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Abstract

Background: Spotting and light vaginal bleeding are common and usually harmless symptoms in early pregnancy.
Still, vaginal bleeding may be the first sign of an abortion and often causes distress to pregnant women and leads to
an expectation of an ultrasonography examination of the uterus. As point-of-care ultrasonography (POCUS) is increas-
ingly being integrated into general practice, these patients may be clinically evaluated and managed by general
practitioners (GPs). This can potentially reduce referrals of patients from the primary to the secondary healthcare sec-
tor resulting in societal cost-savings.

The primary purpose of this study was to investigate whether the accessibility of POCUS in general practice for
patients with vaginal bleeding in early pregnancy is cost-saving compared to usual practice where GPs do not have
access to POCUS. A secondary purpose of this study was to estimate a remuneration for GPs performing POCUS on
these patients in general practice.

Methods: A cost-minimisation analysis was based on a decision tree model reflecting the two alternatives: general
practice with and without GPs having access to POCUS. The robustness of the model results was investigated using
probabilistic sensitivity analysis and the following deterministic sensitivity analyses: one-way analyses for the model
input parameters and a scenario analysis with a change from a societal to a healthcare sector perspective.

An expected remuneration reflecting the add-on cost of Danish GPs performing POCUS was estimated based on the
related costs: cost of an ultrasonography scanner, GP’s time consumption, ultrasonography training, and utensils per
scanning.

Results: The difference in average cost between the two alternatives from a societal perspective was estimated to be
€110, in favour of general practice with GPs using POCUS. The deterministic sensitivity analyses demonstrated robust-
ness of the results to plausible changes in the input parameters.

The expected remuneration for performing POCUS in this specific setting was estimated to be €32 per examination.
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Conclusion: Having GPs perform POCUS on patients with vaginal bleeding in early pregnancy is cost-saving com-
pared to usual practice. The results should be taken with caution as this study was based on early modelling with
uncertainties associated with the input parameters in the model.

Keywords: Cost Savings, Decision analysis, First Pregnancy Trimester, General practice, Medical economics,

Ultrasonography

Background
Over the past decades, ultrasonography devices have
become less expensive, smaller, and highly portable
[1, 2]. This has enabled point-of-care ultrasonography
(POCUS) to be performed in all clinical settings includ-
ing at the general practitioner (GP), thereby becom-
ing “the visual stethoscope of the twenty-first century”
[2-5]. By combining ultrasonography findings with
GPs’ knowledge of the patient, the patient’s history, and
clinical examination, POCUS may allow simple clinical
questions to be answered more efficiently within causes
originating from different areas of medicine such as the
lung, abdomen, or gynaecology and obstetrics [6, 7].
Within the area of gynaecology and obstetrics, GPs
can use POCUS in patients with vaginal bleeding for
detecting foetal heartbeat in early intrauterine preg-
nancies to confirm the presence or absence of a viable
foetus [8, 9]. Vaginal bleeding is a frequent complica-
tion occurring in 20-40% of all pregnancies [9]. The
underlying causes for vaginal bleeding can vary widely
and originate from intrauterine or extrauterine aetiol-
ogies. Though, often a harmless symptom it may also
be a sign of ectopic pregnancy, abortion, or trauma [9,
10]. It often causes concern and distress to pregnant
women, who seek medical care for the reassurance of
a viable pregnancy. In countries where GPs act as gate-
keepers for the secondary healthcare sector, e.g. the
United Kingdom (UK) and Denmark, patients with vag-
inal bleeding in early pregnancy will consult their GP
for evaluation and they will need a referral from the GP
to see a gynaecologist. However, the accessibility and
use of POCUS in primary care differs between coun-
tries [11, 12]. In countries where POCUS is generally
not accessible in general practice, the patients will be
referred to a private gynaecological practice or a hospi-
tal gynaecology department for further evaluation fol-
lowing a clinical evaluation in general practice [13, 14].
Here transvaginal ultrasonography will be performed
[5, 14]. It is, however, believed that the accessibility of
POCUS in general practice may potentially enable GPs
to provide faster diagnosis and complete the clinical
management of many of these patients. Thereby, the
number of referrals for this condition to the private
gynaecologists and gynaecology departments could
potentially be reduced.

The reduction in referrals from GPs to the second-
ary healthcare sector could lead to cost-savings for the
healthcare sector and the patients who avoid time spent
on referrals and traveling in addition to faster relief of the
concern due to the bleeding episode [14—16]. However,
the allocation of performing POCUS from the second-
ary to the primary healthcare sector must be subject to
a remuneration for the GPs to financially be able to pro-
vide the service [17]. Currently, GPs in Denmark and
several other countries are not reimbursed for perform-
ing POCUS, why they have to cover the total expenses
associated with POCUS by themselves [2, 12, 15]. Hence,
in case POCUS is to be implemented in general prac-
tice a suggestion for a cost-covering remuneration can
be useful for healthcare planners negotiating the fees for
services. This leaves this study with two purposes: i) to
investigate whether performing POCUS on patients with
vaginal bleeding in early pregnancy in Danish general
practices is cost-saving compared to usual practice; ii) to
estimate the remuneration for Danish GPs performing
POCUS on the respective patient population.

Method

Study design

A cost-minimisation analysis (CMA) was conducted to
evaluate the cost-saving of performing POCUS in Dan-
ish general practices. The included patient population
was pregnant women with vaginal bleeding in early preg-
nancy consulting their GP for the reassurance of a viable
pregnancy. The CMA therefore focused on the two alter-
natives; GPs with access to POCUS and the ability to
complete the clinical management of patients, and GPs
without access to POCUS and therefore referring the
patients to the secondary health care sector.

A prerequisite for applying a CMA is that the health
outcomes between the compared alternatives demon-
strate clinically equivalency [18, 19]. The CMA study
design in this study was justified by the available evidence
indicating a high level of inter-rater agreement for the
ultrasonography scannings of intrauterine pregnancies
performed by specialists and GPs, given GPs have had
sufficient training [13]. In this type of analysis, only the
costs between the alternatives are compared in order to
identify the alternative with the lowest cost [18, 19]. The
costs are considered from a societal perspective where
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all relevant costs are included, regardless of who bears
the cost [20]. All costs are presented in 2019 prices and
the prices were converted from Danish Kroner (DKK)
into euros (€) using an exchange rate of DKK 7.47 =€1
[10.2019] [21].

The time horizon was defined as the duration of the
clinical management of patients with vaginal bleeding
in early pregnancy, starting with patients initially con-
sulting the GP and ending at the last referred location,
where a conclusive ultrasonography examination is per-
formed. The duration of the clinical management is based
on expert opinion and is typically within three days after
consulting the GP. Due to this short time horizon, no dis-
counting was applied.

The CMA was based on a decision analytical model
constructed as a decision tree using the software pro-
gramme TreeAge Pro 2019 v. R1.0 (TreeAge Software
LCC, Williamstown, MA, USA).

Model structure
At the beginning of the decision tree, the decision node
is illustrated as a square and represents the two alterna-
tives: usual practice and intervention. Usual practice rep-
resents GPs without access to POCUS, while intervention
represents GPs with access to POCUS. The subsequent
branches are denoted with a chance node, illustrated as a
circle, and represent the possible events in the pattern of
referral for patients with vaginal bleeding in early preg-
nancy. Fig. 1 is a schematic representation of the model.
In the alternative representing usual practice, the
possible events of the chance nodes are based on the
guidelines for the clinical management of patients
with vaginal bleeding in early pregnancy. The guide-
lines recommend that the GPs refer women with

vaginal bleeding in early pregnancy to either a private
gynaecologist or a gynaecological department at the
hospital [14, 22, 23]. The private gynaecologist can
either complete the management of the patient or the
patient can be referred on to a hospital. At the hospi-
tal the clinical management of the patient will eventu-
ally be completed. By ‘completion’ it is understood that
a conclusive examination and clinical management is
performed, which is denoted with a terminal node, rep-
resented by a triangle.

In the alternative representing the intervention,
the possible events are based on a study investi-
gating GPs’ clinical management of patients when
POCUS is accessible in Danish general practices. The
GPs can either complete the clinical management of
the patients by themselves or refer them to special-
ists. Referral to specialists is similar to usual prac-
tice and can be to either a private gynaecologist or
a gynaecological department at the hospital. At the
private gynaecologist, the patients can either be clini-
cally managed or be further referred to the hospital.
Thus in the intervention, the clinical management of
the patients can be completed at the GP, the private
gynaecologist, or at the gynaecological department in
the hospital [24]. The completion is denoted with a
terminal node.

Model input parameters

The data in this study were derived from various
sources, e.g. a self-developed questionnaire, Danish
reports including guidelines, and expert opinions from
clinical experts within the area of ultrasonography and
gynaecology.
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Probabilities

The probabilities of the different events in the model
were derived from two sources including a questionnaire
developed for the present study and a Danish report
concerning modernisation of the medical field within
gynaecology and obstetrics in Danish private practices. A
questionnaire was developed for Danish GPs in order to
investigate the pattern of referral for patients with vagi-
nal bleeding in early pregnancy (See Additional file 1).
The questionnaire was handed out to 22 Danish GPs at
the Danish Society for Ultrasonography in General Prac-
tice annual conference in Denmark in 2019. Out of the 22
GPs, 21 GPs had access to POCUS in their clinical prac-
tice between 1-15 years and one GP did not have access.
In the questionnaire, the GPs were asked to state how
they would refer patients when having and not having
access to POCUS in general practice. In addition, the GPs
were asked to estimate the proportion of patients they
would expect to be able to clinically manage when hav-
ing access to POCUS. Based on the estimates from the
GPs, average probabilities were calculated for the pattern
of referral. (See Additional file 2).

In usual practice, 23% and 77% were used to express
the likelihood of a patient being referred by the GP to a
private gynaecologist and a hospital, respectively. In the
intervention, the GPs expected to be able to complete
73% of the patients by themselves and refer the remain-
ing 27% to a specialist. The conditional probabilities of
a patient being referred to a private gynaecologist and a
hospital in the intervention were estimated by the GPs
to be 16% and 84%, respectively. After being referred to
a private gynaecologist, patients can be exposed to two
events in both alternatives, which are either a referral to
the hospital or completion at the private gynaecologist.
The probabilities of these two events are based on data
from the Danish report concerning modernisation of the
medical field within gynaecology and obstetrics in Dan-
ish private practices. The probability of patients being
referred from a private gynaecologist to the hospital in
both alternatives is 8%, and the probability for comple-
tion of clinical management at the private gynaecologist
in both alternatives is 92% [23]. The model parameters
for probabilities are shown in Table 1.

Costs

The costs included in this study reflect the costs associ-
ated with the clinical management of patients with vagi-
nal bleeding in early pregnancy. Only direct costs related
to performing POCUS were considered in the base case
analysis following a societal perspective. The costs are
divided into four categories: ‘general practitioner, ‘private
gynaecologist, ‘hospital, and ‘patient’
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Table 1 Probabilities for the pattern of referral in base case

Pattern of referral Probability References

Usual practice

Referral from GP to private gynaecologist ~ 0.23 Questionnaire

Completion at private gynaecologist 0.92 [23]

Referral from private gynaecologist to 0.08 [23]

hospital

Referral from GP to hospital 0.77 Questionnaire
Intervention

Completion at GP 0.73 Questionnaire
Referral from GP 0.27 Questionnaire
Referral from GP to private gynaecologist ~ 0.16 Questionnaire
Completion at private gynaecologist 0.92 [23]

Referral from private gynaecologist to 0.08 [23]

hospital

Referral from GP to hospital 0.84 Questionnaire

In the categories ‘general practitioner, ‘private gynae-
cologist, and ‘hospital’ the costs included for both alter-
natives are the consultation, which are based on national
tariffs. The national tariffs for private gynaecologist and
hospital include the costs for ultrasonography scanner,
healthcare personnel wages, and utensils [25-27]. How-
ever, in the intervention, the average cost of GPs per-
forming an ultrasonography scanning is added to the
consultation tariff. This add-on cost reflects the cost of
using the ultrasonography scanner, time consumption,
GPs training in ultrasonography, and utensils used per
ultrasonography scanning performed.

The cost of ultrasonography scanner and POCUS train-
ing are both estimated using depreciation [24, 28, 29].
The cost of having an ultrasonography scanner to exam-
ine the patients per scanning is calculated using an aver-
age price of an ultrasonography scanner of €15,508.70,
the percentage of patients with vaginal bleeding in early
pregnancy, an average lifespan of seven years, an inter-
est rate of 4%, and an annual number of ultrasonography
scannings of 2.4 per GP. The interest rate of 4% is defined
by the Danish Ministry of Finance for socio-economic
analyses, and the average lifespan of seven years is based
on available literature on medical equipment [24, 28, 30].

In 2019, the ultrasonography training was provided by
the Center of Clinical Ultrasound (CECLUS) in Denmark
for €2,008. The CECLUS course consists of six categories:
cardiovascular, lung, abdomen, gynaecology, musculo-
skeletal, skin. Within the category of gynaecology, there
are four subcategories: intrauterine device, intrauterine
foetus, heartbeat and CRL measurement. The cost of
POCUS training to examine the patient population per
scanning is calculated using the cost of CECLUS course
for the subcategory heartbeat, an average lifespan of
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seven years, an interest rate of 4%, and the annual num-
ber of ultrasonography scannings of 2.4 per GP. The aver-
age lifespan of seven years is based on the assumption
that GPs are expected to participate in an ultrasonogra-
phy training course after seven years due to the develop-
ment and renewal of medical equipment [21, 24, 31].

Based on the literature, the time consumption for per-
forming POCUS is 10 min and the cost is based on a tar-
iff [32]. The resource use of utensils per ultrasonography
scanning is based on expert opinion and includes two
wet wipes, one cover to the endocavitary transducer, and
10 ml gel. The unit costs for utensils are based on differ-
ent sources from which GPs can purchase the utensils
[33-35].

In the category for ‘patients, the included costs for both
alternatives consist of the consultation duration and the
transportation cost in relation to time and distance. The
resource use for patients is based on available literature,
expert opinion, and unpublished data from the National
Health Insurance Service Registry. In case no sources for
the resource use were available (e.g. transportation time),
assumptions were made.

In usual practice, a consultation at the GP lasts about
15 min, whereas in the intervention, the duration of the
consultation is extended with 10 min, with a total of
25 min for consultation and ultrasonography examina-
tion [24]. Expert opinion indicates that the duration
of the consultation is 25 min at the private gynaecolo-
gist and hospital for both alternatives. The unit cost is
based on loss of earnings due to absence from work from
“Amgros Estimating unit costs” and is €0.408 [36].

The transportation cost reflects the distance to each
healthcare provider and transportation time. The aver-
age distance to the hospital is 19.6 km, and thus one visit
at the hospital on average requires a distance of 39.2 km
[37]. However, there is a lack of available information on
the average distance to the GP and the private gynae-
cologist. Based on expert opinion, it is assumed that the
average distance to a private gynaecologist is 19.6 km,
and thus one visit at the private gynaecologist also will
require 39.2 km on average. In addition, based on the
unpublished data from The National Health Insurance
Service Registry, the average distance to the GPs is esti-
mated to be 4.75 km each way, or 9.5 km for one visit.
The unit cost of the travel distances is based on compen-
sation from “Amgros Estimating unit costs” and is €0.473
per kilometre [36].

To calculate the transportation time, it is assumed
that patients are travelling by car with an average speed
of 50 km per hour (km/h). The distance to each location
is divided by the average speed. In total, the distance to
GP, private gynaecologist, and hospital is covered in
11 min, 47 min, and 47 min, respectively. The unit cost is
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based on loss of earnings due to absence from work from
“Amgros Estimating unit costs” and is €0.408 [36]. The
resource use and unit price for the four categories are
listed in Table 2.

Decision rule

Once the costs and probabilities were assigned to each
event, the costs were multiplied by their respective prob-
abilities and summed across the nodes within a particular
branch. The average cost of the branches of each particu-
lar alternative: usual practice and intervention, was sub-
sequently estimated to decide which alternative was the
most favourable. In this CMA, the most favourable alter-
native was the one with the lowest cost as this reflects the
most cost-saving alternative for the Danish society. Fol-
lowing the calculation of the average cost of both alter-
natives, the incremental cost was found. The incremental
cost reflects the difference in the two alternatives and is
calculated by subtracting the average cost of usual prac-
tice from the average cost of the intervention.

Sensitivity analysis
To check the robustness of the base case results, deter-
ministic one-way sensitivity analyses and a scenario
analysis were conducted. Analyses were performed by
varying one parameter at a time within a plausible range,
while holding the others constant, thereby, estimating the
impact of each parameter on the incremental cost [38].
The probability parameters for the pattern of refer-
ral and the cost parameters: ultrasonography, utensils,
CECLUS training, consultation cost at the GP, private
gynaecologist, hospital, the patient consultation time,
transportation distance, and transportation time were
analysed. The ranges for probability parameters were
based on unpublished data from the questionnaire devel-
oped for this study, in which the ranges were defined as
the lowest and highest stated probability in the question-
naire. The ranges for consultation cost at the GP, private
gynaecologist, and hospital were defined based on the
annual percentage increase in consultation tariff [25-27,
39-41]. The range for the cost of ultrasonography scan-
ner is based on data of prices of ultrasonography scan-
ners at GPs in Denmark [24]. The range for the costs of
utensils used per ultrasonography scan at the general
practitioner is based on expert opinion. The range for
the costs of an ultrasonography course is based on the
courses offered in Denmark. Aside from the CECLUS
course, a course is offered in cooperation with the Dan-
ish Society of Diagnostic Ultrasound [42]. This course
consists of five areas, with one of the areas being early
pregnancy complications. The calculation method for
estimating the annual depreciation cost of this course
was similar to the CECLUS course.
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Table 2 Cost parameters for the identified categories

Identified cost parameters Resource use Unit price (€) References
General practitioner

Tariff for consultation 1 19.02 [26]
Time consumption for performing ultrasonography 10 min 1.807 [32]
Ultrasonography scanner 1 7.54 [24]
CECLUS 1 5.81 [24]
Utensils

Wet wipes 2 0.054 [35]
Transducer cover 1 0.24 [33]
Gel 10 ml 0.021 (34]
Private gynaecologist

Tariff for consultation with ultrasonography 1 96.78 [27]
Hospital

DRG-tariff for performing ultrasonography? 1 164.26 [25]
Patients

Patient time

General practitioner without ultrasonography 15 min 0408 [24, 36]
General practitioner with ultrasonography 25 min 0.408 [24, 36]
Private gynaecologist 25 min 0408 [24, 36]
Hospital 25 min 0.408 [24, 36]
Transportation distance

General practitioner 9.5 km 0473 [36, 37]
Private gynaecologist 39.2 km 0473 [36, 37]
Hospital 39.2 km 0473 [36,37]
Transport time

General practitioner 11 min 0408 [36]
Private gynaecologist 47 min 0408 [36]
Hospital 47 min 0408 [36]

2 DRG-tariff is based on a combination of a principal diagnosis code for patients with bleeding in early pregnancy (D0209), and the procedure code for transvaginal

ultrasonography of female genitals (UXUD82).

Patient-related costs

The range for patients’ time spent on consultation with
the GP is based on available literature [24]. As there is a
lack of evidence on data for the consultation time at the
specialists, it is assumed that the patients’ consultation
time at the private gynaecologist and hospital can vary
within the same ranges as a consultation in the inter-
vention where GPs perform ultrasonography.

The ranges for the distance to the GP and the special-
ists is based on The National Health Insurance Service
Registry and an analysis from Local Government Den-
mark, respectively. The ranges for transportation time
are changed based on the ranges for the distance [37].
The ranges used for varying the model parameters for
probabilities and costs are listed in Table 3.

Additionally, a scenario analysis was conducted in
which the study perspective was changed from societal
to a healthcare sector perspective. In a healthcare sec-
tor perspective, only the costs borne by the healthcare

sector are included, thus excluding the patient-related
costs [20].

Results from the deterministic one-way sensitivity
analyses are illustrated in a tornado diagram. Here, the
bars in the diagram are arranged in order with the wid-
est bar representing the most influential parameter at
the top of the tornado and the least influential at the
bottom [29, 43].

A probabilistic sensitivity analysis was performed
based on a second order Monte Carlo simulation with
10,000 simulations to investigate the impact of multi-
variate uncertainty on the model results [18]. In this
sensitivity analysis, all input parameters, excluding unit
costs for mileage compensation, GP’s time consump-
tion for performing ultrasonography, and patient’s
time consumption, were included with the follow-
ing assigned distributions: beta distribution for prob-
ability parameters and gamma distribution for cost
parameters.
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Parameters Ranges References
Probabilities

Usual practice

Referral from GP to private gynaecologist [0.00 - 1.00] Questionnaire
Completion at private gynaecologist [0.92 -1.00] [23]

Referral from private gynaecologist to hospital [0.00 - 0.08] [23]

Referral from GP to hospital [0.00 - 1.00] Questionnaire
Intervention

Completion at GP [0.40 - 0.98] Questionnaire
Referral from GP [0.02 - 0.60] Questionnaire
Referral from GP to private gynaecologist [0.00 - 1.00] Questionnaire
Completion at private gynaecologist [0.92 -1.00] [23]

Referral from private gynaecologist to hospital [0.00 - 0.08] [23]

Referral from GP to hospital [0.00 - 1.00] Questionnaire
Costs

General practitioner

Cost of ultrasonography scanner [1.30-13.77] [24]

Cost of consultation without ultrasonography [19.02 - 19.25] [39, 40]

Cost of ultrasonography training [3.35-5.81] [31,42]

Cost of utensils [0.34 - 0.56] Expert opinion
Private gynaecologist

Cost of consultation [96.78 — 97.99] [27,41]
Hospital

Cost of consultation [164.26 — 164.79] [25]
Patient-related parameters

Patients

Consultation time

General practitioner without ultrasonography [5-15] [24]

General practitioner with ultrasonography [13-26] [24]

Private gynaecologist [13-26] [24]

Hospital [13-26] [24]
Transportation distance

General practitioner [0.2—42] Unpublished registry data
Private gynaecologist [0.2—100] [37]

Hospital [0.2 - 100] [37]
Transportation time

General practitioner [0.24 - 50.40] Unpublished registry data
Private gynaecologist [0.24 - 120] 371

Hospital [0.24 - 120] [37]

Remuneration

In different countries including Denmark and the UK,
remuneration is used to influence the activities of GPs
[44].

The remunerations for the services GPs perform reflect
the total cost of the resource use for the particular ser-
vice. Currently, in Danish general practices GPs are not
reimbursed for performing POCUS and POCUS is usu-
ally not an integrated part of the consultation [12]. In

order to allocate this service from secondary to primary
healthcare sector, GPs must be reimbursed for this ser-
vice. The remuneration proposed in this study is the add-
on cost of Danish GPs performing POCUS on patients
with vaginal bleeding in early pregnancy. This add-on
cost consists of the following cost components: cost of
ultrasonography scanner, cost of ultrasonography train-
ing, cost of utensils per scanning, and cost of time con-
sumption for performing ultrasonography.
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Results

Cost-minimisation analysis

From a societal perspective, the average costs for per-
forming POCUS on patients with vaginal bleeding in
early pregnancy is €125 per patient in the intervention.
In usual practice, where the patient population is referred
to the private gynaecologist or/and hospital for an ultra-
sonography scan the average cost is €235 per patient.
This indicates that having access and the ability to per-
form POCUS in general practice on patients with vaginal
bleeding in early pregnancy from a societal perspective
is favourable, resulting in an average cost-saving of €110
per patient. The costs associated with each alternative are
shown in Table 4.

Sensitivity analysis

The results from the deterministic sensitivity analysis are
depicted in a tornado diagram shown in Fig. 2. The bars
for all of the parameters remain within a negative incre-
mental cost, and the results from the sensitivity analyses

Table 4 Costs associated with usual practice and intervention
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thus demonstrate the robustness of the base case result
to plausible changes in all of the input parameters. The
parameter representing the probability of completing the
clinical management of the patient population at the GP
is the most influential as changes in this parameter have
the largest influence on the incremental cost.

The change of study perspective to a healthcare sec-
tor perspective, i.e. exclusion of patient-related costs,
resulted in an incremental cost-saving of €78 per patient.
This indicates that the incremental cost is affected by
being less cost-saving compared to the base case analy-
sis, but the patient-related costs do not have a deci-
sive impact on the result as the intervention remains
favourable.

Monte Carlo simulation indicated that the intervention
was cost-saving compared to usual practice in majority of
the simulations in which the incremental cost was close
to the base case result of €110. The distribution of the
incremental cost following the Monte Carlo simulation is
shown in Fig. 3.

Costs in each alternative Usual practice (€) Intervention (€) References
General practitioner

Tariff for consultation 19.02 19.02 [26]
Time consumption for performing ultrasonography - 18.07 [32]
Ultrasonography scanner - 7.54 [24]
CECLUS - 5.81 [24]
Utensils

Wet wipes - 0.108 [35]
Transducer cover - 0.24 [33]
Gel - 0.21 [34]
Private gynaecologist

Tariff for consultation with ultrasonography 96.78 96.78 [27]
Hospital

DRG-tariff for performing ultrasonography?® 164.26 164.26 [25]
Patients

Patient time

General practitioner without ultrasonography 6.12 - [24, 36]
General practitioner with ultrasonography - 10.2 [24, 36]
Private gynaecologist 10.2 10.2 [24, 36]
Hospital 10.2 10.2 [24, 36]
Transportation distance

General practitioner 449 449 [36, 37]
Private gynaecologist 18.5 185 [36,37]
Hospital 18.5 18.5 [36,37]
Transport time

General practitioner 449 449 [36]
Private gynaecologist 19.18 19.18 [36]
Hospital 19.18 19.18 [36]

2 DRG-tariff is based on a combination of a principal diagnosis code for patients with bleeding in early pregnancy (D0209), and the procedure code for transvaginal

ultrasonography of female genitals (UXUD82).
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Estimated remuneration

The remuneration is estimated based on the identified
costs from the base case analysis in the CMA that is
directly associated with GPs performing POCUS in gen-
eral practice. The add-on cost of performing POCUS on
patients with vaginal bleeding in early pregnancy was cal-
culated to be €32. This add-on cost was assigned to the
costs related to the GP in the alternative for the interven-
tion and indicated cost-saving compared to the alterna-
tive reflecting usual practice. The cost components of the
remuneration are shown in Table 5.

Discussion

Study findings

This study showed that performing POCUS in general
practice on patients with vaginal bleeding in early preg-
nancy is estimated to be cost-saving with an average sav-
ing of €110 per patient compared to usual practice. The
deterministic sensitivity analyses revealed that regardless
of plausible changes in the input parameters and study
perspective, the model was robust as the intervention
remained cost-saving. The robustness of the findings
was further investigated using a probabilistic sensitivity
analysis. This analysis demonstrated that the intervention
compared to usual practice was cost-saving with a high
degree of certainty.

The remuneration for GPs performing POCUS was
estimated to be €32, reflecting the costs associated with
an ultrasonography scanner, GP’s time consumption,
ultrasonography training, and utensils per ultrasonogra-
phy scanning performed.

Strengths and limitations

The cost-minimisation analysis, assuming an equivalent
ultrasonography scanning quality between GP and spe-
cialists, swiftly allowed the potential benefits in terms
of cost-savings related to performing POCUS in gen-
eral practice to be identified. This economic approach to
decision-making that solely focuses on the costs is advan-
tageous as it is simple to conduct. However, the simplic-
ity of a CMA compared to the traditional full economic
evaluations has made its application in decision-making
questionable as the available literature indicates scepti-
cism around CMA as a full economic evaluation [45, 46].
In an article by Briggs et al., 2001 [45], it is pointed out
that there is an uncertainty around the estimates of costs
and effects and it is due to this uncertainty that the use
of CMA for decision-making is questionable. Thus, the
use of CMA for decision-making in this study may be a
limitation and it may be preferable to collect and analyse
data on health outcomes to assess this uncertainty. How-
ever, according to available evidence, the theoretical basis
of CMA must be acknowledged to be as rigorous as the
theoretical basis of other economic evaluations [46].

In a prospective study by Lindgaard et al., 2017 [13],
the diagnostic agreement between GPs and special-
ists performing POCUS for intrauterine pregnancy was
evaluated. The GPs included in the study were enrolled
in the CECLUS course and the findings of this study
showed that GPs performing POCUS with low-moderate
complexity had a high inter-rater agreement compared
to specialists. As the available literature indicates equiva-
lency in the quality of POCUS scannings (Cohen’s kappa
value=1, almost perfect agreement) between the GPs
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Table 5 Estimated remuneration for GPs performing POCUS on the respective patient population
Identified cost components Resource use Unit price (€) Cost (€) References
Time consumption for performing ultra- 10 min 1.807 18.07 [32]
sonography
Ultrasonography scanner 1 7.54 7.54 [24]
CECLUS 1 581 581 [31]
Utensils
Wet wipes 2 0.054 0.108 [35]
Transducer cover 1 0.24 0.24 [33]
Gel 10ml 0.021 0.21 [34]
Total 31.98
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and specialists, CMA is believed to be an appropriate
study approach for the present economic evaluation. [13].

The strength of applying a decision analytical frame-
work for this study’s purposes is that it allows synthesising
all available and relevant evidence from multiple sources,
including expert opinions, registries, and reports. The
use of decision analysis also enables decision-makers to
identify gaps in the current evidence and clarify the need
for and value of more evidence which can be beneficial
for future decision-making. As this study is the first of its
kind to investigate the cost-saving of performing POCUS
on patients with vaginal bleeding in early pregnancy, it is
beneficial to use decision analysis to clarify the need for
more evidence. [47, 48].

The main limitation of this study is the model being
based on very early modelling with low-quality evi-
dence. Firstly, the probabilities of referral from the pri-
vate gynaecologist to the hospital and the probability
of completing the clinical management at the private
gynaecologist are based on a Danish report [23]. The
report on the pattern of referral from private special-
ists to the hospital applies for several medical areas
and is non-specific. Therefore, it is unknown how well
these data apply to the patient population in this study.

Secondly, the use of non-empirical parameter estimates
based on expert opinions is a limitation as it may lead
to over- and underestimations. To reflect real-life, the
referral probabilities in the decision tree were based on
unpublished data from a questionnaire developed for this
study. However, these data are not validated in a clinical
setting and the data precision is unknown. [49] Moreo-
ver, using the opinion of Danish experts may hinder the
generalizability of the study findings to other settings,
where the healthcare system and the patient pathway for
the respective patient population differ from the Danish
setting. Due to these limitations, the authors of this paper
suggest the model to be refined to a full economic evalua-
tion when new evidence is available.

Comparison to existing literature

To the best of our knowledge, presently, no other pub-
lished studies have been identified investigating the pos-
sible cost-savings associated with performing POCUS
in general practice on patients with vaginal bleeding in
early pregnancy. However, Wordsworth et al., 2002 [50]
investigated the costs of performing ultrasonography
scannings in general practice compared to the hospi-
tal. Scanning in general practice resulted in a reduction
in total costs per year with reduced out-patient refer-
rals. Although Wordsworth et al., 2002 [50] does not
specifically include patients with vaginal bleeding in
early pregnancy, it reflects a similar healthcare setting
and thus supports the advantages of having access to
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POCUS in general practice. Moreover, the reduced out-
patients referrals shown in Wordsworth et al., 2002 [50]
is also seen in the present study as the results from the
questionnaires investigating the GPs pattern of referral
indicated reduced possible referrals to specialists when
having access to POCUS in general practice.

In an article by Colli et al., 2015 [51], the pattern of
referral, when GPs have access to POCUS was inves-
tigated. This study used different patient populations
than patients within the area of gynaecology/obstetrics,
but still supports that POCUS in general practice and
simple training of GPs can reduce the number of refer-
rals and tests, thereby leading to healthcare savings [51].

Implication for future research

In this study, equivalency in the health outcome, quality
of ultrasonography scannings, was assumed based on the
available evidence. However, there may be other health
outcomes that are clinically meaningful to patients with
vaginal bleeding in early pregnancy, which can demon-
strate additional value of the intervention compared to
usual practice. Data collection of health outcomes such
as patient satisfaction or patient preferences can be pref-
erable to demonstrate the patient’s point of view. For this
reason, future research on among others these health
outcomes can be used to refine the current model.

Conclusion

This study found that the use of POCUS in general prac-
tice for patients with vaginal bleeding in early pregnancy
is cost-saving based on the currently available evidence.
This study is based on early modelling, why additional
evidence is required to refine the model and support
healthcare decision-making.

In addition to the CMA, the expected remuneration
for GPs performing POCUS on the respective patient
population was estimated. Such calculation may qualify
negotiation regarding remuneration for such services.
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