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A e r o s pac e  M e d i c i n e  C l i n i c 	

Aerospace Medicine Clinic
This article was prepared by Joseph J. Pavelites, II, M.S., B.S.; Shelby L. Dean, D.O., M.P.H.;  
Jelaun K. Newsome, D.O., M.P.H.; and Joseph J. Pavelites, M.D., Ph.D.

 You are a military flight surgeon assigned to a flight 
medicine clinic. This is your week to man the on-call 
phone and, as luck would have it, you receive a call 

from a Dive Medical Officer (DMO) from a sister military 
service. The DMO states that one of your unit’s rotary wing 
crew chiefs was involved in a recreational diving accident ear-
lier today while on leave. The DMO assures you that the crew 
chief does not appear to be seriously injured but is being 
treated in a hyperbaric chamber. You appreciate that the DMO 
has reached out in a timely fashion and is going to update you 
periodically throughout the day to make sure that you are 
informed about the details of the event and the service mem-
ber’s treatment course.

 The DMO states that on the second scuba recreational dive 
of the day, the service member experienced what appeared to 
be an arterial gas embolism (AGE) after exceeding the travel 
rate on ascent from his dive. The crew chief is a novice diver 
who was using compressed air and was in the company of expe-
rienced military divers who initiated an emergency action plan. 
This plan included diving first aid and immediate ground evac-
uation to a nearby military recompression chamber for recom-
pression treatment under the supervision of the DMO who was 
on call.

 The divers were attempting to dive a shipwreck with a 
maximum bottom depth of 72 ft of seawater (fsw). The service 
member left the bottom after 37 min of bottom time. He 
reached the surface 1.0 min and 7.0 s after leaving the bottom, 
more than doubling the allowable travel rate. According to the 
DMO, the prescribed dive table and schedule stated that the 
service member’s ascent was to have taken no less than 2 min 
and 24 s from 72 fsw. You are not a diver. However, training in 
aerospace medicine has given you a background in the subject 
and you ask about how the first dive could have contributed to 
the problem. The DMO is happy that you asked the question, 
as repetitive diving can increase the odds of decompression 
sickness (DCS) due to a series of additive exposures and the 
possible cumulative retention of nitrogen gas (i.e., “residual 
nitrogen”). In this case, the first dive was a short test of the 
equipment and an orientation to the dive environment. It was 

at a depth of approximately 15 ft (5 m) at a bottom time of  
10 min and would not require safety stops or other extensive 
surface time. With a lot to think about, you turn your atten-
tion to ascent rates and what rates the U.S. Navy recommends.

  1.	 What is the generally recommended ascent rate for scuba 
dives put forth by the U.S. Navy?
  A.	 60 ft · min−1  (18 m · min−1 ). 
  B.	 30 ft · min−1  (9 m · min−1 ). 
  C.	 Ascend slower than the bubbles coming from your 

respirator. 
  D.	 75 ft · min−1  (22.5 m · min−1 ).       

ANSWER/DISCUSSION

﻿1. B.  The U.S. Navy Diving Manual section 9-6.3 states, “The 
ascent rate from the bottom to the first decompression stop, 
between decompression stops, and from the last decompression 
stop to the surface is 30 fsw/min”. 1  The National Oceanic and 
Atmospheric Administration also uses this rate. The Profes-
sional Association of Diving Instructors and other civilian div-
ing organizations use 60 fsw/min when ascending from more 
than 60 fsw. Ascending slower than the bubbles coming from 
your respirator is a poor rule of thumb that has been used unof-
ficially for years. In addition, it was used by the U.S. Navy from 
1957–1991 for hard-hat divers using surface-supplied air. 
Ascending at 75 ft · min−1  (22.5 m · min−1 ) is too rapid and it is 
not generally endorsed as a safe procedure.

 Your crew chief was ascending at a rate of approximately 
65.5 ft · s−1  (19.3 m · s−1 ), not the 30 ft · min−1  (9 m · min−1 ) that 
would have taken him 2 min and 24 s to surface. Shooting to the 
surface so quickly greatly increased his risk of developing 
decompression illness (DCI), and this did not account for the 
possible decompression stops he may have missed. The service 
member may have needed to break up his ascent with stops at 
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intermediate depths for appropriate wait times before continu-
ing the ascent to more safely manage the DCI risk.

  2.	 What are some common reasons for ascending too quickly 
on a dive?
  A.	 Diver does not monitor air supply, resulting in an out- 

of-air situation. 
  B.	 Inadequate buoyancy control. 
  C.	 Failure to properly monitor ascent rate. 
  D.	 Buoyancy compensator or other equipment failure. 
  E.	 All of the above.        

ANSWER/DISCUSSION

﻿2. E.  All of the above answers are correct. However, there are 
additional reasons that may lead to a rapid or uncontrolled 
ascent to the surface, such as seeing a shark, following another 
diver who is ascending too rapidly, or suffering an injury. 2  
Fatigue, physical fitness, and lack of experience or training on 
the part of the diver also contribute to the increased incidence 
of diving injuries. 3  Obtaining a history where the patient or wit-
ness attests to a rapid ascent can help narrow the differential 
diagnosis to AGE. This can help differentiate between the pre-
sentations of more common concerns, such as hypoglycemia or 
acute hemorrhagic stroke. 2﻿

 The DMO describes that the patient stated he knew he 
exceeded the travel rate; however, he suggested his buoyancy 
compensator was not deflating properly, contributing to the 
cause of his fast ascent. The service member exited the water 
under his own power. The more experienced divers, following 
their military training, stripped the crew chief of his equip-
ment and performed a rapid neurological exam after surfac-
ing and placed him under direct observation. The service 
member reported no concerns at the surface and the rapid 
neuro exam was normal. However, after 13 min of observa-
tion, the diver notified his friends that he felt tingling that 
turned to numbness of his right flank. Initially, a 4.5-in diam-
eter numb spot was mapped approximately 6.0″ under his 
right nipple. He was placed on 100% oxygen, delivered by a 
venturi mask, at a rate of 15 L · min−1  while being transferred 
to shore and to the dive treatment facility. A more robust neu-
rological exam was in progress under transit conditions. The 
numb spot was observed to be growing laterally from the ster-
num toward the patient’s right side.

 The patient is now in a recompression chamber under the 
supervision of the DMO. After 20 min of treatment using the 
“standard of care” (i.e., Navy Dive Table VI), his vitals are within 
normal limits and the numb patch is less than a quarter of its 
original size. You thank the DMO for the call and you are stand-
ing by for updates as the treatment continues.

  3.	 Which one of the following is NOT part of a Navy Dive 
Table VI?
  A.	 5-min compression phases to a depth of 18 m of seawa-

ter (msw). 
  B.	 A decompression phase to 9.0 msw. 

  C.	 2 air cycles lasting 60 min each. 
  D.	 285 min of total elapsed time.        

ANSWER/DISCUSSION

﻿3. C.  The cycles use 100% oxygen, not air. The bubbles causing 
the problem are most likely nitrogen. As air contains approxi-
mately 71% nitrogen, breathing 100% oxygen is best to flush 
out the nitrogen, rather than breathing in more nitrogen. Navy 
Dive Table VI consists of a compression phase approximately  
5 min long to a depth of 18 msw under 100% oxygen, and four 
oxygen cycles lasting 20 min each with short air intervals. 
Afterward, the patient is decompressed to approximately 9 msw 
and exposed to two oxygen cycles lasting 60 min each and 
slowly returned to surface pressure. The total elapsed time is 
approximately 285 min (4 h 45 min). Navy Dive Table V is sim-
ilar to Dive Table VI, but with shorter and fewer oxygen cycles; 
the total elapsed time is approximately 135 min, excluding 
descent. 2﻿

 The DMO mentioned that the hyperbaric chamber should 
help the patient, no matter what type of DCI he has. He reminds 
you that “decompression illness” refers to DCS Type 1 (cutane-
ous and musculoskeletal) and Type 2 (neurological), as well as 
AGE. As the patient will be flying home by commercial air 
upon release from treatment, you discuss air travel after scuba 
diving. After a single dive, a 12-h minimum surface time is rec-
ommended before flying on commercial aircraft or 18 h after 
multiple dives. However, at least 24 h is recommended. The 
DMO assures you that the patient will not be flying for sev-
eral days.

 Although the extent of the crew chief ’s injuries seems minor, 
you want to be prepared to answer the patient’s questions upon 
his return. You look into the literature to be better informed 
about AGE. You find there are two major causes of AGE: direct 
injection of a gas into the blood, such as what might occur 
during the catheterization of a blood vessel, and spontaneous 
bubble formation, as seen in DCS in underwater divers (and 
more rarely, aircrew). 4  According to Henry’s Law, the increased 
pressure experienced at depth by a diver allows more gas to dis-
solve in the blood and tissues than the lower pressure at the 
surface. With the decreasing pressure as the diver ascends from 
depth, less gas stays dissolved. This leads to gas bubbles evolv-
ing from the tissues of the body. The more rapidly a diver 
ascends, the faster gas will evolve and the less likely that the 
forming bubbles can be released safely. A rapid ascent raises the 
chances of harmful consequences, including the occurrence 
of AGE. 5﻿

 AGE in divers can result from bubbles entering the arter-
ies directly after the pulmonary barotrauma of ruptured 
alveoli. It may also occur if bubbles in the venous circulation 
pass into the arterial circulation through a patent foramen 
ovale. Alternatively, there can be so many nitrogen bubbles 
present in the veins that the pulmonary capillaries cannot 
exchange gas into the alveoli before blood passes into the 
arterial system. 6﻿
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 Increased risk for DCI includes deep or long-duration 
underwater dives, especially when the dives include vigorous 
physical activity as seen in military operations. Boyle’s Law 
states that as ambient pressure decreases, the volume of a gas 
increases. An uncontrolled ascent can be provocative for AGE, 
especially if the diver holds their breath. Here the trapped air 
can overinflate the lungs due to the rapid air expansion with 
ascension, resulting in pulmonary barotrauma. Resulting gas 
bubbles can move through the arteries to other organs such as 
the heart or brain and block blood flow, causing a myriad of 
symptoms such as chest pain, confusion, unconsciousness, 
weakness, numbness, and tingling. Additionally, gas may make 
its way to the tissues just under the skin, becoming palpable 
bubbles called subcutaneous emphysema. 6   –﻿ 8﻿

 The fundamental pathology present during an episode of 
AGE is caused by two major mechanisms. 2  The first cause is a 
physical blockage of blood flow by the presence of the gaseous 
mass. The second is mechanical endothelial damage to the ves-
sel because of the bubble acting as a foreign substance, inducing 
inflammatory and coagulation cascades. 2  Damage to the endo-
thelium triggers many mechanisms, including the release of 
C3a and C5a anaphylatoxins during complement activation, 
increases in prostaglandin and leukotriene production, platelet 
and leukocyte activation, and fibrin release with endothelium 
adhesion. This cascade causes impairment of the microcircula-
tion, vasospasm followed by vasodilation, and damage to the 
blood brain barrier. 9  Both mechanisms can lead to hypoxia in 
the surrounding tissues, with potentially life-threatening con-
sequences in vital organs such as the brain or heart. 4﻿

 In contrast, DCS is not caused by rupture of lung tissue and 
air being introduced into the arteries. In DCS, there is a sponta-
neous evolution of dissolved nitrogen gas bubbles in the blood 
and other tissues as the diver begins to head for the surface per 
Henry’s Law. At deep-sea levels, high ambient pressure forces 
nitrogen gas to equilibrate in the diver’s tissues. Slow ascent 
allows tissues to gradually re-equilibrate to the ambient pres-
sure and release nitrogen slowly and safely. The bubbles that 
can form during a rapid ascent press on surrounding structures, 
compress nerve endings, impede venous return, and produce 
inflammatory responses as a foreign body would. These insults 
have wide-ranging consequences with symptoms that may 
include fatigue, rash, shortness of breath, confusion, joint pain, 
skin pruritis, numbness, tingling, muscle weakness, an impaired 
gait, or difficulty walking. 1﻿,﻿ 8﻿

 If the patient has skin itching or burning and/or joint or 
muscle pain, this is considered Type 1 DCS and Treatment 
Table V may be used. However, if a patient is suspected to have 
an AGE or Type 2 DCS (circulatory, respiratory, or neurological 
symptoms), the standard is Treatment Table VI. 1﻿,﻿ 10﻿

 Looking at Table IX-VII, No Decompression Limits and 
Repetitive Group Designators for No-Compression Air Dives, 
in the Navy Diving Manual, you check to see if the patient’s bot-
tom depth and time required a safety stop to aid in lowering the 
risk of DCS. While this dive was technically a repetitive dive, 
the initial dive was at 15 ft (5 m) for less than 34 min. For the 
second dive, the diver spent 37 min beneath 72 fsw. Table IX-VII  

has entries for 70 ft (21 m) and 80 ft (24 m). One would need 48 
min at 70 ft and 39 min at 80 ft to require a safety stop. Since the 
diver spent less than 39 min at 72 ft (22 m), he was not required 
to perform a safety stop on his way up. 1﻿

 When comparing the Navy Diving Manual to civilian/ 
recreational tables, the civilian/recreational tables are more 
conservative. The recommendation for safety stops and consid-
erations for repetitive dives usually start after dives of 30 fsw or 
greater. While civilian dive tables also have entries for 70 ft and 
80 ft, convention recommends rounding up. On a civilian dive 
table, one would need 38 min at 70 ft and 29 min at 80 ft to 
require a safety stop. Since the diver spent 37 min at 72 ft, he 
would have been required to perform a safety stop on his way 
up if using a civilian dive table, rather than a Navy dive table.

 Despite not needing a safety stop according to the Navy 
dive tables, our diver ascended much more quickly than rec-
ommended (1 min and 7 s compared to the recommended  
2 min and 24 s maximum ascent rate per the Navy Diving 
Manual), which put him at high risk for pulmonary baro-
trauma and subsequent AGE. However, overlap in symptom 
profiles makes it difficult to tell for sure that he had AGE 
rather than Type 2 DCS. In either case, he received the correct 
treatment. Unfortunately, now that the diagnosis of AGE has 
entered his medical record, it must be addressed by the flight 
surgeon. Knowing that this injury has implications for the 
patient’s aviation career, you decide to review his service’s spe-
cific aeromedical regulations as well as those of the sister ser-
vices and civilian aviation organizations.

 The U.S. Navy Aeromedical Reference and Waiver Guide does 
not specifically address AGEs but does have a guideline for DCS. 
A consultation with a neurologist at the Naval Aerospace Medical 
Institute is required prior to returning to flight duty. They also 
require a normal evaluation by a DMO or neurologist. Before an 
aviator with Type 1 DCS can fly again, they require a period of  
3 d or more with no symptoms; in contrast, an episode of Type 2 
DCS requires 14 d or more symptom-free. Episodes of DCS with 
lingering symptoms warrant caution and are disqualifying for 
flight duties, with the possibility of a waiver being granted after 
further workup, such as a neurological workup and, if necessary, 
a neuropsychological evaluation. 10  It should be mentioned that 
the Navy’s Manual of the Medical Department chapter 15-84 
states that AGEs are disqualifying for flight duties. 11﻿

 The U.S. Army’s Aeromedical Policy Letters state that recur-
rent Type 1 DCS or any case of Type 2 DCS requires a waiver, 
which is granted on a case-by-case basis. 12  Neurological and 
cognitive symptoms require neurological or neuropsychology 
evaluation. There is a mention of air embolism as a possible 
complication of lung bullae rupture in chronic obstructive  
pulmonary disease or tuberculosis. 13  Army Regulation 40-501: 
Medical Services Standards of Medical Fitness states that Type 
2 DCS or air embolism with neurological involvement does not 
meet medical fitness requirements for flight duty. 14﻿

 The U.S. Air Force Medicine Waiver Guide Compendium 
states “decompression sickness (DCS) or air embolism (AGE) 
with neurologic involvement by history, physical examination 
or evidence of structural damage on imaging studies is 
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disqualifying. … Hypobaric chamber-induced neurologic 
DCS/AGE with symptom resolution within 2 weeks does not 
require waiver. Any altitude-induced DCS/AGE episode that 
requires recompression therapy and symptoms are not 
resolved within 2 weeks requires a waiver.” 15  Any DCS or AGE 
with symptoms lasting longer than 2 wk also requires the avi-
ator not to fly for at least 6 mo. Waiver requests require non-
contrast magnetic resonance imagery within a month of the 
event, neurocognitive testing, and chest radiography to rule 
out lung pathology if an AGE is suspected.

 The Federal Aviation Administration’s 2024 Guide for 
Aviation Medical Examiners does not give guidance on AGE 
or DCS. 16  Correspondence with a regional flight surgeon 
revealed that clearance after an episode of AGE or DCS is 
decided after all the following have been received by the 
Federal Aviation Administration: records of all initial and 
follow-up evaluations, studies, and treatments, as well as a 
detailed provider note at least 90 d after the incident, detailing 
symptoms and their resolution, as well as prognosis and any 
recommendations for follow-up. Workup should include test-
ing for patent foramen ovale.

 The International Civil Aviation Organization’s Manual of 
Civil Aviation Medicine discusses the pathophysiology of DCS, 
but there is no specific waiver guidance. It does give the follow-
ing guidance for neurological conditions:

 When considering neurological disorders in license holders, 
the medical assessor should be mindful of the following 
questions:

  1.	 Does the license holder have neurological disease at all? 
  2.	 If there is a static condition, does it functionally compromise 

flight safety? 
  3.	 Does the condition have a progressive temporal profile that 

can be monitored? 
  4.	 Does the condition have the potential for insidious 

incapacitation? 
  5.	 Does the condition have the potential for sudden 

incapacitation? 
  6.	 Has the license holder recovered from the condition without 

functionally significant residual neurological compromise? 17    

 After reviewing regulatory guidance on aeromedical dispo-
sitioning after AGE, you begin to wonder how frequent AGE 
injuries occur and their different etiologies.

  4.	 Which of the following is the most likely cause of an AGE in 
the nondiving general population?
  A.	 Surgical procedures. 
  B.	 Rapid ascent during underwater diving operations. 
  C.	 Rapid decompression in military aircraft. 
  D.	 Mountain climbing.        

ANSWER/DISCUSSION

﻿4. A.  Nearly any procedure where access to vasculature is 
involved can increase the risk of developing an AGE. Central 
line placement and manipulation is the most common cause of 

iatrogenic AGE followed by thoracic surgical procedures. How-
ever, the risk is small, with one study analyzing over 4.7 million 
hospitalizations finding only 127 proven iatrogenic episodes of 
any type of gas embolism. 18  Despite its rarity, iatrogenic AGE 
can be very serious, with 21% mortality reported a year after the 
incident, although in many cases the patients were critically ill 
before requiring the procedure that led to the occurrence of an 
AGE. 18  Of particular concern to the aviation community is the 
nearly identical pathophysiology, but different associated his-
tory, of aerospace DCI. 19  This disease, like diving-associated 
DCI, is caused by formation of bubbles in the blood by an indi-
vidual moving to a lower pressure environment. However, here 
the individual exposes themselves to a movement from a lower 
altitude to a higher altitude such as what can be seen in an 
ascending unpressurized aircraft. As one would imagine, the risk 
of experiencing DCI is increased if an individual recently went 
scuba diving and then climbed to altitude in a non-pressurized 
aircraft (i.e., making the drop in pressure even more profound 
than simply swimming to the surface). 19﻿

 The DMO updates you on the outcome of the crew chief ’s 
treatment and you are happy to hear that the neurological symp-
toms have fully resolved. The DMO is certain that the crew chief 
suffered an AGE and has documented it in the patient’s medical 
record. You set an appointment in your aerospace medicine 
clinic in a week. You perform a full neurological exam of the 
patient and there appears to be no sequelae from the dive acci-
dent. However, his service requires a workup to grant a waiver, 
and you discuss with the patient that he cannot fly until he is 
evaluated by a neurologist. After informing his command of 
your decision, you await the results of the additional workup.

 The neurology note states that the patient’s neurological 
function was normal with no remaining effects. The neurolo-
gist recommends that the crew chief be returned to full flying 
duties. You proceed with the completion of the necessary 
paperwork and submit the waiver request. You are happy to 
report to the crew chief that the waiver has been granted by his 
service and he can continue his aviation career.

﻿Pavelites JJ II, Dean SL, Newsome JK, Pavelites JJ. Aerospace medicine clinic: 
arterial gas embolism. Aerosp Med Hum Perform. 2025; 96(9):864–868.     
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