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A b s t r a c t

Cardiopulmonary bypass (CPB) is one of the most groundbreaking medical 
innovations in history, enabling safe and effective heart surgery by tempo-
rarily replacing the function of the heart and lungs. This article begins with 
ancient concepts of cardiopulmonary function, then traces the evolution of 
CPB through important physiological and anatomical discoveries, culminat-
ing in the development of the modern heart-lung machine. In addition to ex-
amining the contributions of significant figures such as Galen, Ibn al-Nafis, 
William Harvey, and John Gibbon, we also explore the ethical and technical 
challenges encountered in the early days of open-heart surgery. The histor-
ical trajectory of pneuma illustrates the transition from speculative medical 
theories to empirical science. While no longer relevant in modern physiolo-
gy, pneuma has left an enduring legacy in medical terminology and holistic 
perspectives on health, highlighting the deep connections between ancient 
and contemporary medical thought.

Key words: medical history, cardiopulmonary bypass, extracorporeal 
circulation, heart-lung machine, perfusion technology, surgical innovation.

Introduction

In the English dictionary, the term pneu·ma (ˈnjuːmə) originates from 
the Greek word πνεῦμα, which literally means “air” or “breath” and, by 
extension, “spirit”. It carries multiple definitions: in ancient Greek phi-
losophy, it refers to a vital spirit, breath, or animating force – the very 
principle of life. In Christian theology, particularly in Pauline writings, 
pneuma denotes the Holy Spirit (Aghion Pneuma) [1]. Beyond these well-
known meanings, the term also appears in a more unexpected context: 
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in medicine, where it historically referred to a sup-
posed vital principle or vapor believed to circulate 
through the body, intimately linked to respiration 
and life.

Clearly, the term pneuma (πνεῦμα) is a remnant 
of ancient Greek thought, representing a  fasci-
nating intersection of philosophy, early science, 
and medicine. While its semantics might suggest 
a straightforward equivalent of “air” or “breath”, 
pneuma is a  far more intricate concept, hinting 
at the prescientific mystery of vital and psychic 
processes – some of which were later elucidated 
through scientific inquiry, including what we now 
understand as cardiopulmonary physiology [2]. It 
is therefore compelling to trace the historical tra-
jectory of this highly abstract term – often imbued 
with metaphysical and philosophical connotations 
– and explore how one of its many facets found 
a  lasting place in the lexicon of medical thought 
[3]. In essence, this is an inquiry into how the con-
cept of pneuma evolved from philosophical specu-
lation into empirical observation.

In ancient Greece, what we now consider sci-
entific knowledge was deeply intertwined with 
prescientific, philosophical reflections on the cos-
mos, the elements, and the nature of life itself 
[4]. As a  result, pneuma was far from an objec-
tive, well-defined physiological process; instead, 
it was conceived as a  fundamental cosmological 
constant – mysterious both in its origins and in its 
essential nature [5, 6]. This holistic perspective did 
not draw a strict boundary between physiological 
function and spiritual essence; rather, they were 
perceived as inseparable aspects of the same phe-

nomenon [7]. Yet, tracing the evolution of the term 
pneuma is particularly illuminating, as it reveals 
how conceptual thought gradually adopted new 
modes of understanding reality – modes increas-
ingly defined by specialization and objectification 
[8]. Ultimately, this intellectual transformation led 
to the clear distinctions we now make between 
the abstract and the spiritual on one hand, and 
the concrete and the physiological on the other [9].

This article aims to provide a fresh perspective 
on how the concept of pneuma, with all its intri-
cate connotations, shaped early cardiopulmonary 
medicine. Rather than reiterating conventional his-
torical narratives, we will examine the subtle nu-
ances of how pneuma evolved from the philosoph-
ical and prescientific traditions of antiquity into its 
place within modern medical discourse [10, 11]. By 
doing so, we seek to deepen our understanding of 
how these shifting interpretations influenced early 
conceptions of the heart, lungs, and the circulation 
of vital substances [2]. Moreover, this article will 
explore the enduring echoes of pneuma – not only 
in medical terminology but also in broader concep-
tualizations of health and disease, where traces of 
its holistic mystery still seem to persist.

To achieve this, we will move beyond a purely 
chronological account and instead adopt a  the-
matic approach, examining:
1. �The philosophical foundations of pneuma, trac-

ing its roots in pre-Socratic thought and its de-
velopment in the works of Plato and Aristotle [2].

2. �The application of pneuma in early medical the-
ories, with a focus on its role in Hippocratic and 
Alexandrian medicine [3].

Table I. Evolution of the concept of pneuma in medicine

Historical period Key figures Conceptual contribution Representative 
sources

Ancient Greek philosophy 
(5th–4th c. BC)

Anaximenes, 
Diogenes of 

Apollonia

Pneuma as vital air; integration of natural 
philosophy into physiology

[14–17]

Classical Greek medicine 
(4th–3rd c. BC)

Hippocrates, Diocles 
of Carystus

Role of pneuma in respiration, circulation, 
and life functions

[2, 12, 15]

Hellenistic anatomy (3rd 
c. BC)

Herophilos, 
Erasistratus

Anatomical localization of pneuma; 
connection with vascular and nervous 

systems

[3, 5]

Stoic philosophy (3rd–2nd 
c. BC)

Chrysippus, Zeno of 
Citium

Pneuma as cohesive force in the cosmos and 
human body

[4, 11]

Roman medicine (2nd 
c. AD)

Galen Integration of philosophical and empirical 
concepts; tripartite classification of pneuma 

(natural, vital, animal)

[6–10]

Medieval and Early 
Renaissance

Avicenna, Ibn al-
Nafis

Refinement of Galenic concepts; early 
description of pulmonary circulation

[12]

Scientific Revolution 
(16th–17th c.)

William Harvey, 
Santorio Santorio

Experimental refutation of Galenic models; 
quantification of respiration and circulation

[5, 6, 12]

Modern perspectives Various historians 
and physiologists

Abandonment of pneuma as a physiological 
construct; historical and philosophical 

significance retained

[1, 7, 11]
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3. �The transformation and eventual decline of 
pneuma as a dominant theory in light of emerg-
ing scientific discoveries, particularly in the 
works of figures such as Galen, Ibn-Nafis, and 
William Harvey [9, 12].

4. �The enduring legacy of pneuma, analyzing its in-
fluence on medical language, its subtle presence 
in contemporary medical concepts, and its broad-
er significance in the history of medicine [8].
Through this thematic exploration, we aim to 

gain a more insightful perspective on the multifac-
eted role of pneuma in the historical development 
of cardiopulmonary medicine. To provide readers 
with a concise overview of the historical trajectory 
examined in this review, we have included Table I, 
which summarizes the principal periods, key fig-
ures, and conceptual contributions that shaped the 
evolving notion of pneuma in medicine. This synthe-
sis is intended to orient readers prior to the detailed 
discussion presented in the subsequent sections.

Material and methods

This study employs a  historical and thematic 
analysis of the evolution of the concept of pneu-
ma in cardiopulmonary medicine, tracing its phil-
osophical origins and medical applications across 
different historical periods. The methodology con-
sists of a comprehensive literature review, source 
evaluation, and comparative analysis of primary 
and secondary texts.

Literature review and source selection

The research is based on an extensive review of 
historical, medical, and philosophical literature con-
cerning pneuma and its role in ancient, medieval, 
and early modern medical theories. Primary sourc-
es include the works of pre-Socratic philosophers, 
Plato, Aristotle, Hippocratic and Alexandrian med-
ical texts, Galenic treatises, and medieval and Re-
naissance medical manuscripts. Secondary sources 
include modern analyses, historical interpretations, 
and contemporary discussions on the relevance and 
transformation of pneuma in medical thought.

A  systematic search was conducted using aca-
demic databases such as PubMed, Scopus, Google 
Scholar, and specialized repositories for historical 
texts in medicine and philosophy. The search terms 
included “pneuma”, “ancient cardiopulmonary phys-
iology”, “history of respiration”, “Hippocratic medi-
cine”, “Galenic physiology”, “pulmonary circulation”, 
and “evolution of medical theories”. Inclusion criteria 
prioritized peer-reviewed articles, historical mono-
graphs, and critical editions of primary sources.

Comparative and thematic analysis

To structure the analysis, a thematic approach 
was adopted to examine the conceptual trajectory 

of pneuma in different medical traditions. The fol-
lowing themes were identified and analyzed:
1. �Philosophical Foundations – Investigation of 

how early Greek philosophers conceptualized 
pneuma as a fundamental principle of life, em-
phasizing its metaphysical and cosmological 
dimensions.

2. �Medical Theories in Antiquity – Examination 
of the role of pneuma in Hippocratic medicine, 
Alexandrian anatomical studies, and the Pneu-
matist school, focusing on how these traditions 
integrated pneuma into physiological models.

3. �Galenic Systemization – Analysis of Galen’s tri-
partite model of pneuma and its influence on 
medieval and early modern medical theories.

4. �Scientific Challenges and Decline – Assessment 
of key developments that led to the empirical 
rejection of pneuma, including Ibn al-Nafis’s 
discovery of pulmonary circulation, William 
Harvey’s theory of blood circulation, and the 
identification of oxygen in the 18th century.

5. �Modern Legacy and Conceptual Reinterpreta-
tions – Discussion of how the historical concept 
of pneuma continues to inform medical thought, 
including contemporary perspectives on holistic 
medicine and the mind-body connection.

Historical contextualization and source 
evaluation

Each historical period was analyzed within its 
intellectual and scientific context to avoid retro-
spective interpretations. Primary texts were ex-
amined in their original language when available, 
with references to established translations and 
scholarly commentaries. Secondary sources were 
critically assessed for historical accuracy, interpre-
tative biases, and methodological rigor.

The philosophical foundation of pneuma

In light of the preceding discussion, it is evi-
dent that the concept of pneuma did not emerge 
ex nihilo; rather, it is deeply rooted in the philo-
sophical inquiries of the ancient Greeks, who were 
primarily concerned with exploring the fundamen-
tal principles of the cosmos and the nature of life 
itself [13]. Therefore, a review of these philosophi-
cal foundations is essential for developing a more 
nuanced understanding of the complexity of this 
concept.

Pre-Socratic influences

Among the many groundbreaking develop-
ments in early Greek philosophical thought, the 
Pre-Socratic philosophers were the first to explore 
the notion of pneuma in their quest for a deeper 
understanding of the human condition. Their pri-
mary focus was the identification of the arche — 
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the fundamental principle of the universe. Within 
this framework, air, in its tangible and dynamic 
form, emerged as one of the earliest elements 
considered a conduit to the transcendental prin-
ciples of existence [14, 15].

Anaximenes of Miletus (6th century BCE, Fig- 
ure 1 A) was the foremost proponent of the idea 
that air served as the arche (αρχή) of all things – 
a primordial, protean substance capable of trans-
forming into other elements through the pro-
cesses of condensation and rarefaction. In this 
view, air was not merely a  physical element but 
a mysterious, causative force intricately tied to the 
origins of both life and the soul [16]. This early 
association of air with vitality and the psyche laid 
the groundwork for the more developed concept 
of pneuma that would emerge in later philosophi-
cal and medical traditions [17].

Other Pre-Socratic philosophers also contribut-
ed to the conceptualization of pneuma as a fun-
damental substratum of being. Empedocles (5th 
century BCE, Figure 1B) is best known for his cos-
mological theory, which proposed that the universe 
consists of four elemental constituents – earth, air, 
fire, and water – governed by two opposing forc-
es, love (Eros) and strife (Anteros) [18]. Although 
he never explicitly equated air with pneuma, he 
nevertheless emphasized its importance as one 
of the universe’s foundational elements [19]. Fur-
thermore, his ideas about the cyclical processes of 
the cosmos may have influenced later interpreta-
tions of respiration and other dynamic exchanges 
between organisms and their environment.

Plato and pneuma

Socrates (470–399 BCE, Figure 2 A) himself 
did not develop a  specific theory of pneuma in 
the context of pulmonary physiology. Unlike the 
Pre-Socratics, who were primarily concerned with 

identifying the fundamental principles of the cos-
mos, and later philosophers such as Aristotle and 
Galen, who integrated pneuma into physiological 
models, Socrates focused on ethical philosophy, 
epistemology, and dialectical reasoning rather 
than natural science or medical theory. Howev-
er, in dialogues recorded by Plato (428/423–
348/347  BCE, Figure 2 B), Socrates occasionally 
alluded to breath (pneuma) in a more metaphor-
ical or spiritual sense, often linking it to the soul 
rather than physiological functions. His discus-
sions were more concerned with psyche (soul) and 
its moral and intellectual development rather than 
material or biological processes [20, 21].

Thus, while Socrates may have acknowledged 
pneuma in a general philosophical context, he did 
not contribute directly to its medical or physiolog-
ical interpretations. Instead, it was later thinkers 
– such as Aristotle, the Stoics, and Galenic physi-
cians – who expanded the concept into a frame-
work that included its role in respiration and bodi-
ly functions [21].

Figure 1. Pre-Socratic philosophers and the origins 
of pneuma. A – Anaximenes of Miletus (586/585–
526/525 BCE), who proposed air (pneuma) as the 
fundamental element of life. B – Empedocles (494 
– 434 BCE), who identified air as one of the four 
essential elements of the cosmos [Public domain]

A

A B C

B

Figure 2. Classical philosophers and the development of pneuma theory. A – Socrates (470–399 BCE), a Greek phi-
losopher regarded as the founder of Western philosophy and one of the first moral philosophers in the ethical tradi-
tion of thought. B – Plato (428/423–348/347 BCE), who linked pneuma to the movement of the soul and the cosmic 
order, integrating it into his broader metaphysical framework. C – Aristotle (384–322 BCE), who introduced the con-
cept of connate pneuma as a vital heat essential for regulating bodily functions and sustaining life [Public domain]
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Naturally, such a  significant concept was not 
absent from the philosophical dialogues of Plato. 
However, whenever he referred to pneuma, it was 
primarily in relation to the psyche (soul) and its 
connection to the body rather than as a physiolog-
ical entity. In Plato’s grand cosmology, the universe 
itself was conceived as a living, intelligent being, 
imbued with a form of consciousness – a proper-
ty often associated with breath or pneuma [20]. 
Within this framework, Plato explored the nature 
of the soul and distinguished its various aspects, 
yet he did not develop a comprehensive physiolog-
ical theory of pneuma. Instead, he acknowledged 
it as an intermediary between the material body 
and the higher functions of the soul, suggesting 
that it played a role in the transmission of life and 
movement.

While Plato did not explicitly link pneuma to 
respiration in a medical sense, his occasional ref-
erences to it as a vehicle for the soul’s interaction 
with the body contributed to the broader philo-
sophical discourse on the nature of life. His ideas 
laid the groundwork for later interpretations that 
connected pneuma not only to metaphysical and 
psychological processes but also to physiological 
functions. Thus, his conceptualization of pneuma 
– though abstract – anticipated future debates on 
the relationship between breath, vitality, and the 
mechanisms sustaining human existence [21].

Aristotle’s comprehensive view

Aristotle (4th century BCE, Figure 2 C) provided 
a more systematic and detailed account of pneu-
ma, bridging the abstract philosophical concep-
tions of his predecessors with the more structured 
biological principles that would emerge in later 
medical traditions. Unlike earlier thinkers who 
viewed pneuma primarily as an elemental force 
or a broad metaphysical principle, Aristotle intro-
duced the concept of connate pneuma – a form of 
vital heat inherent to living beings, originating in 
the heart and essential for sustaining life [22]. In 
his view, respiration played a  crucial role in reg-
ulating this internal heat, ensuring physiological 
balance. This perspective can be seen as an early 
formulation of a homeostatic mechanism, where-
in breathing served not only to maintain life but 
also to modulate the body’s internal equilibrium. 
Aristotle’s emphasis on the heart’s function as the 
seat of heat, and the role of respiration in its reg-
ulation, would later exert a profound influence on 
emerging medical theories, particularly those of 
Galen and later physicians [21, 23, 24].

Within Aristotle’s hierarchical model of the 
soul, pneuma functioned at different levels, align-
ing with his tripartite division of the soul into the 
nutritive soul, the sensitive soul, and the rational 
soul. Each of these possessed its own pneumatic 

function, reflecting its role in the body’s physio-
logical and intellectual processes [25]. The high-
er faculties of the soul, associated with cognition 
and rational thought, were linked to a  more re-
fined and subtle form of pneuma, whereas the 
lower faculties, responsible for growth and nutri-
tion, relied on a coarser and more material mani-
festation of it. This distinction reinforced the idea 
that pneuma was not a singular entity but rather 
a dynamic force, adapting to different levels of bi-
ological and cognitive complexity.

Praxagoras’s theory

Orly Lewis’s book, Praxagoras of Cos on Arter-
ies, Pulse and Pneuma, explores the medical the-
ories of Praxagoras (4th–3rd century BCE, Figure 
3 A), particularly his distinctions between arteries 
and veins, and his perspectives on pulsation and 
pneuma (vital air or breath). The work compiles 
and interprets fragmentary evidence of Praxago-
ras’s ideas, offering fresh insights into his views 
on the soul, heart functions, and the role of pneu-
ma [26, 27]. 

Praxagoras is credited with differentiating ar-
teries from veins based on structural differences, 
noting that arteries have thicker walls and are 
involved in pulsation. He theorized that arteries 
carried pneuma rather than blood, a concept that 
influenced subsequent medical thought. Addi-
tionally, he believed that arteries terminated in 
structures resembling neura (sinews or nerves), 
contributing to the understanding of bodily move-
ment [26]. 

Lewis’s analysis challenges previous interpre-
tations of Praxagoras’s work, emphasizing the 
empirical basis of his theories and his engage-
ment with earlier medical debates and Aristote-
lian physiology. The book includes an edition and 
translation of relevant fragments, some previous-
ly absent from standard collections, followed by 
commentary and a synthetic analysis of Praxago-
ras’s contributions to the history of medicine and 
ideas [27]. 

Pneuma and Stoicism

Friedrich Kudlien’s 1974 article, “Die Pneu-
ma-Bewegung. Ein Beitrag zum Thema ‘Mediz-
in und Stoa’,” explores the concept of ‘pneuma’ 
within the context of ancient medicine and Stoic 
philosophy. ‘Pneuma’, often translated as ‘breath’ 
or ‘spirit,’ played a crucial role in both medical the-
ories and Stoic thought, serving as a fundamental 
principle of life and vitality [28]. Kudlien examines 
how medical practitioners and Stoic philosophers 
(Figure 3 B) interpreted ‘pneuma’, highlighting 
its significance in physiological processes and its 
metaphysical implications. The article explores the 



The history of cardiopulmonary bypass and the evolution of pneuma in cardiopulmonary medicine

Arch Med Sci Atheroscler Dis 2025� e243

A B C

Figure 3. Early theorists of pneuma in Medicine and Stoicism. A – Praxagoras of Cos (4th century BCE), an ancient 
physician who distinguished arteries from veins and proposed that arteries carried pneuma rather than blood, 
influencing later physiological theories. B – Zeno of Citium (334–262 BCE), the founder of the Stoic school of phi-
losophy, which integrated pneuma as a fundamental, unifying force governing both nature and human physiology. 
C – Zosimos of Panopolis (4th century CE), also known as Zosimus Alchemista, an alchemist and Gnostic mystic 
who authored Cheirokmeta, the earliest known texts on alchemy, linking pneuma to mystical and transformative 
processes [Public domain]

intersections between medical practices and Stoic 
philosophy, shedding light on how the concept of 
‘pneuma’ influenced the understanding of human 
health, disease, and the functioning of the body 
and soul. By analyzing historical texts and philo-
sophical doctrines, Kudlien contributes to a deep-
er understanding of the ‘pneuma’ concept, illus-
trating its impact on the development of medical 
and philosophical thought in antiquity.

In the early twentieth century, historians inter-
preted the alchemical theories of the third-cen-
tury alchemist Zosimus of Panopolis (Figure 3 C) 
through the lens of Platonism and Aristotelianism, 
framing his ideas on transmutation within these 
philosophical traditions. More recently, scholars 
such as Christina Viano and William Newman 
have proposed a link between Zosimean alchemy 
and Stoicism. This paper builds on their insights 
by conducting a  close textual analysis of Zosim-
us’s writings, offering a Stoic perspective on key 
aspects of his alchemical thought, particularly 
the roles of pneuma and tension. Zosimus viewed 
pneuma as essential for imparting color to metals, 
while tension contributed to the stability and co-
hesion of metallic compounds. This interpretation 
suggests that Zosimus employed Stoic principles 
to explain the alchemical process of metal tinc-
turing [29].

Application of pneuma in early medical 
theories

As the concept of pneuma evolved through 
philosophical discourse, it found fertile ground 
in the realm of medicine, where it was no longer 

confined to abstract speculation but became inte-
gral to understanding the human body, the causes 
of disease, and the principles of treatment. The 
intellectual environment of ancient medical tradi-
tions absorbed and refined this idea, translating 
it from a  cosmological force into a  physiological 
and pathological framework. From the earliest 
recorded medical theories – particularly those as-
sociated with Hippocratic and Alexandrian med-
icine – pneuma played a  pivotal role in shaping 
early conceptions of bodily function and disease. 
Physicians and anatomists sought to explain the 
mechanisms of respiration, circulation, and neu-
ral activity through the movement and regulation 
of pneuma, incorporating it into their models of 
health and illness. Over time, this once-meta-
physical concept became a  key explanatory tool 
in diagnosing ailments and devising therapeutic 
interventions, marking a critical shift from philo-
sophical abstraction to empirical medical inquiry 
[30–33].

Hippocratic medicine and pneuma

A  cornerstone of medical history, the Hippo-
cratic Corpus stands as an enduring testament 
to the foundational principles of ancient medical 
thought. Comprising a collection of medical trea-
tises attributed to Hippocrates (460–370 BCE, 
Figure 4 A-C) and his followers, these writings 
played a  crucial role in shaping the practice of 
medicine for centuries. While they do not present 
a  fully developed theory of pneuma, they reflect 
a growing awareness of its significance in under-
standing health and disease, demonstrating its 
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gradual integration into medical discourse [30, 
31]. The Hippocratic Corpus offers some of the 
earliest attempts to move away from supernatu-
ral explanations of disease, instead emphasizing 
natural causes, bodily functions, and environmen-
tal influences – elements that would later shape 
the evolving concept of pneuma as a physiological 
principle (Figures 5, 6).

In Hippocratic medicine, pneuma was not 
merely linked to respiration; it was conceived as 
a fundamental force governing a wide array of in-
ternal bodily processes, particularly those we now 
recognize as homeostatic mechanisms [32]. While 
breathing was acknowledged as the most essen-
tial function of life, pneuma was understood as 
more than just the air inhaled through the lungs. 
Instead, it was regarded as a vital substance per-

meating the body, playing an essential role in sus-
taining physiological functions and maintaining 
equilibrium between different organ systems [33]. 
This conceptualization marked a  significant step 
in the transition from philosophical speculation to 
empirical medical reasoning, as it suggested that 
pneuma was not just a mystical force but a tangi-
ble entity affecting health and disease.

Hippocratic physicians viewed illness as a con-
sequence of disruptions in the balance of pneu-
ma, often assessing such disturbances in relation 
to the humoral theory, which posited that health 
was maintained through the proper equilibrium 
of bodily fluids [34]. They believed that pneuma 
circulated through the body alongside blood and 
other humors, influencing both physical vitality 
and mental clarity. When this circulation was im-

A B C

Figure 4. Hippocratic and early Hellenistic contributions to pneuma theory. A – Hippocrates of Kos (460–370 BCE) 
– The renowned Greek physician whose medical writings included early references to pneuma as a crucial factor in 
health and disease, laying the foundation for later physiological theories. B – Octoginta Volumina (The Hippocratic 
Corpus) – The first complete Latin edition (1525, Rome) of the Hippocratic Corpus, a collection of medical texts that 
shaped early medical thought and included discussions on the role of pneuma in bodily functions. C – Diocles of 
Carystus (375–295 BCE) – An influential Hellenistic physician who integrated pneuma into anatomical and phys-
iological explanations, contributing to its transition from a philosophical concept to a structured medical theory 
[Public domain]

Figure 5. Alexandrian anatomists and the refine-
ment of pneuma-based physiology. A – Erasistratus 
of Ceos (304–250 BCE), who proposed that arteries 
carried pneuma rather than blood, contributing to 
early circulatory theories. B – Herophilos of Chal-
cedon (335–280 BCE), who conducted anatomical 
dissections and associated pneuma with brain 
function and sensation [Public domain]

Figure 6. The Pneumatic School and Galenic Sys-
tematization of pneuma. A – Athenaeus of Attalia 
(1st century CE), founder of the Pneumatic School 
of Medicine, which emphasized pneuma as a key 
regulator of health. B – Aelius Galenus (Galen) 
(129–216 CE), who developed a tripartite classifica-
tion of pneuma and integrated it into his influential 
medical theories [Public domain]
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paired – whether by environmental factors, dietary 
imbalances, or injury – disease would manifest. 
This perspective was particularly evident in the 
diagnosis and treatment of respiratory ailments, 
where conditions affecting the lungs and airways 
were frequently attributed to abnormalities in the 
flow or quality of pneuma [35].

The Hippocratic texts provide some of the earli-
est recorded descriptions of respiratory disorders, 
offering insights into how pneuma was concep-
tualized in relation to lung function. For exam-
ple, conditions such as pneumothorax, pleurisy, 
asthma, and other pulmonary afflictions were ex-
plained as resulting from obstructions, stagnation, 
or corruptions of pneuma within the body. These 
descriptions highlight a  crucial turning point in 
medical history, as pneuma – once an abstract 
philosophical concept – began to take on concrete 
clinical significance. As medical observations be-
came increasingly detailed, pneuma was gradually 
redefined in anatomical and physiological terms, 
shaping subsequent theories of respiration, circu-
lation, and neural activity [33–35].

Moreover, the influence of pneuma in Hippo-
cratic thought extended beyond respiratory health. 
Some texts suggest that it played a role in neuro-
logical function, particularly in conditions involving 
seizures, paralysis, or disturbances in movement. 
The idea that pneuma moved through the body, 
possibly through the blood vessels or nerves, hint-
ed at early conceptions of what would later be 
understood as the nervous system. Though these 
ideas were not yet fully systematized, they laid the 
groundwork for future developments in physiology 
and medical practice [30, 34].

Thus, while the Hippocratic Corpus did not for-
malize a singular doctrine of pneuma, it marked 
an essential stage in its evolution – from a vague, 
speculative notion to a  concept with practical 
applications in medicine. The discussions within 
these texts paved the way for later anatomists 
and physicians, such as the Alexandrian school, 
Galen, and the Pneumatists, who would refine 
and expand upon the role of pneuma in human 
health. By anchoring pneuma within the empirical 
study of disease and bodily function, Hippocratic 
medicine contributed to the long and complex tra-
jectory that eventually led to modern respiratory 
and circulatory physiology [34, 35].

Contribution of Diocles of Carystus

Diocles of Carystus (4th century BCE), a prom-
inent physician of the Hippocratic tradition, in-
corporated the concept of pneuma into his med-
ical theories, though his interpretation differed 
from later Stoic and Pneumatist perspectives. 
He viewed pneuma as a  vital force essential for 
physiological processes, particularly in relation to 

respiration and the maintenance of bodily health 
[23, 36].

Unlike the Pneumatists, who considered pneuma 
an immaterial principle governing health and dis-
ease, Diocles approached it from a more practical, 
anatomical, and physiological standpoint. He em-
phasized its role in bodily warmth, circulation, and 
metabolism, suggesting that pneuma was involved 
in distributing heat and nourishment throughout 
the body. His understanding of pneuma was closely 
linked to breathing and digestion, positioning it as 
a key element in sustaining life [23, 37].

Diocles’ approach also reflected Aristotelian 
influences, particularly in his belief that pneuma 
was concentrated in the heart, which he regard-
ed as the central organ of vitality. His work laid 
the groundwork for later medical theories that 
integrated pneuma with broader physiological 
and pathological explanations, influencing figures 
such as Erasistratus, Herophilos, and Galen [23].

Alexandrian medicine and pneuma

During the Hellenistic period (3rd–1st centuries 
BCE), Alexandria emerged as a  leading center of 
medical learning and practice, attracting scholars 
and physicians from across the Mediterranean. 
The city’s intellectual climate fostered an unprec-
edented level of empirical inquiry, particularly in 
the fields of anatomy and physiology. Two of the 
most influential figures of this era – Erasistratus 
and Herophilos – were instrumental in shaping 
the trajectory of Alexandrian medicine, advanc-
ing both theoretical understanding and practical 
medical techniques [38, 39].

Erasistratus (3rd century BCE) made a signifi-
cant contribution to medical knowledge by distin-
guishing between veins and arteries, a crucial step 
toward understanding the circulatory system. He 
recognized that veins carried blood, whereas ar-
teries contained a different substance – pneuma. 
However, his interpretation was flawed, as he er-
roneously believed that arteries transported pneu-
ma rather than blood, misunderstanding the func-
tion of the circulatory system as a whole [40]. Yet, 
even within this inaccuracy, we observe how the 
enigmatic concept of pneuma became increasing-
ly linked to specific physiological functions. Era-
sistratus theorized that arterial pneuma was the 
driving force behind vitality and movement, play-
ing a central role in sustaining life and ensuring 
proper organ function [41, 42]. He proposed that 
this pneuma was drawn from the air through res-
piration, entering the body to regulate essential 
processes such as heat distribution and muscle 
activity. Although his ideas were eventually sup-
planted by more accurate physiological models, 
his work laid the foundation for later refinements 
in circulatory and respiratory theories.
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Herophilos (3rd century BCE), by contrast, 
made groundbreaking contributions to the study 
of the nervous system and respiration. He was 
among the first to systematically differentiate 
between sensory and motor nerves, recognizing 
their distinct roles in bodily function. Unlike Era-
sistratus, who emphasized pneuma in circulation, 
Herophilos proposed that pneuma was funda-
mental to brain function, particularly in sensation 
and movement [43]. He suggested that pneuma 
traveled through the nervous system, serving as 
the medium through which the brain controlled 
the body’s actions. Additionally, his meticulous 
anatomical studies of the trachea and bronchial 
structures provided some of the earliest detailed 
descriptions of lung anatomy, marking an import-
ant step toward a more sophisticated understand-
ing of respiratory function [44]. Although the pre-
cise mechanisms of respiration remained elusive 
in his time, his work laid the foundation for future 
advancements in pulmonary medicine.

One of the most significant contributions of Al-
exandrian medicine was its pioneering focus on 
empirical investigation, exemplified by the first 
recorded instances of human dissection and vivi-
section [45]. These groundbreaking anatomical 
studies, which were reportedly conducted on exe-
cuted criminals, allowed for an unprecedented ex-
ploration of internal bodily structures. By directly 
observing and documenting human anatomy, Al-
exandrian physicians moved beyond speculative 
theories and grounded their medical knowledge 
in observable phenomena. This empirical shift 
helped transform pneuma from a purely abstract 
philosophical notion into a tangible physiological 
force, increasingly associated with specific bodily 
systems and functions [46, 47]. The willingness 
of Alexandrian scholars to challenge traditional 
dogma and engage in hands-on experimentation 
marked a turning point in the history of medicine, 
bridging the gap between theoretical speculation 
and evidence-based understanding.

Though the interpretations of pneuma put forth 
by Erasistratus and Herophilos were ultimately 
revised by later medical theorists, their work rep-
resented a crucial stage in the evolution of med-
ical thought. By integrating anatomy, physiology, 
and philosophical inquiry, they contributed to the 
gradual refinement of pneuma as a scientific con-
cept, paving the way for subsequent discoveries 
in circulation, respiration, and neurophysiology. 
Their legacy persisted well beyond the Hellenistic 
period, influencing Roman, Byzantine, and even 
early Renaissance medicine [44–47].

The pneumatic school of medicine

The Pneumatic school of medicine was an an-
cient medical tradition that emerged in the late 

Hellenistic period, likely in the 1st century BCE. It 
was founded by Athenaeus of Attalia, a physician 
who integrated Stoic philosophy into medical the-
ory. The school emphasized the role of pneuma 
(breath or spirit) as a fundamental principle gov-
erning bodily functions and health. According to 
Pneumatists, disease resulted from disturbances 
in the balance and movement of pneuma, which 
was responsible for vital processes such as respi-
ration, circulation, and neural activity [48, 49].

During the Roman era, the Methodic school of 
medicine experienced its peak in influence and 
prestige. The pneumatic school opposed how-
ever the more materialistic explanations of the 
Empiricists and Methodists, aligning instead with 
Hippocratic and Stoic traditions that emphasized 
the interplay between the body and external envi-
ronmental factors such as air and climate. Pneu-
matists believed that understanding the nature of 
pneuma was crucial for diagnosis and treatment, 
and they often prescribed therapies aimed at re-
storing its proper flow within the body [49].

The primary source of our knowledge about the 
Pneumatic school’s doctrines comes from Galen, 
one of antiquity’s most influential physicians. His 
writings provide valuable insights into the teach-
ings of Athenaeus. The approach of the Pneumatic 
school positioned it as a significant alternative to 
contemporary medical traditions, blending philos-
ophy and medicine in a unique way [48].

Galen’s transformation and expansion of 
pneuma

If there is one figure who looms larger than any 
other in the history of medicine, it is indisputably 
Galen (2nd century CE). His extensive writings 
and medical doctrines shaped medical thought in 
Europe and the Middle East for over 1,400 years, 
profoundly influencing both Islamic and medieval 
European medical traditions [6, 50]. Galen’s con-
tribution to the theory of pneuma lay in his ability 
to synthesize philosophical speculation with em-
pirical anatomical observations derived from clin-
ical practice. This integration was a  remarkable 
achievement, as it transformed earlier, more ab-
stract theories of pneuma into structured physio-
logical concepts. By bridging theoretical discourse 
with hands-on anatomical study, Galen advanced 
a more systematic understanding of how pneuma 
functioned within the body, paving the way for 
centuries of medical scholarship and practice.

Galen’s tripartite pneuma system

Galen developed a sophisticated tripartite sys-
tem of pneuma, categorizing it into three distinct 
types based on their origin, function, and role 
within the body. This hierarchical framework not 
only integrated previous philosophical and medi-
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cal theories but also provided a structured model 
for understanding physiological processes:
•	 Pneuma physikon (Natural spirit): Generated 

in the liver, this form of pneuma was primari-
ly responsible for nutrition and growth. Galen 
regarded it as the most fundamental type, es-
sential for metabolic processes and the distri-
bution of nutrients throughout the body [51]. It 
was closely associated with the humoral theo-
ry, as it was believed to facilitate the transfor-
mation of food into bodily substances neces-
sary for vitality.

•	 Pneuma zotikon (Vital spirit): Originating in 
the heart, this pneuma aligned with Aristote-
lian thought, playing a crucial role in regulating 
body temperature and distributing vital energy 
[52]. Galen considered it the intermediary be-
tween the pneuma physikon and pneuma psy-
chikon, linking metabolic processes to higher 
physiological functions. It was thought to be 
carried through the arterial system, where it 
sustained life by enabling circulation and facil-
itating the interaction between blood and air.

•	 Pneuma psychikon (Animal spirit): The highest 
and most refined form of pneuma, this variant 
resided in the brain and was responsible for 
sensation, movement, cognition, and mental 
faculties [53]. Galen believed it traveled through 
the nervous system, allowing the brain to exert 
control over the body. This theory contribut-
ed to the early understanding of neurological 
function, establishing the idea that the brain – 
not the heart – was the center of thought and 
sensory processing.
Through this tripartite system, Galen provided 

one of the most comprehensive frameworks for 
explaining bodily functions in antiquity. His de-
tailed descriptions of the production, distribution, 
and interrelation of the three types of pneuma 
reinforced his enduring influence in medical his-
tory, shaping theories of physiology well into the 
Renaissance [54]. While later scientific discover-
ies would ultimately replace pneuma as a physi-
ological model, Galen’s system exemplified the 
transition from speculative medical philosophy to 
a more structured, observation-based approach to 
human biology.

Galen’s influence on the understanding of 
circulation

Many modern physicians remain largely un-
aware of the intricate philosophical and biological 
ideas that laid the foundation of modern medi-
cine. Building upon the Hellenistic theory of the 
four humors, Galen developed an influential mod-
el of the cardiorespiratory system that remained 
largely unchallenged for 1,300 years. His approach 
combined teleological reasoning with clinical ob-

servation, presenting a system in which the fire of 
the heart and the pneuma of the lungs interacted 
to sustain life. However, despite his impressive 
synthesis, Galen misunderstood key physiological 
principles. He failed to recognize the distinction 
between systemic and pulmonary circulation, mis-
interpreted the roles of venous and arterial blood, 
and incorrectly identified both the function of the 
lungs in gas exchange and the source of internal 
heat. This article explores the alternative theories 
Galen proposed to explain these physiological pro-
cesses and examines how, despite these miscon-
ceptions, his medical framework still led to effec-
tive diagnosis and treatment [11, 55, 56].

Galen also made fundamental contributions 
to the understanding of blood circulation, though 
his model contained critical errors. He believed 
that blood was exclusively produced in the liver 
and transported nutrients to the body’s tissues. 
While he acknowledged the role of the heart in 
circulation, his comprehension of its function 
was famously flawed. One of the most signif-
icant misconceptions in Galen’s model was his 
assertion that blood moved between the ventri-
cles of the heart through invisible pores in the in-
terventricular septum [57]. Additionally, he sug-
gested that some blood traveled from the right 
ventricle to the lungs via the pulmonary artery 
but failed to recognize pulmonary circulation as 
a distinct system. Instead, he maintained that air 
was transformed into pneuma zotikon (vital spir-
it) within the lungs and then carried to the left 
ventricle [58].

Despite these inaccuracies, Galen’s anatomi-
cal observations played a crucial role in solidify-
ing the concept of pneuma within the circulatory 
and respiratory systems, marking an essential 
milestone in the process of transforming an ab-
stract idea into a structured physiological frame-
work. The practical success of his medical meth-
ods suggests that ancient physicians, even with 
flawed anatomical knowledge, could still achieve 
positive clinical outcomes without causing harm 
to their patients [42, 56].

The enduring legacy of Galen

Galen’s writings left an indelible mark on med-
ical knowledge throughout the Middle Ages, pro-
foundly shaping Byzantine, Islamic, and medieval 
European medical traditions. His theories on pneu-
ma, circulation, and organ function were regarded 
as authoritative and remained largely unques-
tioned for centuries [59]. His influence was so per-
vasive that it often inhibited the development of 
new ideas, as evidenced by the persistence of his 
misconceptions about circulation until the 17th 
century, when William Harvey’s groundbreaking 
work finally refuted them.
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Nevertheless, Galen’s contributions to anat-
omy, physiology, and clinical medicine remain 
among the most significant in medical history. His 
systematic formulation of pneuma theory – de-
spite its inconsistencies – served as a crucial step-
ping stone toward a more precise understanding 
of the cardiopulmonary system. His work provided 
the foundation upon which later medical advance-
ments were built, illustrating both the longevity of 
his influence and the eventual necessity of empir-
ical revision [56].

The decline of pneuma: from dogma to facts

Over time, the rigid dogma of Galen’s system 
was gradually dismantled by groundbreaking dis-
coveries and radical scientific advancements, pav-
ing the way for a more empirical and pragmatic 
understanding of physiology. The first major chal-
lenges to the ancient framework emerged in the 
16th and 17th centuries, ultimately leading to the 
development of modern cardiopulmonary physi-
ology. As observational techniques improved and 
experimental methods gained prominence, pneu-
ma – once a cornerstone of medical thought – was 
progressively replaced by evidence-based expla-
nations of circulation, respiration, and metabolic 
processes.

The challenge to Galenic circulation

The first major challenge to Galen’s model of 
circulation arose with the gradual dismantling of 
his misconceptions about blood flow. As observa-
tional accuracy improved and experimental meth-
odologies advanced, physicians began to uncover 
the true mechanisms of circulation, ultimately 
replacing Galenic theories with evidence-based 
physiological principles.

Ibn al-Nafis and pulmonary circulation

As early as the 13th century, the Islamic phy-
sician Ibn al-Nafis provided the first accurate 
description of pulmonary circulation, marking 
a  pivotal departure from Galenic doctrine [60]. 
Contradicting Galen’s assertion that blood moved 
from the right to the left ventricle through invisible 
pores in the interventricular septum, Ibn al-Nafis 
correctly proposed that blood traveled from the 
right ventricle to the lungs, where it was purified 
before reaching the left ventricle [61]. This revolu-
tionary insight not only challenged the prevailing 
medical consensus but also laid the groundwork 
for a more accurate understanding of respiration 
and the role of the lungs in oxygenating the blood 
[62]. Though his work remained relatively obscure 
in Europe until later centuries, his contributions 
represent a crucial step toward the eventual rejec-
tion of pneuma-based circulatory theories.

The late Byzantine perspective: John 
Zacharias Aktouarios and pneuma

In the late Byzantine centuries, the enduring con-
cept of pneuma was thoughtfully adapted and inte-
grated into evolving medical frameworks. A promi-
nent example is John Zacharias Aktouarios (c. 1275–c. 
1330), a respected court physician in Constantinople. 
In his treatise On Psychic Pneuma, Aktouarios ad-
vanced a refined system that identified four distinct 
types of pneumata – natural, vital, psychic, and a nov-
el “gastric” pneuma – each associated with specific 
qualities (e.g., cold/dry, warm/moist) [63, 64].

What makes his contribution especially remark-
able is the therapeutic emphasis on modulating 
the quality of one’s pneuma through holistic dai-
ly regimens – encompassing diet, exercise, bath-
ing, and sleep patterns. Thus, Aktouarios framed 
pneuma not just as a metaphysical or philosoph-
ical entity, but as a treatable physiological factor, 
central to mental and physical health [63, 65, 66].

William Harvey and the circulation of blood

In the 17th century, the English physician William 
Harvey delivered the definitive refutation of Galen-
ic circulation. Through meticulous experimentation 
and direct observation, he demonstrated that the 
heart functions as a  hydraulic pump, propelling 
blood through a closed circulatory system [11, 67]. 
He further established that arteries transport blood 
– not pneuma – and that veins return deoxygen-
ated blood to the heart, completing the systemic 
cycle [68]. Harvey’s findings decisively overturned 
centuries of medical dogma, severing pneuma from 
its physiological role and ushering in a new era of 
empirical science in medicine. His work not only re-
solved long-standing misconceptions but also set 
the foundation for modern cardiovascular physiolo-
gy, marking a turning point in medical history.

The discovery of oxygen and gas exchange

The emergence of chemical science in the 18th 
century triggered a paradigm shift in pulmonary 
medicine, fundamentally altering the understand-
ing of respiration. This transformation was as rev-
olutionary for physiology as the Great Oxidation 
Event of the Paleoproterozoic Era, which enabled 
the rise of aerobic life. With the discovery of ox-
ygen, the once-vague concept of pneuma was 
dismantled and replaced by an empirical under-
standing of gas exchange, paving the way for 
modern respiratory physiology [69–71].

Joseph Priestley and the discovery of 
oxygen

In the 18th century, the English chemist Joseph 
Priestley made a  groundbreaking discovery by 
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isolating and identifying oxygen, recognizing its 
essential role in both combustion and respiration 
[69]. This revelation shattered the long-standing, 
nebulous notion of “air” as a  singular, undiffer-
entiated entity and replaced it with a precise un-
derstanding of atmospheric composition. Oxygen 
emerged as the key sustaining element of life, 
a  finding that directly challenged the outdated 
pneuma-based models of respiration [70].

Antoine Lavoisier and the explanation of 
respiration

The identification of oxygen marked an epoch-
al moment in pulmonary medicine, offering the 
first clear, scientific explanation of respiration as 
a  process of oxidation – the most fundamental 
biochemical function of life [71]. The French chem-
ist Antoine Lavoisier built upon Priestley’s work, 
demonstrating that inhaled oxygen is absorbed 
by the blood in the lungs, while carbon dioxide, 
a metabolic byproduct, is expelled [72]. He also es-
tablished that respiration generates heat, supply-
ing the energy necessary for sustaining biological 
functions [73]. Lavoisier’s findings decisively elim-
inated pneuma as a physiological concept, replac-
ing it with a scientifically verifiable mechanism of 
oxidation. In doing so, a once-metaphysical force 
yielded to an observable, quantifiable element – 
oxygen – the true sustainer of life.

The development of modern pulmonology

At the convergence of discoveries in pulmonary 
circulation, oxygen chemistry, and gas exchange, 
a new scientific discipline emerged – modern pul-
monology, or respiratory medicine [74]. From that 
point forward, pneuma-based theories were rel-
egated to the realm of historical curiosity, while 
rigorous investigations into respiratory physiolo-
gy gained undeniable epistemic momentum [75]. 
This paradigm shift unfolded through three key 
phases of understanding:
•	 Gas exchange: The elucidation of the mecha-

nisms by which oxygen and carbon dioxide are 
exchanged between inhaled air and the blood-
stream within the alveoli [76].

•	 Alveolar function: Insights into how alveolar 
structures optimize gas exchange through spe-
cialized physiological adaptations, maximizing 
respiratory efficiency [77].

•	 Ventilation-perfusion relationships: The recog-
nition of the dynamic interplay between airflow 
and blood flow across different lung regions, 
ensuring optimal oxygen uptake and carbon 
dioxide elimination [78].
These advancements firmly established res-

piration as a  measurable, mechanistic process, 
transforming pneuma from an abstract philosoph-

ical notion into a  well-defined network of phys-
iological functions. By rendering speculative the-
ories obsolete, they solidified the foundations of 
evidence-based respiratory medicine, marking the 
definitive transition from metaphysical conjecture 
to scientific precision [79].
Comparative perspectives: the concept of Qi 
in traditional Chinese medicine

In traditional Chinese medicine (TCM), the con-
cept of Qi plays a foundational role analogous in 
certain ways to the ancient Greek idea of pneuma. 
Qi is understood as the life‑sustaining energy or 
“vital breath” that permeates the body and flows 
through invisible pathways known as meridians, 
integral to maintaining physiological balance and 
health [80, 81].

TCM posits that disturbances in Qi – whether 
stagnation, deficiency, or imbalance – manifests 
as illness. Therapeutic approaches, including acu-
puncture, herbal medicine, and Qi‑Gong exercises, 
aim to restore the harmonious flow of Qi, demon-
strating a holistic, system‑based understanding of 
health [80–83].

While pneuma and Qi emerged from distinct 
cultural and philosophical traditions, both served 
as central explanatory frameworks in pre-modern 
medicine, linking breath, energy, and vital function. 
Their parallel development highlights a  broad-
er, cross-cultural quest to articulate the invisible 
forces that animate life – well before the empirical 
physiology of modern science took shape [80, 84].

Discussion

The evolution of the pneuma concept in medi-
cal history mirrors the broader transformation of 
human understanding – from speculative philos-
ophy to empirical science. For centuries, pneuma 
served as a fundamental explanatory principle in 
medicine, deeply embedded in the physiological 
models of ancient Greek, Hellenistic, and Galen-
ic traditions. The ancient Greeks first envisioned 
pneuma as a life-sustaining force, an ethereal sub-
stance that animated the body and mind. Its con-
ceptual trajectory illustrates how medical thought 
transitioned from a reliance on metaphysical con-
structs to the systematic, observation-driven ap-
proach that defines modern scientific inquiry [14, 
15, 20, 22].

As medical knowledge expanded and became 
increasingly specialized, the scientific revolutions 
of the 17th and 18th centuries ultimately dis-
mantled the pneuma framework. The cumulative 
insights of Ibn al-Nafis, William Harvey, Joseph 
Priestley, and Antoine Lavoisier, building upon 
a rational foundation that Aristotle had laid centu-
ries earlier, led to the clear articulation of a func-
tional system: the circulation of blood, the intake 
of oxygen, and the exchange of gases [85].
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Ibn al-Nafis was the first to describe pulmonary 
circulation in the 13th century, directly challeng-
ing Galenic ideas and fundamentally altering the 
understanding of cardiopulmonary function [86]. 
However, his groundbreaking discovery remained 
largely overlooked in Europe for centuries. It was 
not until the 17th century that William Harvey 
conducted meticulous experimental work that 
definitively demonstrated the systemic circulation 
of blood, effectively replacing speculative theories 
of vital air with empirical evidence [87]. Harvey’s 
observations marked a  turning point in medical 
history, dismantling Galen’s long-standing doc-
trine and setting the stage for a more mechanistic, 
evidence-based understanding of cardiovascular 
physiology.

The final and most decisive blow to the pneuma 
framework came with advancements in chemistry 
during the 18th century. Joseph Priestley’s isola-
tion of oxygen and Antoine Lavoisier’s demonstra-
tion of its fundamental role in respiration replaced 
the vague and all-encompassing concept of “air” 
with a precise, measurable physiological process 
[70, 88]. These discoveries transformed the un-
derstanding of pulmonary function, revealing that 
oxygen is absorbed into the bloodstream in the 
lungs and exchanged for carbon dioxide, which is 
then exhaled. This breakthrough not only invali-
dated the notion of pneuma as a  life-sustaining 
force but also established the biochemical basis 
of respiration as an essential component of meta-
bolic homeostasis.

With the emergence of modern cardiopulmo-
nary physiology, ambiguities gave way to empir-
ical certainty, firmly rooted in observation and 
experimentation. The transition from pneuma to 
oxygen as the core explanatory principle of res-
piration and circulation exemplifies the broader 
shift from prescientific models to rigorous exper-
imental science. While pneuma once played a vi-
tal role in ancient medical discourse, its gradual 
replacement underscores the power of empirical 
inquiry in refining human knowledge.

Yet, despite its scientific obsolescence, pneuma 
continues to exert a subtle influence in medicine. 
Its legacy endures in medical terminology, serving 
not only as a reminder of its historical origins but 
also as a conceptual framework that encourages 
a broader, more holistic understanding of health 
[89]. The interconnectedness of physiological 
and psychological processes remains central to 
contemporary discussions on integrative medi-
cine and psychosomatic health, echoing ancient 
beliefs in the unity of mind and body [90]. The 
historical notion of pneuma as a vital force par-
allels modern explorations of the mind-body con-
nection, holistic medicine, and emerging fields 
such as neuroimmunology and psychoneuroen-

docrinology. These disciplines, while grounded in 
empirical science, revisit ancient concerns about 
the interplay between breath, consciousness, and 
health.

Thus, when we reflect on pneuma, we do not 
merely revisit archaic ideas or outdated scientific 
theories; we are also invited to reconsider the deep 
interconnection between physiology, conscious-
ness, and the environment [91]. Some researchers 
argue that the increasing hyper-specialization of 
modern medicine, while advancing knowledge in 
highly specific areas, risks neglecting the holistic 
perspectives that were once central to ancient 
medical traditions [50]. The reductionist tendency 
in modern biomedical research often focuses on 
isolated systems rather than the body as a cohe-
sive, integrated entity. In this sense, pneuma may 
persist as an undercurrent of conceptual reevalu-
ation, challenging the rigidity that can arise from 
a fragmented approach to healthcare.

Although pneuma as a  physiological concept 
has been replaced by modern scientific frame-
works, its linguistic legacy remains deeply em-
bedded in contemporary medical terminology. 
Words derived from pneuma continue to be used 
in respiratory medicine and thoracic surgery, par-
ticularly in terms describing lung-related condi-
tions and procedures. For instance, pneumonol-
ogy (from πνεύμων, meaning lung) is the correct 
term for the medical specialty concerned with 
respiratory diseases, though it is often mistak-
enly referred to as pneumology. Similarly, pneu-
monectomy, the surgical removal of a  lung, is 
sometimes incorrectly written as pneumectomy. 
Other well-established terms include pneumotho-
rax, referring to the presence of air in the pleural 
cavity, pneumomediastinum, which denotes air 
in the mediastinal space, and pneumoperitone-
um, describing the presence of gas within the 
peritoneal cavity. Infectious diseases also carry 
this etymological imprint, as seen in pneumonia, 
an inflammatory lung condition often associat-
ed with bacterial or viral infection. Additionally, 
terms such as pneumatology, which in theological 
contexts refers to the study of spiritual beings or 
the Holy Spirit, sometimes mistakenly appear in 
medical discussions as an incorrect alternative to 
pneumonology. The persistence of these terms 
highlights the enduring linguistic influence of 
pneuma, even as the original concept has been 
long abandoned in physiological science. Howev-
er, the frequent misuses of these terms underline 
the necessity for precision in medical language, 
ensuring clarity in communication and preserving 
the historical and anatomical accuracy of termi-
nology derived from ancient medical thought. It 
should be clarified that, in contemporary respira-
tory and thoracic terminology, terms containing 
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the root pneuma (e.g., pneumothorax, pneumo-
nia, pneumoperitoneum) are employed strictly in 
their literal sense of “air” or “breath”, as derived 
from ancient Greek. Their use in this modern 
clinical context is not conceptually linked to the 
historical or philosophical construct of pneuma 
as a vital force, but rather reflects the retention 
of the original linguistic root in medical nomen-
clature.

Like an ancient well sustaining a village – not 
just as a relic of the past but as a continuing source 
of insight – the legacy of pneuma remains a reser-
voir of potential, inspiring future breakthroughs in 
how we understand and approach human health. 
Just as the transition from pneuma to oxygen re-
shaped our understanding of respiration, ongoing 
advancements in molecular biology, artificial intel-
ligence, and personalized medicine are redefining 
the frontiers of healthcare today. By studying the 
intellectual history of medicine, we gain valuable 
insight into the continuous process of knowledge 
refinement – a process that, like respiration itself, 
is ever-adaptive, self-regulating, and vital for the 
advancement of human health.

Limitations

This study acknowledges several limitations in-
herent in the historical analysis of pneuma and its 
role in the evolution of cardiopulmonary medicine.

First, the availability and interpretation of pri-
mary sources present a challenge. Many ancient 
texts discussing pneuma exist only in fragmen-
tary form or as later reproductions, which may 
have been influenced by transmission errors, 
translation discrepancies, or selective preserva-
tion. Additionally, some works – particularly those 
from pre-Socratic philosophers and early medical 
theorists – are only known through secondary 
references in later writings, making it difficult to 
ascertain their original meanings with absolute 
certainty.

Second, variations in historical and cultural 
contexts complicate the analysis. The concept of 
pneuma evolved across different philosophical, 
medical, and religious traditions, leading to incon-
sistencies in its definition and application. Distin-
guishing between its metaphysical, physiological, 
and theological interpretations requires careful 
contextualization, but some overlaps and ambi-
guities remain.

Third, historiographical biases may affect the 
interpretation of sources. Many early medical 
theories were later examined through the lens of 
dominant paradigms, such as Galenic medicine or 
modern scientific perspectives. As a result, retro-
spective interpretations may either exaggerate or 
diminish the significance of pneuma in different 
historical periods. Efforts have been made to as-

sess sources within their intellectual milieu, but 
unavoidable biases in historical scholarship must 
be considered.

Fourth, the scope of this study is limited by its 
reliance on written records. While textual analysis 
provides valuable insights, the practical applica-
tion of pneuma-based theories in medical prac-
tice is less well-documented. The extent to which 
ancient physicians actively applied these ideas in 
clinical settings remains speculative in many cas-
es, as medical practices were often transmitted 
through oral tradition and apprenticeship rather 
than detailed written instruction.

Finally, the study’s conclusions are inherently 
constrained by the absence of empirical validation 
for pneuma as a physiological entity. Unlike mod-
ern scientific research, which relies on experimen-
tal and quantitative methods, historical medical 
concepts must be analyzed through textual and 
comparative methodologies. While this approach 
is effective for tracing conceptual evolution, it can-
not provide definitive physiological explanations 
for ancient medical beliefs.

Despite these limitations, this study offers 
a rigorous historical investigation into the role of 
pneuma in medical thought, shedding light on its 
enduring influence and its eventual transforma-
tion into modern physiological concepts.

Conclusions

The historical trajectory of pneuma in cardio-
pulmonary medicine reflects the evolution of hu-
man thought from speculative philosophy to em-
pirical science. Initially conceived as a vital force 
that animated life, pneuma played a central role 
in early philosophical and medical frameworks, 
linking breath, spirit, and physiological function. 
The contributions of pre-Socratic philosophers, 
Hippocratic medicine, Alexandrian anatomists, 
and Galenic physiology illustrate how this con-
cept shaped early understandings of respiration, 
circulation, and neural activity. Over time, scien-
tific discoveries – such as Ibn al-Nafis’s pulmo-
nary circulation, William Harvey’s systemic circu-
lation, and the identification of oxygen – replaced 
pneuma with evidence-based physiological prin-
ciples. While no longer relevant as a  medical 
concept, pneuma influenced medical terminolo-
gy and continues to resonate in holistic health 
discussions. Its historical trajectory reflects the 
broader evolution of medicine from speculative 
theories to empirical science, illustrating the en-
during quest to understand the forces sustaining 
human life.
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