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Before entering the United States market, medical devices must meet related regula-
tory and quality requirements. There are several premarket submission procedures, 
and one of them is a 510(k) submission.  
 
This thesis focuses on requirements related to the 510(k) process and interpreted 
them from the manufacturer’s point of view. In addition, it also addresses Food and 
Drug Administration´s (FDA) Quality System Regulation (QSR) requirements that 
concern the device manufacturing stage (Production and Process Controls & Ac-
ceptance Activities). Consequently, this thesis aims to provide information on the 
510(k) pathway and relevant QSR requirements to a manufacturer wishing to market 
its medical device in the U.S. medical device market.  
 
The subject of this thesis was very extensive. Subsequently, the manufacturer cannot 
obtain all the regulatory information from this thesis. For instance, the manufacturer’s 
actions and device must meet all the regulatory requirements of the FDA’s own qual-
ity management system known as “QSR”. There is a total of 15 subparts included in 
the QSR, and this thesis describes two of them (Production and Process Controls & 
Acceptance Activities). However, the 510(k) pathway is described extensively, and 
the manufacturer can learn its main points by reading this thesis. Consequently, the 
goal of this thesis was accomplished, as it provides a large amount of information 
and recommendations to a manufacturer wishing to market their medical device via 
the 510(k) pathway, but it also offers some basic knowledge of the U.S. regulatory re-
quirements concerning medical devices. 

Keywords: Medical Device, IVD, FDA, 510(k), Substantial Equiva-

lence, QMS, QSR
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Ennen kuin lääkinnälliset laitteet pääsevät Yhdysvaltojen markkinoille, niiden on täy-
tettävä niihin liittyvät regulaatio- ja laatuvaatimukset. On olemassa erilaisia myyntilu-
pahakemusprosesseja, joiden avulla Yhdysvaltojen markkinoille on mahdollista 
päästä. Näistä yksi on 510(k)-hakemusprosessi.  
 
Tämä opinnäytetyö keskittyi 510(k)-prosessiin liittyviin vaatimuksiin, joita on tulkittu 
valmistajan näkökulmasta. Tämän lisäksi työ käsitteli myös Yhdysvaltojen elintarvike- 
ja lääkeviraston (FDA) laadunhallintajärjestelmän vaatimuksia, jotka koskevat etenkin 
lääkinnällisen laitteen valmistusvaihetta (Tuotanto- ja prosessiohjaus & hyväksymis-
toiminta). Näin ollen opinnäytetyön tarkoituksena oli antaa tietoa 510(k)-hakemusrei-
tistä markkinoille ja asiaankuuluvista laadunhallintajärjestelmän vaatimuksista valmis-
tajalle, joka haluaisi markkinoida lääkinnällistä laitettaan Yhdysvaltojen lääkinnällisten 
laitteiden markkinoilla.  
 
Opinnäytetyön aihe oli erittäin laaja, minkä vuoksi valmistaja ei voi saada kaikkea tar-
vitsemaansa FDA:n säätelytietoa tästä opinnäytetyöstä. Esimerkiksi valmistajan toi-
minnan ja laitteen on täytettävä kaikki FDA:n QSR-laadunhallintajärjestelmän vaati-
mukset, jossa on yhteensä 15 alaosaa, joista kaksi kuvattiin tässä opinnäytetyössä 
(tuotanto- ja prosessiohjaus & hyväksymistoiminta). 510(k)-hakemusreitti on kuvattu 
laajasti, ja valmistaja voi oppia siitä olennaisimmat kohdat lukemalla opinnäytetyön. 
Näin ollen opinnäytetyön tavoite saavutettiin opinnäytetyön tarjotessa runsaasti tietoa 
ja suosituksia valmistajalle, joka haluaisi markkinoida lääkinnällistä laitettaan 510(k)-
hakemusreitin kautta, samalla oppien myös perustietoa Yhdysvaltojen lääkinnällisiä 
laitteita koskevista regulaatioista. 

Avainsanat: Lääkinnällinen laite, IVD, FDA, 510(k), olennainen vastaa-

vuus, laadunhallintajärjestelmä, QSR
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1 Introduction 

The healthcare industry is thriving worldwide, especially in the United States 

(U.S.), where healthcare in 2020 accounts for approximately 20% of the U.S. 

gross domestic product [1]. It has been estimated that in 2020-2030 the global 

medical device market will grow by around 5% annually as the importance of 

the healthcare system has been noticed over the years due to the ongoing coro-

navirus disease 2019 (COVID-19) pandemic, ageing population, and the growth 

of infectious- and chronic diseases [2].  

As the world population has grown and will grow, more and more new medical- 

and technological innovations are needed, boosting economic growth by in-

creasing efficacy and productiveness and optimising patient outcomes [3]. 

COVID-19 pandemic has shown that the economy is dependent on a functional 

and prepared healthcare system and that the need for innovations in healthcare 

is constant. The pandemic has caused layoffs, killed millions, overthrown com-

panies, and affected people’s moods, thus negatively impacting economic 

growth and paramountly affecting people’s lives. 

In 2017, 40% of the global medical device market focused on the U.S. medical 

device market, and the share has grown even more significant since then [4]. 

For example, in 2016 medical device market in the U.S. was valued to be 147$ 

billion [5], and by 2023 the value is estimated to grow to as much as 208$ billion 

[6; 7].  

As the medical device industry includes all-around devices and tools for diag-

nosing, therapy and monitoring, it is dependent on other industries. The U.S. 

market has superiority over other markets in this case, as the U.S. medical de-

vice industry has collaborated effectively with other highly developed U.S. in-

dustries such as microelectronics, instrumentation, and biotechnology. Collabo-

rations have led to numerous innovations and advances in the U.S., such as the 

discovery of new biomarkers, robotic assistance and neuro-stimulators. [7] 
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Figure 1 shows U.S. medical device revenues during 2001-2009, and the data 

is gathered by the Food and Drug Administration (FDA) and published in 2011 

in their report. Unfortunately, there is no newer data about U.S. medical device 

revenues gathered by the FDA. 

  

Figure 1. Medical device revenue growth in the U.S. during 2001-2009 [Edited 

from 8, p. 9]. 

As seen in Figure 1, the growth of the medical device industry in the U.S. had 

doubled in ten years and has continued its increase to this day. As stated earlier 

that by 2023 the U.S. medical device is estimated to be 203$ billion. Addition-

ally, in 2021 the U.S. medical device market size was claimed to be approxi-

mately 186$ billion [9]. 

Developed medical industry and medicines will always be needed. Innovations 

and advances in the industry are targeted to pursue a forever quest to diagnose 

and treat different medical conditions more efficiently. The U.S. has an ad-

vantage in that quest, as said, as an owner of a vast medical device industry, 

which continues to grow at an increasing rate year by year, offering 2 million 

jobs in the U.S. [10]. Figure 2 provides a perspective of how large the medical 

device industry in the U.S. is and how the U.S. dominates it. It shows the top 10 

medical device companies and their total revenue in 2021. Of the companies 
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seen in Figure 2, only three are non-American (Philips, Siemens and Frese-

nius). 

 

Figure 2. Top 10 medical device companies in 2021 [Edited from 11]. 

1.1 Medical device market in Finland 

In Finland, the medical device industry has also grown significantly. In 2019, ex-

ports of medical devices such as patient monitoring and X-Rays increased by 

5.1% to 1.7€ billion, which was 70% of total health technology exports [12]. 

However, due to the COVID-19 pandemic, the exports of medical devices in 

2020 and 2021 in Finland were 1.52$ billion, which is approximately a 10% de-

crease from 2019 [13; 14]. 

Exports of In Vitro Diagnostics (IVDs) had also grown by 10% in 2019, and the 

total export of IVDs was 656€ million. The significance of the U.S. market can 

be seen in Finland as well. Exports to the U.S., in general, had grown by 8.7% 

in 2019, and total exports of health technology products to the U.S. were 934€ 

29,4

23 22,6 22,6
21

18 17,1 17 16,7
14,4

WORLD'S TOP 10 MEDICAL DEVICE 
COMPANIES (2021) TOTAL REVENUE IN 

UNITED STATES DOLLAR (USD) BILLIONS



4 

 

million (38.5% of all exports). The European Union (EU) and China, which is the 

most significant IVD market for Finland, were other important markets where 

Finland marketed health technology products in 2019. [12] The substantial rise 

in IVDs can be noticed when comparing their exports in 2019 and 2021. In 2021 

exports of IVDs were 920€ million [14]. One reason for its rise can be the 

COVID-19 pandemic and the selling of COVID-19 tests, which is noticeably an 

IVD test.  

1.2 Aim of this thesis 

Before entering the U.S. market, products must meet related regulatory and 

quality requirements. There are several premarket submission procedures, but 

this thesis focuses on requirements related to the 510k process to demonstrate 

the effectiveness and safety of medical devices by indicating that the new de-

vice is substantially equivalent to a predicate device already cleared in the U.S. 

Medical devices in the U.S. are heavily regulated and have all kinds of road-

blocks, and because of this, some manufacturers might avoid placing the device 

in the U.S. market. Thus, this thesis aims to clarify these requirements related 

to devices and their production. 

1.3 U.S. Food and Drug Administration 

When talking about the Food and Drug Administration in this thesis, it is meant 

precisely the U.S. FDA. Many countries have their own Food and Drug Admin-

istrations, such as India and China (China’s FDA is nowadays called as Na-

tional Medical Products Administration), as sizeable medical device markets. 

However, generally everywhere, for example, all over the internet and literature, 

FDA explicitly means the U.S. FDA. This is because the U.S. medical device 

market, as said, is an enormous and significant market globally. Furthermore, 

the U.S. FDA is very well known for its strict and distinctive regulatory require-

ments. 
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The FDA is an agency under the American government's Department of Health 

and Human Services (HHS) [15]. The FDA controls the public health by ensur-

ing the efficacy and safety of medical devices, biological products, and many 

other products related to human health. Moreover, the FDA is responsible for 

advancing the public health by helping speed up different innovations that make 

medical devices safer, effective, and more cost-effective. This also applies to 

other medical products. [16] 

The FDA plays a vital role in the U.S. anti-terrorism actions by securing the food 

supply and assuring its safety. Additionally, the FDA prevents naturally and de-

liberately impending public health threats by advancing the development of 

medical products to respond to public health threats. [16] 

The specific responsible organization unit for medical devices within the FDA is 

the Center for Devices & Radiological Health (CDRH). CDRH’s primary mission 

is to assure that medical devices are top-quality, safe, and effective for patients 

and providers and that there is constant access to them. Legible and accessible 

science-based information about the products handled by the CDRH is gath-

ered and then provided to consumers, patients and providers. [17] Figure 3 

shows the organisation chart of the FDA. 
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Figure 3. The FDA organization chart [18]. 

2 Medical devices and IVD tests 

Different markets classify products as medical devices (or IVDs) differently; 

thus, there is no exact definition. A product might be a medical device in some 

markets but not in other markets. Consequently, the device classification de-

pends on the market and its regulations. 

The FDA has defined medical devices as, for example, instruments, machines, 

in vitro reagents, or other similar articles. Medical devices are intended to diag-

nose, cure, treat or prevent different diseases and conditions, primarily in hu-

mans. It does it by changing the structure or functions of a human body and 

does not claim its purpose by chemical metabolism or as a drug. [19] Medical 

devices vary from simple to complex, as a bandage is a medical device like a 

pacemaker because both are intended to treat or prevent different conditions. 
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Tests analysing samples that are collected from the human body; for instance, 

blood (serum, plasma, or whole blood), urine, cerebrospinal fluid or tissue, are 

called IVD tests. IVD tests are mainly used to detect diseases such as COVID-

19 or other conditions, such as pregnancy with a home pregnancy test. Further-

more, overall health or physiological state can be monitored using an IVD test; a 

person with diabetes can monitor blood sugar levels with a blood glucose test. 

Thereby a person knows to take appropriate actions that prevent blood sugar 

levels from rising too high or falling too low. Some IVD tests can only be done 

by professionals and some at home as a self-test. 

The difference between a medical device and an IVD is that an IVD does not 

come in direct contact with the patient and, therefore, does not cure, treat or 

prevent diseases or conditions. It can only detect diseases or conditions. In-

stead, a medical device will often come in contact with the patient and can cure, 

detect, treat, or prevent diseases or conditions [19]. An illustrative example of 

the difference would be, for instance, the difference between a single-use blood 

glucose test and a continuous blood glucose monitor. A continuous blood glu-

cose monitor is a medical device that is in contact with the patient all the time, 

and in addition to detecting alarming glucose levels, it can prevent them from 

rising or falling because the patient can take measures early as the device 

shares data continuously. A single-use blood glucose test is an IVD because it 

only detects glucose levels at a certain moment and does not come in direct 

contact with the patient. Additionally, “in vitro” means that the experimentation is 

done outside the living organism. Figure 4 shows a continuous blood glucose 

monitor and a single-use blood glucose test. 
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Figure 4. A continuous blood glucose monitor (MD) [20] and a single-use blood 

glucose test (IVD medical device) [21]. 

2.1 Safety and effectiveness of medical devices 

The FDA emphasises the effectiveness and safety of devices; therefore, it is 

necessary for the manufacturer to understand what exactly that means, and 

when a device can be classified as safe and effective. 

The clinical effectiveness of a medical device is achieved when it exhibits the 

effect for the medical condition intended according to the manufacturer. For ex-

ample, a magnesium blood test is indicated to be used in conjunction with clini-

cal evaluation to aid in diagnosing and monitoring hypomagnesemia, which is 

often linked to metabolic, cardiac, or neurological disorders. The manufacturer 

needs reasonable assurance that the magnesium blood test medical device is 

scientifically valid, which can be achieved from available clinical tests, bench-

top tests and literature, inferring that hypomagnesemia is diagnosed via low 

magnesium levels in the blood. If the manufacturer has scientific validity and 

clear objectives, the medical devices can be assumed to be safe and effective. 

In reality, there are other phases for proving that the medical device is safe and 

effective, and many other aspects are needed to be considered in addition to 
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the phase mentioned above. The overall process for proving that the device is 

safe and effective can be read from IMDRF’s (International Medical Device 

Regulators Forum) Final Document chapter 5, “Essential Principles Applicable 

to all Medical Devices and IVD Medical Devices”. The answer to the question of 

device’s safety and effectiveness is complex, and in principle, all actions men-

tioned in IMDRF’s document are required to be taken by the manufacturer dur-

ing the whole lifetime of the medical device to achieve this very same outcome. 

2.2 Medical device classification 

Most medical device markets categorise the devices based on a risk-based de-

vice classification system. This means that the classification depends on the in-

tended use and indications for the use of the device. The intended use tells 

what the purpose of the device is. [22, p. 3, 5; 23] For example, the purpose of 

a stethoscope is to listen to sounds produced from the heart or lungs, which al-

lows the doctor to draw necessary conclusions. The indications for use deter-

mine the disease or condition that the medical device in question will, for exam-

ple, diagnose and prevent [22, p. 5]. For instance, the doctor can notice the fast 

heart rate with the stethoscope. Generally, the higher the risk for any patient 

harm or illness the intended use and indications for use has, the more challeng-

ing time the manufacturer will face in bringing the device to the market. A steth-

oscope is an example of a low-risk device. For medical device manufacturers, it 

is essential to know why the classifications matter for several reasons: 

• For the manufacturer to enter the market, the classification of the medical 

device affects the regulatory path to market and, in many cases, the cov-

erage of clinical evidence that the device must fulfil to reach the market. 

The golden rule is that the higher the classification is, the stricter require-

ments it will have. Therefore, more measures are needed to be con-

ducted for high-risk medical devices.  
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• An important aspect to notice for manufacturers is that the stricter the de-

vice regulatory requirements are, the more time it will take to get a medi-

cal device to the market and the more costly it will become. 

• During the product development phase, the classifications help the man-

ufacturer establish different requirements, such as design controls to en-

sure the safety and effectiveness of the device. [22, p. 3]  

2.3 Classification system in the U.S. 

In the U.S., medical devices are classified into three different classes: Class I, II 

and Class III. The classifications are risk-based, which means that the Class I 

devices hold the lowest risk for harm between the patient and the device. Class 

II has a moderate risk, and Class III contains the highest risk for patient harm. 

Generally, as mentioned, the device’s risk can be concluded from the device’s 

intended use and indications for use. [22, p. 5; 23; 24] One illustrating example 

of how indications for use statement can affect the device classification is that a 

contact lens that is used all the time is classified as a Class III device. Still, a 

contact lens used only part-time is classified as a Class II device because it has 

different indications for use, and the extended wear the former lens has, carries 

a more significant risk for harm.  

In the U.S., the FDA and its section (as previously mentioned) CDRH regulates 

medical devices. Generally, in the U.S. medical device classification system, 

three regulatory controls are defined by the FDA, which are as follows [23; 24]: 

- general controls, which apply to Class I devices; 

- general and special controls, which apply to Class II devices; and 

- general and special controls and premarket approval, which apply to 

Class III devices [23; 24]. 
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Figure 5 illustrates the types of medical devices in each class. The colours indi-

cate the safety of these devices; green (Class I) is the safest classification, and 

red (Class III) is the most unsafe classification. In addition, Figure 6 demon-

strates that most medical devices are classified as Class II devices, and Class 

III devices are the most uncommon. 

 

Figure 5. Example of a medical device in each classification and its risk for pa-

tient harm. 
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Figure 6. The proportions of medical device classes in the U.S. market [Edited 

from 25]. 

2.3.1 Class I 

Class I devices do not have an essential role in supporting or sustaining life. 

Furthermore, these devices have minimal contact with patients and have a mar-

ginal impact on patients’ health. Compared to, for example, Class III devices, 

these devices are not in contact with the patient’s central nervous system or in-

ternal organs. Hence, devices belonging to this category are called “low risk 

medical devices”. Due to having a low risk for patient harm and not being vital in 

sustaining life, bringing these devices to the market is notably less time-con-

suming. [24; 26] 

2.3.2 Class II 

Medical devices belonging to this class differ from Class I devices in that they 

hold a higher risk for patient harm. Therefore, Class II devices are called “mod-

erate risk devices”. The FDA has determined that general controls for Class II 

devices are deficient in yielding rational guarantees of the device’s safety and 

effectiveness. Thus, the devices require FDA special controls in addition to 

35 %

53 %

9 %
3 %

PERCENTAGES OF MEDICAL DEVICE 
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general controls. For example, syringes and contact lenses (depending on if it is 

a part-time lens or a full time) belong to this classification. Class II devices are 

usually marketed through the 510(k)-submission process. [24; 26] 

2.3.3 Class III 

Because Class III medical devices are generally used as devices that sustain or 

support life but may cause a high risk for patient harm, these devices are called 

“high risk medical devices”. Considering that the Class III devices carry an in-

creased risk for patient harm than Class II devices, the general and special con-

trols are not enough to clarify device safety and effectiveness of this classifica-

tion. Therefore, the FDA has determined that Class III devices must almost al-

ways go through the Premarket Approval (PMA) process to assure the safety 

and effectiveness of the device. For example, defibrillators and pacemakers are 

Class III medical devices. [24; 26] 

2.3.4 Unclassified 

An unclassified device is a device that was on the market before the enactment 

of the Medical Device Amendments to the FD&C in 1976 and does not yet have 

a classification regulation. These devices are also known as “pre-amendment 

devices”. [27, p. 4] 

Unclassified devices require a 510(k) submission until they are classified, and 

then they can be marketed via PMA, 510(k), or they can be exempt from pre-

market submission. It depends on the classification they are given [27, p. 4]. 

2.4 Determining device classification for the U.S. market 

The first step the manufacturers have to do to know what classification their de-

vice belongs to is to define the intended use and indications for use for the de-

vice. After the intended use and indications for use for the device in question 

are known, the correct regulation needs to be found. [22, p. 6] Medical devices 
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have different specialities. For instance, a medical device can be cardiovascular 

or dental. The FDA has different regulation citations for different medical speci-

alities, and for medical specialities, the regulation citations are under 21 CFR 

862-892. Figure 7 shows regulation citations 862-892 and the medical speciality 

under certain regulations. 

   

Figure 7. Medical specialities and their regulation citations [28]. 

For instance, if the manufacturer’s medical device is a powered toothbrush, the 

manufacturer goes to check device options that belong to Part 872 Dental de-

vices. If the device is found from the options, its regulation number is discov-

ered as well. In the case of a powered toothbrush, the regulation number is 

found, as seen in Figure 8. 
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Figure 8. Example of a powered toothbrush and its regulation number. 

The view shown in Figure 9 can be obtained by clicking the regulation number 

seen in Figure 8. The manufacturer compares its intended use and indications 

for use if they align with the specific regulation number. Furthermore, the device 

classification is seen, which in this case is Class I. 

 

Figure 9. Example of a powered toothbrush and its classification details. 
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2.5 Classification system in the EU 

The classification system in the EU resembles the U.S. system, as it is similarly 

based on device risk and thus patient harm. However, in the EU, there are four 

classes: Class I, Class IIa, Class IIb and Class III. In addition, IVDs are classi-

fied under the IVD regulation as Class A, B, C and D. Whereas in the U.S., they 

are classified similarly as medical devices (Class I, II and III) [29]. The device 

risk grows from Class I (or A) to Class III (or D).  

To begin with, manufacturers cannot market their device in the EU market if 

they have not obtained a CE (Conformité Européenne) marking for the device. 

The CE mark in the device proves that the devices are recognised to meet ex-

pressive safety, health, and environmental protection requirements that the Eu-

ropean Union’s Medical Device Regulation 2017/745 (EU MDR) has defined. 

The requirements for obtaining a CE marking differ between device categories 

and classifications. [30] Therefore, it can be said that the EU classification sys-

tem is a “rule-based system”. 

For IVDs to get CE marking, the European Union’s In Vitro Diagnostic Device 

Regulation 2017/746 (EU IVDR) requirements must be met [31], which is one of 

the differences between the EU and the FDA, as the FDA does not have its own 

specified regulation for IVDs as the EU does.    

The CE marked medical devices fall into three categories, which are as follows: 

1. non-invasive, 

2. invasive, and 

3. active. 

The difference between the categories is presented in Figure 10. The category 

to which the device belongs is needed to be determined first before defining the 

classification. In addition to invasiveness, the duration time for use (transient, 
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short- or long-term use) affects for determining the classification, and EU MDR 

has set different rules for different categories. [22, p. 12] 

 

Figure 10. Differences between medical device categories in the EU Market 

[Edited from 22, p. 12].  

2.6 Medical device regulation differences between the EU and the U.S. 

Both EU and FDA regulations for medical devices are strict, as it is essential for 

medical devices to be safe and effective to use, and the quality of the products 

is crucial for both the EU and the FDA. There are many similarities between 

them, and the implementation of the EU MDR and IVDR brought the EU and the 

U.S. much closer to each other regarding the requirements. Key areas of scru-

tiny under both regulations include clinical data, product information, perfor-

mance testing, labelling, benefit-risk assessments, residual risks, and post-mar-

ket surveillance.   

Additionally, ISO 13485 (an internationally recognised standard for a quality 

management system for medical devices) standard is harmonised with EU 

MDR, and FDA quality system requirements comply with ISO 13485. However, 
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there are three essential differences, in addition to the classification system be-

tween the EU and FDA regulations:  

- testing and audit/inspection requirements,  

- details, and  

- terminology and documentation.  

2.6.1 Testing requirements differences 

In the U.S., testing requirements differ between classifications. Class I devices 

do not require FDA inspection and can self-declare by showing appropriate doc-

uments. Class II devices have a testing protocol because of the 510(k) pathway. 

For Class III devices, more comprehensive technical sections with data, includ-

ing non-clinical and clinical investigations, are required to prove to the FDA that 

the device can be approved or cleared for market. [32] 

EU MDR requires some Class I (sterile devices, devices with measuring func-

tion and reusable surgical instruments) devices conformity assessment involv-

ing a third-party (notified body authorised by the competent authority), whereas 

all other Class I products can be self-declared by the manufacturer. For Class 

IIb and Class III, more comprehensive testing and technical documentation are 

required, but risk evaluation is also more extensive for higher risk devices by 

the EU MDR. [32] 

2.6.2 Detail differences 

The FDA has split sections in the 21 CFR Quality System Regulations, where 

regulations for each device classification are described. However, the FDA does 

not detail its regulatory requirements as much as EU MDR, where details are 

more extensively told. For instance, the responsibilities of notified bodies, the 

process of getting a CE mark, the importance of a clinical evaluation report and 
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many more requirements under EU MDR are described as detailed as possible. 

And because the FDA has not detailed its requirements so comprehensively, it 

can set a roadblock for manufacturers who wish to market in the U.S. but still 

avoid it because of a limited understanding of its requirements. [32] 

2.6.3 Terminology and documentation differences 

The terminology used by the FDA and within the EU differs. For example, the 

FDA has specific terms for design and manufacturing documentation, where the 

FDA likes to use the terms Design History File (DHF) and Device Master Rec-

ord (DMR). Generally, the DHF contains all the records that describe the design 

history of a finished device, and the DMR contains all the documents for the 

needed procedures and specifications for a finished device [33, p. 7; 34, p. 41-

42]. In addition, therefore, the DMR can be called the recipe of a medical de-

vice. EU MDR/IVDR does not use these terms. However, it requires technical 

documentation that includes the same data elements 

The FDA and EU MDR both require documentation of, for example, planning, 

risk management, design and device manufacturing and verification and valida-

tion activities. In the EU, a design manufacturing report, which includes all vali-

dations of manufacturing activities, must be complied with and is required by 

notified bodies to obtain a CE mark. [32] 

However, the key difference in documentation between the FDA and EU MDR 

is the Clinical Evaluation Report (CER) required by EU MDR. CER contains 

data that manufacturers gather, including a literature review of the device or 

similar devices. In addition, search results for identifying known hazards or/and 

risks of device use are listed from vigilance databases to the CER. All devices 

within whatever class with a CE mark must have CER, differing from the FDA 

requirements that do not require CER. [32] 
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3 Regulatory requirements and legislation in the United States 

Because the U.S. legislation follows a risk-based system for device regulation, 

clinical data is required, and the FDA review standards increase with device 

classification. Due to this device classification, the tiered regulation system 

makes room for the FDA to dedicate not only more time but also resources 

when climbing the classification system, which makes the review of higher-class 

devices more time-consuming and, of course, more costly. [35, p. 427; 36] 

Regulatory requirements are noteworthy for medical device manufacturers 

wishing to market internationally, as the requirements differ substantially be-

tween markets. For example, the EU, the U.S. and China all have their own 

rules and regulations for medical devices, but they also share some similarities. 

In the U.S., medical device manufacturers must obey different kinds of regula-

tory requirements. Premarket notification 510(k) and Quality System Regulation 

(QSR) are two of the key regulatory requirements in the U.S., and the other criti-

cal regulatory requirements are as follows: 

• medical device reporting, 

• establishment registration and device listing, and 

• labelling requirements [36]. 

3.1 Establishment registration and device listing 

A place of business at a single general physical location, where the medical de-

vice is, for instance, manufactured, assembled, or processed some other way, 

is called an establishment [34, p. 123]. By establishment registration, it is in-

tended that owners or operators of these businesses mentioned above that 

want to produce and distribute medical devices for use in the U.S. must register 

annually to the FDA. In most cases, a user fee is included in the establishment 

registration for most medical device establishments (Tables 1 and 2 show which 



21 

 

establishments must pay the user fee), and it may change every Fiscal Year 

(FY). In FY 2022, the user fee to be paid is 5672$. [37] 

In addition to user fees and registration, medical device establishments must list 

the devices they market to the FDA. Possible actions or changes made to the 

devices must also be listed to the FDA, and it is required by law that the regis-

trations and device listing are submitted electronically. Nevertheless, electronic 

submission is not required if the FDA grants an exemption (waiver) from it, but 

the manufacturer must have a valid reason why the electronic submission is not 

possible. [38] The registration and device listing describe where the medical de-

vices are manufactured. This is important for the FDA as one of its primary mis-

sions was to effectively prepare and respond to a public health emergency. 

However, not all establishments are required to register, list, or pay the user 

fee. One affecting factor is whether the establishment is foreign or domestic. 

The FDA has made tables for domestic and foreign establishments that instruct 

what kind of establishments must register, list, or/and pay the fee. Tables 1 and 

2 are the abovementioned tables that the FDA has prepared. 
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Table 1. Domestic establishments [39]. 
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Table 2. Foreign establishments [39]. 

 

U.S. Agent 

Foreign establishments that manufacture, distribute, or work in some other way 

to import a medical device in the U.S. are required to have a U.S. agent (only 

one agent is allowed). The U.S. agent must be a resident of the U.S. or have a 

place of business located in the U.S. [40; 41] Generally, the agent works as a 

liaison between the FDA and the company. There are three primary responsibil-

ities that the agent works for: 

1. helps with the communication between the FDA and the company; 

2. helps and answers questions related to the imported devices; and 

3. helps the FDA to schedule an inspection of the company’s facilities [40; 

41]. 
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As the agent works as a communication gate between the FDA and the com-

pany, the FDA could provide information or/and documents straight to the 

agent. For this reason, it is necessary and noteworthy for the companies to hire 

an experienced and reliable agent so that the documents are handled appropri-

ately and do not fall into the wrong hands. [41] 

The FDA must be informed about who is the agent working for the foreign es-

tablishment, and their address, telephone, and e-mail must be notified. In turn, 

the U.S. agent must confirm to the FDA that they are working as a representa-

tive/liaison for the foreign establishment in question. [40] 

3.2 Medical device reporting 

Suppose the manufacturer’s device causes or contributes to an adverse event, 

which is an unwanted experience between the device and its user. For instance, 

an adverse event can be an event that causes one or more of the following:   

- death,  

- life-threatening situation,  

- hospitalisation, 

- congenital disability, and/or 

- permanent damage, for instance, a disability [42]. 

If the device has caused or contributed to an adverse event, then, in that case, 

the manufacturer must report to the FDA that their device has caused death or 

seriously harmed the user, and it may happen again because of device mal-

function [43, p. 4]. 
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The FDA’s goal with medical device reporting (MDR) regulation is to identify 

and correct device malfunctions, and the three basic requirements of the MDR 

regulations are as follows: 

1. Reports of adverse events that the medical device has caused or contrib-

uted must be submitted to the FDA. 

2. Documentation of all complaints that concern the medical device in ques-

tion must be established and maintained. All complaints must be re-

viewed to determine if they are adverse events. 

3. Written procedures for maintaining, developing, and implementing to de-

termine and estimate all medical device events must be done to know if 

the event is an adverse event. [43, p. 2] 

3.3 Labelling requirements 

First off, a label displays written, printed, or graphic matters upon the container 

of the medical device. Labelling, therefore, includes all labels upon the con-

tainer of the medical device. [34, p. 42] 

Labelling should at least inform the name of the medical device and its packer 

or distributor and the primary location of the business. If the business men-

tioned in the labelling is not the manufacturer, the labelling then should inform 

the manufacturer’s name. In addition to these, the labelling must inform the de-

vice’s intended use and adequate directions for use. With the adequate direc-

tions for use, the instructions on how to use the device safely and as purposed 

must be described. [44] 

The above-mentioned labelling requirements are minimum requirements for la-

belling. In 21 CFR Part 801, all medical device labelling requirements defined 

by the FDA are included, and 21 CFR Part 809 consists of all IVD labelling re-

quirements. 
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4 Regulatory pathways to markets in the U.S. 

There are several pathways to market a medical device in the U.S., and the 

paths mainly differ based on the device’s classification. Consequently, it is es-

sential to understand the FDA classification system for a manufacturer to 

choose the correct pathway. Figure 11 explains the basic process of selecting 

the right pathway to the U.S. medical device market. The colours indicate the 

difficulty of the pathway. Green is the easiest, yellow is more arduous, and or-

ange is the hardest. 

 

Figure 11. Basic process of selecting a pathway to the U.S. medical device mar-

ket [Edited from 45, p. 283]. 

Additionally, Figure 12 shows the four most common pathways to market a 

medical device in the United States. Premarket notification 510(k) is covered 

later in section 5. 
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Figure 12. Different pathways to the U.S. market 

Each pathway or also known as premarket submission, has its own sets off, 

where they also differ: 

• processes, 

• scientific validity and its need, 

• submission review duration, and 

• applicable laws and regulations. 

Table 3 concludes the differences between the 510(k), PMA and De Novo path-

ways concerning their review time, fees, and the number of yearly clearances.  

Table 3. Key differences between 510(k), PMA and De Novo pathways. 

 510(k) PMA De Novo 
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FDA review time 

(goal) 

90 days 180 days 150 days 

Standard User 

fee (FY 2022) 

12 745$ 374 858$ 112 457$ 

Small business 

user fee (FY 

2022) 

3186$ 93 714$ 28 114$ 

Number of yearly 

clearances or ap-

provals (2021) 

2996. Got by 

adding together 

all 510(k) devices 

cleared in 2021. 

1352. Got by 

adding together 

all PMA approved 

devices in 2021. 

According to the 

De Novo FDA da-

tabase search 

during 

01/01/2021-

01/01/2022, there 

were 30 devices 

granted through 

De Novo submis-

sion. 

 

4.1 510(k) 

510(k) premarket submission is used to demonstrate the efficiency and safety of 

the device to the FDA and that the device is substantially equivalent to a differ-

ent legally marketed device [46; 47, p. 2; 48, p. 6]. However, the FDA has ex-

empted some devices from 510(k) by regulation (21 CFR 862-892). For 



29 

 

example, most low-risk (Class I) and some moderate-risk (Class II) medical de-

vices are exempt from 510(k) requirements. High-risk medical devices (Class 

III) do not require a 510(k) submission; instead, they require a PMA, which is a 

more demanding level of inspection. [24; 26] Therefore, the 510(k) submission 

is usually only required for medical devices with a moderate patient harm risk. 

Different types of 510(k) submissions 

There are three different 510(k) submissions:  

1. traditional 510(k) (described more extensively in section 5),  

2. special 510(k), and  

3. abbreviated 510(k).  

It is essential to know which category the medical device falls in. The traditional 

510(k) is the most used 510(k) submission, and it can be used in all circum-

stances when seeking device marketing authorisation through the 510(k) path-

way. The special and abbreviated 510(k) submissions are less common, and 

these submissions are only allowed to be used when certain factors are met. 

Figure 13 indicates the distribution of different 510(k) submissions,  
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Figure 13. A number of 510(k) decisions between 1976-2020 [35, p. 425]. 

As seen in Figure 13, the traditional 510(k) is the most common 510(k) submis-

sion; however, special- and abbreviated 510(k)s have gained popularity in re-

cent years.  Additionally, as the figure and the median indicate, 510(k) submis-

sions peaked in the 1980s and 1990s but have been in a declining ratio since 

then. 

The special 510(k) submission is for medical devices already cleared by the 

FDA by the traditional 510(k) submission. Nevertheless, significant changes 

have been made to the devices after that; thus, they must get cleared again, but 

this time by the special 510(k) pathway. [47, p. 6; 49; 50] 

The abbreviated 510(k) can be submitted to the FDA when clarifying substantial 

equivalence to an FDA guidance or standard. It is a “Document comparison” ra-

ther than a “Device comparison”. [47, p. 5; 49; 50] This pathway is compara-

tively unpopular, as seen earlier in Figure 13. Additionally, Figure 14 summa-

rises the main differences between the 510(k)s. 
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Figure 14. Main differences between the different 510(k)s. 

4.2 510(k) exempt 

Devices that are exempt from 510(k) requirements (most Class I and some 

Class II devices) do not need the formal and usual 510(k) submission to be le-

gally marketed, meaning they do not need the FDA clearance to get to the U.S. 

medical device market [36]. 

There are two possible 510(k) exempt cases. One is exempt from both 510(k) 

and QSR requirements, and the other is exempt from only 510(k) requirements. 

The differences between these cases are listed below: 

1. Manufacturers whose device is exempt only from 510(k) submission 

need the implementation and use of a quality system compliant with a 

QSR. In addition, establishment registration and product listing with the 

FDA is required. Generally, the FDA expects the QSR to be followed for 

these devices. 
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2. Manufacturers whose device is exempt from both QSR and 510(k) re-

quirements do not need to follow all the QSR requirements; only require-

ments concerning maintaining records (21 CRF 820.180) and complaint 

files (21 CFR 820.198) must be followed. Additionally, establishment reg-

istration and product listing to the FDA must be done. [51] 

Even though the QSR requirements are not required for devices exempt from 

them, they are still recommended to be followed for the manufacturer’s and cus-

tomer’s sake. By following these regulations, which represent the FDA’s idea of 

a safe and effective device, and good engineering and quality practices, the 

manufacturers can get the best of their device. Therefore, customer satisfaction 

for the device can be ensured as the lack of adherence could lead to a device 

that might cause harm or work ineffectively. [51] 

4.3 Premarket approval 

Premarket approval is a pathway for high risk (Class III) medical devices. Be-

cause these devices usually are life-supporting or have a high risk for patient 

harm or illness, they hold the strictest regulatory controls. General and special 

controls are used in Class I and II devices, but they are insufficient in Class III 

devices. Therefore, a premarket approval application is required for these par-

ticular devices to achieve permission to the U.S. market, and to accomplish that 

permission by the FDA, the FDA has to determine that the scientific evidence 

contained in the PMA is enough for the device to be assured safe and effective 

for its intended use(s). [52] 

Investigational device exemption 

Clinical studies show, for example, how well a new medical device works in a 

targeted human population and tests (e.g., new ways of diagnosing or prevent-

ing diseases). An investigational device is allowed to be used in a clinical study 

via an investigational device exemption (IDE) submission to collect data on the 

safety and effectiveness of the device [53]. IDE submissions are usually used to 
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support, for instance, a PMA, which requires a lot of proof of the safety and effi-

cacy of the medical device. Therefore, an IDE is mainly used for high risk de-

vices. Before the upcoming study is initiated, all clinical evaluations of the inves-

tigational device(s) used in the study are required to have an FDA approved 

IDE, if not exempt. [53] 

The submitter must demonstrate the reasoning to believe that the benefits 

gained from the device outweigh the possible risks and that the device is effec-

tive for the intended use [54, p. 6]. 

4.4 De Novo Classification Request 

De Novo differs from the usual 510(k) in that device falling into this submission 

type, general controls alone (like Class I devices), or general- and special con-

trols (like Class II devices) can assure the safety and effectiveness of the in-

tended use, however, they do not have a predicate device. And because a 

predicate device was not available, in the future, a device that was marketed 

through the De Novo pathway can be used as a predicate device (if applicable) 

for future 510(k) submissions of a new device. [55] 

A medical device that does not have a predicate device and falls into whatever 

classification is classified as Class III devices automatically and must go 

through the strict PMA application process. The manufacturer, in this case, can 

ask for the FDA to reclassify a low to moderate risk device as a “De Novo” de-

vice and then go through the De-Novo pathway. If the FDA does not approve 

the reclassification, the device must go through the PMA pathway as a Class III 

device. [56, p. 6-7] 

4.5 Humanitarian Device Exemption 

A humanitarian device exemption (HDE) is a submission made to the FDA for 

Class III medical devices that diagnose or treat diseases or conditions that 
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affect not more than 8,000 U.S. residents per year, and three criteria affect for 

submitting an HDE, which are listed below:  

1. Because HDE is for Class III devices, the submission must contain a 

large scale of scientific validity and information that the device does not 

cause a significant risk for patient harm. Furthermore, the benefits of use 

must outweigh the risks of patient harm. 

2. The device is for diagnosing or treating a disease or condition that does 

not affect more than 8,000 U.S. residents yearly. 

3. Without HDE, there is no device that a person can use to diagnose or 

treat the disease or condition, which means that no comparable device is 

on the market (excluding another HDE device). [57, p. 2] 

A manufacturer’s device designed to go the market via this route must first be 

identified as a humanitarian use device (HUD), which is achieved with an appli-

cation to the Office of Orphan Products Development (OOPD) under the FDA 

[57, p. 2]. Eventually, devices that go through the HDE review type are classi-

fied as “HDE” devices. 

5 Traditional 510(k) 

Traditional 510(k) is the most popular 510(k) submission, and generally, it con-

tains information about the manufacturer’s medical device in an organised man-

ner. In addition to the basic information about the device, the traditional 510(k) 

includes data about the device’s performance and safety, which is eminently 

meaningful for the FDA, as they emphasise the importance of effectiveness and 

safety. 

In the traditional 510(k) process, the medical device must be “substantially 

equivalent” to another previously legally marketed medical device in the U.S. If 

the new medical device that is wishing to get to the U.S. market does not have 

a substantially equivalent device (also known as predicate device), the 
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marketing pathway process through traditional 510(k) is not possible. Therefore, 

the process is dependent on substantial equivalence to other similar products. 

For the manufacturer’s sake, it is essential to understand the importance of sub-

stantial equivalence mainly for two following reasons: 

1. saves time; and 

2. saves a substantial amount of money. 

If the device in question does not have a predicate device, the device will be 

classified as a Class III device. It, therefore, will go through the demanding PMA 

process (unless De Novo classification is possible), as seen earlier in Figure 11. 

PMA applications are very costly and more time consuming when compared to 

510(k) submissions.       

5.1 Substantial Equivalence 

In traditional 510(k), the FDA wants the new medical device to be substantially 

equivalent to another similar medical device, legally marketed in the U.S. The 

new device must be as safe and effective as its predicate, making the devices 

substantially equal. A similar device legally marketed in the U.S. is known as a 

predicate device. 

Substantial equivalence can be achieved when the new device and its predicate 

have the same intended use and technological characteristics. However, a de-

vice can also be substantially equivalent if it has the same intended use as the 

predicate device, but its technological characteristics are different. Neverthe-

less, the difference between technological characteristics must not raise ques-

tions of safety and effectiveness. Technological characteristics include, for in-

stance, device design, material, effectiveness, safety, biocompatibility and 

standards. The FDA must also be informed about differences in technological 

characteristics, demonstrating that the device is as safe and effective as the 
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predicate device. [46; 58, p. 2; 59] In a nutshell, the new medical device has 

substantial equivalence if the following two things match: 

1. predicate and the new medical device have the same intended use, and 

2. possible differences must not stand out too much from each other and 

raise questions about the safety and performance of the new device. 

It is almost inevitable that the devices have some differences between them, the 

intended use is usually the same, but their technological characteristics differ 

[48, p. 8]. Table 4 shows an example of a new device with the same intended 

use, but the technological features vary slightly from the predicate device. How-

ever, it does not raise questions about safety and effectiveness and, therefore, 

has substantial equivalence. 
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Table 4. Comparison of a predicate rest and a new pregnancy test [60, p. 3]. 

The middle column describes the properties of the new test, and the rightmost 

column describes the properties of the predicate test. 

 

Table 4 shows that the pregnancy test kits' traceability and read time vary, but 

that does not make the new pregnancy test less safe or effective for use. An-

other observing example of acceptable technological feature difference would 

be, for instance, that a contact lens has a different colour than its predicate [48, 

p. 9]. 

The FDA uses scientific methods to estimate possible differences in technologi-

cal characteristics and performance data to determine whether the device pro-

vides the same level of safety and effectiveness as the predicate device. Perfor-

mance data includes, for example, clinical data and non-clinical bench 
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performance data, which give data on sterility and engineering performance 

testing, among other data. [46] 

Figure 15 demonstrates the process when proving substantial equivalence to a 

predicate device. 

 

Figure 15. Overview of proving substantial equivalence [Edited from 48, p. 7; 

61, p. 27]. 
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Manufacturers are not allowed to market the medical device in the U.S. until the 

FDA has sent a clearance letter to the submitter, informing if the device is sub-

stantially equivalent [62, p. 3]. In case of the device is not substantially equiva-

lent, the submitter is usually asked to resubmit another 510(k) with new data. 

However, if new data to support a new 510(k) is not available to support sub-

stantial equivalence, the submitter can use the De Novo Classification process 

to request a Class I or II designation, ask for reclassification of the device or 

submit a PMA. [46] 

No substantial equivalence 

In summary, it can be seen in Figure 15 that there are four main scenarios 

when substantial equivalence cannot be achieved: 

1. a legally marketed predicate device is not found, 

2. different intended use than the predicate device has, 

3. different technology, and 

4. performance data was lacking or missing. 

The most common reason for not finding substantial equivalence is that the per-

formance data lacks, as Figure 16 indicates. The data in Figure 16 is from 2010 

gathered by the FDA. It may have changed over the years, but generally think-

ing, the performance data affects the most because a “SE” (Substantially Equiv-

alent) decision is not possible without it. 
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Figure 16. Reasons why substantial equivalence was not found and their pro-

portions in 2010 [Edited from 62, p. 3-4]. 

As seen in Figure 17, approximately a quarter of 510k submissions in 2011 

were not given a “SE” decision. However, this does not mean that three-quar-

ters of approved substantial equivalence decisions are provided on the first try. 

The submission might get a “no substantial equivalence” decision several times, 

but the submitter can try again if the issues are resolved. 

 

80 %

11 %

4 %
5 %

Percentages of why SE was not 
found

Performance data was lacking Different inteded use

Different technology A predicate device was not found
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Figure 17. Percentage of how many 510(k) submissions got “no substantial 

equivalence” status during 2001-2011 [63, p. 2]. 

“Other” decisions seen in Figure 17 are when the submitter withdraws the sub-

mission before the FDA gives the conclusion or the submitter does not provide 

additional information when the FDA asks for it [58, p. 4]. And when putting 

“NSE” (Not Substantially Equivalent) and “Other” decisions together, it can be 

concluded that a quarter of the substantial equivalence submissions were not 

approved in 2011. 

Companies must answer within the given timeframe for the requested infor-

mation that the FDA asks in order to make the substantial equivalence decision. 

For instance, the FDA may request more testing on biocompatibility if animal 

deaths occurred in a study compared to the control group with no animal 

deaths. Another example of missing performance data is when reports of ad-

verse events raise safety issues related to a failure in the device’s material. In 

this case, the FDA may ask for additional preclinical testing. Furthermore, the 

new device’s performance cannot be worse than the predicates. [62, p. 5] 
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The FDA allows new review cycles for companies to get a substantial equiva-

lence determination for their device if given a “not substantially equivalent” deci-

sion. Table 5 shows how many review cycles it usually takes for the submitter to 

gain a substantial equivalence decision if they first got the NSE decision. 

Table 5. No substantial equivalence decisions by review cycle [62, p. 6]. 

 

Table 5 shows that it is unusual to get an “SE” decision on the first try, as only 

13% of the submission gained a “SE” status with 1-3 review cycles in 2010. In 

addition, there is a maximum amount of review cycles, which in 2010 was six 

cycles, and if the submission does not receive a “SE” status in less than the 

maximum review cycles, it will be given an “NSE” decision, and the submission 

will be withdrawn entirely. 

5.2 Preparing a traditional 510(k) submission 

In general, the preparing process for a traditional 510(k) submission has four 

stages, which are listed below: 

1. define device classification, 
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2. find an applicable predicate device for showing substantial equiva-

lence, 

3. find suitable standards or guidance documents and prepare the 

510(k) submission dossier, and 

4. send the submission to the FDA [63, p. 2-5].  

It may look like a short and simple route for the market, but as said initially, the 

path for the U.S. market has many roadblocks and mistakes to be made be-

tween different stages. 

5.2.1 Defining device classification 

Before defining the classification, the device must meet the FDA’s definition of a 

medical device, and if it meets the definition, the classification for the device 

needs to be defined [63, p. 2]. 

Section 2.4 earlier described how the device classification should be performed. 

There are also other ways to define the classification, but the example in sec-

tion 2.4 is the most common method for determining device classification. An-

other common method uses the FDA product classification database. For in-

stance, if the manufacturer’s device is a glucose meter, then the manufacturer 

writes “glucose meter” in the FDA database search, as Figure 18 demonstrates. 
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Figure 18. Product classification page in the FDA´s product classification data-

base and a glucose meter as an example of a used keyword for a device 

search. 

Clicking “search”, the manufacturer sees the view shown in Figure 19, where 

classification, regulation number and product code are found, and also the sub-

mission type is found, which in this case is 510(k). 
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Figure 19. Information found on a glucose meter from the FDA product classifi-

cation database as an example of a search result. 

After defining the classification for the device, the manufacturer has to find a 

suitable predicate device. The product code is crucial, as similar devices are 

found with the product code. 

5.2.2 Finding an applicable predicate device for showing substantial 
equivalence. 

The manufacturer learns in Figure 19 that the glucose meter goes through the 

510(k) pathway, and its product code is “PZI”. The manufacturer then goes to 

the FDA 510(k) database search and writes “PZI” as the product code, as Fig-

ure 20 demonstrates. 
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Figure 20. A 510(k) database search for the product code “PZI” as an example. 

Clicking “search”, the manufacturer sees the view shown in Figure 21 and the 

devices under the “PZI” product code. The devices found are similar to the man-

ufacturer’s device. The manufacturer then carefully reads the device descrip-

tions and uses the most suitable device as a predicate device to prove substan-

tial equivalence for the FDA. 
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Figure 21. Devices found from the 510(k) database under the “PZI” product 

code. 

5.2.3 Suitable standards or guidance documents 

The standards and guidance documents that apply to a medical device are de-

vice- or technology-specific. The manufacturer can get some help on what 

standards apply to their device from the predicate device’s clearance letter. If 

the predicate device meets a specific standard, the manufacturer’s device 

should meet the same standard. 

The suitable standards and guidance documents can be found on the FDA web-

site. For instance, there are plenty of guidance documents concerning device 

class. The FDA has a recognised consensus standards list available which 

should be reviewed to identify relevant standards applicable to the product. 

5.3 Submission process 

Finally, after the classification is defined, the predicate device and suitable 

standards or guidance documents are found, the 510(k) submission is ready to 

be gathered and sent to the FDA’s CDRH section. 
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The 510(k)-submission process consists of four different primary stages after 

the submission is sent, shown in order in Figure 22. 

Figure 22. Process of the 510(k) submission. 

5.3.1 Acknowledgement/Hold letter 

The acknowledgement letter shows the date of receipt and a number assigned 

to the 510(k) submission. The date of the receipt shows when the FDA received 

the 510(k) submission, and it also includes the valid user fee payment and a 

valid eCopy. After the acknowledgement letter, the submission continues into 

the acceptance review stage. [64] 

In case the user fee payment and/or eCopy are not valid, the 510(k) submitter 

receives an email within seven days of receipt of the 510(k) from the Document 

Control Center (DCC), which includes a hold letter. The hold letter indicates to 

the 510(k) submitter that the user fee payment and/or eCopy were not valid, 

and the submitter has 180 calendar days to address the issue. The 510(k) will 

be withdrawn and excluded from the FDA review system if the issues are not re-

solved in time, and the 510(k) submitter must submit completely a new 510(k) to 

the FDA if still planning to market in the United States. [64] 
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5.3.2 Acceptance review 

After the FDA has acknowledged the 510(k) submission, it is assigned to a 

proper lead reviewer determined by the FDA. The lead reviewer ensures that 

the 510(k) submission meets at least the minimum limits of acceptability. [64] 

The submitter can also check before submitting if the 510(k) submission meets 

the boundaries of acceptability by using the FDA’s acceptance checklist guid-

ance (this is only a recommendation, the lead reviewer always makes sure that 

the minimum limits are reached), which the lead reviewer also uses. 

The FDA will send a notification to the submitter, which shows the result of the 

acceptance review and the contact information of the lead reviewer [64]. The 

possible outcomes of the acceptance review are shown in Figure 23, and an ac-

ceptable outcome (indicated as green in Figure 23) proceeds into a substantive 

review. 

 

Figure 23. Alternative outcomes of the 510(k) acceptance review [Edited from 

64]. 

In the Refuse to Accept (RTA) hold, the lead reviewer has found deficiencies in 

the acceptance review, and the submitter has 180 days to resolve the issues re-

lated to the acceptance review. Suppose the acceptability criteria were not met 

and the submitter does not fix the problems cited in the RTA hold in 180 days. 

In that case, the 510(k) submission will be deleted from the review system, and 
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the submitter must start the 510(k) process from the beginning if still planning to 

market in the United States. [64] 

5.3.3 Substantive review 

After the acceptance review, the submission proceeds into a substantive review 

phase. A comprehensive review of the 510(k) submission is conducted, and the 

lead reviewer communicates with the 510(k) submitter, which happens through 

a substantive interaction. Usually, the substantive interaction is done in two 

ways: interactive review or additional information (AI), as seen in Figure 24, 

which shows the outcomes of the substantive review. [64] 

 

Figure 24. Alternative outcomes of the 510(k) substantive review [Edited from 

64]. 

Additional information requested can be pretty much anything, varying from 

product name differing throughout the submission to the performance data 

missing or lacking. The typical mistakes that lead to the additional information 

request are described more extensively in section 5.4. 
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5.3.4 510(k) decision letter 

The decision letter has two possible outcomes: the “Substantially equivalent” 

decision or the “Not substantially equivalent” decision. The FDA sends the deci-

sion letter to the submitter by email, and if substantial equivalence was found 

and no other issues occurred, the FDA then considers the submission as 

“cleared” [64]. Subsequently, the manufacturer can start marketing the device in 

the U.S. 

5.4 510(k) duration – and what affects on it 

The FDA aims to give a 510(k) decision in 90 days [63, p. 5; 64]. However, this 

is just the FDA’s goal. It is very uncommon to gain clearance for the U.S. mar-

ket in 90 days by the 510(k) submission as the FDA and other regulatory au-

thorities, such as in the EU, have become stricter on medical devices and their 

clinical data and testing requirements, which affects the market clearance dura-

tion. Figure 25 demonstrates how the 510(k) clearance process has become 

stricter since the 1970s when the clearance process was not as strict as it is 

nowadays, and due to that, the overall length to gain the FDA’s clearance has 

increased. Furthermore, medical devices nowadays have more technological 

features than in the 1970s, which means that more requirements are required to 

be fulfilled, which affects the market process’s length. 

 

Figure 25. Average duration (days) to gain the FDA’s clearance with a tradi-

tional 510(k) and its growth between 1970-2016 [65, p. 4]. 
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As seen from Figure 25, the average time to get the FDA’s clearance with a tra-

ditional 510(k) more recently, for example, during 2010-2016, is approximately 

170 days. Consequently, the estimated 90-day process length is just the FDA’s 

goal, as stated earlier. However, it is possible but depends on the device and 

how the manufacturer has prepared for the clearance process. As expected, a 

manufacturer whose 510(k) submission has a lot to fix must wait longer than 

those that have prepared better. In fact, the most extended length to gain a 

510(k) clearance is more than 3000 days [65, p. 10].  

The time gone for the submission to gain a clearance is not only on the FDA’s 

responsibility. If a manufacturer wants to gain a clearance as fast as possible, 

they should answer the additional information that the FDA asks for as quickly 

as possible. Figure 26 shows data on the review times from 2000-2010. 

 

Figure 26. Average duration (days) for a 510(k) decision during 2000-2010 [66, 

p. 4]. 

The data from Figure 26 shows that the total average duration has grown from 

96 days (2000) to 140 days (2010). Nowadays (in 2022), it is approximately 180 

days [25]. The growth noticed in Figure 26 is due to submitters taking longer to 
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answer the FDA’s additional information request than before. In fact, the FDA’s 

review times have decreased slightly from 2000 to 2010. 

The device type also matters for a 510(k) clearance duration. For instance, the 

average time to get a 510(k) clearance for devices related to immunology was 

250 days in 2016. In comparison, the average time for devices related to radiol-

ogy was 112 days in 2016, as Figure 27 shows. In the same figure, it can be no-

ticed that some device types have considerably (even half as fast) faster clear-

ance processes than others.  

  

Figure 27. Medical device types and their average time in days to get a 510(k) 

clearance for the U.S. market [Edited from 65, p. 8]. 

The FDA has not stated why the clearance process takes longer for some de-

vice types. However, for example, when comparing devices for radiology and 

immunology and how many 510(k) clearances in 2021 were made for these 

types of devices, there is a vast difference. Figures 28 and 29 show an FDA 

510(k) database search for immunological and radiological device types in 

2021.  
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Figure 28. A result of the 510(k) database search for immunological devices in 

2021. 

 

Figure 29. A result of the 510(k) database search for radiological devices in 

2021. 

As Figure 28 showed, only 14 immunological devices were cleared in 2021 by 

the 510(k)-submission process, which is a massive difference from radiological 

devices, for which 417 devices were cleared in 2021 by the 510(k)-submission 
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process, as Figure 29 showed. Therefore, it can be concluded that fewer 510(k) 

submissions related to the device type mean longer review time. 

Moreover, another possible reason why radiological devices are much quicker 

to get an FDA clearance than immunological devices might be because radiol-

ogy is well established nowadays, and no significant technological progress is 

not made anymore. On the contrary, immunology is progressing more and more 

nowadays, and the FDA might, thus, need more time to review the safety and 

effectiveness of immunological devices. In addition, the technological character-

istics are more straightforward in some device types than in others, affecting the 

review length. 

Typical mistakes that affect the 510(k) duration 

What comes to the FDA strictness, it is evident that the FDA often asks for addi-

tional information, leading to a longer review time. There are many mistakes to 

be made in the 510(k) submission, but the most typical mistakes made by the 

submitters are presented in Figure 30.  
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Figure 30. Eight most typical mistakes to be made in the 510(k) submission [Ed-

ited from 63, p. 6-7]. 

As Figure 30 shows above, there are several mistakes to be made, and these 

eight are just the most typical ones. Suppose the manufacturer is willing to 

avoid errors during the 510(k) submission. In that case, these eight common 

mistakes are what the company should primarily focus on; therefore, no usual 

unnecessary errors are made. Table 6 provides more details about the typical 

510(k) submission errors. 

Table 6. Detailed information about the typical mistakes made in the 510(k) sub-

mission [63, p. 6-7]. 

Typical mistake Details about the mistake 
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Product name The product name must stay the same throughout the 

submission. If the product name changes during the 

submission or is presented differently in different docu-

ments, it might confuse the FDA and therefore lead to a 

request for additional information. 

Poor description of the medical de-

vice 

The FDA cannot ensure the device's safety and effec-

tiveness if the device description is inaccurate or incom-

plete. The description must support the intended use of 

the device. In general, the level of detail the FDA re-

quires is higher compared to many other authorities. 

Performance testing data is poor or 

missing 

If there is no performance testing data, the FDA will ask 

for it because it is a requirement of a traditional 510(k). 

Figure 15 demonstrates that substantial equivalence 

could not be proven without performance testing data. 

Additional questions may also be received (e.g., if the 

scientific quality or clarity of the performance evidence is 

poor). 

Issues in a usability report If the testing was not done as informed in the guidance 

document, for instance, the sample size was too small; 

then the usability report is not valid. 

Issues in risk management In the U.S., risk management must follow the ISO 

14791:2007 consensus standard. It is a heavy process 

and time-consuming and requires a lot of finalisation. 

Therefore, it is expected that the FDA will find some is-

sues related to it. For instance, the FDA may encounter 
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some problems in risk analysis that play a significant 

role in the development of medical device design. 

Clinical data and forms are missing Not all device types, but some require clinical perfor-

mance data to prove substantial equivalence. If clinical 

data is needed, then applicable forms are also needed. 

Guidance standards or documents 

are not followed or addressed ac-

cordingly 

The FDA will ask for additional information if the device 

does not follow or address current guidance documents 

or standards for the device type and why the manufac-

turer is not following or addressing them. 

Given information differs through-

out the submission 

The indications for use and intended use statements 

must stay the same throughout the submission and the 

submission dossier. 

 

5.5 Overall cost of 510(k) 

As listed in Table 3, the 510(k) standard fee is 12 745$, and for small busi-

nesses, the standard fee is 3186$ for FY 2022. In addition to these, the estab-

lishment registration fee must be paid, which costs 5672$ [37]. However, this is 

paid after the 510(k) submission is cleared by the FDA.  

The device's substantial equivalence, safety, and effectiveness are shown with 

testing documented in unambiguous test plans and reports, which is the whole 

idea of the 510(k) submission. The testing of the device is the costliest part [67], 

and how much it costs depends entirely on the device. For instance, if the de-

vice needs clinical data to demonstrate safety and effectiveness, it will raise the 
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overall cost. For a 510(k), clinical data may be required; it depends on the de-

vice; in particular Over-the-Counter devices require clinical data [68, p. 1], which 

are devices that the consumer can buy directly from the manufacturer or its dis-

tributor. The manufacturer can find information about if the device requires clini-

cal data in the 510(k) submission from the FDA guidance documents and per-

formance standards that apply to a specific device type, also known as “vertical” 

documents [69, p. 3]. 

Therefore, devices that need clinical data require more testing, meaning that the 

overall cost is higher for these devices than those that do not require clinical 

data. Additionally, devices with longer review time might indicate that they are 

more complex than devices with shorter review time, therefore requiring more 

testing and increasing the cost. This can also be seen in Class III devices that 

require a PMA application. All Class III devices require a wide range of clinical 

data [70]. Consequently, the FDA’s review time for PMAs is twice as long, and 

the cost might rise to over tens of millions, even to hundreds of millions, be-

cause they need more testing and regulatory requirements to be fulfilled than 

510(k)s. For 510(k)s, the cost varies and depends, as said. Nevertheless, ac-

cording to one source [71], which studied the 510(k) costs for 50 different de-

vices, the median cost was approximately 3$ million, the lowest cost was 

200 000$, and the highest cost raised to 41$ million. However, according to an-

other source [72, p. 7, 29 & 38], claiming that average cost for 510(k) is approxi-

mately 31$ million. Therefore, the exact cost varies. 

In summary, the cost consists of the testing part and submission part. Further-

more, some manufacturers might need some consulting help when, for in-

stance, preparing the 510(k) submission for the FDA, which can cost the manu-

facturer tens of thousands, depending on how much the consultant(s) charge 

and how much time it takes. Additionally, because the standard fee cost is sig-

nificantly lower for small businesses, it is recommended to apply for a small 

business qualification and certification. 

Small business status and qualification 
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Companies are qualified for the FDA’s small business programs when gross re-

ceipts and sales do not exceed $100 million for the ongoing tax year. Sales and 

gross receipts of affiliates (if the company has any) must be included. [73, p. 5] 

The benefit gained from the small business status is that the companies quali-

fied as small businesses have reduced standard fees of application submis-

sions (PMA, 510(k), etc.) [73, p. 8]. 

A small business status is valid for one Fiscal Year and its runs from October 1 

through September 30. The small business status is not eternal, and companies 

must submit a new small business status request to the FDA if wished to grant 

the reduced standard fee. [73, p. 6] A new small business status request is 

needed because, for example, the sales and gross receipts may have changed 

[73, p. 16]. Due to this, the FDA wants to make sure it does not exceed the 

$100 million limit. A new small business status request for the next FY year 

must be submitted to the FDA before September 30, beginning from August 1 

[73, p. 6]. 

6 Quality management system 

Most major markets require the implementation and maintenance of a quality 

management system (QMS). ISO 13485 is an international quality management 

system standard for medical devices developed to meet the industry's specific 

needs. This standard is recognised by several countries and is used as the 

QMS requirement. Several markets, however, have their own specific require-

ments and legislation. For example, in the U.S., the FDA uses QSR as a quality 

management system. 

A QMS contains different processes, responsibilities, procedures, and re-

sources that focus on meeting customer requirements through quality policy 

and quality objectives in an organised manner [74, p. 2]. For instance, the FDA 

sees the seven subparts of the quality management system seen in Figure 31 

as the main pillars for achieving the purpose of a QMS. 
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Figure 31. Seven main pillars of a quality management system instructed by the 

FDA [75, p. 14]. 

All of the subsystems seen in the figure have their own role in achieving the pur-

pose of a QMS, and many are linked to each other. In total, there are 15 sub-

systems in the FDA’s QMS, and they are shown in section 6.2. 

6.1 Quality System Regulation 

The FDA approved quality management system, QSR, also called FDA 21 CFR 

Part 820, is used to determine current Good Manufacturing Practice (cGMP) 

regulations [76, p. 2]. In a nutshell, minimum requirements for product manufac-

turing, processing, packaging, or holding are demonstrated with Current Good 

Manufacturing Practice regulations [77, p. 48]. Every manufacturer (that is re-

quired to follow QSR requirements) marketing their device in the U.S. must fulfil 

these minimum requirements. 

Medical device manufacturers use the QSR to ensure that the products meet 

the requirements and specifications and thus gain access to the U.S. market in 

the first place and that they can continue their supply to the U.S. market. If the 
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product meets the requirements and specifications, the safety and effectiveness 

of the product are ensured. 

The QSR covers a lot of requirements in the chase of a safe and effective de-

vice. The requirements that the QSR covers directly determined and in words 

from the FDA, are: “the design, manufacture, packaging, labelling, storage, in-

stallation, and servicing of all finished devices intended for human use,” includ-

ing the facilities and designs used for those processes [77, p. 3]. 

Foreign manufacturers from the EU who have marketed their devices already 

earlier in the EU medical device market and used the ISO 13485 quality man-

agement system must still meet the QSR requirements for their device to be 

able to market their device in the U.S. The FDA only approves the QSR quality 

management system and does not recognise other quality management sys-

tems, such as ISO 13485. [78, p. 1]  

6.2 QSR subparts 

Section 6 introduced the seven central pillars of the QMS in the U.S. In addition, 

there are additional subparts in the quality management system in the U.S. that 

manufacturers must establish all of these subparts to ensure that their device 

and QMS meet the FDA’s requirements. The subparts are seen in Figure 32. 
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Figure 32. QSR subparts instructed by the FDA [Edited from 77, p. 6-26; 78, p. 

2-4]. 

This thesis will focus on the subparts indicated in green (Acceptance Activities, 

Production and Process Controls) in order to give an overview of what is re-

quired from the manufacturer to maintain the product quality that was achieved 

during the design and development of the product, under the design controls 

subpart. 

The FDA expects that the product supplied to the U.S. markets after FDA clear-

ance/approval has each and every time the exact same safety, effectiveness 

and performance characteristics that were shown and proven during the product 

registration to the FDA. Production and process controls are among the four 

major subsystems identified by the FDA and thus are seen as very important 

[79]. Acceptance activities are very closely linked to production and process 

controls and are therefore reviewed in this thesis. These two subparts are key 

to making sure that the product safety and effectiveness are maintained 
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throughout the product lifetime, and thus the manufacturer has the legal right to 

continue shipping the product to the U.S. 

6.3 Subpart G – Production and Process Controls 

From the product quality point of view, it is crucial that all factors affecting the 

product safety, efficacy and performance are identified, and all necessary con-

trol actions are planned and implemented not only to control but also to monitor 

and react to changes whenever needed. In other words, the production phase 

should be done in a controlled manner with predefined plans/ instructions and 

acceptance criteria for a successful production. 

There is always a thought of what if the process does not perform as designed 

or intended. This way of thinking can be avoided with production and process 

controls, which are procedures, techniques, and methods purposed to manufac-

ture devices that continually meet the manufacturer's predetermined device 

specifications [34, p. 59; 78, p. 3]. Therefore, the main idea of production and 

process controls is that the manufacturer, customer, inspector, or whoever will 

be working with the device can be sure that the process can reproduce and re-

peat itself safely and effectively and that the result meets all the specified re-

quirements. If the manufacturer cannot be absolutely certain of the process out-

come (100% verification/ inspection), process validation is needed. In validation, 

the process is objectively shown with a high degree of assurance to be capable 

of repeatedly meeting predefined acceptance criteria(s) and then approved ac-

cording to established procedures [34, p. 62]. 

Production and process controls are linked with the DMR, which can be said to 

be the recipe of the medical device. This is because DMR contains procedures 

and specifications records for a device that is finished and fulfils all the prede-

termined specifications [33, p. 7; 34, p. 42]. In addition, production and process 

controls are one of the major subsystems of the QSR, as said, and are also in-

cluded in the QSIT-Inspection; thus, FDA inspectors take great interest in it [79]. 
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Therefore, it is imperative that its requirements have been implemented in the 

QMS and DMR and are maintained appropriately. 

To make sure the device is in accordance with its specifications, manufacturers 

should make and be responsible for actions that develop, conduct, control and 

monitor production processes [34, p. 59]. The FDA has determined that process 

controls should include the following key aspects: 

1. Document instructions, standard operating procedures, and methods de-

scribing the production and controls. 

2. Process components, parameters and device characteristics should be 

controlled and monitored during production, and for all production pro-

cesses, there should be a control in place. Therefore, a description of 

how the production is controlled and monitored is needed. 

3. Inclusion of specified reference standards or codes against which the 

processes can be compared. 

4. Approval that each piece of process equipment and the process is safe 

for its purpose. This is shown with qualifications and validations. First, 

the processing equipment must be proven that it works as intended and 

within specifications. After that, the process (consisting of different indi-

vidual pieces of equipment) must be demonstrated to work repeatability 

as intended and to create the desired outcome within specifications. 

5. Workmanship criteria. For instance, photos of an unacceptable device 

versus an acceptable device. [34, p. 59]  

Production and process control aspects 

Many aspects need to be considered in production and process controls, and 

they can vary between manufacturers because, for example, production facili-

ties and environments differ. For instance, if environmental conditions could 
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adversely affect device quality, the manufacturer must establish and maintain 

procedures that sufficiently control these environmental controls so that no ad-

verse effect can impact device quality. Even though the environments may differ 

between manufacturers, all manufacturers must make sure that the manufactur-

ing device’s safety and quality do not take a negative impact because of envi-

ronmental control and that the device specifications and requirements are ful-

filled. In addition, there are several other factors that can introduce variation in 

the production and thus affect the product quality and therefore need to be 

taken care of. The production and process control aspects are shown in Figure 

33. 

 

Figure 33. Aspects of production and process controls of the QSR subpart in-

structed by the FDA [Edited from 34, p. 59-60]. 

All these controls must be established and maintained. It is required by the U.S. 

law that all procedures are reviewed and approved. 
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6.4 Subpart H – Acceptance Activities 

Acceptance activities ensure that the manufacturer’s device is valid and fulfils 

requirements, and the ensuring is done by, e.g., inspections, tests or other con-

trol actions [76, p. 17; 78, p. 3; 80, p. 6]. Furthermore, based on these, the man-

ufacturer can state that device is “valid,” i.e., that it conforms to its specifica-

tions. Manufacturer’s procedures should be established and maintained for 

these activities, and they are parted into three different sections: 

1. receiving acceptance activities, 

2. in-process acceptance activities, and 

3. final acceptance activities. 

Figure 34 describes what each acceptance activity part includes. 

Figure 34. Acceptance activities of the QSR subpart instructed by the FDA [Ed-

ited from 80, p. 7-9]. 
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Finished devices held in quarantine are released when each of the following 

steps is completed:  

- activities that the design master record requires are completed,  

- a review of associated data and documentation is done, and  

- the designated person(s) sign the authorised release, and the authorisa-

tion is dated. [80, p. 10] 

Manufacturers should make a record of the acceptance activities that describe 

when the acceptance activity in question was completed, the results of it, the 

signature of the person(s) that performed the acceptance activities and the 

equipment used. The records must be included in the Design History Record 

(DHR). [80, p. 14] 

In order to assure that the device which met the required acceptance activities 

is exclusively distributed, used or installed, the acceptance status should be 

maintained the whole time, starting from manufacturing to servicing of the de-

vice. This is done to indicate the conformance/nonconformance of the device 

with acceptance criteria. [80, p. 16] In fact, the typical mistake to be made in ac-

ceptance activities is that the manufacturer’s inspection does not have a clear 

structure, and thus, the effectiveness is hard to ensure or prove [75, p. 17]. 

Consequently, it is essential to have predetermined acceptance criteria involved 

in the inspections, as the specifications and criteria must be met. 

Nonconformance occurs when the device does not meet specific requirements, 

and thus, something might go wrong in the process. They can vary from minor 

nonconformances to major ones and are found during inspections, tests, audits, 

or negative customer feedback. Minor conformance is, for instance, a visual de-

fect that does not affect the safety or performance of the device. Major conform-

ance is, for example, an error during the production resulting in a situation 

where the validated manufacturing process was deviated due to the error. All 
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nonconformities need to be handled in a controlled manner to make sure that a 

product that does not meet the acceptance criteria is not released. 

6.5 FDA routine inspection 

The FDA has a procedure for all manufacturers with an establishment license to 

check that the manufacturer’s quality system is valid and follows the required 

quality regulations. It is defined by the U.S. law that the quality system has to be 

inspected once in two years for Class II and III devices, and the purpose is to 

keep manufacturers following the quality system regulations and therefore keep 

them honest in their actions [81; 82; 83, p. 2]. Even though it is defined by law, 

the quality systems are rarely inspected due to resource shortages [81]. Some 

manufacturers might still and will get inspected, and the following elements af-

fect for the FDA to decide who to inspect: 

- Complaints about the device from the industry and the public. Especially 

if the device has had severe violations or has caused or contributed to 

deaths or serious injuries. 

- A follow-up inspection from the previous inspection to ensure that issues 

have been fixed. 

- If the device is new and recently entered the market. 

- If the device is either implantable, life-supporting or life-sustaining, or all 

of these (these are very high priority devices for the FDA to inspect). [84, 

p. 7-8] 

The FDA uses the risk-based system in prioritising inspection firstly for Class III 

devices. Due to low resources, inspections for Class I devices do not really hap-

pen at all, only if some serious concerns appear around the device from the in-

dustry and the public, as mentioned. 
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It is evident that the manufacturers must follow the regulations, as resolving the 

possible warning letter may cost the manufacturer millions, and if things esca-

late, even more, the manufacturers' products may get a market ban in a worst-

case scenario. 

The FDA usually informs foreign manufacturers in good advance (approximately 

one month before) and domestic manufacturers approximately five days before 

the inspection takes place [81; 82]. Nevertheless, there is a possibility that the 

inspector will come for an unannounced inspection, especially if a follow-up in-

spection is needed. In that case, the FDA may favour coming for a surprise in-

spection to see that the needed changes have been conducted or if a concern-

ing complaint from the public has been made, then the FDA might also come 

without notice. [85, p. 2] Therefore, it is recommended that the manufacturer is 

always ready for an FDA inspection.  

The FDA inspector will primarily check that the company follows the FDA’s qual-

ity system regulation subparts that are included in the QSIT-Inspection. Never-

theless, the inspection also includes a review of other regulatory requirements 

that are presented in Figure 35. [86, p. 1-2] 
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Figure 35. Overview of FDA inspection at manufacturer´s premises [Edited from 

86, p. 1-2]. 

6.5.1 QSIT-Inspection 

Quality System Inspection Technique (QSIT) – Inspection is the FDA’s way of 

inspecting the quality management systems. It has been created to purposefully 

target the manufacturer’s whole quality system in search of possible issues con-

cerning quality. [86, p. 2] 

This inspection technique focuses primarily on four major subsystems of the 

quality systems, as Figure 36 shows. The FDA believes that these four subsys-

tems create the base for quality management systems. The CAPA (Corrective 

and Preventive actions) subsystem is the most important and central pillar of 

the quality management system. Generally, CAPA decides what is relevant and 

irrelevant, and all other subsystems send information to CAPA for further analy-

sis. Then, the analysed data goes back to the subsystem where it came from, 

intending to inform and improve it. Figure 36 depicts this process. [79; 86, p. 2] 
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Figure 36. Illustration of how the four main subsystems work together [79]. 

CAPA identifies and searches for quality issues in the QMS and works as a 

feedback loop. FDA inspectors focus highly on the CAPA subsystem (most 483 

observations are linked with CAPA), and the inspection usually starts from it. If 

there are issues found from it, the FDA may think that the manufacturer does 

not understand its own problems entirely, and because of this, the issues may 

impact customers due to not being resolved. [79] 

6.5.2 Form 483 

It is common for manufacturers to get Form 483 from the FDA inspector, as 

even minor deficiencies may cause this, and it is not necessarily a bad outcome 

yet. The bad outcome is to get a warning letter from the FDA if the issues pre-

sented in Form 483, given by the inspector, are not fixed accordingly, or the 

manufacturer does not respond to the FDA after being handed Form 483. [83, 

p. 2; 84, p. 6] 
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FDA Form 483 is a list of significant observations noticed by the inspector dur-

ing the inspection. Significant observations are about conditions that the FDA 

classifies as severe and are found within the manufacturer’s processes, de-

vices, records, facility, equipment, or employment practices. Furthermore, an 

observation can be classified as a “possible problem”, which is highly likely to 

happen due to conditions or/and events observed. The manufacturer must send 

an answer in 15 days to the FDA that demonstrates how the manufacturer will 

resolve or has resolved the observations presented in Form 483. If the manu-

facturer has corrected the observations, they must send a detailed document 

providing evidence of all the completed actions. If the manufacturer has not yet 

corrected the observations, they must send a plan and an estimated completion 

date of the incoming corrections. [83, p. 3-4; 84, p. 6] 

A manufacturer can also be against the observations. In this case, the manufac-

turer’s response to Form 483 must-have legitimate objective evidence and in-

clude descriptive information on why the noticed observation(s) are inaccurate. 

[83, p. 6] 

6.5.3 Warning letter 

In case of the manufacturer does not send an answer in 15 days to the Form 

483 or the answer is unsatisfactory for the FDA because the response does not 

provide detailed and well-supported information about the corrections, the FDA 

thus may send a warning letter that describes that the manufacturer has vio-

lated the FDA’s regulations. Typical violations of the FDA’s regulations are: 

1. violations of Good Manufacturing Practices (GMP), 

2. classification laws and labelling violations, and 

3. documentation and record violations [87]. 

The warning letter includes the manufacturer’s violations and forces the manu-

facturer to take corrective actions. The manufacturer must respond to the letter 
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in 15 days with a corrective action plan. The FDA then sends its personnel to 

conduct a follow-up inspection about a month later, and the target of this in-

spection is to determine the sufficiency and competence of the corrective ac-

tions made. If the FDA finds the corrective actions unsatisfactory or finds more 

violations, the FDA may take enforcement actions immediately. These actions 

include, for instance, product recalls, market bans, seizures, and many more 

unpleasant actions against the manufacturer. [87] These actions are the worst-

case scenarios for the manufacturer to happen. 

After all, a sure objective for medical device companies is that they must do 

everything to avoid getting a warning letter from the FDA because the letter will 

be available for everyone on the FDA website. Consequently, it damages the 

reputation of the manufacturer and may cause mentioned unpleasant actions 

against the manufacturer. The letter will not be removed from the website until 

the company has fixed the issues abovementioned in the warning letter. [86, p. 

6] 

6.6 ISO 13485 standard 

ISO 13485 is globally recognised as the leading medical device QMS standard.   

And because the standard is worldwide known, it is also a harmonised model of 

QMS requirements for international markets. For instance, in the EU, EU 

MDR/IVDR regulation requirements for medical devices/IVDs must be fulfilled. 

The ISO 13485 standard is a harmonised standard that fulfils EU MDR/IVDR 

regulation requirements for the quality management system when followed.  

The main goal of the ISO 13485 standard is to support the effectiveness of 

quality management systems but also customer requirements and to meet regu-

latory requirements. In addition, using this standard has great benefits. For in-

stance, in a business sense, the variations are minimised, and manufacturers 

that comply their QMS with this standard can ensure that their device is safely 

designed, manufactured, and distributed. In addition, manufacturers can apply 

for an ISO 13485 certification if they have implemented an ISO 13485 QMS and 
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meet all the requirements of ISO 13485. The certificate is not free but is great in 

a business sense because the certification grants reliability to customers. The 

Notified Body designated by the European Commission will value the certifica-

tion when assessing the conformity of the medical device. 

Generally, as said earlier, when manufacturers meet all the requirements in the 

ISO 13485 standard, then the manufacturers are often considered to meet the 

requirements of EU MDR/IVDR regulation, which must be followed to get a CE 

marking. Without a CE mark for the device, the manufacturer cannot market in 

the countries taking part in the European economic area. Figure 37 demon-

strates the basic process for obtaining a CE mark for the medical device or IVD. 
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Figure 37. Route to obtain a CE marking for the medical device [Edited from 

30]. 

6.6.1 Differences between ISO 13485 and FDA’s QSR 

FDA’s QSR is also called 21 CFR 820, where the CFR stands for “Code of Fed-

eral Regulations”; therefore, it is a law, which ISO 13485 is not. ISO 13485 is a 

voluntary standard and is not required for a QMS; only recommended to be 

used. And because the QSR is a law in the U.S., it is more specific than the ISO 

13485; for instance, complaint handling and reporting requirements are detailed 

more extensively [79]. 
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ISO 13485 and QSR are primarily compared for their differences in the purpose 

of use, working scopes and histories. Consequently, there are no vast differ-

ences between them. Plus, as ISO 13485 is a very known standard and used 

quality management system, medical device manufacturers that implement ISO 

13485 as their quality system are not expected to have a hard time changing 

their quality management system to fit QSR requirements if planning to market 

in the U.S. and vice versa. [88] Table 7 demonstrates the differences between 

them and gives a perspective of the differences. 

Table 7. Differences between ISO 13485 and QSR [Edited from 88]. 

ISO 13485 QSR 

Internationally recognised voluntary 

standard, which can be used as a 

QMS. 

A law in the U.S. that must be used 

as a QMS. 

The structure has been changed over 

the years, for example, the transition 

of ISO 13485:2003 to ISO 

13485:2016. 

The structure has stayed the same 

since 1996. 

Is created collaboratively between 

ISO member countries. 

Entirely created by the U.S. 

Audits are done by third-party regis-

trars. 

Audits are done by FDA inspectors. 
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In addition to Table 7, ISO 13485 and QSR terminologies differ slightly. For in-

stance, a requirement met with ISO 13485 is called “conformance”, but a re-

quirement met with QSR is called “compliance”. 

6.6.2 QSR changing to an ISO 13485 standard? 

Because the QSR has structurally stayed the same since 1996 and regulatory 

expectations for quality management systems have changed over the years, the 

FDA proposes to harmonise QMS requirements for quality management sys-

tems under internationally recognised regulatory requirements, ISO 

13485:2016. Most of the medical device markets use the ISO 13485:2016 

standard, and thus, the changing process would harmonise QMS requirements 

for FDA-regulated devices with requirements used by the majority. [88; 89; 90] 

Nonetheless, the FDA will not change the QSR completely to the ISO 13485 

standard. The new QMS would be called a “QMSR” (Quality Management Sys-

tem Regulation), which practically is a harmonised version of ISO 13485 but 

contains some extra clarifications and requirements. [89; 90] 

This is still a proposed rule that, if finalised, would ease the entering process to 

the U.S. market and the other way around, as the harmonisation makes the pro-

cess simpler and reduces compliance burdens. 

7 Conclusions 

The FDA has its own strict country-specific procedures and legislations that 

manufacturers must follow to enter the U.S. market. The FDA has not really 

taken advantage of international harmonisation, which would most likely be ben-

eficial not only for the U.S. but also for other countries. However, the FDA par-

ticipates in the harmonisation (e.g., being a member of IMDRF). The strictness 

of EU regulatory requirements has grown over the years due to MDR/IVDR, and 

nowadays, FDA’s and EU MDR/IVDR strictness is comparatively similar. In 
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addition, the FDA sees the harmonisation of the ISO 13485 QMS standard as a 

possible choice. 

Many manufacturers see the FDA as unpredictable and somewhat ineffective 

compared to the EU, and the FDA has a quite rude and negative reputation, es-

pecially among foreign manufacturers, which might make manufacturers avoid 

the U.S. medical device market. For instance, Figure 38 concludes a survey 

made for over 200 medical technology companies and their opinions of EU and 

FDA regulatory performance. EU is indicated as green and the FDA as brown. 

  

Figure 38. Regulatory performance of the FDA (brown) versus EU (green) [Ed-

ited from 72, p. 26-27]. 

As seen, the FDA‘s regulatory performance is pretty bad compared to that of 

the EU. Thus, this thesis aimed to clarify the FDA’s regulatory requirements, the 

most common pathway to the U.S. medical device market (traditional 510(k)), 

and the FDA’s quality management system requirements that affect the post-

market phase. Additionally, this thesis included information and data on, for ex-

ample, the FDA’s performance, market durations and costs, which might puzzle 

manufacturers who are preparing to market their devices in the U.S. Conse-

quently, this thesis gives some preview for manufacturers of what lies ahead 
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and what should be taken into account, especially when preparing a 510(k) for 

the FDA.
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