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T HE Newtonian laws of 
physics explain the behavior 

of objects in the everyday physi-
cal world, such as an apple fall-
ing from a tree. For hundreds of 
years Newton provided a complete 
answer until the work of Einstein 
introduced the concept of rela-
tivity. The discovery of relativity 
did not suddenly prove Newton 
wrong, relativistic corrections 
are only required at speeds above 
about 67 million mph. Instead, 
improving technology allowed 
both more detailed observations 
and techniques for analysis that 
then required explanation. While 
most of the consequences of a 
Newtonian model are intuitive, 
much of relativity is not and is 
only approachable though com-
plex equations, modeling, and 
highly simplified examples.

In this issue, Korman et al.1 provide data from a model 
of the second gas effect on arterial partial pressures of vola-
tile anesthetic agents. Most readers might wonder what this 
information adds, some will struggle to remember what the 
second gas effect is, and others will query the value of model-
ing rather than “real data.” This editorial attempts to address 
these questions.

The second gas effect2 is a consequence of the concentra-
tion effect3 where a “first gas” that is soluble in plasma, such 
as nitrous oxide, moves rapidly from the lungs to plasma. 
This increases the alveolar concentration and hence rate of 
uptake into plasma of the “second gas.” The second gas is 
typically a volatile anesthetic, but oxygen also behaves as 
a second gas.4 Although we frequently talk of inhalational 
kinetics as a single process, there are multiple steps between 
dialing up a concentration and the consequent change in 
effect. The key steps are transfer from the breathing circuit 
to alveolar gas, from the alveoli to plasma, and then from 
plasma to the “effect-site.” Separating the two steps between 
breathing circuit and plasma helps us understand both the 
second gas effect and the message underlying the paper by 
Korman et al.1

While the classical model of the concentration effect 
and second gas effect persists in most textbooks and teach-
ing, aspects of this description have been challenged for 

more than 20 yr. In 1997, Kor-
man and Mapleson5 identified 
shortcomings in the “standard 
model” of the concentration and 
second gas effects, which assume 
constant lung volume. Korman 
and Mapleson5 acknowledged 
that the “standard diagram has 
probably helped…students gain 
some insight,” but made a plea 
for understanding of the limita-
tions. In 2006, Hendrickx et al.6 
confirmed a significant effect of 
nitrous oxide on the rate of uptake 
of sevoflurane and found the pat-
tern of results that matched the 
approach of Korman and Maple-
son.5 Hendrickx et al. also found 
the second gas effect persisted 
longer than predicted by the clas-
sical model.6 Based on the work of 
Peyton et al. modeling respiratory 
gas exchange,7 they proposed that 

the persistence of the second gas effect over time could be 
explained by the effect of ventilation/perfusion ratio ( � �V / Q) 
mismatch. That same year, Peyton et al. presented data con-
firming that the second gas effect also persisted with oxygen4 
and then in 2008 reported that the arterial partial pressure 
of oxygen showed a larger second gas effect than the alveolar 
partial pressures.8

The paper by Korman et al.1 neatly brings these threads 
together. They present a model that separates the effects of 
solubility of the second gas and of � �V / Q mismatch. Their 
model suggests that as � �V / Q mismatch increases, the second 
gas effect is more pronounced in the blood but reduced in 
the gas phase. Furthermore, this effect increases as the solu-
bility of the second gas decreases. Persistence of a measurable 
second gas effect, as seen by Hendrickx et al.6 and Peyton 
et al.,8 also is predicted by this model.

Why should we be interested? Or is this the anesthetic 
equivalent of traveling at more than 67 million mph? The first 
lesson is that the second gas effect is real, and not just a theo-
retical construct developed to torment trainees in anesthesia. 
The second is the magnitude of the effect. According to figure 
2 from the paper by Korman et al.,1 using a midpoint on the 
� �V / Q distributions and with nitrous oxide uptake 95% com-
plete, the second gas effect on alveolar gas, which is seen by our 
gas analyzers, the partial pressure of desflurane or sevoflurane 
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will be approximately 3% greater than when nitrous oxide is 
not present. However, the partial pressure in blood will be 6% 
greater with nitrous oxide, and the effect on blood will not be 
detected by gas analyzers. The third message is that the increases 
in volatile concentrations caused by the second gas effect persist 
for a significant time period. The net effect is, as Korman et al. 
point out, that the partial pressure of inhaled anesthetic in the 
blood, and hence at the site of action, will be higher than the 
monitor displays for the first 15 to 20 min of an anesthetic.1

The paper by Korman et al. is entirely based on modeling.1 
Some will question the value of information derived from 
a model. After all, it is not real data from real patients and 
includes many approximations and assumptions,9 so how 
can it be relevant to the next patient you anesthetize, who is 
a unique individual? There are many advantages of models, 
including the ability to investigate conditions that are dif-
ficult to reproduce in a clinical setting and to tightly control 
some conditions while varying others. A key component of 
the paper by Korman et al. is the investigation of the effect of 
varying � �V / Q ratios across the lung.1 These are very difficult 
to measure, let alone control, in a real world experiment.

Dr. Edmond Eger II’s autobiography, currently being 
edited by Dr. Steven Shafer, describes afternoons in 1958 
spent at Fort Leavenworth, using a mechanical calculator to 
calculate the changes in nitrous oxide concentration (to 16 
decimal places) over the course of a 50 min anesthetic. These 
calculations gave unexpected, but repeatable, results. Although 
it was several years before he fully understood the significance 
of his results, by using a model based on a series of iterative 
equations, Dr. Eger had discovered what we now know as the 
concentration effect.3 It is appropriate that modeling, based 
on a series of equations, should enhance our understanding of 
a phenomenon first elucidated by modeling 60 yr ago.

In an essay entitled “On the Nature of Science,”10 Isaac 
Asimov discusses the iterative nature of scientific endeavor. 
This process is nicely illustrated by the way our understand-
ing of the second gas effect has changed over the past 20 yr. 
Asimov reminds us that each layer of knowledge requires a 
robust foundation. For anyone interested in the kinetics of 
modern volatile anesthetic agents, reading the series of papers 
from Eger and others in the early 1960s describes a fascinating 
journey of discovery. The reader can sense the group devel-
oping the tools and language to describe their observations. 
Many of the constructs they developed,11 such as minimum 
alveolar concentration and FA/FI curves, are used in almost 
their original form to teach and illustrate the kinetics of vola-
tile anesthetics nearly 60 yr after they were first described.

If the foundations of knowledge are robust, new observa-
tions that change our view of a topic do not invalidate previ-
ous work. Instead they enhance the earlier work. As Newton 
said, “If I have seen further it is by standing on the shoulders 
of giants.” Asimov10 argues that it is essential to recognize 

the value and quality of earlier work, but that we also need 
to continually question existing constructs and explore new 
ideas. The way the kinetics of inhaled anesthetic agents is 
taught has remained relatively constant for more than 50 yr.11 
For me the underlying message of the work of Korman et al. 
is that if anesthesia is to be considered a scientific endeavor, 
we need to keep reevaluating our understanding of the char-
acteristics and behaviors of all the medications we use, no 
matter how familiar and well established they may be.
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