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Summary 

2016 marks the 60
th

 anniversary of the launch of the pressurised metered dose inhaler (MDI). In April of 1955, a 
young girl named Susie Maison, unhappy with her squeeze bulb nebulizer that she used to treat her asthma, 
asked her father, George Maison, MD., President of Riker Laboratories, the question, “Daddy, why can’t they put 
my asthma medicine in a spray-can like they do hair spray?” This simple question led to a serendipitous 
convergence of circumstances that resulted in the development of an important new therapy, the MDI. 

On January 12, 1956 New Drug Applications were filed for Medihaler Epi (containing epinephrine) and Medihaler 
Iso (containing isoproterenol). With the approval of Medihaler Epi, and Medihaler Iso on March 9, 1956, both 
products were launched that same month.  

Since its introduction, the MDI has developed to include breath-actuation to ensure better patient co-ordination, 
reformulation following the link between CFC’s and ozone layer depletion. More recently, with the expiration of 
relevant patents, the generics market has been opened, allowing more cost effective products to be launched.  

The introduction of high-tech inhalers with enhanced capabilities offers a number of benefits from both a 
compliance and patient outcome point of view. 

The MDI has developed significantly since its introduction in 1956. Over the 60 years since its launch, the MDI 
has continued to evolve. Today and into the future, as an established dosage form, it remains a major platform in 
the delivery of drug to the lungs. 

Introduction 

2016 marks the 60
th

 anniversary of the launch of the pressurised metered dose inhaler (MDI). In April of 1955, a 
young girl named Susie Maison, unhappy with her squeeze bulb nebulizer that she used to treat her asthma, 
asked her father, George Maison, MD., President of Riker Laboratories, the question, “Daddy, why can’t they put 
my asthma medicine in a spray-can like they do hair spray?” This simple question led to a serendipitous 
convergence of circumstances that resulted in the development of an important new therapy, the MDI

[1]
. 

This review poster aims to look at the long history of the MDI and presents some key points in its evolution to the 
present day and beyond.  

In order to prepare this review article, a literature review was performed and the results summarised below. 

Results  

Within two months of Susie’s question, Riker Laboratories began clinical testing on MDI formulations of 
isoproterenol and epinephrine using solution formulations (developed by Irving Porush of Riker) containing a 
mixture of CFCs Freon 12™ and Freon 114™ with 35% w/w ethanol.  

On January 12, 1956 New Drug Applications were filed for Medihaler Epi (containing epinephrine) and Medihaler 
Iso (containing isoproterenol). With the approval of Medihaler Epi, and Medihaler Iso on March 9, 1956, both 
products were launched that same month. Figure 1 shows a photograph of the first MDI.  

 

  
Figure 1: Image of Medihaler-Iso 
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Acceptance of the new delivery system by physicians and patients was rapid and in December of 1956 the first 
clinical evaluation of the MDI was published. Freedman evaluated 42 asthmatics, most of whom had failed to 
respond to other therapeutic measures, and reported that 30 of the patients using MDIs obtained good to 
excellent relief of symptoms and five others obtained fair relief

[2]
. 

Over the following years, various drugs were developed for the MDI platform
[3]

, including MDIs containing drugs 
for systemic delivery, for example, Medihaler Ergotamine was approved for the treatment of migraine headache in 
1959. The first combination MDI for the treatment of asthma, Medihaler Duo, delivering isoproterenol 
hydrochloride and phenylephrine bitartrate and was approved in 1962

[3]
. 

Through the 1970s and 1980s, MDIs continued to grow in popularity with the introduction of several important 
MDI products. Some key products are summarised in Table 1. 

Year Developer Drug Brand Name 

1972 Allen & Hanburys Beclomethasone dipropionate Becotide®  

1973 Boehringer Ingelheim Metaproterenol sulfate Alupent® 

1981 
Glaxo Wellcome 

Salbutamol sulfate 
Ventolin®  

Schering Corporation Proventil® 

1982 
Glaxo Wellcome 

Beclomethasone dipropionate 
Becloven ®  

Schering Corporation Vanceril® 

1984 Forest Flunisolide Aerobid® 

1986 Boehringer Ingelheim Ipratropium bromide Atrovent® 

 

Table 1: Summary of Key CFC Product Launches in the 1970s and 1980s 

The Hole in the Atmosphere and The Montreal Protocol: 

MDIs became the preferred dosage form for the delivery of therapeutic aerosols to the lung. However, the 
extremely inert nature of CFC propellants used in MDIs (and in many other industrial applications at the time) 
enabled these molecules to diffuse over time into the upper stratosphere. In 1974 Molina and Rowland

[4]
 

demonstrated that CFC propellants break down and release chlorine radicals when exposed to sunlight in the 
upper stratosphere. These chlorine radicals were shown to have the ability to break down very large numbers of 
ozone molecules. In the mid-1980s, evidence mounted that stratospheric ozone levels were decreasing at an 
alarming level and that CFCs were contributing significantly to this depletion.  

The Montreal Protocol was signed in 1987 and called for CFC propellants to be eliminated by January 1996. 
Although orally inhaled MDIs were exempt from this ban until ‘medically acceptable alternatives’ were available, 
the impact on the pharmaceutical aerosol industry of the Montreal Protocol was dramatic. 

The Development of HFA MDIs: 

Pharmaceutical companies began to search for alternative propellants to replace CFCs. Non-chlorinated 
hydrofluoroalkanes (HFAs) were identified as promising candidates and HFA-134 and HFA-227 were quickly 
identified as potential replacements. Several industry consortia (eg IPAC-I and IPAC-II) were established to 
collaboratively generate the data needed to demonstrate the safety of these new propellants to the level expected 
based on heightened regulatory requirements

[5]
. 

The transition from CFC to HFA propellants involved significant investment in research and development
[6]

, not 
only to develop new formulations of existing APIs, but to develop new products too.  

The renewed investment required to transition to HFA propellants resulted in improvements to the MDI device 
components as well. New valve elastomers were developed, such as EPDM, which were cleaner and resulted in 
significantly reduced leachables levels

[7]
. Coated canisters were developed to minimize drug deposition that is 

prevalent for ethanol-free HFA suspension formulations and to reduce chemical degradation for solution MDI 
formulations

[7, 8, 9, 10]
. 

The first HFA MDI product to reach the market was a salbutamol sulfate suspension in HFA-134a developed by 
3M. The product was approved in the UK in 1994 and commercialised in 1995 as Airomir®. The product was 
approved and launched in the US in 1996 as Proventil® HFA. The product was designed to provide similar drug 
delivery to the CFC product. The first HFA corticosteroid to reach the market was Qvar®, an HFA-134a 
formulation of beclomethasone dipropionate commercialised in 2000.  

In 2001, GSK received approval from the FDA of Ventolin® HFA which was a suspension of salbutamol sulfate 
and free of surfactant and ethanol. The first HFA-227 MDI to receive approval from the FDA was Astra Zeneca’s 
Symbicort® (budesonide and formoterol fumarate) which was approved in 2006. A significant number of other 
HFA MDI products are approved in other regions of the world. In the UK there are over 30 MDIs licenced and 
marketed. MDIs remain the most widely used delivery system for treating respiratory diseases with more than 75 
billion doses sold in 2014

 [11]
.  
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In 2004, GSK launched Seretide™ Evohaler™ (salmeterol and fluticasone propionate) in Europe. This was the 
first MDI with an integrated dose counter incorporated into the device to help patients know when their device has 
exceeded or is near the last available dose.  

The Benefit of Breath Actuation 

Traditionally, one of the key limitations of MDIs is the difficulty that some patients have coordinating inspiration 
and the actuation of the device. Even back in 1956, Freedman indicated that the primary cause of poor response 
with Medihaler was the failure of physicians to stress to the patient “the importance of synchronization of 
inspiration with the administration of the dose”

[2]
. Developments have been introduced over the years to 

incorporate breath actuation of the MDI, the use of valved-holding chambers and also devices to enable better 
patient training. Figure 2 shows an example breath actuated inhaler and the In-Check M slow inspiratory flow 
(SIF) training device developed by Clement Clarke. Breath actuated devices have been shown to significantly 
improve dose delivery for patients who struggle with coordination

 [12]
. 

   

Figure 2: Image of a breath actuated inhaler, 3M’s Autohaler, and Clement Clarke’s In-Check M
[13]

 training device  

Looking to the Future 

MDI’s have been a mainstay treatment of asthma and chronic obstructive pulmonary disease (COPD) for 60 
years, in part due to their relatively low cost, patient familiarity and portability. Looking to the future, generic 
inhalers and next generation high-tech inhalers with enhanced functionality will contribute to changes in the MDI 
market. In 2015, Sirdupla™, a generic version of Seretide® Evohaler® was developed and launched by Mylan 
and 3M

[14,15]
. 

 
Figure 3 Image of Sirdupla™ 

The introduction of high-tech inhalers with enhanced capabilities offers a number of benefits from both a 
compliance and patient outcome point of view. A number of high-tech add-on devices for MDI, DPI, and Nebulizer 
products have been commercialized for MDI products (Eg MD Turbo developed by Respirics, Propeller developed 
by Propeller Health, Smartinhaler developed by Adherium Ltd)

[16]
.  

Benefits to the patients of some of these products include providing reminders to take a dose or order a new 
inhaler, providing breath actuation, training the patient on the appropriate inhalation manoeuvre, and recording 
the time and location of each dose to evaluate adherence to the prescribed dosing regimen. Some systems, such 
as the system offered by Propeller Health, have Bluetooth functionality to sync with apps on mobile devices and 
allow the patient to share treatment data with others so that family members or physicians can monitor adherence 
or even control of the disease state remotely.  

In 2016 3M introduced a novel device, the Intelligent Control Inhaler (ICI), designed to bring together several 
aspects of novel technology, including breath actuation, patient flow control, patient training and compliance and 
provide real time patient information and diagnostics to health care providers. Figure 4 presents images of high-
tech devices.  
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Figure 4 Image of Propeller
[17]

 and ICI 

MDIs containing new chemical entities (NCEs) or off-patent molecules, coupled with the inclusion of devices such 
as the ICI may benefit patients and lead to improved patient outcomes. By increasing patient compliance through 
inspiratory optimisation, coupled with up to date inhalation profile data being made available to health care 
practitioners, there is the potential to monitor and intervene if a medical condition worsens, enhancing the quality 
of life of asthma and COPD patients. If such systems can be demonstrated to improve pharmacoeconomic 
outcomes, they may gain widespread market acceptance in spite of their higher cost and substantially change the 
interaction between the patient and their inhaler in the future.  

Conclusions 

The MDI has developed significantly since its introduction in 1956. Over the 60 years since its launch, the MDI 
has continued to evolve. Today and into the future, as an established dosage form, it remains a major platform in 
the delivery of drug to the lungs. 
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