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Article History: Abstract: Anaesthetic vaporizers are essential components of modern 

anaesthesia delivery systems, enabling accurate and controlled 

administration of volatile anaesthetic agents. Since the introduction 

of inhalational anaesthesia in the mid-nineteenth century, vaporizers 

have undergone continuous refinement in response to advances in 

pharmacology, physics, engineering, and patient safety requirements. 

This review provides a comprehensive overview of the evolution of 

anaesthesia vaporizers, from early ether inhalers to contemporary 

electronically controlled and injection-based systems. The historical 

development, physical principles of vaporization, classification of 

vaporizers, technological innovations, safety features, and future 

directions are discussed in detail. Understanding the evolution of 

vaporizers not only provides insight into current anaesthesia practice 

but also helps clinicians appreciate the rationale behind modern 

designs and anticipate future advancements. 
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INTRODUCTION 

The development of inhalational anaesthesia 

revolutionized surgical practice and laid the 

foundation for modern anaesthesiology. The 

controlled delivery of volatile anaesthetic agents 

requires reliable equipment capable of converting 

liquid anaesthetics into vapour and delivering them 

in precise concentrations. Anaesthetic vaporizers 

perform this critical function and remain integral to 

anaesthesia workstations worldwide (1,2). 

 

Inaccurate delivery of volatile agents can result in 

inadequate anaesthesia, intraoperative awareness, or 

excessive depth leading to cardiorespiratory 

depression. Consequently, vaporizer design has 

evolved alongside increasing demands for accuracy, 

reproducibility, and patient safety (3). From 

rudimentary inhalers to digitally regulated devices, 

vaporizers reflect the technological and scientific 

progress of anaesthesia as a specialty. This review 

traces the evolution of anaesthesia vaporizers, 

examines the principles underlying their function, 
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and discusses modern designs and future trends. 

 

2. Early History of Inhalational Anaesthesia 

2.1 Introduction of Ether Anaesthesia 

The modern era of anaesthesia began in 1846 when 

William T.G. Morton publicly demonstrated the use 

of ether for surgical anaesthesia at the Massachusetts 

General Hospital (4). The apparatus used consisted 

of a simple glass inhaler containing ether-soaked 

sponges, allowing the patient to inhale vapour 

passively. Although groundbreaking, this method 

provided no control over concentration and was 

associated with unpredictable depth of anaesthesia 

(5). 

 

Following Morton’s demonstration, ether and 

chloroform rapidly gained popularity. Early 

administration relied on open-drop techniques in 

which liquid anaesthetic was applied to gauze placed 

over the patient’s face. These techniques were highly 

variable and often resulted in complications such as 

hypoxia, overdose, and airway irritation (6). 

 

2.2 Contributions of John Snow 

John Snow recognized the limitations of open-drop 

anaesthesia and emphasized the importance of 

controlled delivery. In 1847, he designed one of the 

first ether inhalers incorporating a chamber for ether 

and a mechanism to regulate airflow (7). Snow also 

understood the cooling effect of vaporization and 

attempted to address this through temperature 

stabilization using water baths. His systematic 

approach to dose control and documentation marked 

a major step toward scientific anaesthesia practice 

(8). 

 

2.3 Clover and Late Nineteenth-Century 

Developments 

Joseph Thomas Clover further advanced inhalational 

anaesthesia by developing portable regulating 

inhalers for ether and chloroform. Clover’s inhaler 

allowed adjustment of anaesthetic concentration 

during administration, improving safety compared to 

earlier methods (9). However, vaporizers of this era 

still lacked precise calibration and compensation for 

temperature and flow changes. 

 

3. Early Twentieth Century: Toward Controlled 

Anaesthetic Delivery 

3.1 Integration with Anaesthesia Machines 

The early twentieth century saw the emergence of 

continuous-flow anaesthesia machines, particularly 

Boyle’s machine, which combined compressed gas 

cylinders, flowmeters, and breathing circuits (10). 

Vaporizers were gradually incorporated into these 

systems, allowing more consistent delivery of volatile 

agents compared with open-drop methods. 

 

Early vaporizers were often simple bottles placed 

within the breathing circuit, relying on fresh gas 

flowing over or through the liquid anaesthetic. These 

devices were influenced by ambient temperature, gas 

flow, and pressure, resulting in variable output (11). 

 

3.2 The Oxford Vaporizer 

The Oxford vaporizer, developed in the 1930s, 

represented a significant improvement in vaporizer 

design. It incorporated partial temperature 

compensation and allowed more predictable delivery 

of ether (12). Although limited by modern standards, 

the Oxford vaporizer demonstrated the feasibility of 

achieving greater control over vapour output. 

 

4. Measured-Flow Vaporizers and the Copper 

Kettle 

A major milestone in vaporizer evolution was the 

introduction of the Copper Kettle vaporizer by 

Lucien E. Morris in the late 1940s (13). This device 

functioned as a measured-flow vaporizer in which a 

known flow of oxygen was passed through a heated 

copper chamber containing liquid anaesthetic, 

producing saturated vapour. The vapour was then 

diluted with additional fresh gas to achieve the 

desired concentration (14). 

 

The Copper Kettle provided accurate and 

reproducible delivery when used correctly and 

became an important educational tool in 

anaesthesiology. However, its requirement for 

constant calculations and vigilance limited its 

practicality for routine clinical use (15). 

 

5. Physical Principles Governing Vaporizers 

Understanding vaporizer evolution requires 

knowledge of the physical principles underlying 

vaporization. 

 

5.1 Vapour Pressure 

Vapour pressure is the pressure exerted by a vapour 

in equilibrium with its liquid at a given temperature. 

Each volatile anaesthetic has a characteristic vapour 

pressure, which influences its ease of vaporization 

and delivery (16). Agents with high vapour pressure 

pose unique challenges for vaporizer design. 

 

5.2 Temperature Effects 

Vaporization is an endothermic process. As liquid 

anaesthetic vaporizes, it absorbs heat from its 

surroundings, resulting in cooling and reduced 

vapour output. Modern vaporizers incorporate 

temperature-compensating mechanisms, such as 

bimetallic strips or electronic sensors, to maintain 

consistent output despite cooling (17). 

 

5.3 Fresh Gas Flow and Pressure 

Variations in fresh gas flow and pressure can affect 

vapour concentration. Vaporizers must deliver 

accurate concentrations across a wide range of flow 

rates and during positive pressure ventilation (18). 
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6. Variable Bypass Vaporizers 

6.1 Principle of Operation 

Variable bypass vaporizers are the most commonly 

used vaporizers in modern anaesthesia. In these 

devices, fresh gas flow is divided into two streams: 

one passes through the vaporizing chamber and 

becomes saturated with anaesthetic vapour, while the 

other bypasses the chamber. The two streams 

recombine before reaching the patient, and the ratio 

of splitting determines the delivered concentration 

(1,19). 

 

6.2 Design Features 

Modern variable bypass vaporizers are agent-specific 

and calibrated to deliver precise concentrations. They 

incorporate temperature compensation, pressure 

compensation, and flow stabilization mechanisms 

(20). Common examples include the Tec 5 and Tec 7 

vaporizers and the Dräger Vapor series (21). 

 

6.3 Advantages and Limitations 

Variable bypass vaporizers are robust, reliable, and 

relatively simple to operate. However, they are 

unsuitable for agents with very high vapour pressure, 

such as desflurane, and their accuracy may be 

affected by extreme environmental conditions or 

improper handling (22). 

 

7. Desflurane-Specific Vaporizers 

Desflurane has a boiling point close to room 

temperature and a vapour pressure approaching 

atmospheric pressure, making it unsuitable for 

conventional variable bypass vaporizers (23). To 

overcome this limitation, specialized vaporizers such 

as the Tec 6 were developed. 

 

These vaporizers heat desflurane to a controlled 

temperature and deliver it as vapour that is blended 

with fresh gas downstream. Unlike traditional 

vaporizers, desflurane vaporizers function more like 

gas blenders than true vaporizers (24). 

 

8. Electronic and Cassette Vaporizers 

Advances in electronics led to the development of 

electronically controlled vaporizers. Cassette 

vaporizers, such as the Aladin system, use agent-

specific cartridges and microprocessor control to 

regulate vapour output (25). These systems integrate 

with modern anaesthesia workstations, allowing 

enhanced accuracy, safety monitoring, and 

diagnostic capabilities (26). 

 

9. Injection Vaporizers 

Injection vaporizers represent a further evolution in 

vapour delivery. These systems inject precise 

amounts of liquid anaesthetic directly into the fresh 

gas stream, where it vaporizes instantly. Injection 

vaporizers enable rapid achievement of target 

concentrations and reduce wastage of volatile agents 

(27). 

10. Safety Features and Clinical Considerations 

Modern vaporizers incorporate multiple safety 

mechanisms, including keyed filling systems to 

prevent incorrect agent filling, interlocks to prevent 

simultaneous activation of multiple vaporizers, and 

alarms for malfunction or low agent levels (28). 

Despite these safeguards, human error remains a 

potential risk, highlighting the importance of 

equipment checks and clinician training (29). 

 

11. Future Directions 

Future vaporizer development is likely to focus on 

greater digital integration, closed-loop anaesthesia 

delivery systems, and reduced environmental impact 

of volatile agents (30). Advances in artificial 

intelligence and real-time monitoring may further 

improve precision and safety. 

 

CONCLUSION 
The evolution of anaesthesia vaporizers reflects the 

continuous pursuit of accuracy, safety, and efficiency 

in anaesthetic practice. From simple ether inhalers to 

sophisticated electronic systems, vaporizers have 

become indispensable tools in modern anaesthesia. A 

thorough understanding of their development and 

principles enhances clinical practice and supports the 

safe adoption of future innovations. 
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