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INTRODUCTION

One of the goals of the publication of Regulation (EU) 2017/745 is the harmonization of
the legislation within the European Union to ensure a high level of safety and health whilst
supporting innovation in the medical device sector. Indeed, considerandum (1) and (2) of this
regulation state that:

“Council Directive 90/385/EEC and Council Directive 93/42/EEC constitute the Union regulatory
framework for medical devices, other than in vitro diagnostic medical devices. However,
a fundamental revision of those Directives is needed to establish a robust, transparent,
predictable and sustainable regulatory framework for medical devices which ensures a
high level of safety and health whilst supporting innovation.

This Regulation aims to ensure the smooth functioning of the internal market as regards
medical devices, taking as a base a high level of protection of health for patients and users,
and considering the small- and medium-sized enterprises that are active in this sector. At the
same time, this Regulation sets high standards of quality and safety for medical devices to
meet common safety concerns as regards such products. Both objectives are being pursued
simultaneously and are inseparably linked whilst one not being secondary to the other. As
regards Article 114 of the Treaty on the Functioning of the European Union (TFEU), this
Regulation harmonizes the rules for the placing on the market and putting into service of
medical devices and their accessories on the Union market thus allowing them to benefit
from the principle of free movement of goods.”

The Regulation (EU) 2017/745 has taken over the typology of substance-based medical devices
in a more precise mannerthan the Directive 93/42/EEC, as evidenced by considerandum 59, rule
21 and specific parts of Annexes | and Il that are dedicated to this type of medical device. Indeed,
with this Regulation the co-legislators recognized the identity (qualification) and the therapeutic
added value of substance-based medical devices., intended for treatment or prevention of disease
or for the modification of a physiological or pathological process or state to be achieved via a
mechanism other than pharmacological, metabolic, immunological (non-PhIM).

This concept is well reflected in the definition of medical device, according to art. 2 of the
Regulation (EU) 2017/745:

“medical device’ means any instrument, apparatus, appliance, software, implant, reagent,
material or other article intended by the manufacturer to be used, alone or in combination, for
human beings for one or more of the following specific medical purposes:

* diagnosis, prevention, monitoring, prediction, prognosis, treatment or alleviation of
disease,

* diagnosis, monitoring, treatment, alleviation of, or compensation for, an injury or disability,

* investigation, replacement or modification of the anatomy or of a physiological or
pathological process or state,

andwhich does notachieveits principalintended action by pharmacological, immunological or
metabolicmeans,inoronthehumanbody, butwhichmaybeassistedinitsfunctionbysuchmeans.
[Omissis]”
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Concerns about the guidelines and decisions issued by Competent Authorities are also set out
in the European Parliament’s resolution P10_TA(2024)0028 for urgent need to revise the
medical devices regulation. In particular at the following point:

“O- Whereas the innovative regulatory framework referring to substance-based medical
devices, which was introduced by the MDR, is intended to encourage the development of
therapies that act through non-pharmacological, non-immunological and nonmetabolic
means; whereas guidelines and decisions issued by national authorities set limits that classify
products falling within the scope of the MDR under other regulatory categories, which goes
against the EU legislator’s aim of fostering therapeutic innovation;”

In this regulatory framework, the mechanism of action of the high molecular weight Macrogol
(typically Macrogol 3350 and Macrogol 4000) should be evaluated and discussed.

The interest in the use of Macrogol as a laxative began in the second half of the twentieth
century and led to the introduction of Macrogol on the market initially as a drug around
the 90s, a period in which the legislation of medical devices did not exist or, at least, it had
not evolved as it does now (the first directive on medical device was published in 1993 —
Directive 93/42/EEC). At that time, a Macrogol-based product was difficult to qualify, and
the legislation that could best accommodate such products—while also ensuring quality,
safety, and efficacy—was indeed the pharmaceutical legislation. As a result, Macrogol-based
products for the treatment of constipation in adults and children were registered as medicinal
products in various EU Member States.

However, it is now essential to consider the significant regulatory evolution that has taken
place from the early 1990s to the present day, both in pharmaceutical legislation and, more
importantly, in the medical device one. Today, from a scientific standpoint, it is no longer
justifiable—especially considering advancements in analytical technologies, including in vitro
methods—to classify Macrogol-based products as medicinal products. As discussed further
in this document, it is now well established that the mechanism of action of this molecule is
osmotic rather than pharmacological, metabolic, or immunological.

Therefore, the qualification of those products placed on the market during that specific
historical period should be reassessed, as it is no longer aligned with the current regulatory
framework and state of the art.

For all these reasons, AssoSuBamed, together with its members, aims to present in
this document the scientific evidence demonstrating and supporting the qualification
of Macrogol-based products as medical devices, in accordance with the applicable
sectoral legislation, namely Regulation (EU) 2017/745. This is because, within the
well-established European Single Market, it is no longer acceptable for Member
States to hold conflicting positions on product qualification, as has recently occurred
in the case of Macrogol in Spain. Such discrepancies undermine the recognition of CE
certificates legitimately issued by Notified Bodies designated for these assessments
and evaluations.
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MECHANISM OF ACTION OF MACROGOL

Macrogol is the international non-proprietary name (INN) of all the high-molecular weight
polyethylenglycols (PEG). The main types of PEGs that are currently marketed as over-the-
counter products are categorized according to the average molecular weight of the single
polymeric chains, that usually range from 3350 to 8000 Da.
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Figure 1 - Structure of a generic Macrogol

The very high affinity between Macrogol and water accounts for the basic mechanisms of their
osmotic activity.

Macrogol (polyethylene glycol, PEG) acts through an osmotic mechanism, but it exerts its
action exclusively through its own intrinsic properties without interacting with gastrointestinal
metabolism. It is in fact an inert water-soluble polymer with a high molecular weight, which
has the ability to form a large number of hydrogen bonds with water molecules, which leads
to binding or sequestering them, draining or retaining huge amounts of water in the intestinal
compartment. Thanks to this, Macrogol acting as a pure osmotic agent, which retains water
present in the intestinal lumen in the faeces and opposes its reabsorption in the large intestine’.
It has the characteristic of not being practically absorbed in the gastro-intestinal tract (except
in minute traces) and of not being metabolized by the intestinal bacterial flora, on which it
therefore does not depend (unlike, for example, lactulose) to exert its action?.

Already the first studies conducted in the early 1980s to understand the mechanism of action
of Macrogol had shown that its action in the intestine was related to a reduction in water
absorption, most likely resulting from an osmotic effect rather than an inhibition of active
absorption or stimulation of secretion3. Subsequent studies confirmed that indeed Macrogol
sequestered some of the water in which it was dissolved for administration, retaining it in
the intestinal lumen2. In particular, experiments using ion-selective electrodes indicated that
PEG 3350 sequesters part of the water in which it is dissolved, leaving a reduced volume of
un-sequestered water to dissolve PEG itself as well as any other solutes present in the solution.

1 Belsey JD et al. Systematic review and meta analysis: polyethylene glycol in adults with non-organic constipation. Int J
Clin Pract. 2010 Jun;64(7):944-55

2 Fordiran JS, Hofmann AF. Seventy years of polyethylene glycols in gastroenterology: the journey of PEG 4000
and 3350 from nonabsorbable marker to colonoscopy preparation to osmotic laxative. Gastroenterology.
2017;152(4):675-680

3 Davis GR et al. Inhibition of water and electrolyte absorption by polyethylene glycol (PEG). Gastroenterology. 1980
Jul;79(1):35-9
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This would increase the concentration of PEG and other solutes in un-sequestered water, and

cause osmolality in that compartment to increase beyond expectations?.

From a bibliographical analysis on the use of PEG in the treatment of constipation, it becomes
clear that in all the studies conducted, both on children and adults, the administration of
polyethylene glycol is always accompanied by the intake of water or other liquid, the latter
being considered an essential condition to ensure the effectiveness of the product. Indeed, the
mechanism of action of Macrogol requires that it is always taken with an adequate quantity
of water or other liquid (10-25 ml/g). This water is retained in the intestinal lumen, where it

causes rehydration and softening of the faeces®.

It is reasonable to assume that laxative doses of PEG do not interfere with the ability of the
colonic mucosa to absorb water or with its ability to exchange electrolytes, but they simply
sequester and retain water, preventing it from being absorbed.

As demonstration of this, several clinical studies have been conducted in this regard, most of
which showed that even prolonged treatment with PEG without the addition of salts does not
cause changes in blood electrolyte levels.

In three different short-term studies, short-term intake (up to 28 days) of 17 g of PEG 3350
daily was effective in treating constipation without leading to significant changes in blood
chemistry, including electrolyte values®,%,7. These data were also confirmed in two long-term
studies conducted for 6 and 12 months respectively in patients with chronic constipation, in
which after a daily intake of PEG 3350 (17 g) no clinically significant changes in hematology

or blood chemistry, particularly electrolytes, were observed 8,°.

In a more recent study, the impact of treatment with PEG 4000 compared to lactulose on
electrolytes, nutritional markers and vitamins was evaluated: after six months of treatment
with PEG 4000 in elderly patients with chronic constipation, no clinically relevant changes in
biochemical and nutritional parameters were observed!®.

4 Katelaris P et al. Comparison of the effectiveness of polyethylene glycol with and without electrolytes in constipation: a
systematic review and network meta-analysis. BMC Gastroenterol. 2016 Mar 31;16:42

5 DiPalma JA et al. A randomized, placebo-controlled, multicenter study of the safety and efficacy of a new polyethylene
glycol laxative. Am J Gastroenterol. 2000 Feb;95(2):446-50

6 Cleveland MV et al. New polyethylene glycol laxative for treatment of constipation in adults: a randomized, double-
blind, placebo-controlled study. South Med J. 2001 May;94(5):478-81

7 DiPalma JA et al. A comparison of polyethylene glycol laxative and placebo for relief of constipation from constipating
medications. South Med J. 2007 Nov;100(11):1085-90

8 DiPalma JA et al. A randomized, multicenter, placebo-controlled trial of polyethylene glycol laxative for chronic
treatment of chronic constipation. Am J Gastroenterol. 2007 Jul;102(7):1436-41

9 Di Palma JA et al. An open-label study of chronic polyethylene glycol laxative use in chronic constipation. Aliment
Pharmacol Ther. 2007 Mar 15;25(6):703-8

10 Chassagne P et al. Tolerance and long-term efficacy of polyethylene glycol 4000 (Forlax®) compared to lactulose in
elderly patients with chronic constipation. J Nutr Health Aging. 2017;21(4):429-439
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Based on the numerous clinical studies available, it can be observed that, due to its purely
non-pharmacological, non-metabolic and non-immunological mechanism of action, PEG
3350 and PEG 4000 are effective in short- and long-term treatment of constipation and, as
they do not induce any change in plasma electrolytic values, it can be concluded that they do
not interfere in electrolyte exchanges in the intestine.

The results of these tests are consistent with the mechanism of action proposed and argued in the
literature, namely that the volumes of liquid ingested, together with that present in the intestinal
lumen, ensure that the low quantity of Macrogol ingested binds enough water to saturate the
capacity of its molecules to form hydrogen bonds, with the result of hydrating and softening the
stool without creating excessive osmotic force that could draw water from other compartments.

The ability of Macrogol to bind and retain water in the intestinal lumen while preventing
reabsorption results in rehydration and softening of stool that facilitates its evacuation. This
accelerates intestinal transit (in the colon and rectum) as it promotes endoluminal movement of
stool of decreased consistency due to increased water content. Simultaneously, the increased
stool volume dilates the intestinal wall, accelerating intestinal transit in the colon and rectum
and activating the urge to defecation. The acceleration of peristalsis occurs following the
mechanical stimulus of the distension of the colon walls due to the increase in volume of
the intestinal contents. This reflex is due to a mechanical event (distension of the intestinal
wall), which occurs automatically regardless of what causes the increase in volume (even
insufflating air, which is inert, into the intestine mechanically accelerates peristalsis). Recent
studies have in fact suggested that the effect on intestinal motility observed with PEG could be
related to the colon distension secondary to increased gut water content. In humans, recent
studies using MRI have demonstrated that the administration of PEG increases small bowel
water content and induces a distension of the colon associated with occurrence of strong
contractions of the colon. As colon distension is one of the known stimuli to activate colonic
motility, a combination of direct effect (the retention of water in the intestinal lumen) and
indirect action caused by colon distension is the basis of the effect of PEG in humans 1.

The improvement of intestinal transit is of high importance in the treatment of constipation,
since too long a stay of faeces in the colon results in water reabsorption, leading to an
increase in the consistency of faeces, which become harder and more difficult to excrete.

11 Corsetti M et al. High-resolution manometry reveals different effect of polyethylene glycol, bisacodyl, and prucalopride
on colonic motility in healthy subjects: An acute, open label, randomized, crossover, reader-blinded study with potential
clinical implications. Neurogastroenterol Motil. 2021 May;33(5):e1404
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CONCLUSIONS

The numerous evidence in the literature have shown that Macrogol (PEG 3350 and PEG 4000)
acts through an osmotic mechanism, which by its very nature is a passive and spontaneous
physical process, exerting its action exclusively through its own intrinsic properties without
interacting with gastrointestinal metabolism. In fact, Macrogol has the ability to form a large
number of hydrogen bonds with water molecules and it can bind the water in which it was
dissolved for administration, retaining it in the intestinal lumen. The water retained in the
bowel by the action of Macrogol helps rehydrate and soften stool, reducing its consistency
and facilitating its evacuation. At the same time, the increase in stool volume due to the
increased water content mechanically accelerates intestinal transit.

Therefore, Macrogol acts simultaneously on the main symptoms of constipation, increasing
evacuation frequency and reducing stool consistency. lts mode of action is nonspecific
and independent of the pathogenesis of the disorders, it does not interfere with electrolyte
exchanges in the intestine and its osmotic properties allow it to bind the water with which it
is administered without creating excessive osmotic force that could draw water from other
compartments.

Since Macrogol has been shown to act through a mechanism of action which, strictly, is other
than pharmacological, immunological or metabolic, it falls into the category of substance-
based medical device.

ABOUT CONFINDUSTRIA DISPOSITIVI MEDICI

Confindustria Dispositivi Medici is the main trade association in ltaly, which units, represents
and enhances companies in the medical device sector, including diagnostics, digital health,
medical imaging, radiotherapy, electromedical industries, borderlines, and complex and
hearing aids. It represents over 500 companies, from start-up and small-medium enterprises
up to multi-national ones and plays a vital role in advancing innovation in the health technology
space. AssoSuBaMed is part of Confindustria Dispositivi Medici and specifically represents the
interests of industries involved in the marketing of Substance-Based Medical Devices (SBMDs).

This document was redacted by the Quality & Regulatory Affairs Team of Confindustria
Dispositivi Medici.
For further information regarding the results here presented please refer to the Quality

& Regulatory Affairs office of Confindustria Dispositivi Medici at quality.requlatory@
confindustriadm.it.
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