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Anesthesia and Surgery in 
Space: Comment

To the Editor:

We read the recent article penned by Komorowski 
et al.1 with great interest, and we congratulate 

the authors on a well-composed and thought-provok-
ing article addressing space exploration and the chal-
lenges of medical care, especially anesthesia, in this austere 
environment.

Although undersea and hyperbaric medicine is often 
associated with treating conditions secondary to increases in 
ambient pressure, such as those arising from scuba diving, it 
also aids in understanding and treating the pathophysiology 

	4.	 Wu X, Jiang Z, Ying J, Han Y, Chen Z: Optimal 
blood pressure decreases acute kidney injury after 
gastrointestinal surgery in elderly hypertensive 
patients: A randomized study: Optimal blood pres-
sure reduces acute kidney injury. J Clin Anesth 
2017; 43:77–83

	 5.	 Ichai C, Vinsonneau C, Souweine B, Armando F, Canet 
E, Clec’h C, Constantin JM, Darmon M, Duranteau J, 
Gaillot T, Garnier A, Jacob L, Joannes-Boyau O, Juillard 
L, Journois D, Lautrette A, Muller L, Legrand M, 
Lerolle N, Rimmelé T, Rondeau E, Tamion F, Walrave 
Y, Velly L; Société française d’anesthésie et de réanima-
tion (Sfar); Société de réanimation de langue française 
(SRLF); Groupe francophone de réanimation et 
urgences pédiatriques (GFRUP); Société française de 
néphrologie (SFN): Acute kidney injury in the periop-
erative period and in intensive care units (excluding 
renal replacement therapies). Anaesth Crit Care Pain 
Med 2016; 35:151–65

	 6.	 Sessler DI, Turan A, Stapelfeldt WH, Mascha EJ, Yang 
D, Farag E, Cywinski J, Vlah C, Kopyeva T, Keebler AL, 
Perilla M, Ramachandran M, Drahuschak S, Kaple K, 
Kurz A: Triple-low alerts do not reduce mortality: A real-
time randomized trial. Anesthesiology 2019; 130:72–82

	 7.	 Maheshwari K, Shimada T, Yang D, Khanna S, Cywinski 
JB, Irefin SA, Ayad S, Turan A, Ruetzler K, Qiu Y, Saha P, 
Mascha EJ, Sessler DI: Hypotension prediction index for 
prevention of hypotension during moderate- to high-risk 
noncardiac surgery. Anesthesiology 2020; 133:1214–22

(Accepted for publication October 19, 2021. Published online first on 
November 22, 2021.)

of exposures to hypobaric conditions, like those experi-
enced by pilots or astronauts.

In fact, entering any current space suit from a living 
environment, such as the International Space Station or a 
lunar lander, requires a decompression to a lower ambient 
pressure.2 Human trials involving decompression from sea 
level (1 atmosphere absolute [ATA]) to ambient pressure of 
the U.S. space suit (0.3 ATA) has resulted in decompression 
sickness in up to 20% of exposures and venous gas emboli in 
up to 62%.3 Furthermore, knee pain due to decompression 
sickness was experienced by Gemini X astronaut Michael 
Collins in 1966.4

Although such events in space have thus far been rare, 
increased numbers of human exposures and time in space 
will raise the probability of such an event. Thus, we believe 
training in undersea and hyperbaric medicine is crucial 
and preparatory for the future medical challenges inher-
ent with interplanetary spaceflight. Currently, there are 10 
Accreditation Council for Graduate Medical Education–
approved training programs in undersea and hyperbaric 
medicine.5
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Anesthesia and Surgery in 
Space: Reply

In Reply:

As pointed out by Drs. Covington and Moon,1 in 
response to our recent article,2 mitigating the risk of 

decompression sickness is of utmost importance for future 
missions to the Moon or Mars. This risk is proportional to 
the ratio R between the partial pressure of nitrogen in the 
tissues and the pressure of the spacesuit.3 For future space 
exploration missions, an acceptable risk of decompression 
sickness is reached for an R less than 1.3 to 1.4.4 Whereas 
the atmosphere inside the International Space Station is 
normoxic and normobaric (14.7 psi and 21% oxygen), the 
American spacesuit circulates pure oxygen pressurized at 4.3 
psi (about 0.3 atm).3 As a consequence, astronauts prebreathe 
oxygen for 4 h to wash out nitrogen from body tissues (to 
reduce the partial pressure in the tissues) before depressur-
ization, with the option to enhance denitrogenation with 
physical exercise.3,4 For a Mars mission that will potentially 
have almost daily extra-vehicular activities, 4 h of prebreathe 
time for each spacewalk will be operationally impractical.

Several solutions exist: lowering the ambient pressure of 
the habitat (at the cost of increasing the fraction of inspired 
oxygen and flammability) or raising the suit pressure (at the 
cost of increasing suit rigidity and the metabolic cost of 
movement).4 Pretreatment with hyperbaric oxygen before 
decompression may also be effective in reducing the inci-
dence of decompression sickness, although the evidence 
remains limited to animal models.5 It is estimated that 
an atmosphere in the habitat of 8.0 psi and 32% oxygen 
would eliminate the need to prebreathe.4 Another solution 
might come from innovative hybrid suit design, combining 
“mechanical counter-pressure” and gas pressure.4 Finally, 
“smart suits” could progressively lower their internal pres-
sure during the extra-vehicular activity to improve flexibil-
ity while keeping the R ratio within acceptable bounds.4

The challenge of spacesuit design, and more globally 
of manned spaceflight, elegantly illustrates the interactions 
between physiology and engineering in designing life sup-
port systems, very much like the applied physiology and 
physics that underpins submarine and diving activities, pres-
surized airplanes, high-altitude mountaineering, but also 
the delivery of anesthesiology and critical care on Earth.
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Epidural Anesthesia and 
Postoperative Delirium: 
Comment

To the Editor:

The recent article titled “Delirium in Older Patients 
after Combined Epidural–General Anesthesia or 

General Anesthesia for Major Surgery: A Randomized 
Trial”1 explored whether combined epidural–general anes-
thesia reduces the incidence of postoperative delirium in 
elderly patients recovering from major noncardiac surgery. 
The authors suggested that delirium was significantly less 
common in the combined epidural–general anesthesia 
group than in the general anesthesia group. However, we 
have some commentary and questions for the authors on 
their conclusions.
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