CASE REPORT

Multiple E-2D Hawkeye Aircrew with Neurocognitive
Symptoms During a Single Over-Pressurization Episode

Samuel Y. Ko; George M. Rice

BACKGROUND: Increased frequencies of physiological episodes have been a significant concern for Naval Aviation for the last several
years. These include several aircraft platforms, but no previously documented E-2D Hawkeye events. This report
documents an episode in an E-2D, with multiple aircrew affected at the same time.

cAseREPORT: While deployed aboard a U.S. aircraft carrier, five E-2D Hawkeyes aircrew were simultaneously exposed to the same
over-pressurization during a routine sortie. Out of the five aircrew, four immediately reported hypoxic-like neurocogni-
tive symptoms of “mental slowing’, difficulty concentrating, and headache. They were evaluated and treated using
standard protocol according to the Physiologic Event Clinical Practice Guidelines set by the Naval Safety Center. All
aircrew were treated with 100% ground level oxygen with resolution of symptoms.

piscussioN:  Although rare, physiological events may occur in multipassenger platforms such as the E-2D Hawkeye. Utilizing and
strictly adhering to standard clinical practice guidelines provided an efficient process of evaluation by different flight
surgeons concurrently that avoided a possible delay in treatment. After, eliminating other potential etiology for the
crew’s symptoms, a pressure-related mechanism of injury appears to be the most probable cause.
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hysiological events® have been a significant issue for naval

aviation since 2010.” The most recent published data

accounts for 571 separate events.” The U.S. Navy defines
a physiological event as an occurrence of abnormal or unex-
pected physiological response in the setting of an aircraft system
malfunction.® These physiological events have often occurred
in the setting of a malfunctioning On-Board Oxygen Generator
System (OBOGS) or Environmental Control System, which are
installed on tactical aircraft such as the Navy’s F/A-18, T-45,
E/A-18G, and T-6 platforms. These two systems are responsible
for providing the life support functions for aircrew comfort and
safety by supplying adequate oxygen, pressurization, and tem-
perature.*” There is currently no accepted cause that exists to
explain the underlying mechanisms for the various types of
subjective symptoms; it is believed to be multifactorial.*”
Recently, these events have been characterized into three envi-
ronmentally plausible classifications; human factors, hypoxia-
like, or pressure-related disorders.” Since these cases have been
limited to the tactical jet communities, at most two aircrew
have been affected during any single occurrence. The isolated
and varied nature of previous reports has posed challenges to

the aeromedical community when developing and proposing
hypotheses as to the underlying mechanisms and pathophysi-
ology. This case report offers a unique exposure to several air-
crew of an E-2 Hawkeye, who experienced a simultaneous
over-pressurization resulting in various degrees of neurocogni-
tive symptoms.

CASE REPORTS

Aircrew consisted of a total of five individuals, two pilots and
three flight officers. The pilots sit in the forward cockpit and
directly control the aircraft in a side-by-side configuration. The
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flight officers operate sensor and communication equipment in
the aft cabin. During takeoff and landing they face forward; in
flight the seats swivel 90° to the left so they are arranged in a row
facing workstation consoles to the left. The two areas are con-
nected by a narrow passageway that has the main hatch and
contains the outflow valve. While there are doors separating the
passage in flight, the entire cabin is continuous in that it is pres-
surized as a single unit. During the flight they are able to com-
municate to each other through an inter-communication system
that is set to “ON” Aircrew are equipped with harnesses and
survival vests. The harness is attached to the parachute pack,
which interfaces with the seat and simultaneously acts as a
cushion. Flight helmets are worn for their communication
devices, but on longer flights aircrew may opt to use an aviation
headset for communication. Oxygen masks are tested for
OBOGS functions during start-up and they remain connected
to the system and secured in a pouch, not attached to the hel-
met. They are not routinely used during a flight and are not
required to be.

The flight was a routine maritime operation event providing
the usual role as an airborne early warning and command and
control aircraft. It originated from aboard a U.S. Nimitz-class
aircraft carrier. It was a daytime flight that occurred in May
2019, with a launch time midmorning (t = 0:00). No issues
were noticed prior to flight, including standard briefing, crew
walk, preflight, and taxi to catapult. Launch via catapult, fly
away, and climb were also without incident. At t = 11:00 min
the aircraft was operating at cruising altitude at approximately
19.0k ft (5791 m), with a cabin pressure of 4584 ft (1397 m),
which is within tolerances for expected scheduling of 5000 ft
(1524 m). At t = 17:00 min, the crew noticed a rapid, but not
instantaneous, increase in cabin pressure. In response the pilot
decreased altitude to 9.7k ft (2957 m), with a max cabin pres-
sure of —6086 ft (—1856 m), which would be effectively below
sea level. Master Caution lit up with “OBOGS Lo Purity” and
“OBOGS Degrade”” At the time no aircrew were wearing masks.
To aid in troubleshooting, the flight officer in the forward seat
went forward to check the cabin outflow valve, which has been
known to get stuck. When tapping on the housing it was indeed
not in the proper position. At time t = 18:00 min the cabin
pressure dump valve was actuated by the pilot, which allowed
the pressure to equalize with ambient air pressure. The pilot
descended in altitude at time t = 22:00 min; as the aircraft
passed 6.5k ft (1981 m), the cabin altitude corresponded with
ambient pressure according to expected scheduling. Discussion
among the aircrew included the subjective feeling of acute
hypoxia-like symptoms that coincided with the sudden increase
in pressure. The aircrew attempted to resume normal flight at
t = 27:00, resetting the pressure dump, and testing the pressur-
ization by returning to 10.8k ft (3292 m). The system failed to
appropriately pressurize and instead corresponded with chang-
ing ambient pressure. A decision was made by aircrew to abort
the mission. The pilot in command navigated the aircraft back
to the carrier for an emergency landing. The aircraft recovered
at time t = 56:00 min with an otherwise unremarkable arrested
landing back aboard the carrier.

AIRCREW SYMPTOMS FROM OVER-PRESSURE—Ko & Rice

All aircrew were evaluated immediately postflight. After a
quick debrief with medical personnel, survival equipment was
removed while in the flight deck battle dress station. Evaluation
followed standardized protocol using the Physiologic Events
Clinical Practice Guidelines (Fig. 1)° by three active duty desig-
nated naval flight surgeons. Evaluation includes review of past
medical history, active waivers, and daily activities within the
last 72 h. None of the aircrew had prior physiological episodes.
None of the aircrew reported any extraordinary human factors
other than the normal stressors of being deployed aboard a car-
rier. Physical exam consisted of a complete head to toe evalua-
tion with a detailed neurological exam, including mental status,
cranial nerves, muscle strength, reflexes, coordination, sensory
function, and gait. A basic cognitive screen was accomplished
using the Montreal Cognitive Assessment (MoCA). It is a bed-
side test that evaluates domains of executive function, naming,
short-term memory, attention, language fluency, abstractions
and delayed recall, and orientation. A maximum score is 30; nor-
mal is 26 or greater for a high-school graduate. While a score of
26-29 is “normal,” in a high functioning population such as
aviators, who have gone through a screening process, this range
is concerning for impairment from expected baseline by navy
aeromedical community informal consensus. Consultation
via telephone was performed for all crewmembers with an on-
call undersea medical officer, located at the Naval Aerospace
Medicine Institute, in Pensacola, FL. The aircrew were then
treated according to current Physiologic Events Clinical Prac-
tice Guidelines.®

Pilot 1 is a 34-yr-old man with about 2300 h in the E-2
Hawkeye with no medical waivers. Symptoms started after the
initial over-pressurization, with tingling and numbness in the
extremities and overall fatigue. These symptoms were consis-
tent with his hypoxia recognition symptoms. Subjectively, he
felt it took more than the usual concentration to make usual
communications and control the aircraft. Symptoms had mod-
est improvement with the use of emergency oxygen during
recovery aboard the ship. He reported having mild upper respi-
ratory illness in the 48 h prior to the flight, but not taking any
medications. Exam revealed a BP of 144/90, but otherwise nor-
mal vitals. MoCA was 29/30. Since he was symptomatic, he was
treated with 2 h of 100% oxygen by nonrebreather or ground
level oxygen (GLO). Symptoms improved during the course of
treatment. Repeat exam demonstrated improvement on MoCA,
with 30/30. Pilot 1, upon follow-up at 24 and 48 h, remained
asymptomatic and was returned to flight status.

Pilot 2 is a 27-yr-old man with 300 h in the E-2. He has a
waiver for hypothyroidism post-thyroidectomy for Graves’ dis-
ease. He reported no abnormal symptoms. He did have a sensa-
tion of increased pressure and a popping sensation in the ears.
Emergency oxygen was used during recovery, with no subjective
change. He was asymptomatic upon evaluation. Exam showed
a BP of 140/86, with the remainder of vitals being normal. Exam
revealed no significant abnormalities. There was no change in
his status during the evaluation. Pilot 2 was asymptomatic but
was provided 100% oxygen as a precaution. Within no change in
status he was released to full flight status. No formal follow-up
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Notification of Possible Physiologic Event (PE)
A Physiologic Event (PE) is a specific subset of a Physiologic Episode (PHYSEP) directly attributed to a suspected aircre
malfunction resulting in physiologic symptoms as follows:

i) One or more somatic disturbances occurring during flight, after flight or experienced relative to maintenance requiring the operation of

the aircraft.

ii) The symptoms are distracting to the safe operation of the aircraft or degrade the mission capability of the air or maintenance crew.

iii) Manifestation of any of the following symptoms:

w or aircraft systems

Feeling slowed or “off” Feeling euphoric or elated Disorientation Skin rashes
Light-headedness Vertigo or “room-spinning” sensation Fatigue or drowsiness Nausea
Difficulty Breathing Vision changes or complaints Memory Difficulties* Dizziness
Anxiousness / Nervousness Symptoms that suggest DCS | / Il Difficulty communicating® Headache
K Personality changes* Changes in thought processes* Pain anywhere, esp. in joints Clumsiness /

v

Flight Surgeon meets aircrew at flight line
.or.
EMS Transports aircrew to flight surgeon/aviation medicine clinic (on 100% O2)
_or_
Aircrew returns to aviation medicine clinic

¥

- Labs: CBC, UA, BMP, SRS~

- Rad-57 analysis while on RA

- Comprehensive Physical Exam (including full neuro evaluation®)
- 72hr history

C

Rad-57 shows: ; onsider
L. SpO,>95% on RA YES to both 1. Symptt;ms resolved with W YES to both . putting pt on
0_ and/or Descent? > 02!
2. SpCO<10%? 2
2. Normal Comprehensive Chamb Call NAMI UMO
Physical Exam? BIAES to discuss:
NO to Transport not : Rl S aas
ith ransp NO to either - Have SLAM
gither indicated e v
Don'’t delay!!!! :
available
Trapsport Place/keep pt on \ /4
indicated 100% O,
Chamber
-Call NAMI UMO: 1ot
850-449-4629 indicated

@clusion of PE: \ - Call transport

\ 5. Complete WESS entry as directed by Safety Officer /(

1. Flight surgeon must communicate working diagnosis and plan pallchagber LS
’ : : . : - DCS II/AGE* like sx: indicated by

to the aircrew, their command, and medical chain of )
command (up to TYCOM level) Obtain CXR/ECG L i

2. Complete Part C and AHLTA PE template - FS escorts patient to -DCS1i s

3. Aircrew being discharged should have someone (roommate or chamber m:y re?ulre
family) watching them for until f/u is complete to ensure no - Bring copy of Initial ZUECiCLO
recurrence of symptoms or other subtle changes Neuro Exam w/ pt

4. Aircrew will f/u with Flight Surgeon 24 and 48hrs after episode K Hydration (Oral/! |VF)/
or discharge - Update Part C if additional treatment required

! May be self-reported or endorsed by significant other or peer who knows the aviator well enough to report subtle
personality or thought processes

2 Serum Repository Sample (SRS), VOLUNTARY DRAW, order as an HIV sample, for future analysis of contaminants

3 Appendix 5A, U. S. Navy Diving Manual — Vol. 5

# If transported for CO intoxication, continue to follow PE reporting requirements

changes in

\* KNOWN or SUSPECTED DCS Il or AGE MUST be reviewed with NAMI UMO!! PRIOR!! to discharge Update: 24 SEP 2018 ver. 2.1

o

Fig. 1. Clinical practice guidelines for physiological events.

was conducted on Pilot 2, but he remained asymptomatic and
flew the next day without issues.

Flight Officer 1 is a 33-yr-old man with 250 h in the E-2 and
no waivers. He reported numbness, tingling, and lethargy, with
tunnel vision and confusion during flight. He felt worse upon

initiating emergency oxygen during recovery. He was noted to
be “slow;” with some stuttering, by fellow aircrew. Vitals signs
were normal; however, his neurological exam was abnormal. It
was readily apparent that he was having difficulty recounting
specific details about the flight. During the MoCA, he struggled
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with the visuospatial exercise, copying of the cube, and drawing
a clock face. After scoring a 21/30, he was placed on GLO. The
remainder of the neurological exam was completed during the
first few minutes on GLO. He exhibited other objective neuro-
logical deficits, including left lower extremity weakness 4+/5,
lateral nystagmus with leftward gaze, fine tremors bilaterally
during finger-nose-finger testing, but was still able to perform
relatively well, and ataxia demonstrated by body swaying with
closed eyes during Romberg’s Test. Flight Officer 1 completed
treatment with 2 h of GLO. Part of the neurological exam was
completed while treatment was initiated but was nonetheless
still abnormal. His prognosis was guarded at first, but after an
hour showed improvement and, by the end of the 2 h, was sub-
jectively and objectively normal for him. Flight Officer 1, upon
24 and 48 h follow-up, remained asymptomatic and was returned
to flight status.

Flight Officer 2 is a 26-yr-old woman with 600 h in the E-2
and a waiver for atypical squamous cells of undetermined sig-
nificance, though pending discontinuation of waiver as recent
PAPs were normal. She reported symptoms of left leg and foot
tingling, dizziness, “cloudy mind,” and nausea. The nausea
was severe enough she felt uncomfortable putting on the oxy-
gen mask and, in fact, did not initiate emergency oxygen. Her
left hand felt shaky in flight and she was noted to be “less talk-
ative” by crewmates during the flight. During clinical evalua-
tion she noted a mild headache. Her vitals were normal. Her
neurological exam was likewise normal. She scored a 27/30 on
MoCA, with difficulty copying a cube and difficulty during
delayed recall, even with a category cue. Her abstraction
between two words of similar category yielded an answer that
was not incorrect, but concrete in that a watch and ruler “both
have numbers” instead of both being tools for measurement.
Flight Officer 2 was symptomatic and per protocol started on
2 h of GLO. Repeat neurological exam was normal, with
improved cognitive testing. More subtle difficulties were
improved, she scored 28/30, still with difficulty recalling words,
however, with quick recall on category cue. Flight Officer 2,
upon follow-up at 24 h, reported a mild headache overnight,
but otherwise no recurrence of other symptoms experienced
in flight. At 48 h she remained asymptomatic and was returned
to flight status.

Flight Officer 3 is a 33-yr-old man with 1200 h in the E-2
Hawkeye and on waiver for anemia. He reported symptoms in
flight as being “slowed” and taking “concerted effort” to concen-
trate on required tasks. He did not go on emergency oxygen in
an effort to conserve supply in case others in a more critical role
required it. On exam his vitals were normal, except for a BP of
144/91. His exam was normal, MoCA was 28/30 with difficulty
copying a cube and delayed recall. Hemoglobin/hematocrit was
13.3/38.7, consistent with waivered borderline anemia; the
remainder of the labs were unremarkable. Flight Officer 3 was
symptomatic and per protocol started on 2 h of GLO. Repeat
neurological exam was normal. He reported a mild headache
upon leaving medical, but it resolved after sleeping for the night.
Flight Officer 3, upon follow-up at 24 and 48 h, was asymptom-
atic and returned to flight status.

AIRCREW SYMPTOMS FROM OVER-PRESSURE—Ko & Rice

DISCUSSION

Physiological events previously have been described primarily
to occur in tactical platforms and to at most two aircrew at one
time. This case represents, to our knowledge, the first event to
occur in in an E-2 Hawkeye and to several aircrew at the same
time, with four of five aircrew having various symptoms sugges-
tive of a syndrome with a similar mechanism. None of the avia-
tors had previously experienced physiological episodes; further,
it is unlikely they all shared an underlying medical susceptibil-
ity from undiagnosed disease or environmental exposure. Their
social history, including diet, exercise, and supplement or sub-
stance use revealed no remarkable pattern. The nonspecific
symptoms, often without clear objective findings, made diag-
nosis challenging.

Another challenging aspect to this physiological event was
the number of immediate evaluations that needed to be per-
formed for the aircrew. Fortunately, aboard a deployed aircraft
carrier, there are at least three flight surgeons on the ship when
fully manned. We used all available qualified providers to per-
form history and physical exams on the crew. Using multiple
evaluating providers may be a source of variability with regards
to evaluation and clinical determination of treatment. However,
each exam component was performed strictly using existing
clinical practice guidelines that also required the concurrence
with a single on call undersea medical officer for hyperbaric
disposition. This sets a standard on initial diagnosis and treat-
ment; however, subsequent evaluation and management, par-
ticularly involving individuals with recurrent or persistent
symptoms, would benefit from further study and eventual stan-
dardization. Strategies such as serial cognitive exams, specialty
referral, or even repeat hyperbaric treatments are considered on
an individual case-by-case basis, driven by the treating flight
surgeonss clinical judgement.

The evaluation of impaired pilots using current clinical prac-
tice guidelines covers three main differential diagnoses. Possi-
ble human factors are reviewed as part of the history and exam.
The two main categories are hypoxia and pressure-related syn-
dromes. Hypoxic hypoxemia is ruled out in the absence of
depressurization. This remains unlikely even with intended
depressurization below 10k ft (3048 m) aircraft altitude and
subsequently corresponding cabin altitude. In the absence of
presenting toxidromes histotoxic hypoxia is ruled out; similarly,
otherwise healthy individuals would not simultaneously develop
hypemic hypoxia. Toxins and exposures are considered, but
have been determined in previous cases not to be a factor.” A
short duration of flight with a previously functioning Environ-
mental Control System also rules out stagnate hypoxia. One
hypothesis, as a result of naval root cause analysis, posits rela-
tive hypoxia caused by vasoconstriction. Further, this hypothe-
sis proposes preoxygenation as a cause of susceptibility, as
studied in high performance tactical aircraft.’ This case would
not follow this model as the cabin of the E-2 is not supplied with
100% oxygen or pressurized to a level to cause higher than nor-
mal partial pressure of oxygen. Aircrews have oxygen available,
but it is not routinely used; in this case oxygen was not used by
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all individuals nor was it used continuously. Hypocarbia has
been proposed as a possible pathophysiology, but does not suf-
ficiently explain duration of symptomology or resolution with
use of ground level oxygen.

The persistent challenge to better explore these hypotheses is
the lack of physiological data, particularly real-time. Issues of
oxygenation or ventilation are difficult to elucidate using pulse
oximetry or even a RAD-57 (Masimo, Irvine, CA, USA) after
the pilot has landed and egressed from the aircraft. While
venous blood gas studies may provide more robust and precise
data, it is still prone to error for dynamic physiological changes.
In-flight use of emergency oxygenation or delayed collection of
samples due to aircraft operations would confound such post-
event data. In-flight data collection improvements, such as
cabin pressure gauges or oxygen sensors, focus on environmen-
tal factors; they look at the machine and neglect the human,
where the symptoms and pathology is occurring. While issu-
ance of heart rate monitors to aviators has been a step toward
real-time biometric data, more robust systems to measure
oxygenation, breathing rate, and effort would be valuable. Sim-
ilarly, cognitive testing needs improvement. The Montreal Cog-
nitive Assessment was pressed into use, but is intended for
assessing for delirium and dementia. Use of a Military Acute
Concussion Exam was used informally in other cases, but is not
yet validated for this purpose. Like the MoCA, it is limited in
the ability to assess mild deficit and ceiling effects may exist
when administered on high functioning individuals. While
more formalized neurocognitive testing is available, it is not
readily accessible for bedside use at the initial assessment. The
ideal scenario would include real-time biometric data that mea-
sures cognitive functioning, particularly that of executive and
attention domains, in addition to the other physiological mark-
ers of dysfunction in the aviator.

Pressure-related illnesses have been a focus of attention for
naval aviation. In airframes such as the F/A-18, pressure fluc-
tuations have produced a similar nonspecific presentation.
Clinically these individuals appear to have suffered a concus-
sion, but pressure changes have not been demonstrated to have
the amplitude or rate to replicate a pressure wave from a con-
cussive explosion; thus, traumatic brain injury is not likely. The
aircrew in this case lacked the more focal deficits seen in arterial
gas embolism or decompression sickness. Models evaluating
similar pressure profiles for past physiological events have also
shown decompression sickness to be unlikely.” It remains, how-
ever, that the onset of symptoms is most closely correlated to
the fluctuations in cabin pressure experienced by the aircrew.
Fluctuations in ambient pressure have been associated previ-
ously with exacerbating or inducing several neurological condi-
tions such as Meniere’s Disease, migraines, and subarachnoid
hemorrhage.>*® Low-frequency atmospheric pressure oscilla-
tions have also been experimentally associated with changes in

mental activity.! Interestingly, subjects in that study reported
vague cognitive deficits when exposed to stochastic low-
frequency fluctuations.! Such vague symptoms of “cognitive

» «

slowing,” “difficulty focusing,” and “feeling behind the jet” are
commonly reported by affected aircrew and was reported by all
the affected aircrew in this case. It is plausible, therefore, that
because all aircrew were exposed to the same exposure, this
rapid fluctuation resulted in the varied neurological symptoms
of dizziness, headache, and mental slowness experienced by our
aircrew. The exact pathophysiological pathway for these varied
symptoms still remains unclear, but given the significant risk
to safety and completion of a mission, further studies are
warranted.
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