli, G.; Galie, N.; Pruszczyk, P; Bengel, F.; Brady, A.J.; Ferreira, D.; Janssens,
U.; et al. Linee guida per la diagnosi e il trattamento dell  embolia polmonare acuta Task Force per la Diagnosi e il Trattamento
dell  Embolia Polmonare Acuta. G. Ital. Cardiol. 2009, 10, 303-345.

Wood, K.E. Major pulmonary embolism: Review of a pathophysiologic approach to the golden hour of hemodynamically
significant pulmonary embolism. Chest 2002, 121, 877-905. [CrossRef]

Konstantinides, S.V.; Meyer, G.; Becattini, C.; Bueno, H.; Geersing, G.J.; Harjola, V.P.; Huisman, M.V.; Humbert, M.; Jennings,
C.S,; Jiménez, D.; et al. 2019 ESC Guidelines for the diagnosis and management of acute pulmonary embolism developed in
collaboration with the European respiratory society (ERS). Eur. Heart ]. 2020, 41, 543-603. [CrossRef]

Stein, P.D.; Fowler, S.E.; Goodman, L.R.; Gottschalk, A.; Hales, C.A.; Hull, R.D.; Leeper, K.V,, Jr.; Popovich, J., Jr.; Quinn, D.A.;
Sos, T.A.; et al. Multidetector Computed Tomography for Acute Pulmonary Embolism. N. Engl. |. Med. 2006, 354, 2317-2327.
[CrossRef] [PubMed]

Bajc, M.; Schiimichen, C.; Griining, T.; Lindqvist, A.; Le Roux, P.Y.; Alatri, A.; Bauer, RW,; Dilic, M.; Neilly, B.; Verberne, H.J.; et al.
EANM guideline for ventilation/perfusion single-photon emission computed tomography (SPECT) for diagnosis of pulmonary
embolism and beyond. Eur. J. Nucl. Med. Mol. Imaging 2019, 46, 2429-2451. [CrossRef]

Husereau, D.; Drummond, M.; Petrou, S.; Carswell, C.; Moher, D.; Greenberg, D.; Augustovski, E; Briggs, A.H.; Mauskopf, J.;
Loder, E. ISPOR Health Economic Evaluation Publication Guidelines-CHEERS Good Reporting Practices Task Force Consolidated
health economic evaluation reporting standards (CHEERS)-explanation and elaboration: A report of the ISPOR health economic
evaluation publication guidelines good reporting practices task force. Value Health 2013, 16, 231-250. [CrossRef]

Ferrari, C.; Cimino, A.; Bianco, G.; Iuele, F;; Di Palo, A.; Fanelli, M.; Niccoli-Asabella, A.; Rubini, G. The impact of lung perfusion
scintigraphy in the emergency management of patients with suspected pulmonary embolism. Hell. ]. Nucl. Med. 2017, 20, 166.
Available online: https:/ /www.ncbinlm.nih.gov/pubmed /29324936 (accessed on 29 September 2020).

Wells, PS.; Anderson, D.R.; Rodger, M.; Stiell, L; Dreyer, ].F.; Barnes, D.; Forgie, M.; Kovacs, G.; Ward, ].; Kovacs, M.]. Excluding
Pulmonary Embolism at the Bedside without Diagnostic Imaging: Management of Patients with Suspected Pulmonary Embolism
Presenting to the Emergency Department by Using a Simple Clinical Model and d -dimer. Ann. Intern. Med. 2001, 135, 98.
[CrossRef] [PubMed]

Miniati, M.; Pistolesi, M.; Marini, C.; Di Ricco, G.; Formichi, B.; Prediletto, R.; Allescia, G.; Tonelli, L.; Sostman, H.D.; Giuntini, C.
Value of perfusion lung scan in the diagnosis of pulmonary embolism: Results of the Prospective Investigative Study of Acute
Pulmonary Embolism Diagnosis (PISA-PED). Am. ]. Respir. Crit. Care Med. 1996, 154, 1387-1393. [CrossRef]


https://www.mdpi.com/article/10.3390/healthcare9060716/s1
https://www.mdpi.com/article/10.3390/healthcare9060716/s1
http://doi.org/10.1155/2017/1623868
http://www.ncbi.nlm.nih.gov/pubmed/28491475
http://doi.org/10.1161/ATVBAHA.114.304488
http://www.ncbi.nlm.nih.gov/pubmed/25304324
http://doi.org/10.1007/s11547-007-0133-9
http://www.ncbi.nlm.nih.gov/pubmed/17361378
http://doi.org/10.1378/chest.121.3.877
http://doi.org/10.1093/eurheartj/ehz405
http://doi.org/10.1056/NEJMoa052367
http://www.ncbi.nlm.nih.gov/pubmed/16738268
http://doi.org/10.1007/s00259-019-04450-0
http://doi.org/10.1016/j.jval.2013.02.002
https://www.ncbi.nlm.nih.gov/pubmed/29324936
http://doi.org/10.7326/0003-4819-135-2-200107170-00010
http://www.ncbi.nlm.nih.gov/pubmed/11453709
http://doi.org/10.1164/ajrccm.154.5.8912753

Healthcare 2021, 9, 716 14 of 14

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Yamashita, Y.; Morimoto, T.; Amano, H.; Takase, T.; Hiramori, S.; Kim, K.; Oi, M.; Akao, M.; Kobayashi, Y.; Toyofuku, M.; et al.
Validation of simplified PESI score for identification of low-risk patients with pulmonary embolism: From the COMMAND VTE
Registry. Eur. Hear. ]. Acute Cardiovasc. Care 2020, 9, 262-270. [CrossRef] [PubMed]

Yamashita, Y.; Morimoto, T.; Amano, H.; Takase, T.; Hiramori, S.; Kim, K.; Oi, M.; Akao, M.; Kobayashi, Y.; Toyofuku, M.; et al.
Usefulness of Simplified Pulmonary Embolism Severity Index Score for Identification of Patients With Low-Risk Pulmonary
Embolism and Active Cancer: From the COMMAND VTE Registry. Chest 2020, 157, 636-644. [CrossRef] [PubMed]

Mincarone, P.; Leo, C.G.; Tryjillo-Martin, M.D.; Manson, J.; Guarino, R.; Ponzini, G.; Sabina, S. Standardized languages and
notations for graphical modelling of patient care processes: A systematic review. Int. |. Qual. Health Care 2018, 30, 169-177.
[CrossRef]

Ideal Modeling & Diagramming Tool for Agile Team Collaboration. Available online: https://www.visual-paradigm.com/
(accessed on 16 April 2021).

Stein, P.D.; Matta, E; Hughes, P.G.; Hourmouzis, Z.N.; Hourmouzis, N.P.; White, R.M.; Ghiardi, M.M.; Schwartz, M.A.; Moore,
H.L.; Bach, J.A.; et al. Home Treatment of Pulmonary Embolism in the Era of Novel Oral Anticoagulants. Am. ]. Med. 2016, 129,
974-977. [CrossRef] [PubMed]

Principali Caratteristiche Diagnosis Related Groups (DRG). Available online: http://www.salute.gov.it/portale/temi/p2_6.jsp?
lingua=italiano&id=1349&area=ricoveriOspedalieri&menu=sistema (accessed on 6 April 2021).

Nomenclatore Dell’assistenza Specialistica Ambulatoriale. Available online: http://www.salute.gov.it/portale/temi/p2_6.jsp?
lingua=italiano&id=1767&area=programmazioneSanitarialea&menu=lea (accessed on 6 April 2021).

Yoo, H.H.B.; Nunes-Nogueira, V.S.; Boas, PJ.E.V.; Broderick, C. Outpatient versus inpatient treatment for acute pulmonary
embolism. Cochrane Database Syst. Rev. 2019, 2019. [CrossRef]

Moore, A.J.E.; Wachsmann, J.; Chamarthy, M.R,; Panjikaran, L.; Tanabe, Y.; Rajiah, P. Imaging of acute pulmonary embolism: An
update. Cardiovasc. Diagn. Ther. 2018, 8, 225-243. [CrossRef] [PubMed]

Schembri, G.P.; Miller, A.E.; Smart, R. Radiation dosimetry and safety issues in the investigation of pulmonary embolism. Semin.
Nucl. Med. 2010, 40, 442-454. [CrossRef] [PubMed]

Sterne, ].A.; Bodalia, PN.; Bryden, P.A.; Davies, P.A.; Lopez-Lopez, J.A.; Okoli, G.N.; Thom, H.H.; Caldwell, D.M.; Dias, S.; Eaton,
D.; et al. Oral anticoagulants for primary prevention, treatment and secondary prevention of venous thromboembolic disease,
and for prevention of stroke in atrial fibrillation: Systematic review, network meta-analysis and cost-effectiveness analysis. Health
Technol. Assess. 2017, 21, 1-385. [CrossRef]

Dasta, J.E,; Pilon, D.; Mody, S.H.; Lopatto, J.; Laliberté, F.; Germain, G.; Bookhart, B.K.; Lefebvre, P.; Nutescu, E.A. Daily
hospitalization costs in patients with deep vein thrombosis or pulmonary embolism treated with anticoagulant therapy. Thromb.
Res. 2015, 135, 303-310. [CrossRef] [PubMed]

Zondag, W.; Kooiman, J.; Klok, FA.; Dekkers, O.M.; Huisman, M.V. Outpatient versus inpatient treatment in patients with
pulmonary embolism: A meta-analysis. Eur. Respir. J. 2013, 2, 134-144. [CrossRef] [PubMed]

Piran, S.; Le Gal, G.; Wells, PS.; Gandara, E.; Righini, M.; Rodger, M.A.; Carrier, M. Outpatient treatment of symptomatic
pulmonary embolism: A systematic review and meta-analysis. Thromb. Res. 2013, 132, 515-519. [CrossRef]

Konstantinides, S.V.; Torbicki, A.; Agnelli, G.; Danchin, N.; Fitzmaurice, D.; Galie, N.; Gibbs, ].S.R.; Huisman, M.V.; Humbert, M.;
Kucher, N.; et al. ESC GUIDELINES 2014 ESC Guidelines on the diagnosis and management of acute pulmonary embolism. Eur.
Heart J. 2014, 35, 3033-3069; 3069a—-3069k. [CrossRef]

Sostman, H.D.; Miniati, M.; Gottschalk, A.; Matta, F; Stein, P.D.; Pistolesi, M. Sensitivity and specificity of perfusion scintigraphy
combined with chest radiography for acute pulmonary embolism in PIOPED II. ]. Nucl. Med. 2008, 49, 1741-1748. [CrossRef]
Mazurek, A.; Dziuk, M.; Witkowska-Patena, E.; Piszczek, S.; Gizewska, A. The Utility of Hybrid SPECT/CT Lung Perfusion
Scintigraphy in Pulmonary Embolism Diagnosis. Respiration 2015, 90, 393—401. [CrossRef] [PubMed]


http://doi.org/10.1177/2048872618799993
http://www.ncbi.nlm.nih.gov/pubmed/30203659
http://doi.org/10.1016/j.chest.2019.08.2206
http://www.ncbi.nlm.nih.gov/pubmed/31605702
http://doi.org/10.1093/intqhc/mzx197
https://www.visual-paradigm.com/
http://doi.org/10.1016/j.amjmed.2016.03.035
http://www.ncbi.nlm.nih.gov/pubmed/27107921
http://www.salute.gov.it/portale/temi/p2_6.jsp?lingua=italiano&id=1349&area=ricoveriOspedalieri&menu=sistema
http://www.salute.gov.it/portale/temi/p2_6.jsp?lingua=italiano&id=1349&area=ricoveriOspedalieri&menu=sistema
http://www.salute.gov.it/portale/temi/p2_6.jsp?lingua=italiano&id=1767&area=programmazioneSanitariaLea&menu=lea
http://www.salute.gov.it/portale/temi/p2_6.jsp?lingua=italiano&id=1767&area=programmazioneSanitariaLea&menu=lea
http://doi.org/10.1002/14651858.CD010019.pub3
http://doi.org/10.21037/cdt.2017.12.01
http://www.ncbi.nlm.nih.gov/pubmed/30057872
http://doi.org/10.1053/j.semnuclmed.2010.07.007
http://www.ncbi.nlm.nih.gov/pubmed/20920634
http://doi.org/10.3310/hta21090
http://doi.org/10.1016/j.thromres.2014.11.024
http://www.ncbi.nlm.nih.gov/pubmed/25555319
http://doi.org/10.1183/09031936.00093712
http://www.ncbi.nlm.nih.gov/pubmed/23100493
http://doi.org/10.1016/j.thromres.2013.08.012
http://doi.org/10.1093/eurheartj/ehu283
http://doi.org/10.2967/jnumed.108.052217
http://doi.org/10.1159/000439543
http://www.ncbi.nlm.nih.gov/pubmed/26418469

	Introduction 
	Materials and Methods 
	Patient Population—Organisation 
	Lung Perfusion Scintigraphy (LPS): Acquisition and Interpretation Criteria 
	Risk Stratification and Homecare 
	Clinical Decision Models 
	Cost Analysis 

	Results 
	Discussion 
	Conclusions 
	References

