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disclaims any liability in connection thereto.

EIGA's publications are subject to periodic review and users are cautioned to obtain the latest edition.

© EIGA 2019 - EIGA grants permission to reproduce this publication provided the Association is acknowledged as the source

EUROPEAN INDUSTRIAL GASES ASSOCIATION AISBL

Avenue des Arts 3-5 B 1210 Brussels  Tel +32 2 217 70 98 F&B%t
E-mail: info@eina el In . ! - s

Document Sharing Hub

Full document details: EIGA DOC 180 2019


mailto:info@eiga.eu
http://www.eiga.eu/
http://www.avadocuments.com/doc/eiga-doc-180-2019
http://www.avadocuments.com/doc/eiga-doc-180-2019

EIGA DOC 180/19

Table of Contents

L 11 Yo 18 [ox 1 o o KO PP PUTT T URTUPPRRP 1
2 SCOPE AN PUIMPOSE .utiieeiitiee e ittt e e et tee e e aetae e e e seteeeeestaeeeesbaeeeeasbaeeaesstaeeeassbaeeesastaeeessssaeeesassaeaesassenaeans 1
N S (o7 o oL RO UPRPPRR 1
A U] oTo LY TSP 1
X T B 1= {191 o] o PP PP PSPPSR 1
3.1 PUbICAtioN tEIMINOIOGY .. eeiiiiiiiiee ittt sttt e e st e e s st et e e s sabe e e e s snbeeeessrbeeeeaa 1
3.2 Technical defiNitiONS ..........eoiiiiiii et e e e e e e e e e abrbeeeaaaeeaanns 2
4  Feedback from incident reports and iNVESHIGatioNS ...........c.ueveiiiiiieiiiiiee e 2
B DeSIgN CONSIABIALIONS........teiieitiiiee ittt e ettt e ettt e st et e e st e e e st e e e e s sa b e e e e e asbe e e e s st b ee e e s anbeeeesanbeeeeaanneeeenas 3
5.1 Usability @and EFgONOIMICS .......eoiiiiiiiiieiiieie ettt ettt ettt et e e s st e e e s ss e e e s snb e e e e s snbeeeesanneeeenas 3
ST Y o =] g T- | TP SOUUPUPPTR 4
S T {1 (= = TP UOUPPUPPTR 5
5.4  VIPR tO CYlINAEI CONMNECTION.....cciiitiiiiiiiiiie ettt st e e st e e st e e e s snbe e e e s srbeeeenas 5
5.5 Pressure and content INICALON ..........coiuiiiiiiiiiiee ittt e s e e s sabe e e e s srbeeee e 6
5.6 SRUL-Off FUNCHON ... .eeiii e e et e e st e e e s sttt e e s sbbe e e e s nrbeeeeans 8
ST A 1119 T I o To ] PRSPPI 9
5.8 Residual Pressure VaIVe (RPV)... ...ttt sttt s snnee e nneee s 11
5.9 PreSSUIE rEQUIBLOT .....couiiii ettt ettt ettt e e s bbe e e e snbt e e e e snbteeeennneeeas 11
B.A0  FIOW SEIBCION ...ttt ettt e e e e ettt e e e e e e s e abbbe e e e e e e e e aanbbbbeeaaaaeeanns 12
5.11 Pressure OULIEt CONMNECTION .......oiieiie ittt et e et e e e s e e e e e e e e e s nbbbeeeaaaeeeaan 12
5.12  FIOW OULIET CONNEBCTION .....eeiieiie ettt ettt ettt e e e e e s s e e e e e e e e e s nbbbeeeaaaeeeanas 12
5.13 Tamper evident seal and OULIET COVETS .......ocuuiiiiiiiiiieiiiee et 12
5.14 On/off handwheel and flOW SEIECTON. .........o i 13
S R = 1Yl o] (0] (= Tod 1o o [P PP 13
LI 1T To = Tt 1Y = PR PRR PR 13
B.1  SAfety CONSIAEIALIONS. ... ..iiiiiiiiiie ittt sttt et e e e sbb e e e e snbbe e e e snbbe e e e snbreeeesnneeeas 13
(<IN 1 TTaTo I =T 01 o g =T 01 e (2] o | o ISP PRP 14
6.3 INSPEction Prior t0 fillING ....ccoiueiiiieii e 14
o S 11T T PP 15
6.5 FilliNG INSPECTION ....eeeiiiiiiiie ittt ettt e e st e e s et e e s et e e anb e e e e annneeas 15
6.6 POSLTIllING INSPECLION .....eeiiiiitiie ettt et e e sb et e e e e e e annree s 15
7 Maintenance, handling and life CYCIE ........ooiiiii i 16
7.1 MaiNtENANCE PrOCEAUIE .....coiiiiie ittt ettt ettt e ettt e e s be e e e sbb et e e s bb et e e sbne e e e sabneeeennnnneas 16
7.2 Life time and periodiCity Of MAINTENANCE .........ccuiiiiiiiiiiiie e 16
7.3 General cylinder package handling ..........ccooiiiiiiiiiie s 16
7.4 Cleaning of CYlINAEr PACKAGES ........ueiiiiiiii ettt s et e st e e s e e e st e e e s rar e e e sbreeeesarneas 17
7.5  Further considerations for the safe USe Of VIPRS ........ccciiiiiiiiii e 17
8 Additional recommendations t0 the USEN ..........coouiiiiiiiiiiiii e 17
1S I (< 1= £ o] PP PR 17
Figure

Figure 1 VIPR valve CONfIQUIALIONS.........coiiiiiiiiiiieii ettt e e e et e e e e e e e e nneeeee 10
Tables

Table 1 FailUure fINAINGS ..o et e ettt e e e e e e s sttt e e e e e e e e e nnbbeeeaaaeeaanns 7
Table 2 Comparison Of filliNG POITS ... 10

Amendments from 183/13

Section Change
Rewrite to reflect current practices

Documents

Document Sharing Hub

Full document details: EIGA DOC 180 2019


http://www.avadocuments.com/doc/eiga-doc-180-2019
http://www.avadocuments.com/doc/eiga-doc-180-2019

EIGA DOC 180/19

1 Introduction
EIGA Member Companies have been successfully using valves with an integrated pressure regulator
(VIPR) for many years in medical gases applications. The VIPR represents a major improvement

compared to the former practice when separate customer owned and maintained pressure regulators
were used, see EIGA Doc 104, Safety Principles for Pressure Regulators for Medical Oxygen Cylinders

[1].

VIPR come under the scope of two European regulations, the Transportable Pressure Equipment
Directive [2] (TPED) and the Medical Devices Directive, (MDD,) [3].

There have been incidents involving medical gas cylinder packages, (primarily oxygen) using VIPRSs.
These incidents are well known within the gases industry as well as to the medical gas regulatory
authorities.

Since the first publication of this document a decrease of the severity of oxygen ignition incidents
involving VIPRs has been observed, even though the numbers in service has been increasing. This
publication has been revised to include additional information on VIPR design and operation.

2 Scope and purpose

21 Scope

This publication covers medical gas cylinders fitted with VIPRs, designed in accordance with EN ISO
10524-3, Pressure regulators for use with medical gases. Pressure regulators integrated with cylinder
valves -- Part 3, [4].

2.2 Purpose

The purpose of this publication is to:

e Provide recommendations for those responsible for specifying, designing, manufacturing,
cylinder filling and maintaining such devices as well as for end-users and authorities. These
recommendations are based on a review of the known incidents involving medical gas cylinders
fitted with VIPRs designed and filled up to 300 bar;

e Describes the life time of medical VIPRs; and

e  Provides guidance both to gas companies and to healthcare providers as how to treat VIPR-
equipped cylinders along the supply chain, in the filling, handling, transportation, storage and
maintenance processes.

3 Definitions
For the purpose of this publication, the following definitions apply.
31 Publication terminology

3.1.1  Shall

Indicates that the procedure is mandatory. It is used wherever the criterion for conformance to specific
recommendations allows no deviation.

3.1.2 Should

Indicates that a procedure is recommended.
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3.1.3 May

Indicates that the procedure is optional

3.1.4  Will

Is used only to indicate the future, not a degree of requirement.

315 Can

Indicates a possibility or ability.

3.2 Technical definitions

3.2.1 Valve with Integrated Pressure Regulator (VIPR)

Combination of a pressure regulator and cylinder valve intended to be fitted to a medical gas cylinder,

EN 1SO 10524-3 [4])

4 Feedback from incident reports and investigations

EIGA member companies have reported incidents with VIPRs from different valve manufacturers.

Recommendations are based on individual incidents review and resulting expertise. The incidents have
occurred at both customer premises and gas company filling facilities.

The investigations showed that the VIPR incidents could be broken down into the following types:

e  Type 1: Failure without ignition

(0]

(0]

(0}

(0}

failure of gauges;
wrong flow / no flow;
leakages; and

failure leading to the activation of the pressure relief device.

e  Type 2: Failure with internal ignition

(0]

(0]

on the high-pressure side (shut off mechanism, residual pressure unit or filling
port); and

on low pressure side (pressure regulation seat and regulator).

Where the causes for both types of the incidents were identified, they included:

e improper design;

e inappropriate materials;

e  improper spare parts

e improper manufacture

e improper operation, and

e internal contamination, for example external debris ingress.

Full document details: EIGA DOC 180 2019
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Following incident reviews, the resulting actions have included:
e withdrawal of the VIPR from service via a product recall;
e improvements to the user instructions and training;

e improvement of the cylinder filling procedures (including pre and post fill check) and personnel
training;

e improvement in the maintenance procedures and personnel training;

e redesign of the VIPR; and

e improvement of the VIPR manufacturing process and procedures.
5 Design considerations
The minimum design requirements for VIPR are defined in EN ISO 10524-3 [4]. Additional
recommendations are outlined below. EIGA Safety Information 21 Cylinder Valves - Design
Considerations provides information for safe valve design [5].
The design of VIPR should minimise the need for testing and maintenance over its service life.
5.1 Usability and Ergonomics
The usability, defined as the characteristic of the user interface that facilitates use and thereby
establishes effectiveness, efficiency and user satisfaction, shall be considered by the VIPR

manufacturer as it can have a direct impact on safety.

VIPRs are used routinely in healthcare facilities by professional users, for example nurses, and at
patient homes by non-professional users including the patient or family members.

They are also used in applications such as intensive care units, helicopters, ambulances and in
emergency situations, when the caregiver is already busy managing a stressful activity. Therefore, the
usability shall take into account the user specified applications.

The usability shall also take into account the combination of the VIPR and valve guard.

The points of particular attention for the VIPR are:

e sequence of operations which are required to supply a flow of gas, usually from opening the
valve to selection of the flow;

e identification of the status open/close of the valve;

e selection of the flow settings: unambiguity, such as “.5” can be confused with “5” or “6” can
be confused with “9”, when the cylinder is upside down, ease of selection including grip, force
to be applied, self-capability;

e protection against inadvertent change of settings;

e resistance to excessive force applied by the user on the controls and mobile parts;

o legibility of the flow settings, indicators and markings;
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e ease of connection of the various accessories such as flexible hoses, tubing, humidifiers or
filling connectors; and

e ability to use the VIPR with the cylinder in various positions including standing and laying on
the ground in various orientations.

The points of particular attention for the valve guard are:
e ease of carrying the cylinder, including with gloves;
e visibility access to the settings and indicators; and
¢ handling of the moving parts such as bed hangers or protections and plugs.
5.2 Materials
Selection of materials is critical to the development of a safe VIPR. All components in the VIPR shall

be reviewed for gas compatibility and fit for purpose. In addition, the operating conditions should be
reviewed for materials selection including:

pressure;
o flowrate;

e temperature;

e component exposure to gas, in normal or fault condition; and
o flow path, whether impingement or not impingement area.

Guidance of material selection criteria can be found in EN ISO 15001 Anaesthetic and respiratory
equipment -- Compatibility with oxygen and EIGA Doc 13, Oxygen pipeline and piping system [6,7].

VIPRs and their associated filling connectors shall be tested to validate the material selection, see 5.7.
This validation shall be in the form of a test for resistance to ignition of the VIPR and its associated
filling connector as described in EN ISO 10524-3. [4]

An accelerated life cycle endurance test and environmental testing on the VIPR shall also be
undertaken as part of the validation of the design as required in EN ISO 10524-3 [4].

Non-metallic components are the most susceptible to ignition and therefore their use in the gas wetted
areas of the VIPR shall be minimised. Typical examples of uses of non-metallic components include,
but are not restricted to valve seats, O-rings, diaphragms and lubricants.

The material selection of non-metallic components shall consider not only the compatibility with the
intended gas, for example, oxygen but also the consequence of ignition

There are restrictions in medical applications on the use of polymers that can give off a toxic gas during
combustion, such as halogenated polymers, see EN ISO 15001 and EIGA Doc 73, Design
Considerations to Mitigate the Potential Risks of Toxicity when using Non-Metallic Materials in High

Pressure Oxygen Breathing Gas Systems [6,8].

Design should be as such that non-metallic components are protected against direct stream of the gas.
Non-metallic surfaces in contact with gas should be minimized.

Lubricants and oils for the low-pressure sections are preferred to be of a grade suitable for high pressure
to prevent risk due to migration in high pressure section.
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