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Abstract

Overview and Aims: The last decade brought relevant insights into the pathophysiology of preeclampsia (PE), namely the
role of the circulating levels of placental growth factor (PIGF) and soluble Fms-like tyrosine kinase-1 (sFlt-1). The purpo-
se of this study is to estimate the financial impact of introducing the sFlt-1/PIGF ratio for the evaluation of women with
suspicion of PE in the Portuguese National Healthcare System (SNS).

Study Design: budget impact study evaluating short-term costs associated with the introduction of the sFlt-1/PIGF ratio
from the SNS payer’s perspective. The time horizon for the study is 1 year.

Population: The target population consists of women presenting to the healthcare system with signs or symptoms suggestive
of preeclampsia (estimated in 8500 subjects).

Methods: A decision-tree model was used to estimate the budget impact of the introduction of the sFlt-1/PIGF ratio in the
SNS. The model compares the management costs in the current clinical practice (“no test” scenario) vs. current diagnostic
procedures plus the sFlt-1/PIGF ratio (“test” scenario). Clinical inputs have been derived primarily from literature review
and, where data was unavailable, expert opinion. Resources and unit costs have been obtained from Portugal-specific
sources.

Results: In the current standard practice (no test), total costs were estimated to be €9 863 264 (€1160 per patient), with
unnecessary admissions representing about €3,5 million. Total costs in the test scenario sum up to €9 781 194 (€1150
per patient), representing a cost saving to the system of €82 070 (€10 per patient), mainly due to a reduction of false po-
sitives and related unnecessary hospitalizations of women not developing PE.

Conclusions: There is favorable economic evidence about the introduction of the sFlt- 1/PIGF ratio in the SNS. The ge-
nerated savings appear to offset the costs related to the test.

Keywords: Preeclampsia; Pregnancy; Biomarkers; Costs and Cost Analysis.

INTRODUCTION

ypertension is the most common medical problem
found in pregnancy. It affects 5-15% of all
pregnancies, with preeclampsia (PE) and related disor-
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ders comprising the most feared complications. Severe
complications of PE can be catastrophic, representing
one of the leading causes of maternal and neonatal mor-
bidity and mortality'~. In Portugal, a large national sur-
vey from 2005, estimated the prevalence of hyperten-
sive disorders during pregnancy in 6%. PE, eclampsia
and the Hemolysis, Elevated Liver enzymes and Low
Platelet count (HELLP) syndrome summed up to
1,7%°. More recent cohorts show a prevalence of PE
between 2,6-2,9%, a rate closer to that reported by
other developed countries "'°.

The primary method for PE diagnosis relies on the
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presentation of hypertension and proteinuria. How-
ever, clinical presentation, and particularly the dy-
namics of the clinical course, can vary significantly,
making the definite diagnosis uncertain'"'?. Further,
these clinical variables perform poorly in predicting
PE related adverse outcomes'. Uncertainty in con-
firming diagnosis may lead to unnecessary admis-
sions, inappropriate hospital discharges, iatrogenic
preterm delivery and, ultimately, excess healthcare ex-
penditure'*. Consequently, there remains a need for
diagnostic tests that can accurately identify patients
who develop PE and those at risk for adverse out-
comes. Patients identified as low risk for developing PE
could be safely followed in an outpatient setting, while
those at moderate or high risk would be managed more
cautiously, eventually admitted or referred to a tertiary
center™'®.

The last decade brought relevant insights into the
pathophysiology of PE, particularly regarding the role
of the angiogenic balance in the disease. Circulating
soluble Fms-like tyrosine kinase-1 (sFlt-1) levels are
markedly increased, whereas placental growth factor
(PIGF) levels are decreased, resulting in a net anti-an-
giogenic state that directly contributes to the cascade of
the preeclamptic syndrome'”*°. The imbalance in the
concentrations of sFlt-1 and PIGF is found several
weeks prior to the onset of clinical manifestations. A
large number of studies show that raised sFlt-1/PIGF ra-
tios are strongly associated with underlying PE while
low values rule out the development of the disease*'*".

The automated assays to measure sFlt-1 and PIGF
(Elecsys® sFlt-1/PIGF ratio; Roche Diagnostics) be-
came recently available in Portugal. Besides the clini-
cal utility, decision-makers need to assess the benefits
and costs of new technologies to appreciate the in-
creased value for patients and perform estimates of the
financial sustainability for the healthcare system. The
purpose of this study was to estimate the financial im-
pact of introducing the sFlt-1/PIGF ratio for the eva-
luation of women with suspicion of PE in the Por-
tuguese National Healthcare System (Servico Nacional
de Saude; SNS).

METHODS

Study Design

A decision-tree model was used to estimate the budget
impact of the introduction of the sFlt-1/PIGF ratio for
the evaluation of women with clinical suspicion of PE
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from the SNS payers perspective. The model compares
the management costs in the current clinical practice
(“no test” scenario) vs. current diagnostic procedures
plus the sFlt-1/PIGF ratio (“test” scenario). The re-
search hypothesis is that the information provided by
the test may decrease the hospitalization rate, particu-
larly unnecessary hospitalizations of women that will
not develop PE, thereby reducing costs for the system.
The model simulates the clinical pathway of a patient
presenting with signs or symptoms of PE, and who is
then managed in either an inpatient or an outpatient
setting. In the two model arms, a three-level decision
pathway was modelled to reflect clinical practice.
Women with high suspicion for PE are admitted into
the hospital (eg moderate/severe hypertension, severe
proteinuria, hepatic dysfunction, low platelets). Pa-
tients not admitted at first visit are managed in two
outpatient care intensity levels: women estimated to
be at a low risk (eg mild isolated symptoms in women
with no prior risk, mild gestational hypertension) are
re-evaluated at specialist appointment within 2-weeks;
women estimated to be at intermediate risk (eg wor-
sening of chronic hypertension or proteinuria; abnor-
mal utero-placental perfusion; autoimmune diseases)
are re-evaluated within 1-week. The algorithm for the
“test scenario” is based on expert consensus on the use
of the sFlt-1/PIGF ratio****" Women with raised ratio
(>85 [110 for late-onset PE]) are at very high-risk for
developing the disease and will require hospitaliza-
tion; women with negative results (<38) are at low risk
for developing PE and the vast majority can be mana-
ged in outpatient setting with specialist appointment
within 2-weeks; women with intermediate results (38-
-85 [110]) are at moderate risk to develop PE and, de-
pending on the individual clinical presentation, need
close monitoring if managed in outpatient setting (spe-
cialist appointment up to 1 week) or hospitalization.
An option for retesting is considered for women with
initial negative results that have not developed PE but
may still present clinical signs or symptoms of disease
(2 weeks after initial visit). The algorithms are shown
in Figure 1 and 2. The time horizon for the study is one
year.

Population

The target population consists of women presenting
to the healthcare system with signs or symptoms
suggestive of PE (eg new onset of elevated blood pres-
sure; aggravation of pre-existing hypertension; new
onset of proteinuria; epigastric pain; severe edema,
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headache; visual disturbances; weight gain; low
platelets; elevated liver enzymes; suspected intraute-
rine growth restriction; abnormal utero-placental per-
fusion). The target population was estimated in 8500
subjects, considering the number of deliveries repor-
ted in Portugal during year 2016 (85444)** and as-
suming a prevalence of hypertensive disorders during
pregnancy between 5% to 15% with a mean of 10%'~.

Model inputs

PROGNOSIS* was a prospective, non-interventional
study conducted across 30 sites globally, aimed to de-
rive and validate a cut-off of the sFlt-1/PIGF ratio for
the short-term prediction of PE. A total of 1050 women
with suspected PE between 24 + 0 and 36 + 6 weeks’
gestation were enrolled. In this study, data from PRO-
GNOSIS was used to populate the model parameter
estimations, including rates of hospitalized women in
the absence of test information (‘no-test’ scenario), the
correlation between the test ratio and hospitalization
(‘test’ scenario), and the relationship between test ra-
tio, hospitalization and development (or not) of PE.

For the ‘no test’ scenario a hospitalization rate of
36.1% was assumed. The figure is inputted from
PROGNOSIS, as the ratio levels were blinded to in-
vestigators and patients, therefore not affecting stan-
dard clinical practice. Non-hospitalized women were
equally split between low and intermediate manage-
ment levels.

In the ‘test’ scenario women are classified into three
subgroups based on the sFlt-1/PIGF results (<38; 38-
-85 [110];>85 [110]). Analysis of the test information
from PROGNOSIS showed that 76.1%, 10.7% and
13.2% of subjects fall on each sub groups, respective-
ly. It is assumed in the model that, for a test ratio <38,
some women (eg blood pressure higher than 160/110
mmHg) would still be hospitalized. Data from PRO-
GNOSIS shows that 1.7% of women met these crite-
ria. As the blood pressure threshold for hospitalization
in Portugal is usually lower, the hospitalization rate for
women with results <38 was assumed as 5% (expert
opinion). For non-hospitalized women, a conservative
equal split between low and intermediate management
levels was considered. For the subgroups of women
with ratios >38, as the knowledge of a positive result
may lead to a safer approach, the base case analysis
considers a reflex increase of hospitalizations relative
to PROGNOSIS data: 55% to 75% and 65% to 85% for
women with results 38-85 [110] or >85 [110], res-
pectively (expert opinion). The resources allocated to
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the low and intermediate outpatient management le-
vels are based on conservative local practice patterns.
Re-testing was considered in 40% of the women with
an initial negative result that did not develop PE with-
in 2 weeks of the first visit (expert opinion). The de-
fault values for estimates of unplanned emergency vi-
sits and admission to neonatal intensive care are de-
rived from the PROGNOSIS data. In the absence of
evidence, the model assumes that information from
the test has no effect on these variables.

Costs

The model estimates costs to the healthcare system (in-
patient and outpatient care) associated with diagno-
sis, monitoring and management from first presenta-
tion of suspected PE (week 32, on average) until the
development of PE, HELLP syndrome and/or birth.
The base case analysis includes the cost of the
sFlt-1/PIGF ratio test, initial visit, outpatient appoin-
tments and diagnostic procedures, anti-hypertensive
medication in the outpatient setting and treatment
costs associated with hospitalization. The costs of com-
plications, namely unplanned emergency visits and
neonatal intensive care admissions, are considered in
a specific sensitivity analysis.

Unit costs of healthcare resources related to initial
visit, outpatient management and emergency visits
were taken from Portuguese official tariffs established
by national legislation®. Hospitalization cost
(€626,48) was inputted from a health economic study
from 2012-2014 on the values of homogenous diag-
nostic groups (DRG) relating to PE as a primary disease
(inflation not accounted for)**. The cost of anti-hyper-
tensive medication (nifedipine) is obtained from the
National Drug database considering a reimbursement
of 69%*. Cost of neonatal intensive care unit admis-
sion is derived from DRG 608 (6711,50€)*. The
sFlt-1/PIGF test cost was estimated as 45€. Cost inputs
are presented in Table I.

Sensitivity analysis

To evaluate if changes in key inputted variables yielded
major deviations to the main results, six sets of sensi-
tivity analysis were run in parallel. Specifically, the fol-
lowing model parameters were tested: (1) increase the
admission rates of women with ratios <38, 38-85 [110]
and > 85 [110] by 10% and 20%; (2) decrease the ad-
mission rate of women with ratio <38 to 3%; (3) a sce-
nario of no retest, 30% and 50% increase on the base
case; (4) vary the cost of hospitalization by +20%; (5)
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vary the target population by
+20%; and (6) include costs of
unplanned emergency visits and
neonatal intensive care admis-
sions.

RESULTS

suspicion of PE
Costs derived from DRG
€0626,48”

Overall, a simulated cohort of
8500 pregnant women with sus-
pected PE, including the sFlt-
-1/PIGF ratio as an additive dia-
gnostic test, yielded a positive eco-
nomic effect to the SNS. In the
current standard practice (no
test), total costs were estimated as
€0 863 264 (€1160 per patient).
The key expense drivers are the
treatment and management costs
associated with admissions, par-
ticularly those associated with
false-positive diagnoses (unneces-
sary admissions) representing
about €3,5 million in the current
practice scenario. Overall, 36.1%
of women with suspicion of PE are
estimated to be hospitalized
(3069 women), of whom 24.6%
(756 women) will develop PE. In
the test scenario (initial test plus
re-test) total costs sum up to
€9 781 194 (€1150 per patient),
representing a cost saving of €82
070 (€10 per patient) compared
to standard practice (Table II). The
introduction of the sFlt-1/PIGF
test is estimated to reduce false-
positives, thereby decreasing the
rate of unnecessary hospitaliza-
tions. The hospitalization rate
would decrease to 23.1% (1960
women), of whom 41.8% (819
women) would develop PE, re-
presenting fewer 1109 unneces-
sarily admissions per year. This
generates savings of nearly €1.4
million (women without PE not
hospitalized), which offsets the
cost of the test and re-test itself

Hospitalized
High intensity management
Inpatient management for

Included in the visit*

COSTS
31€
Included in the visit*
€472
€402
€1,32
€127
€402
€252
€38,6*
€10,3*
€20,93?
€15
€17,81

Intermediate intensity management
outpatient appointment within 1-week

Renal function (creatinine)
Anti-hypertensive medication
(50% of patients begin
nifedipine 30 mg once-daily)*

AST, ALT, bilirubin
Urine protein/creatinine

Specialist appointment
Blood pressure
Dipstick urine test

Ca, Cl, K, Na

Fetal ultrasound
Cardiotocography
Fetal-placental doppler
Daily cost per patient

RESOURCES
LDH

Hemogram

Non-hospitalized

Included in the visit*?

COSTS
31€ *»
Included in the visit*
€472
€402
€]1,3»
€127
€402
€252
€38,6”
€10,3*
€20,93*
€8,38

Low intensity management
outpatient appointment within 2-weeks

RESOURCES

TABLE I. COST INPUTS
Specialist appointment
Blood pressure

Dipstick urine test

Ca, Cl, K, Na

Renal function (creatinine)
AST, ALT, bilirubin
Urine protein/creatinine
Fetal ultrasound
Cardiotocography
Fetal-placental doppler
Daily cost per patient

Hemogram
LDH

LDH: lactate dehydrogenase AST: aspartate transaminase ALT: alanine transaminase DRG: diagnosis-related groups

#expert opinion
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TABLE II. COST ESTIMATIONS IN THE ‘TEST’ AND ‘NO TEST’ SCENARIOS
Cost source No test scenario Test scenario Budget impact | Comments
Initial visit € 1063 416 € 1508 936 € 445 520 Includes sFlt-1/PIGF cost in
Re-test €0 € 106 640 € 106 640 Test scenario; cost of Emergency
Department visit not considered
if patient is admitted (included in
DRG).
Management of women € 6901 762 € 6280117 -€ 621 645 Cost reduction from avoiding
who not develop PE unnecessary hospitalizations
Low € 1098 828 € 1257851 € 159 023 of women that will not
Intermediate € 2 335823 € 2921 038 € 585 215 develop PE.
High € 3467 111 € 2101 228 -€ 1 365 884
Management of patients | € 1 897 245 € 1884 730 € 12515 Cost reduction from avoiding
who develop PE hospitalizations prior
Prior to PE diagnosis € 955 154 € 942 639 € 12515 development of PE.
Low € 84720 € 79528 -€5193 No difference in costs with
Intermediate € 180 093 € 228 760 € 48 667 PE diagnosis as incidence is
High € 690 340 € 634 351 -€ 55 989 similar in “test” and “no test”
With PE diagnosis € 942 091 € 942 091 €0 scenarios and hospitalization cost
is independent of length of stay.
Net budget impact € 0 863 264 € 9781 194 —€ 82 070
Net budget impact €1 160 €1 150 €10
per-patient

PE: preeclampsia DRG: diagnosis-related groups. Low, intermediate and high refer to outpatient management within 2-weeks, 1-week

and hospitalization, respectively.

(€552 160) and the additional expenses of following
more subjects in outpatient care (€744 238).

Overall, the financial benefit obtained by the test
was consistent across a range of variations in the main
parameters (Table III). Increasing the proportion of
women admitted to hospital or undergoing retest, in
simulation of more conservative scenarios, increases
total net cost in the range of €1 to €11 per patient.
Similarly, variations up to 20% in the hospitalization
cost have small impact on the estimated net re-
sults. Varying the number of the target population, also
has no impact on the net results.

DISCUSSION

The syndromic nature of PE makes diagnosis and
management difficult. When PE is suspected, patients
are often admitted to the hospital for further monitor-
ing/investigation and discharged only when PE is ruled
out. Given the nonspecific presentation of the syn-
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drome, many patients are unnecessarily admitted,
while some cases may be missed. In both situations,
physicians become vulnerable to error, patients sufer,
and healthcare costs are increased.

The sFlt-1/PIGF ratio is a new immunoassay re-
cently available in Portugal for the short-term predic-
tion and differential diagnosis of PE. It was shown use-
ful to rule out the disease with high negative predic-
tive values (99.3% and 97.9% within 1 and 2 weeks,
respectively) as well as to evaluate the need for hospi-
talization in patients presenting with signs and symp-
toms of PE***" To further assess the assay’s value to
the healthcare system, this study modelled its impact
on costs incurred by the SNS. Budget impact analysis
are of most importance for helping physicians, health-
care payers and reimbursement authorities to assess
affordability for the health care system, a major con-
cern for budget holders with scarce financial resources.
Our analysis quantifies the cost impact of implemen-
ting a risk stratification approach for suspected PE by
integrating the sFlt-1/PIGF ratio in clinical practice. A
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TABLE Ill. SENSITIVITY ANALYSES
Percentage admitted to hospital with

sFlt-1/PIGF sFlt-1/PIGF sFlt-1/PIGF Cost difference
Variation in number of admissions >85 38-85 <38 per patient (€)
Base case 85% 75% 5% -€10
Increase admissions by 10% (proportionately) 93,5% 82,5% 5,5% €1
Increase admissions by 20% (proportionately) 100% 90% 6% €11
3% admission rate for patients with a ratio <38 85% 75% 3% -€23

Cost (€) Cost Cost

Other variables per patient (€) No test scenario | Test scenario difference (€) difference
Exclude option of retest €9 434 626 €9 023 642 - €410 984 -€48
Retest rate increased by 30% € 9885 165 € 9901 769 € 16 604 €2
Retest rate increased by 50% € 9954 478 € 10 036 865 € 82 387 €10
Hospitalization cost increased by 20% € 10 251 425 € 10 066 697 - €184 728 -€22
Hospitalization cost decreased by 20% € 9310963 € 9331 551 € 20588 €2
Target population increased by 20% € 11 835917 € 11737 433 - € 08 484 -€10
Target population decreased by 20% € 7890611 € 7824 255 - €65 0656 -€10
Including unplanned emergency visits and € 12 387 651 € 12304 723 -€ 82928 -€10
neonatal intensive care admissions

PE: preeclampsia DRG: diagnosis-related groups. Low, intermediate and high refer to outpatient management within 2-weeks, 1-week

and hospitalization, respectively.

clinical pathway was simulated based on a decision
tree model where women assessed at low risk for de-
velopment of the disease are discharged for outpatient
management, while those at higher risk are intensive-
ly monitored or admitted.

The results predict that determining the sFlt-1/PIGF
ratio is associated with a net saving of €10 per patient
tested. With approximately 8500 pregnancies in Por-
tugal each year with hypertensive disorders, total na-
tional savings could theoretically amount to €82 070
annually. This is attributed to the test’s ability to better
classify patients relative to current practice, particu-
larly its ability to reduce false positives and related un-
necessary hospitalizations. It is estimated that the use
of the sFlt-1/PIGF ratio allows a reduction of about
1100 unnecessary hospitalizations per year to manage
the risk of PE.

The base case analysis assumes that nearly one third
of the initial target population would repeat the test
once, namely those women with initial negative results
but with persisting or new-onset signs or symptoms.
This likely reflects real-world practice — a negative re-
sult can rule out PE in the short term but not for the
whole pregnancy — and therefore serial measurements
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may be indicated in some women****".

Sensitivity analyses of stretched scenarios demon-
strated that the model was not overly sensitive to any
input or assumption (cost difference per patient rang-
ing from €48 to €11), indicating a reasonable degree
of confidence in the results.

Compared to similar economic studies from other
European countries, the estimated savings in this mo-
del are modest. Vatish et al. (2016)*® showed, from a
UK Health Service payer’s perspective, that imple-
menting the sFlt-1/PIGF ratio could save £344 per pa-
tient. For the Ttalian system, estimated savings were
up to €670 per patient®. Two main reasons explain
the difference observed in our study. First, our mod-
el’s clinical inputs are more conservative. The inputted
admission rates are major variables for the cost esti-
mation and more conservative admission scenarios will
ultimately lead to more expenditure. Compared to the
UK study, as the thresholds for hospitalization in Por-
tugal are likely more conservative than those recom-
mended by NICE guidelines'?, we estimated a nearly
three times higher hospitalization rate among women
with negative test results. Further, unlike the UK and
Italian studies, in our base case we considered a reflex
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increase of nearly 30% in admissions of women pre-
senting with positive ratios. This is supported by recent
studies showing an increased hospitalization rate in
this subgroup of women. Second, the mean DRG ta-
riffs for admissions of PE related disorders in the SNS
are significantly down priced compared to those sys-
tems, thus reducing the potential savings associated
with fewer hospitalizations. Nevertheless, results of
these studies point in the same direction of a cost be-
nefit, further supporting that the test is affordable for
the SNS.

The study has certain limitations. The reliability of
any budget impact model are directly related to the
quality of the data used to generate it. If the clinical
decision tree and estimated costs do not reflect real-
world practice, results will be inaccurate. The main
limitation of our analysis is that no local data on the test
performance was available. Full PROGNOSIS dataset
was used that includes data from several European
countries other than Portugal. Although variability
exists between countries, the large sample size of the
study is expected to provide a good estimate of the
population mean. However, the observational nature
of the data limits the accuracy of some inputs. Where
data was unavailable, estimates were derived accor-
ding to the authors' perception of the Portuguese rea-
lity. Sensitivity analyses were hence needed to test the
impact of data inputs on model results. The model also
does not account for the heterogeneity of PE manage-
ment. In clinical practice the perception of “suspected
PE” is highly variable and can differ from the criteria
applied in PROGNOSIS, which can affect the predic-
tive values of the test. Further, a number of clinical
protocols may be in practice and criteria for hospita-
lization may differ among institutions and our base
case. Of note, the model does not estimate the finan-
cial impact at the institution level. Real cost of a PE re-
lated admission is likely higher than the established in
DRGs, meaning the savings at the institution level may
be higher than those estimated in our study. Finally,
the model did not account for the impact of the test on
PE related adverse outcomes such as eclampsia, ma-
ternal and neonatal mortality or long term complica-
tions of prematurity. The direct and indirect costs of
such complications are believed to be high**. Since
the sFlt-1/PIGF test may help a timely identification
and appropriate management of PE patients, it can de-
crease short and long term related adverse outcomes
and associated costs. However, such potential benefits
were not captured by the scope of the model. As re-
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sults from ongoing and planned randomized clinical
trials become available in the next few years and fur-
ther insight is provided on the impact of the
sFlt-1/PIGF ratio in clinical outcomes, health-eco-
nomic estimations should be re-evaluated.

CONCLUSIONS

The results of this budget impact study provide favo-
rable economic evidence about the introduction of the
Elecsys sFlt-1/PIGF ratio in the SNS. Improved PE
diagnosis leads to more appropriate hospital admis-
sions and interventions and allows for a better alloca-
tion of resources. The generated savings appear to off-
set the costs related to the test.
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