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Abstract

On May 26th 2017 the European Parliament and the Council of The European Union

adopted the new regulation on in vitro diagnostic medical devices (IVDR)-Regulation

EU 2017/746-planned to be applied from May 26th 2022 in substitution to the pre-

vious IVD directives (IVDD 98/79 EC). After several health and legal causes due to

medical device malfunctions, the European Union (EU) extensively reviewed the pre-

vious regulatory, which had remained unchanged since 1998. Aim of the work is to

analyse the effects of the new IVDR on the field of haemostasis and thrombosis test-

ing with particular attention to specific clinical conditions. Clinical laboratories will

mainly deal with three different situations: (1) Diagnostic test performed with IVDR

products used according with clinical indication certified by manufacturers. (2)

Diagnostic test performed with certified IVDR products without clinical validation.

(3) Diagnostic test performed with reagents classified as Research Use Only (RUO).

At present, only few clinical laboratories through different European countries have

been prepared to the new IVDR, while many laboratories are not yet aware about

crucial aspects of the new process that deeply involves laboratory medicine. In con-

clusion, each laboratory should be aware of the IVDR certification of the reagents/

instruments used in its laboratory. There are several urgent needs regarding IVDR

certification: studies about the clinical performance of haemostasis tests, guidelines

for LDTs (definition and documentation), internal and external quality controls for

the tests recommended/suggested in the guidance/guidelines and finally implemen-

tation and/or update of clinical and laboratory guidelines.
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1 | INTRODUCTION

In vitro diagnostic medical devices (IVD) are tests used on biological

samples to detect or monitor diseases and for diagnosis and prognosis

in the clinical pathway. The implementation of precision medicine,

also involving the evaluation of genetic and acquired biological fac-

tors, highly increases the use of IVD in different clinical settings.1

On May 26th 2017 the European Parliament and the Council of

The European Union adopted the new regulation on in vitro diagnos-

tic medical devices (IVDR)-Regulation EU 2017/746-planned to be

applied from May 26th 2022 in substitution to the previous IVD

directives (IVDD 98/79 EC).2,3

After health and legal causes due to medical device malfunctions

(i.e., poly Implant Prostheses (PIP) breast implants, Transcatheter
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Aortic Valve Implantation (TAVI) heart valves, and Essure contracep-

tive implant),4–6 the European Union (EU) extensively reviewed the pre-

vious regulatory, which had remained unchanged since 1998.7 From a

legal point of view the main difference between the previous IVDD and

the current IVDR is that IVDD should have been implemented by the dif-

ferent EU state members, while the new IVDR must be considered as

EU law and, consequently, have the same legal validity as national laws.

IVDR was mainly defined to improve manufacturing process of

diagnostic medical devices, whose quality should be certified by noti-

fied authority.

The Regulation mentions that ‘the smooth functioning of the internal

market as regards in vitro diagnostic medical devices, taking as a base a high

level of protection of health for patients and users, and taking into account

the small and medium-sized enterprises that are active in this sector. At the

same time, this Regulation sets high standards of quality and safety for

in vitro diagnostic medical devices in order to meet common safety concerns

as regards such products. Both objectives are being pursued simultaneously

and are inseparably linked whilst one not being secondary to the other’.2

Due to COVID-19 pandemic and difficulties on applying the new

IVDR together with the acquisition of knowledge by users (medical

doctors, laboratories, and health authorities), EU Commission has pro-

posed on October 2021 a progressive roll-out of the new IVDR to

avoid a shortage of supply of in vitro medical devices.8

The aim of the present work is to analyse the effects of the

new IVDR on the field of haemostasis and thrombosis testing with

particular attention to specific clinical situations.

2 | IMPACT OF IVDR EU 2017/746 ON
DIAGNOSTIC INDUSTRIES

IVDR EU 2017/746 describe the new rules which are less open to

interpretation compared with previous regulation because they not

only detail the entire cycle of medical test production but also specify

clinical indication of test or medical device in relation to scientific and

clinical data. In fact, IVDR define that manufacturers must demon-

strate for each test clinical evidences, analytical performances

(i.e., linearity and precision) and sensitivity and specificity (Table 1),

and the relevance and appropriateness in relation to clinical use.

Clinical performance, as defined in EU directive, is a continuous

process by which data are assessed and analysed to demonstrate sci-

entific validity and analytical performance of that device for its

intended purpose, as stated by manufacturer.

Guidance from MedTech Europe sets out ways in which the man-

ufacturer can state the intended purpose of an IVD in the instructions

for use. According to IVDR Annex I 20.4.1c, seven elements must be

taken into account to certify an IVD: (1) What is detected and/or

measured, (2) Its function, (3) The specific information that is intended

to be provided, (4) Whether it is automated or not, (5) Type of mea-

surement (qualitative, semiquantitative or quantitative), (6) The type

of specimen(s) required, (7) Where applicable, the testing population.

All details in relation to performance evaluation plan and clinical per-

formance studies are detailed in EU document Annex XIII.2

In general, more evidences are demanded with the new IVDR,

which classifies IVDs in relation to risks according to the Guidance on

Classification Rules for in vitro Diagnostic Medical Devices under

Regulation (EU) 2017/746.2,9–12 The aim of the new regulation is to

ensure not only safety of IVD but also their effectiveness taking into

consideration the state of the art.

The new IVDR details information required also for:

• Tests providing information about the predisposition of a med-

ical condition or disease, for example, genetic tests,

• Tests providing information to predict treatment response to

medicines, for example, companion diagnostics (particularly for

oncology treatments),

• Medical softwares which are explicitly mentioned in the defini-

tion of IVDs,

• Lab Developed tests (LDTs) used within health institutions,

which are also requested to meet safety and performance

requirements.

In summary, IVDR specifies that all products used for laboratory

diagnostic are considered as IVD, including materials, softwares, and

are classified into four classes according to the Guidance on Classifi-

cation Rules for in vitro Diagnostic Medical Devices under Regulation

(EU) 2017/746. Besides, IVDR highlight that all tests on the predispo-

sition to a medical condition or a disease, such as genetic tests, and

tests that provide information to predict treatment response or reac-

tions, such as companion diagnostics, are in vitro diagnostic medical

devices.2–13

IVDR change from a list-based approach to a risk-based approach

(following the Global Harmonization Task Force rules for classifica-

tion). Even if there are still ambiguities about the exact classification

of some tests, IVDR defines the following four classes:

TABLE 1 Methods suggested to establish performance
characteristics

Performances characteristics Method

Specimen type, specimen

handling, and collection

CLSI Document H21-A5

Accuracy and precision of

measurement: repeatability

and within-laboratory

precision study

CLSI Document EP05-A3

Analytical sensitivity: Limit of

blank, limit of detection

CLSI Document EP17-A2

Analytical specificity:

interferences study

CLSI Document EP07-A2

Measuring range: Limit of

quantitation, linearity study

CLSI Document EP17-A2, CLSI

Document EP06-A,

EP34-Ed1E

Lot-to lot variability CLSI Document EP26-A

Assay cut-off: Reference interval CLSI Document EP28-A3c

Analyser comparison study CLSI Document EP09-A3 and

CLSI Document EP24-A2
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Class D covers general life-threatening conditions and more spe-

cifically transmissible agents in blood and biological materials intended

to be transplanted or re-administered into the body. Such transmissi-

ble agents may also present a high risk to the wider population. It also

specifically covers blood grouping or tissue typing when this involves

markers of the following systems: ABO, Rhesus, Kell, Kidd, and Duffy.

Class C covers a diverse mix of high-risk IVD devices which pre-

sent a lesser risk to the wider population. It tends to include situations

where the failure of a diagnosis could be life-threatening, including

testing for infectious diseases and cancer. It also covers fields such as

companion diagnostics and genetic screening. In addition, Class C

covers self-testing IVD devices in general (see exceptions below).

Class B is the default class that takes in all IVD devices that are

not covered specifically in other classification rules. This is a departure

from the system applied to other medical devices for which the

default class is Class I, that is, the lowest risk class. It tends to cover

devices that present lower risks to the patient and the population at

large than IVD devices in Classes D and C. Class B also covers self-

testing IVD devices for pregnancy and fertility testing as well as

detection of cholesterol levels and detection of glucose, erythrocytes,

leucocytes and bacteria in urine. Internal quality controls without a

quantitative or qualitative assigned value are also in Class B.

Class A covers broadly speaking laboratory devices (e.g., wash

buffers), instruments and specimen receptacles.2,14

As a consequence, in contrast with the previous system, with the

new IVDR medical devices will be subject to verification and certifica-

tion by notified bodies with increase cost for regulatory compliance,

while only Class A devices will be allowed on the market based on

self-certification.15–19

3 | IMPACT OF IVDR ON LABORATORY
MEDICINE

Altogether, clinical laboratories will have to manage three different

situations:

1. Perform diagnostic test with IVDR products used according with

clinical indication certified by manufacturers (i.e., prothrombin time

for monitoring vitamin K antagonists or coagulation factor

measurements).

2. Perform diagnostic test with certified IVDR products without clini-

cal validation (i.e., coagulation factor inhibitor measurements).

3. Perform diagnostic test using reagents without EU certification

but classified as Research Use Only (RUO) (i.e., reptilase time use-

ful in the diagnosis of dysfibrinogenemia, with reagents provided

by manufacturers which have not undergone the IVDR certifica-

tion process).20,21

With the new IVDR it is possible that clinical and analytical evi-

dences will not be available in some cases, even for crucial test. As a

consequence, it could happen that essential tests for diagnosis and

monitoring diseases may not be longer available or classified as

laboratory developed tests (LDT) or RUO. Practical consequences of

using IVD registered as RUO will depend on national laws but, already

now, some European countries may not allow reporting results of

RUO tests that will be used for patient management.

There are several variations in the approaches to accreditation of

medical laboratories in the European countries, but harmonization

according to ISO 15189 and ISO 22870 (for POCT) is ongoing.22

Based on IVDR art 5, laboratory developed tests (LDT) can be

considered as: in house test, test performed with RUO reagents, IVD

certified test in which adjustments are made that change the intended

use, IVD certified test in which adjustments to the protocol are

made without changing the intended use. The requirements of this

regulation ‘shall not apply to devices manufactured and used only

within health institutions established in the Union’. Concerns rise

about the use of LDT in the different clinical laboratories of EU. In

particular, how the different European countries will identify refer-

ence laboratories, how LDT analytical and clinical performances will

be evaluated considering the specific combination reagents/

instrument used, which guidelines will be considered if available,

how samples will be managed from hospitals where there are no

IVDR commercial assay available.

There is missing information in the new EU regulation about LDT

definition and documentation required for LDTs causing problems for

both laboratories and health authorities.12

The new system based on risk classification of IVD medical

devices is certainly an important change. In particular, the application

of the classification rules shall be governed by the intended purpose

of the devices. If the device is intended to be used in combination

with another device, the classification rules shall apply separately.

Accessories for an ‘in vitro diagnostic’ medical devices shall be classi-

fied in their own right separately from the device with which they are

used. A software which drives a device or influences the use of a

device, shall fall within the same class as the device. If the software is

independent of any other device, it shall be classified in its own right.

Clinical laboratories are committed to the use of IVDs marketed

by manufacturers which have received CE-IVD certification and there

is an urgent need for acceptable test classification and clinical indica-

tion according their use in specific settings such as healthy or sick

population.

4 | IMPACT OF IVDR ON HAEMOSTASIS
LABORATORY

No specific references have been made for haemostasis testing which

are automatically included in class B except for D-Dimers, PT and drug

measurements that are classified as C.

Diagnostic Laboratory on haemorrhagic and thrombotic diseases

and drug monitoring includes several tests classified into screening or

confirmation tests, which show different level of difficulties other

than frequency in relation to clinical settings (i.e., rare diseases as hae-

mophilia, in patients with or without factor inhibitors) or level of spe-

cialization acquired by the clinical laboratory.
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There are missing data to assess the clinical performance (diag-

nostic sensitivity, diagnostic specificity, positive predictive value, neg-

ative predictive value, likelihood ratio, expected values in normal and

affected populations) as requested by IVDR for numerous tests in

haemostasis laboratory. For example, Hayward and Moffat showed

that diagnostic sensitivity and specificity are reported only for a frac-

tion of the tests used for the diagnosis of bleeding disorders.20 Since

2013, only data for electron microscopy and lumiaggregometry were

reported.23,24 Another condition is represented by factor VIII and fac-

tor IX inhibitor measurement for which commercial reagents are not

certified yet, or the use of coagulative/chromogenic tests in monitor-

ing new therapeutic haemophilia products (i.e., extended half life-EHL

products).

It must be highlighted that, according to the new IVDR, method-

ologies and protocols should be adopted depending on the intended

use (e.g., thrombin generation). At present, nobody knows what will

happen when using an IVDR reagent from one company on an IVDR

certified instrument from another company, since obviously manufac-

turers will not validate each new batch on competing instruments.

This should be probably seen as an LDT situation and therefore be

the responsibility of the user to validate/verify, except when the man-

ufacturer demonstrates the validity of use. This could be an important

issue for manufacturers that only/mainly commercialize reagents.

Altogether, this lack of data regarding clinical performances will have

an impact on the intended used submitted by the manufacturers. We

can anticipate that except for some D-dimers reagents, there will be a

gap between the intended use proposed by the manufacturer and

clinical guidance and guidelines (see Table 2).

In addition, for some of the tests used in the haemostasis labora-

tory (i.e., platelet function testing, FVIII/FIX levels for monitoring spe-

cific haemophilia product, methods assessing fibrinolytic potential in

plasma), there are no yet external quality controls (EQA) available

TABLE 2 Clinical use of several haemostasis tests

Test Clinical use
Reference of guidance or
guidelines

Dependence
of reagents/
instruments

External quality
control available

D-dimers Exclusion of VTE FDA: NPV ≥ 97% (with lower limit

of CI 95%). CSLI: 98% (with

lower limit of CI 95%)25

Yes26,27 Yes

Diagnosis of DIC 28 Yes29 Yes

Measuring direct oral of

anticoagulants

Bleeding 30 Yes31 Yes31

Reversal 32

Perioperative 33

Recurrence of thrombosis 34

Stroke 35

Monitoring of P2Y12 inhibitors To assess risk of bleeding or

thrombosis during prolonged

DAPT

36–38 Yes36–38 PFA-100, PFA-

200: Yes39

For early de-escalation from

prasugrel to clopidogrel

inpatients

To shorten the time window to

surgery following P2Y12

inhibitor discontinuation

Anti PF4-heparin tests Screening for HIT diagnosis 40 Yes41 Yes42

Screening for VITT diagnosis 43 Yes44 Yes45

Functional tests for HIT Confirmation of HIT diagnosis 40 Yes46 No (first

attempt46)

Antithrombin, protein C, protein

S, acquired protein C

resistance, factor V Leiden,

G20210 A prothrombin

mutations,

Thrombophilia testing 47 Yes48–50 Yes51

Lupus anticoagulant, b2GPI-

dependent anticardiolipin

antibodies, b2GPI-antibodies

(ab2GPI)

Thrombophilia testing

(antiphospholipid syndrome)

52,53 Yes52,54 Yes54

Thrombin generation Investigation of hypo and

hypercoagulability

55 Yes56 Yes
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(Table 2). This will not prevent manufacturers to get IVDR certification

but will depend on the obligation or not to have ISO15189 accredita-

tion for medical testing.

As we can expect that ISO15189 accreditation will become man-

datory for all tests performed in medical laboratory in the European

Union, there is an urgent need to develop EQA. For platelet function

testing, EQA is difficult because of preanalytical variables which affect

significantly platelet function. In addition, in contrast to other hae-

mostasis parameters, freezing or freezed-dried samples are not possi-

ble. The requirement for fresh samples also restricts availability of

abnormal internal quality controls (IQC) and is not always compatible

with the regulations concerning the collection of blood from healthy

subjects. Where no appropriate proficiency is available, ISO 15189

states ‘the laboratory shall develop other approaches and provide objec-

tive evidence for determining the acceptability of examination results’.
The Haemostasis and Thrombosis Task Force of the British Society

for Haematology (BSH) and UK NEQAS for Blood Coagulation there-

fore defined an approach that could be generally adopted to ensure

confidence in the results obtained in platelet function testing. Among

the suggestions, for IQC: ‘laboratories should run a fresh sample from a

donor expected to give a normal aggregation pattern for each new lot of

reagents and whenever an abnormal aggregation pattern is seen in a

patient. Each set of investigations should include at least one normal

aggregation trace for each agonist’. For EQA, splitting a sample from a

donor between two sites (using same reagents and aggregometers)

should be employed to allow comparability geographically close

enough for samples to be tested within the required timescale.57 Of

course, it will be not possible for all laboratories. Other options will be

required. For example, for confirmation of heparin-induced thrombo-

cytopenia by functional assays, a 5B9 monoclonal anti-PF4/heparin

IgG mimicking human HIT antibodies, could be used as an internal and

external quality control.46 Another option proposed by RCPA in

Australia and ECAT in the Netherlands for PFA-100/PFA-200 is the

wet-challenge. They sent to the laboratory a ‘wet-challenge’ tube,

with this containing a platelet function antagonist, and the EQA par-

ticipating laboratory then tested normal whole blood collected fresh

on site on their PFA-100, either without any manipulation

(to generate a normal PFA-100 EQA test sample result) and also

repeating the test(s) after addition of this normal whole blood to the

‘wet-challenge’ tube (to generate a ‘pathological’ PFA-100 EQA test

sample result).39

Although the most frequent tests, such as PT and activated Partial

Thromboplastin Time (aPTT) will be available on the market without

particularly problems, major problems will be faced by medical labora-

tories, in particular those with high degree of specialization in relation

to clinical requirements.

Wide variation exists in specific reagents, methods, and equip-

ment used (combination of instruments and software), making inter-

pretation and comparison of results difficult. All IVD in clinical

laboratories should be used in respect of package leaflet information

for users while other use is considered as in-house testing.

Another point is that normal pooled plasmas (NPPs) are fre-

quently used in haemostasis laboratory such as in lupus anticoagulant

testing. The implementation of normalized ratios and mixing studies

with NPPs reduces laboratory variability and increase lupus anticoagu-

lant diagnosis specificity.58 However, the problematic around NPPs is

substantial. Most of laboratories use commercial lyophilized or frozen

plasmas while in-house production of NPPs is recommended as stated

in the latest updated ISTH guidelines. Indeed, the use of commercial

plasmas is not encouraged because of the lack of specifications in

manufacturer's product inserts and alterations due to the preparation

process and additives. Nevertheless, the use of commercial lyophilized

or frozen plasmas is still allowed according to ISTH guidelines if they

meet the specifications for clotting factors and number of residual

platelets.59 There are still some uncertainty regarding the position of

NPPs in the new IVDR regulation. As NPP is used as a ‘reagent’ or
calibrator, it should fulfil the requirements of the new IVDR regula-

tion. Because every mixing test done in the laboratory is not a com-

mercial test but an in-house developed test it should fulfil the criteria

for a LDT. Others argue that normal pool plasmas (NPPs) are consid-

ered as ‘unassayed controls’ meaning that they are exempted from

IVDR. This point should be clarified in a near future.

According IVDR, measurement of factor inhibitors in congenital

disorders using commercial reagents available on the market only for

measuring factor levels without formal indication for factor inhibitor

measurement, will be considered as ‘in-house test’ or ‘laboratory
developed tests’ (LDT). Currently, no international consensus for

essential requirements for quality, safety and performance of LDTs is

available.12

In summary, in the haemostasis field, clinical laboratories will find

on the market products certified as IVDR to be used strictly for the

certified clinical indications. If used in other clinical conditions the

same products will be considered as LDT. On the other hand some

reagents could not be certified and available only for research

use (RUO).

As for other specialties (clinical chemistry, haematology, immu-

nology, and microbiology) also haemostasis laboratories will have

to address the need for more efforts in terms of validation, imple-

mentation of standards, quality controls, clinical relevance and

documentations.

Formal relationships should be available among manufacturers,

scientific societies, clinicians and clinical/laboratory staff to ensure

the most suitable assay for a particular clinical situation, the assay

results are correctly interpreted and that each patient receives the

optimal diagnosis and treatment regimen. In case of lack of sufficient

scientific evidence health authorities should support new clinical trials

as recommended by IVDR.

5 | CONCLUSIONS

The new IVDR could be considered as an opportunity to both increase

quality of testing and improve patient safety and favour IVD harmoni-

zation through different countries. At present several commercial

tests still not have IVDR requirements with the risk that they will no

longer be available after the period of transition defined by EU.13

TESTA ET AL. 75



Clinical laboratories should be able to reassess their in-house IVD

investing human and financial resources and this is a crucial point. In

fact, specialized reference laboratories could be discouraged from

using adapted LDT's, particularly if the bureaucracy involved in justifi-

cation of use is prohibitive.19 Besides, the development of new diag-

nostic tests could face difficulties in relation to the large investments

needed to conduct both analytical and clinical validation studies, as

reported by the new IVDR. Possibilities for LDT use in the haemosta-

sis field, according to Scientific Societies and developed guidelines,

should be protected during this transition phase.

As Biomedical Alliance in Europe conducted through a survey last

year, scientific and professional societies should map the degree of

knowledge of medical laboratories and issues in relation to LDT's.19

At present, few clinical laboratories through different European coun-

tries have been prepared to the new IVDR and, consequently, many

laboratories are not even aware about crucial aspects of the new pro-

cess that deeply involve laboratory medicine.

Once new IVDR is acknowledged, each lab should list the

reagents/instruments/softwares used in its laboratory and contact

the manufacturers to find out if they will get IVDR certification, in

which class risk and for which intended use and highlight which test

or reagents are classified as LDT or RUO. To support clinical laborato-

ries guidelines for LDTs (definition and documentation) should be

available, in particular for the tests recommended/suggested in clinical

practice through scientific society guidelines. Furthermore there is an

urgent need for IQC and EQC for the tests recommended/suggested

in the guidances/guidelines.

To conclude we think that scientific societies should favour the

implementation and update of clinical and laboratory guidelines espe-

cially on rare diseases, keeping into consideration the new IVDR. New

studies are needed on clinical performance of haemostasis tests also

to ensure that the intended use put in the instructions is in line with

the use of the tests in clinical practice.
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