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Abstract 

Introduction: Preeclampsia (PE) is a pregnancy disease which represents a leading cause of 

maternal and perinatal mortality and morbidity. Accurate prediction of PE risk could provide an 

increase in health benefits and better patient management. 

Objective: To estimate the economic impact of introducing Elecsys sFlt-1/PlGF ratio test, in 

addition to standard practice, for the prediction of PE in women with suspected PE in the Italian 

National Health Service (INHS). 

Methods: A decision tree model has been developed to simulate the progression of a cohort of 

pregnant women from the first presentation of clinical suspicion of PE in the second and third 

trimesters until delivery. The model provides an estimation of the financial impact of introducing 

sFlt-1/PlGF versus standard practice. Clinical inputs have been derived from PROGNOSIS study 

and from literature review, and validated by National Clinical Experts. Resources and unit costs 

have been obtained from Italian-specific sources. 

Results: Healthcare costs associated with the management of a pregnant woman with clinical 

suspicion of PE equal €2384 when following standard practice versus €1714 using sFlt-1/PlGF ratio 

test. 

Conclusions: Introduction of sFlt-1/PlGF into hospital practice is cost-saving. Savings are generated 

primarily through improvement in diagnostic accuracy and reduction in unnecessary hospitalization 

for women before PE’s onset. 
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Introduction 

Preeclampsia (PE) is a hypertensive disorder of pregnancy (HDP) traditionally diagnosed by the 

combined presence of increased blood pressure (systolic blood pressure ≥140 mm Hg and/or 

diastolic blood pressure ≥90 mm Hg) and proteinuria (≥ 0.3 g/24 hours). PE affects 2–8% of 

pregnancies and along with the other hypertensive disorders is a major cause of maternal and 

perinatal mortality and morbidity worldwide [1,2]. 

Assessment of initial presentation of PE is difficult because it is often asymptomatic until late stage 

of the disease and involves multi-organ dysfunctions [3]. Early diagnosis requires multiple reading 

of clinical and laboratory tests and monitoring of patients by expert gynecologists, obstetricians 

and/or midwives. International and National Guidelines suggest to perform specific investigations 

for the diagnosis of PE such as the evaluation of blood pressure and proteinuria that are considered 

the standard diagnostic test, along with other maternal tests as full blood count, liver function, renal 

function and coagulation test. Also uterine artery Doppler and ultrasonography assessment of fetal 

growth and placental function are suggested [3–5]. 

According to PE severity, patients may be recommended routine visits in outpatient setting or 

require hospitalization in order to receive appropriate clinical diagnosis and continuous monitoring. 

Recently, evaluation of placental growth factor (PlGF) and quantification of the ratio between sFlt-1 

and PlGF in the second and third trimesters of pregnancy has been shown to predict the subsequent 

development of PE [6–9], allowing a more accurate prediction of the onset of disorder and better 

patient management. 

In Europe, the automated measurement of the sFlt-1/PlGF ratio has been approved for aid in the 

diagnosis of PE [10]. Recently, PROGNOSIS – a global multicenter non-interventional prospective 

study – evaluated Elecsys® sFlt-1/PlGF immunoassay ratio (Roche Diagnostics GmbH, Mannheim, 

Germany) as the first fully automated immunoassay for the detection of PE biomarkers in maternal 

serum after 20 weeks of gestation. The test was able to show a negative predictive value of 99.3% 

for ruling out PE within 1 week [11]. Clinical data therefore suggest that this test in conjunction 

with other clinical findings aids the prediction of PE and prevent over-diagnosis and over-treatment 

of women with suspected PE [12]. 

Improved diagnostic tests have the potential to increase accuracy levels, better manage patients 

according to appropriate level of risk and reduce unnecessary healthcare costs. When new health 



technologies become available, decision-makers usually assess benefits and costs of new 

technologies in order to appreciate the increased value for the patients and perform estimates of the 

financial sustainability for the healthcare system. Indeed, the use of economic evaluation for the 

assessment of new health technologies is becoming increasingly important to support healthcare 

decisions when resources are scarce and health needs are infinite. The purpose of this analysis was 

to estimate the financial impact of introducing the sFlt-1/PlGF test into hospital practice for the 

prediction of PE in women with the suspicion of this disease in addition to standard practice, in the 

Italian National Health Service (INHS). 

 

Methods 

An economic model was developed from the INHS payer’s perspective to estimate the net financial 

impact of the innovative sFlt-1/PlGF test in comparison to the current clinical practice. Net impact 

was calculated on the difference between direct healthcare costs (hospital, outpatient and drugs) 

associated with the diagnosis and management of women with sign and symptoms of suspected 

PE1, when using the sFlt-1/PlGF (test scenario) and current clinical practice (no test scenario). A 5-

year-long budget impact estimation has been performed including a 3% discount rate [13]. In order 

to check the robustness of the results, a sensitivity analysis with a variation of ±20% on input 

assumptions has been conducted in comparison to the baseline. 

Model structure 

The decision tree model simulates the progression of a pregnant woman with HDP through a 

treatment pathway that is determined by the assessment of the risk of developing PE and the 

consequent decision to hospitalize [High] or manage the pregnancy in an outpatient setting 

[Intermediate/Low] (Figure 1). The model includes direct healthcare resources used from the first 

presentation of clinical suspicion of PE1 (gestational week 24 + 0 until 36 + 6) to delivery (full-term 

40 weeks). 

 

  



Figure 1. Decision tree model structure. 

 

 

At the clinical visit, pregnant women are classified as low, intermediate or high risk of PE’s onset. 

Intermediate/low-risk gestational hypertensions are monitored in outpatient settings biweekly or 

monthly until PE was clinically diagnosed. High-risk PE patients are recommended to undergo a 

full clinical assessment in hospital setting and weekly outpatient visit until PE could be clinically 

diagnosed. The model assumes the introduction of the sFlt-1/PlGF test during the first presentation 

with the objective to provide a better diagnosis and targeted management of pregnant women with 

suspected PE1. In cases of confirmed diagnosis of PE, women were hospitalized until delivery. 

Data and modeling assumption 

Target population included in the model considers pregnant women with suspected PE1. The cohort 

of patients included in the model was equal to 49 455 pregnant women and was calculated as 

number of alive births per year in Italy [14] considering year 2014 (494 550) multiplied by HDP 

prevalence rate that ranges from 5% to 15% with a median of 10% [15–17], following cohorts’ 

estimation considered an annual growth rate in female population of 0.68%2 [14]. 

The economic model used patient-level data derived from the PROGNOSIS study [11] to identify 

progression of PE’s risk, onset, complications, length of stay (LOS) in hospital and the sFlt-1/PlGF 

test at baseline. In the current scenario, which does not include the sFlt-1/PlGF test, interviews to 

three National Clinical Experts (MDs Gynecology and Obstetrics) were carried out to validate 

assumptions and to understand patient management practices. 

According to National Guidelines and National Experts’ opinion, the baseline examination to rule 

out patients with suspected PE (occurring between 28th and 32nd gestational week) included 

measurement of blood pressure, urine analysis, ultrasound evaluation of fetal growth and Doppler 



sonography, evaluation of full blood count, creatinine, lactate dehydrogenase (LDH) test and 

aspartate aminotransferase (AST). In the economic model, at first presentation, patients who are not 

admitted into hospital are assumed to be managed in an outpatient setting. Outpatient’s resource use 

was modeled by distinguishing low and intermediate intensity management based on risk of PE 

onset (Table 1). 

 

  



Table 1. Patient management options for women with suspected PE. 

 

Non-hospitalized Hospitalized 

Low Intermediate High 

Women are managed in outpatient setting 

with an average once every 2 weeks 

appointment/evaluation and can also be 

managed by domiciliary care. 

Women are managed in outpatient 

setting with an average weekly 

appointment/evaluation. 

Women are managed in 

inpatient setting (always 

ordinary hospital regimen). 

They are usually women with pre-

pregnancy hypertension, high body mass 

index, autoimmune diseases. 

They are usually women with 

hypertension around 12 weeks of 

pregnancy. 

They are usually women with 

hypertension after 20 weeks of 

pregnancy. 

Routine tests include: Routine tests include: Routine tests include: 

 • Gynecologic visit  • Gynecologic visit  • Gynecologic visit 

 • Blood test (blood count)  • Blood test (blood count)  • Blood test (blood count) 

 • Blood pressure  • Blood pressure  • Blood pressure 

 • Urine test  • Urine test  • Urine test 

 • Creatinine test (for kidney function)  • Creatinine test (for kidney 

function) 

 • Creatinine test (for 

kidney function) 

 • Bilirubin  • Bilirubin  • Bilirubin 

 • Transaminases  • Transaminases  • Transaminases 

 • Antithrombin  • Antithrombin  • Antithrombin 

 • Fetal echocardiography  • Fetal echocardiography  • Fetal echocardiography 

 • Electrolytes test (Ca, Cl, P, Na)  • Electrolytes test (Ca, Cl, P, Na)  • Electrolytes test (Ca, Cl, 

P, Na) 

At the first appointment, the color 

Doppler sonography is a common test 

At the first appointment, the color 

Doppler sonography is a common test 

At the first appointment the 

color Doppler sonography is a 

common test 

Women can receive pharmacological 

treatment (nifedipine is the first choice 1/2 

times per day, followed by labetalol) 

Women can receive pharmacological 

treatment (nifedipine is the first choice 

1/2 times per day, followed by labetalol) 

Women can also receive 

pharmacological treatment for 

hypertension (nifedipine is the 

first choice 1/2 times per day, 

followed by labetalol) and 

betamethasone (12 mg) and 

magnesium sulfate (4 g 

intravenous and 1 g 

maintenance) in order to avoid 

fetal complications 

 

 



In the test scenario, women are classified into three categories based on the sFlt-1/PlGF ratio test 

results. A negative test result (ratio ≤38) is able to rule-out PE within 1 week; a positive test result 

(ratio >38–85) predicts the rule-in of PE within 4 weeks; and a positive test result (ratio >85) 

indicates that the likelihood of PE is high and hospitalization together with the use of 

corticosteroids are highly recommended. The risk of PE and probability of hospitalization is 

expected to be positively correlated with increasing values of the sFlt-1/PlGF ratio. Analysis of the 

test’s information from the PROGNOSIS study showed that for the women with a ratio >85% 

(13.2%), 64.8% of them were hospitalized. For the women with a ratio value in the range of 38–85 

(10.7%), 55.4% were hospitalized. For the women with a ratio ≤38 (76.1%), in accordance to 

National Experts’ Opinion, it has been assumed that the 5% would be hospitalized. Moreover, the 

model assumes that re-testing has to be performed 2 weeks after the initial test for women with 

negative result of the first test, have not presented with PE in the 2 weeks following their initial 

appointment and have not been hospitalized but do present at least one clinical sign of PE3 (81.4% 

of women were eligible for re-test) [18]. 

The model also includes the cost of treatment considering complications such as an emergency 

admission and neonatal intensive care unit (nICU) admission for preterm births. Both costs have 

been calculated accordingly to the treatment management level, admission rates and LOS. In 

absence of evidence of the effect of test adoption on these costs, the model assumes the same 

economic impact for both test and no test scenario. 

Costs 

The economic evaluation considers all direct healthcare costs associated with test acquisition, 

diagnosis of pre-PE, hospitalization and outpatient management for women included in the model. 

The resources used for each management level are based on national and international guidelines 

for the management of women with hypertension in pregnancy [3–5,15] and validated through 

National Expert Opinions interviews. 

The cost for the administration of the automated sFlt-1/PlGF test (€50.12) was obtained from the 

only available regional tariffs established by the region of Liguria [19]. Hospitalization costs were 

estimated following the national diagnosis-related group (DRG)-based reimbursement system 

(version 24 of DRG-Grouper); admission codes used were DRG 384 corresponding to “Other 

prenatal diagnosis without medical complications” and DRG 383 corresponding to “Other prenatal 

diagnosis with medical complications”. The model considers a weighted average cost of €862.80 

[20] per hospitalized patient, where the majority of hospital admissions do not have medical 

complications. Consumption of healthcare resources related to first presentation (laboratory and 

diagnostic tests) and to outpatient management (low and intermediate levels) is coded using the 



national tariffs established by the Ministerial Decree of 18 October 2012 [20]. The unitary cost (ex-

factory price) of the drug for antihypertensive medication (nifedipine) is obtained from the 

Telematic Pharmaceutical Compendium 2015. The model also includes costs for complications 

which refer to emergency admissions and nICU since the risk of very low/low birth weight and 

preterm births increase with PE status [21]. The model uses the costs sustained by international 

countries as proxy for the economic impact associated with complications, that is, because national 

reimbursement tariffs for those services do not exist. Emergency admission (€1471) is obtained 

from Payment by Results in the NHS (2014)4 [22], whereas nICU’s cost per day (€1383) is acquired 

from a recent review of nICU’s costs in four European countries including Italy [23]. 

 

Results 

Overall cost difference year 1 

The introduction of the sFlt-1/PlGF test in addition to standard practice reduces overall healthcare 

costs by 28% in the first year versus standard practice alone (from €117.924.952 to €84.764.875). 

The inclusion of the test as an additional diagnostic tool for PE risk detection has a major impact in 

reducing healthcare costs related to management of patients before PE onset. In particular, the test 

is able to reduce 69.5% of unnecessary patient’s hospitalizations before PE onset allowing a better 

stratification of the risk, with a shift in management of patients from high to intermediate and low 

intensity level when patients do not develop PE (Table 2). 

 

  



Table 2. Overall cost difference 1 year (test–no test scenarios). 

 

Costs  Patients 

 No test scenario Test scenario Δ Costs No test scenario 
Test 

scenario 

Initial 

appointment 
€4.464.797 €4.464.797 0% 49 455 49 455 

Test – €2.478.685 – 0 49 455 

Retest – €1.405.603 – 0 28 045 

Pre-PE 

management 
€39.203.272 €15.537.517 −60% 49 455 49 455 

Low €2.253.442 €2.293.217 2% 7913 17 877 

Intermediate €4.218.436 €4.038.096 −4% 11 869 22 538 

High €32.731.395 €9.206.204 −72% 29 673 9040 

PE management €16.510.271 €8.255.135 −50% 9568 9568 

Low €1.792.778 €1.314.617 −27% 1039 1524 

Intermediate €2.689.167 €3.386.284 26% 1558 3925 

High €12.028.326 €3.554.234 −70% 6971 4119 

No PE 

management 
€34.638.582 €23.758.312 −31% 39 887 39 887 

Low €2.096.570 €7.004.825 234% 6874 14 378 

Intermediate €3.924.772 €10.423.566 166% 10 311 17 696 

High €28.617.240 €6.329.921 −78% 22 702 7812 

Complications €23.108.030 €28.864.826 25% 1704 2909 

Cost of 

emergency 

admissions 

€933.866 €1.958.976 110% 635 1612 

Neo-natal 

intensive care 
€22.174.164 €26.905.850 21% 1069 1297 

Total €117.924.952 €84.764.875 −28% 49 455 49 455 

 

The expected annual cost-savings for the INHS are equal to €33.2 million based on a cohort of 49 

455 women with clinical signs of PE. Over 5 years, the cumulated savings are about €159 million 



(3% discount rate). Net cost-saving per patient is equal to €671. Major healthcare costs avoided are 

related to hospitalization before the onset of PE (net cost-saving of €476 per patient) because the 

test helps assigning patients to the most appropriate management setting given the risk level 

detected (69.5% reduction in unnecessary patient hospitalization in pre-PE management). As for 

complications, when the test is introduced, and compared to the alternative scenario, the increase in 

resources (€116 per patient) is the result of the augmented number of patients managed in low and 

intermediate settings. Moreover, we assume that the test has no effect on frequency and LOS of 

EAs or admission to nICU. When introducing the test, patients who do not develop PE register 

fewer healthcare costs (net cost-saving of €220 per-patient) primarily because of a shift in clinical 

management setting from high intensity to intermediate/low intensity. In addition, the use of the 

sFlt-1/PlGF test during PE management allows fewer repeated hospitalizations for false-positive 

women (net cost-saving of €167 per-patient). The increased cost compared to standard practice is 

the cost of administering the sFlt-1/PlGF test and re-test that on average is equal to €78.54, 

considering €50.12 for each administration of the test and of which 81.36% of the patients are 

subject to re-test. 

Sensitivity analysis 

Sensitivity analysis was performed to test the robustness of model results (input variables were 

increased/decreased by 20% as standard range). The analysis suggested that 5-year net savings per 

patient is sensitive to change in hospital admission costs for pregnant women with suspected PE 

(Figure 2). After the variation of the parameters, 5-year per-capita savings range between a 

minimum of €497 and a maximum €773. 

 

Figure 2. Sensitivity analysis. 

 

 

Discussion 

There is a growing recognition of comprehensive economic assessment to inform regulators and 

payers when new health technologies are launched. Together with cost-effectiveness analysis 

(CEA), budget impact analysis (BIA) is the health economic technique used to manage and plan the 



introduction of new technologies/interventions on national, regional or local health budgets under 

resource constraints. Although CEA evaluates the costs and outcomes of alternative technologies in 

terms of health benefits to patients providing a measure of economic efficiency, BIA addresses the 

financial stream of consequences related to the uptake and diffusion of technologies giving a 

foundation for their affordability [24,25]. In particular, a BIA tries to foretell how a change in the 

mix of healthcare services, drugs and other therapies used to treat or predict a particular health 

condition will impact the trajectory of spending on that condition. 

In this analysis, the budget impact of the novel PE biomarker Elecsys sFlt-1/PlGF immunoassay 

ratio was modeled as a supplementary diagnostic strategy to standard practice. The economic model 

was aimed at quantifying the net financial impact of the sFlt-1/PlGF test for the short-term 

prediction of PE for pregnant women with suspected PE in the perspective of the INHS. The results 

from the analysis showed how the new prenatal ratio test provides a more accurate prediction of PE 

development between gestational weeks 24 + 0 until 36 + 6 and consequently it is able to optimize 

the patient management and reduce unnecessary healthcare costs. 

Overall, the introduction of the sFlt-1/PlGF ratio test helps addressing patients with 

low/intermediate risk of PE toward an outpatient setting while ensuring a more intense intervention 

to high risk PE patients to mitigate morbidity (hospitalization with corticosteroids for fetal lung 

maturation). Besides increasing costs, unnecessary hospitalization may also lead to decreased 

quality of life and might be associated with inappropriate and excessive intervention. The model 

results show how women in whom PE has been ruled out thanks to a PlGF-based test return to 

community care instead of being admitted to hospital for observation, with the main consequence of 

significant healthcare cost-savings. Based on the assumptions used to run the budget impact model, 

with the test and re-test, 24.3% of women were hospitalized before diagnosis of PE of which the 

33.4% developed PE. Contrarily, without the test information, 60% of women were hospitalized 

before diagnosis of PE, of which only 26.4% went on to develop PE. The overall expectation of the 

positive value of the ratio test, in terms of a reduction of costs, is robust to plausible changes in the 

main parameters. 

A similar study addressing the economics of diagnostic PE testing in the UK’s context [18] is 

available. The results suggest similarities with the Italian context despite the more stringent clinical 

guidelines that are in place for the management of hypertensive pregnant women [15]. The BIA 

conducted in the UK report substantial cost-savings from a UK’s healthcare payer-perspective, with 

savings of £344 per pregnant woman using the sFlt-1/PlGF test as supplementary diagnostic tool in 

comparison to standard practice [18]. 



National Institute for Health and Care Excellence (NICE) has recently published new evidence-

based recommendations in which midwives and doctors in England and Wales were advised to use 

the Roche Elecsys® sFlt-1/PlGF immunoassay ratio test as one of two recommended tests to help 

rule-out PE together with standard clinical assessment and subsequent clinical follow-up, in women 

presenting with suspected PE between 20 and 34 weeks +6 days of gestation. The new guidance 

advocates the use of a test manufactured by Roche Diagnostics to confidently rule-out the presence 

of PE within 1 week [26]. 

The use in the UK has the potential to reduce hospitalization of suspected PE cases by 50%, freeing 

up beds and reducing pressures on nurses. Annual UK savings are projected to be greater than £16 

million [27]. 

The BIA we have presented has some limitations. First, the test scenario is based on management, 

resource use and outcome data collected from a large observational study (PROGNOSIS study), 

which includes pooled data from different countries but no data for Italy, thus predictive value may 

vary in actual clinical practice. Second, some resource utilization inputs, such as frequency of 

outpatient visits and patient allocation to the different levels of management, are an average value 

obtained from interviews to National Experts. Moreover, patient pathways may also vary across the 

country since the INHS is decentralized at regional levels and organization and provision of health 

services are not homogeneous [25]. Due to the fragmented national scenario, the increase in 

litigation might have a role in unnecessary hospitalization in certain regions. Third, the model 

assumes the uptake of the Elecsys sFlt-1/PlGF test for the entire target population of pregnant 

women with suspected PE starting from the first year of test’s availability, but adoption rate may 

change across regions/hospitals especially if stringent national clinical guidelines are not in place. 

However, the limitations of the model are not expected to significantly impact the findings of the 

analysis. Results remain robust to changes in main parameters in the economic model as shown in 

the sensitivity analysis. In addition, model estimations are conservative because they focus on 

maternal health and do not include follow-up management and costs for women and infants after 

delivery and long-term complications. 

 

Conclusion 

The introduction of prenatal sFlt-1/PlGF ratio test in addition to standard practice may be useful to 

prevent over-diagnosis and over-treatment of women with suspected PE avoiding unnecessary 

hospitalizations across all risk levels. At the same time, it allows better identification of women at 

higher PE risk who can receive an appropriate management accumulating cost-savings to the INHS. 
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Notes 

1 Suspicion of clinical diagnosis of PE implicates new onset of elevated blood pressure; aggravation 

of preexisting hypertension; new onset of protein in urine; one or more of the following reasons, 

such as epigastric pain; severe edema; headache; visual disturbances; weight gain; low platelets; 

elevated liver transaminases; suspected intrauterine growth restriction; abnormal uterine perfusion 

detected by Doppler sonography with mean Pulsatility Index (PI) < 95th percentile in the second 

trimester and/or bilateral uterine artery notching. 

2 Population growth was calculated as the average compound annual growth rate of female 

population (2012–2105). 

3 PE signs are identified as epigastric pain; severe edema; headache; oliguria; visual disturbances; 

confirmed hypertension; confirmed proteinuria; proteinuria dipstick result of +1; one or more 

criteria met for HELLP syndrome: increased AST (<70 IU/L); reduced thrombocyte counts 

(<100,000/μL); increased LDH levels (>600 IU/L); intrauterine growth restriction; abnormal uterine 

perfusion detected by Doppler Sonography with mean PI > 95th percentile. 

4 Exchange rate Pound to Euro was applied (Bank of Italy 26 August 2015). 
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