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Summary 

Recently, the e-cigarette has risen in prominence as the main alternative to combustible cigarettes. Like an 
inhaler, it is an aerosol delivery device, but one with very different characteristics including:  

How it delivers – E-cigarettes create a condensation aerosol on demand, a process dependent on both heating 
and cooling. Heating determines shot weight but excessive heating leads to the generation of harmful carbonyls.  
Cooling determines particle size. 

How it is used – E-cigarettes have a device inhalation resistance a magnitude greater than that of an inhaler. 
Users take longer but shallower breaths which could affect deposition in the lung.  Additionally, e-cigarettes are 
self-titrating which means that more than one dose is taken out of the device at a time. 

E-cigarette vapour has fundamentally different characteristics to the aerosol traditionally delivered by inhalers due 
to differences in inhalation flow rate and particle size distribution.  Vapour generation takes a number of seconds 
in an e-cigarette so it is appropriate this is combined with a high resistance device where the inhalation time is 
longer. 

These insights allow for the creation of a low cost, adaptable platform for the delivery of active pharmaceutical 
ingredients (APIs). New dosing regimens can be explored with multiple inhalations delivering over a session. 
Particle size can be varied within the device opening up new possibilities for treatment. However, smart control of 
power delivery is needed to ensure consistency of dose and to minimise the generation of harmful byproducts. 
Any device will need to be developed and manufactured to the appropriate standards. 

Introduction 

Over the last five years, the e-cigarette has risen in prominence as the main alternative to the combustible 
cigarette. [1] Just like an inhaler, it is an aerosol delivery device, but one with very different characteristics. An 
atomisation technique which is powered electronically with programmable adaptive control of dose delivery could 
open up the potential for new regimes of treatment. The objective of this paper is to examine the differences 
between e-cigarettes and traditional inhalers in both their aerosol delivery and use. 

What is an e-cigarette? 

An e-cigarette vaporises a formulation which is then condensed into an aerosol. The formulation is stored either 
as a free liquid or absorbed in a porous fibre matrix. The vaporiser typically consists of a saturated silica wick fed 
by capillary action wrapped by coils of resistance wire. Energy for the vaporisation of formulation comes from a 
lithium-ion battery. This is controlled by either a button or a puff sensor which detects the consumer’s inhalation. 

The formulations used are designed around the needs of the smoker and usually contains four main 
constituents [2]: Nicotine – the active pharmaceutical ingredient (API), vegetable glycerine (VG) - to create visible 
vapour to simulate smoking, propylene glycol (PG) - a respiratory irritant which gives a sensation to the back of 
the throat, and flavourings to enhance the consumer experience. 

How does an e-cigarette deliver? 

The e-cigarette is designed to simulate the combustible cigarette by creating a visible aerosol to mimic the smoke 
of combustion. The aerosol produced by an e-cigarette is the product of both heating and cooling. 

Heating – This involves an energy balance where a controlled amount of energy is transferred to a certain 

volume of formulation creating a temperature change which results in vaporisation. However, this energy balance 
can go wrong.  Too little energy being transferred results in a low shot weight. This could be caused by the 
inherent discharge and voltage drop of a lithium-ion battery and, as power is dependent on the square of the 
voltage, the voltage drop has a significant effect on delivered shot weight. This mechanism is shown in Figure 1 
where shot weights from a commercially purchased e-cigarette were measured over a complete battery discharge 
cycle. Such performance would not meet the DCU requirements and would not be suitable for a medical product. 
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If there is too little liquid, for example when the 
reservoir runs dry, then temperatures rise to a point 
where the formulation breaks down and carbonyls 
are produced. Carbonyls are potentially harmful 
compounds such as formaldehyde etc.  This 

mechanism is shown in action in Figure 2. This 
graph is produced by simultaneously measuring the 
optical density of generated vapour and the heating 
element resistance (from which temperature can be 
calculated) when a constant power is applied to the 
heating element throughout the duration of a puff. 

Observing the graph you can see two effects. 
Vapour generation starts as the atomiser reaches 
temperature during the first second.  Then, as the 
volume of formulation in the wick reduces due to it 
being vaporised, aerosol production decreases and 
temperatures increase.  We measured formaldehyde 
levels by puffing for 5 s, during which time 100 cm³ 
of gas was collected. The quantity of formaldehyde 
was measured using a gas detector tube (GAS91 & 
GAS91M Formaldehyde Standard Gastec Detector 
Tubes).  Figure 3 shows the measured 
formaldehyde concentration for different heating 
element temperatures.  It is likely that increasing 
amounts of formaldehyde are generated towards the 
end of a puff where temperatures are at their 
highest. 

Most e-cigarettes have a basic control scheme using 
pulse width modulation to take into account declining 
battery voltage and recently, we are seeing the use 
of temperature control. This is a scheme where the 
temperature of the heating element is measured and 
the amount of energy appropriately adjusted to 
maintain that temperature. This can be done without 
additional temperatures sensors by measuring the 
resistance of the heater element itself when a 
material such as titanium or stainless steel is used. 
The advantages of this scheme are that the 
maximum amount of power is delivered during the 
warm-up phase and also that temperatures do not 
increase to the levels at which excessive carbonyls 
are generated. 

Cooling - A number of academic papers measure 

the particle size generated by an e-cigarette, [3, 4, 5] 
but it should be noted that you can actually change 
the particle size by changing the conditions of 
cooling. Figure 4 illustrates what happens to the 
particle size at various flow rates for a shop 
purchased e-cigarette when measured using a 
Malvern Spraytec.  The most noticeable trend is that 
the particle size significantly decreases at high flow 
rates due to the different conditions of cooling of the 
vapour. There is often a big difference in the 
reported particle size of different types of e-
cigarettes and it is likely that different air flows 
across the atomiser or variance in experimental set 
up are the cause of this difference.  

In an inhaler, the particle size is usually set by the 
inherent properties of the formulation or device, 
whereas the use of a condensation aerosol in an e-
cigarette allows the particle size to be controlled by 
the airflow. Even accounting for these differences in 
particle size, assuming a cut off of 5 µm the 
e-cigarette produces a near 100% respirable 
aerosol. 

 

Figure 1 - Dose delivered by a V2 classic e-cigarette 
through life. 

 

Figure 2 – Vapour generation and heating element 
temperature profile during a puff through an e-cigarette. 

 

Figure 3 – Formaldehyde concentrations measured in the 
aerosol for different maximum heating element 
temperatures. 

 

Figure 4 – Average particle size in the aerosol generated by 
an e-cigarette as a function of flow rate through the device. 
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How is an e-cigarette used? 

Inhalation differences - A significant difference between the types of device is inhalation resistance, which is 

the pressure drop occurring within the device when a flow rate is drawn through it. The inhalation resistance of an 
e-cigarette is designed to match that of a combustible cigarette and significantly different to an inhaler.  Typically, 
1 L/min is required to apply a pressure drop of 1 kPa across an e-cigarette whilst 30 L/min are required to apply 1 
kPa across an inhaler. [6] Such a significant difference in resistance could result in a very different type of user 
inhalation across the consumer / patient populations.  

To investigate this, we conducted a study to investigate these differences recruiting 50 adult volunteers, both 
male and female aged from 20 to 61. Asthmatics and smokers/vapers were included. The participants were asked 
to inhale on a set of data logged Clement Clarke G16 In-check Dials. The In-check Dials were modified to give the 
appropriate resistance and calibrated by pressure mapping across the range of expected flow rates. Three 
different resistances were set, corresponding to an inhaler, an e-cigarette and a mid-point value. For each 
resistance, two types of puff were measured; “Normal Breathing” and “Hard as Possible”. For the purposes of this 
analysis, only the simulated “Inhaler” and “E-cigarette” resistances will be considered. There are two distinct 
populations in the data for “Normal Breathing” (Figure 5) and “Hard as Possible” (Figure 6).  The derived 
inhalation parameters are given in 
Table 1 - Derived inhalation variables through the simulated ‘Inhaler’ and ‘e-cigarette’ resistance devices. 

 after outlying measurements were removed using Tukey’s Outlier Test. 

  

Figure 5 – Inhalation profiles for ‘Normal Breathing’.  
Inset: profiles for the device with ‘e-cigarette’ simulated 
resistance. 

Figure 6 – Inhalation profiles for ‘Hard as Possible’.  
Inset: profiles for the device with ‘e-cigarette’ simulated 
resistance. 

Type of inhalation Parameter measured Simulated “Inhaler” 
resistance 

Simulated “e-cigarette” 
resistance 

Mean C.V. Mean RSD 

Normal Inhalation Inhalation duration (s) 1.02 61% 1.83 71% 

Inhalation volume (L) 0.34 75% 0.04 94% 

Inhalation peak flow (L/min) 21.99 38% 1.28 40% 

Hard as Possible Inhalation duration (s) 1.54 47% 2.30 58% 

Inhalation volume (L) 1.13 56% 0.08 68% 

Inhalation peak flow (L/min) 59.25 39% 2.44 28% 

Table 1 - Derived inhalation variables through the simulated ‘Inhaler’ and ‘e-cigarette’ resistance devices. 

There are significant differences between how the devices are used and this leads to two observations; inhalation 
peak flow and volume are significantly less for the “e-cigarette” resistance, whilst the inhalation duration is 
significantly greater for the “e-cigarette” resistance. 

Discussion on use - These differences should be considered alongside the operating sequence for the 

devices. An asthma inhaler either requires a coordinated button press - as in the case of a metered dose inhaler 
(MDI), or a priming action, such as opening a cover or sliding a lever - as in the case of a dry powder inhaler 
(DPI). [7] As the energy for vaporisation in an e-cigarette comes from a battery and as there are no moving parts 
requiring reset an e-cigarette can take repeated puffs upon demand.  

The need for a mechanical reset between each puff has often been a stumbling point when inhaler technology 
has been used for nicotine replacement, as this is an unfamiliar operating step for smokers.  Consider what the 
benefits could be if multiple inhalations could be delivered from the same medicinal electronic inhaler.  
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For example, if large quantities of API need to be delivered, this could this be split over multiple puffs, where the 
inhaler itself measures the amount delivered and controls the dose accordingly.  This is actually possible with 
today’s e-cigarette technology. 

Discussion on observations 

By combining insights from how e-cigarettes are used and also how they work, we can make the following 
observations. 

 An e-cigarette has a delay in generating vapour which is more appropriate for use in a high inhalation 
resistance device where puff times are longer. 

 A long puff time increases the risk of carbonyl generation due to increasing atomiser temperatures 
unless there is an active control system controlling heating. 

 Absorption in the lung would be different for an e-cigarette due to smaller particle size, inhaled volume 
and peak flow rate.    

 E-cigarettes allow multiple puffs to be taken without manual user intervention and if this is combined with 
smart control then increased quantities of API could be delivered over multiple puffs. 

Conclusions 

E-cigarette vapour has fundamentally different characteristics to the formulations traditionally delivered by an 
asthma inhaler.  Generation of vapour takes a number of seconds in an e-cigarette, so it is appropriate this is 
combined with a high resistance device where the inhalation time is also longer. Further investigation is required if 
differences in inhalation flow rate and particle size distribution result in a difference in the deposition in the lung.  

Whilst there are already inhalers delivering API via a condensation aerosol, these devices are different to the e-
cigarette. The above insights allow for the creation of a low cost, adaptable platform for the delivery of APIs. By 
making the generation of aerosol independent of the patient’s inspiratory flow, there is more scope to tailor lung 
delivery to the patient by varying the device resistance. 

New dosing regimens can be explored with multiple inhalations allowing increased quantities of API to be 
delivered over a session. The use of a condensation aerosol allows particle size to be varied within the device, 
which could open up new possibilities for treatment. 

Such a device would have a different business model compared to most inhalers. Rather than disposing of a 
complete device at the end of typically 60 inhalations, a consumable/durable business model would have 
replaceable cartridges containing API interfacing with a durable device lasting potentially thousands of 
inhalations. This could potentially offer a lower total environmental impact and cost per dose. 

However, smart control of power delivery will be needed to ensure consistency of dose and to minimise the 
generation of harmful by products and any device will need to be developed and manufactured to the appropriate 
standards. 
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