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Abstract:

-Acute Mountain Sickness (AMS) is a syndrome of inadequate acclimatization
to the diminished concentration of oxygen available at high altitude. In its
mild form, it is almost solely a symptomatic illness and physical examination
is usually unremarkable. We hypothesized that, while clinical examination
might be insensitive for the detection of quantifiable changes, computerized
measures of neurological function could be capable of noninvasively measuring
and analyzing decrements in neurological function at high altitude. For this
reason, a device was designed and tested called an upper extremity movement
analyzer (UEMA) which employs magnetic coil search technology to record
movements of a subject's upper extremity. Software programs were developed
which analyze the recorded movements of a pen stylus between a common start
position and a randomly generated series of target positions on the digitizing
tablet.--."e following functions of upper extremity motor function were
derived: peb and average velocity (Vp and Va), maximum acceleration (Acc) and
deceleration (Dec), and area and length errors (Ae and L.). A study was
undertaken to eximine the effects of simulated high altitude exposure on upper
extremity motor function. Eight subjects were exposed to 430 Torr (equivalent
to 4,600 m) for 30 hrs.k Subjects were first tested at SL and then at 18 hrs t
and 30 hrs. Clinical assessments, neurological examinations, and environmental %
symptoms questionnaires (ESQ) were performed serially to compare with UEMA..,
The subjects were moderately ill with AMS during their hypobaric exposure and %
UEMA revealed significant (p<O.01) mean declines at 30h from 33% to 54% in Vp, %
Va, Acc, and Dec but not Ae or Le in comparison to sea-level (SL) values,
suggesting that the CNS maintains accuracy at the expense of speed at altitude.
The findings support the hypothesis that computerized devices can noninvasively
detect CNS dysfunction during mild hypoxemia at high altitude. Neurological %

examination proved insensitive in detecting any abnormalities other than a #
decline in items related to mental status. Declines in UEMA speed-related
parameters such as V were significantly (p5O.O2) correlated with the severity
of AMS symptoms. UEMA offers the possibility of quantifying the degree of
neurologic impairment attendant with AMS as well as detecting subtle
alterations in upper extremity motor function. UEMA could be employed in the
evaluations of patients with neurological deficits to document progression of
disease or reponse to therapy.

KEYWORDS: Acute Mountain Sickness (AMS), Altitude, Arm Movement, Computerized
Measures, Digitizer, Hypoxia, Motor Function
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High terrestrial elevation imposes a hypoxic burden on the central nervous

system (CNS) of the unacclimatized individual. Acute Mountain Sickness (AMS)

is a symptomatic syndrome brought on by inadequate acclimatization to hypoxia.

Before AMS becomes life-threatening, it is largely a symptomatic illness,

characterized by headache, lethargy, malaise, dizziness, irritability,

insomnia, nausea and occasional vomiting. Several lines of evidence suggested

that cerebral dysfunction as a direct consequence of hypoxia or indirect

sequelae of hypoxia-induced swelling played an important role in the

pathophysiology of AMlS (11).

The symptoms of early AMS closely parallel those early symptoms seen in

clinical populations of patients suffering from raised intracranial pressure

(ICP) (11). A handful of post-mortem specimens from climbers who had died from

high altitude cerebral edema (HACE) had shown neuropathological evidence of

diffuse cerebral swelling and many of these climbers had been noted to exhibit
01neurological deficits during the course of their illness before they died (11). e

In addition, several studies of participants in mountaineering expeditions have

had documented neurological abnormalities (11). Finally, there were compelling

theoretical and experimental reasons to believe that neurological function

could be quantitatively assessed at altitude. The central nervous system (CNS)

is an organ system critically dependent upon adequate oxygen delivery to

maintain its function. Earlier psychomotor studies have demonstrated that

relatively mild hypoxia can have a significant effect of visual function

(13,14) and hand movement (19). Hypoxia, ischemia and raised ICP secondary to

cerebral edema or hydrocephalus have been shown to alter electrical impulse

propagation along the central motor pathways in animals (3,18) and man

(2,7,10). Electroencephalographic recordings from normal subjects at sea level
and subsequently at a modest elevation of 3,500 m have also demonstrated

increased alpha-wave activity compatible with diffuse cortical depression (17).

s'I
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These lines of evidence led us to hypothesize that subclinical changes in

motor function secondary to either hypoxia or cerebral edema at high altitude

might be amenable to detection and analysis by computerized measures. Earlier

studies had successfully employed digitizing tablets (21) to demonstrate the

effect of visual guidance on trajectory-related properties of arm movement. It

was felt that magnetic search coil technology could be employed to demonstrate

decrements in motor function at altitude. A study was undertaken to evaluate a

prototype device, called an upper extremity movement analyzer (UEMA), and

determine changes in upper extremity motor function in man during an acute

simulated altitude exposure. Serial assessments were performed with a

standardized Environmental Symptoms Questionnaire (ESq), clinical interviews

and neurological examinations to permit a comparison between results obtained

with UEMA and the subjects' symptomatic and clinical picture during their

altitude exposure.

METHODS AND MATERIALS

A. Subjects

Eight healthy, male soldiers served as test subjects after giving their

informed consent. All subjects were life-long residents at low altitude, and

none had experienced any exposure to altitudes greater than 2500 meters in the

six months immediately preceeding the study. Each subject's medical history

was reviewed and a physical examination and laboratory screening performed

prior to inclusion in the study. The mean (* S.E.) age, height, weight of the

subjects were 24 (* 4) years of age, 176 (* 3) cm in height, and 75.3 (* 3.4)

kg, respectively. All subjects were right-hand dominant.

B. Experimental Design

The study employed a repeated measures design to determine changes

occuring during hypoxic exposure. Subjects first received a complete
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orientation and familiarization with all the tests and procedures. Prior to

actual sea-level collections, each subject underwent two UEMA runs to ensure

that reliable results were being generated.

After sea-level baseline testing was completed, the subjects underwent
rapid decompression (300 m/man) in the hypobaric chamber facility at the

Altitude Research Division, U. S. Army Research Institute of Environmental

Medicine (USARIEM), Natick MA to a final barometric pressure of 430 Torr

(equivalent to 4,600 m). Subjects resided in the altitude chamber at that

pressure for 30 hours.

C. UEMA

UEMA is a noninvasive computerized device designed and developed at

USARIEM to measure and analyze upper extremity motor performance. The device

employs a digitizing tablet (Altek Corp. Model No. R-22; Silver Springs, MD) to

record and measure several different aspects of upper extremity movement. The

translucent tablet measures 73 x 73cm and is backlit with an array of light-

emitting diodes (LEDs). The LEDs are arranged into an origin which is the

constant "starting' position for each trial and an array of targets 40 to 60 cm

distant from the origin (see Figure 1).

Figure 1 -- about here I
'2

A given subgroup of targets can be selected by computer (Hewlett Packard

9836; Lexington, MA) so as to provide an adequate distance between origin and

target to ensure that each subject is required to employ movement of his whole

upper extremity to carry out the required movement between origin and target.

In this fashion, subjects of different sex or body build (and hence different

arm lengths) can be accomodated with a single device.

5.

* . S b
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After familiarization with the device, the subject is asked to perform

five separate trials for each of four assigned targets. All five trials for a

target are averaged to yield mean Vp, Va, Acc, Dec, Ae and Le for a given LED

position. An average experimental run for five trials for each of four targets

requires fifteen minutes per subject. Subjects were permitted two practice

runs to familiarize themselves with the equipment and testing procedures.

Subjects were not permitted to see on-going data analysis from their UEMA

trials. After sea-level familiarization was completed, subjects were not

permitted further practice. A subject's last two sea-level runs were employed

to yield his sea-level baseline motor performance and then compared to data

later obtained during serial testing at altitude.

D. Arterial Blood Gas (ABG) Determinations

During the SA study, P02, pCO2 and pH determinations were performed on

heparinized samples obtained from the radial artery before ascent and then at

the end of 30 hrs exposure before descent to sea level.

E. Environmental Symptoms Questionnaire (ESQ) 3

The ESQ is a 67-question inventory of symptoms which can occur in I

stressful environments including heat, cold, and high altitude (16). It was

administered to subjects individually using an interactive computer software

package (6). The program queries each subject about specific symptoms which he

then rates based on six phrases ranging from $not at all* to Nextreme". The I

responses were assigned numbers from 0 (not at all) to 5 (extreme), and a

weighted average of cerebral symptoms termed PAMS-C' and respiratory symptoms

termed "AMS-RN were derived from the scores. These measures have been shown in

previous studies to accurately and reliably identify individuals suffering from

AMS (16). ESQs were adminstered at SL every 12 h during the 36 hours before

ascent. ESQs were then administered at 2, 18, and 30 h of altitude exposure.

... ....•,........ ...... ...-.-......... -.. ..- . ............. .. .. . .-. . ' ."- ;
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F. Clinical Assessment P

The clinical assessments were performed by one of two physicians
experienced in altitude-induced medical problems. Physicians interviewed each

soldier and recorded the presence of specific altitude-related symptoms such as k

headache, nausea, dyspnea, and sleep disturbances and examined subjects for the

presence of rales (indicative of high altitude pulmonary edema) or peripheral

swelling. The clinical assessment was scored in the following manner: 0-no

symptoms; 1-mild headache or nausea; 2-moderately severe headache and nausea;

3-moderately severe headache, nausea, vomiting or some combination of these; 4-

all the findings included in 3 plus rales or peripheral edema. A score of

greater than 1 was considered mild AMS; greater than 2 was considered moderate

AMS (15). Clinical assessments were performed on the same schedule as ESQs.

G. Neurological Examination

A neurological examination was performed by a physician experienced in

both neurology and altitude-related illness. The examiner employed a

standardized neurological examination which included a mental status

examination testing short term and long term memory, calculation and attention

span. In addition the examination included specific testing of all cranial

nerves, motor and sensory function in all four extremities, all major spinal

reflexes, and both cerebellar and equilibrium testing. It should also be noted

that the neurological examination employed was specifically designed to test

upper extremity strength and movement so as to provide a detailed clinical

evaluation of the same functions that were being tested with UEMA. After each

examination, a detailed standardized record of each mental status and

neurological test was completed by the physician. Neurological testing was

performed at SL, and then at 2 h, 18 h, and 30 h of altitude exposure.

.'

I
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H. Statistical Analyses

Values are represented as a group mean * S.E. unless otherwise noted. A

one-way analysis of variance (ANOVA) for repeated measures was performed

separately each of the following variables: UEMA variables, ABG measures, AMS-C

scores derived from the ESQ, clinical assessment scores, and each of the six

UEMA variables. Time of sampling during each of the studies was employed as

the main factor in the ANOVA. For UEMA, an additional analysis was performed

with target position as a second fator in a 2-way ANOVA to determine if target

location was a significant factor in motor function parameters. Post hoc 1

significant differences were identified using the Tukey's test (1). A p value

of 50.05 was accepted as indicating statistical significance unless otherwise

indicated. A multiple linear regression was performed to determine if the

severity of AMS symptoms as elicited by ESQ was correlated with alterations in .I

motor function as measured by UEMA.
.

RESULTS

1. UEMA

All subjects were tested with the stylus in their dominant hand. There

was an unexpected but significant increase in speed-related parameters for

targets in the right side (mean VF= 239 *18 cm/s) of the target array as

compared to those on the left-side (mean V =221*13 cm/s). Also unexpected was

the finding that this significant left-to-right shift in Vp was no longer

significant once the subjects were exposed to high altitude.

The group exhibited significant mean decrements in upper extremity motor

function during the course of their exposure (see Figure 4). There was a 34%

decline in mean Vp from 230 (*15) cm/s at SL to 158 (*9) cm/s at 30 h of

exposure (p 0.01). Similarly, mean Va declined by 34% from 89 (*7) cm/s at SL

to 59 (*5) cm/s at 30 h (pSO.01). Mean Acc declined 46% from 1901 (*189) cm/s2
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at SL to 1024 (*141) cm/s2 at 30 h (p50.01). Mean Dec declined 54% from 2123

(*216) cm/s2 to 990 (*86) cm/s2 at 30 h (p.O.01). Suprisingly, neither mean Ae  b

or Le showed any signficant changes during SA exposure. Ae averaged 46.1 p

(*8.9) cm2 at SL and 46.1 (*16.0) at 30 h of SA exposure. Le averaged +1.77

(*0.82) cm at SL and *1.34 (*0.61) cm at 30 h.

Figure 4 -- about here

2. ABG Determinations N

Group mean ABG data is summarized in Table 1. As expected, there was a p

significant (p<O.000l) decrease in Pa0 2 , PaC02, and rise in pH after 30 hrs of

hypoxic exposure.

,.

Table I -- about here
.%'

3. ESQ

ESQ scores referring in particular to cerebral symptoms were subtracted

from the body of the questions and a separate subscore (AiS-C) was derived by

methods previously described (Sampson et al., 1983). Mean (* S.E) AiS-C scores

are displayed in Table II. 
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°,

Table II -- about here

Subjects reported a significant rise in cerebral symptoms as indicated by
AMS-C scores within two hours after beginning their exposure to 4,600 m.

Although there was a notable decline in the severity of their symptoms during

the course of altitude exposure, as a group the subjects remained significantly

ill with AMS throughout the duration of their exposure.

4. Clinical Assessment

Clinical assessments scores by accompanying medical officers showed a

slightly different trend than was demonstrated with the ESQ surveys. The mean

(*S.E.) clincial ssessment scores are displayed in Table II. -

The subjects were not judged to be ill at 2 hrs with a mean score of 0.0 p

(*0) despite the severity of their own subjective assessment of symptoms. By

eighteen hours, however, the subjects were judged to be moderately ill with a

mean score of 2.375 (*0.42) and remained mildly to moderately ill during the

remainder of SA exposure with a mean clinical assessment score of 1.625 (*0.37)

at 30 hrs.

5. Neurological Examinations

The results of the serial neurological examinations are displayed in Table
III. Any significant neurological finding during the course of the study was .o,

noted. Detectable changes from sea-level examinations were confined to

'p

P' ' ' ' ' ' ' '.'e'¢- --2.. 2 " --. .. --.-- £.. ....¢.-.--.. . °.-. "°--..- . . ... "-A.'.
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alterations in mental status such as memory deficits or difficulties with
b

serial calculations. It is noteworthy that there were no abnormalities

elicited in the areas of motor function in terms of strength, pronation drift,

rapid alternating movements of the fingers or hands, sensation, appendicular

cerebellar exam, or spinal reflexes.

Table III -- about here

6. Correlation of Symptomatic and Clinical Findings with Neurologic Measures

Figure 5 depicts the temporal profiles in mean AMS-C and clinical

assessment scores during the study. Subjects were moderately ill with AMS

(between 18 hrs and 30 hrs mean AMS-C scores and clinical assessment scores

.A,ranged from 3.03 to 1.74 and from 2.375 to 1.625, respectively). A multiple
linear regression between AMS-C scores and percent decline Vp from sea-level

baseline (see Figure 6) showed a r coefficient of 0.6667 (df=10) which is b
significant (p O.02).

DISCUSSION

S

The results support our initial hypothesis that computerized devices can

be successfully employed to detect declines in upper extremity motor function

among individuals acutely exposed to high altitude. Furthermore, clinical

examination in this particular population of subjects with mild to moderate AMS

proved to be insensitive at detecting any abnormalities other than changes in

items included in the mental status examination. Specifically, there were no

%]
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abnormalities of upper extremity function detected by physical examination.

This finding supports the contention that computerized measures such as UEMA

can be more sensitive in uncovering subtle neurological dysfunction among

individuals mildly to moderately sick with AlAS at altitude than a physical

examination. These results point out the extent to which soldiers can display

neurological impairment at high altitude and still not develop overt clinical

manifestations.

The study demonstrates that declines in UEMA speed-related parameters were

significantly correlated with symptomatic indices of AlAS among this group of

* test subjects who were moderately ill with AlAS. While, at first, it might seem

intuitively obvious that subjects who became sick with AMS would be more likely

to show declines in motor performance, this is not necessarily a correct

assumption. Many neurological functions, such as equilibrium (5), visual or

auditory function (13), can show significant decrements either very early

during hypoxic exposure before AlAS can manifest itself or at altitudes below

which subjects do not usually experience symptoms. Evidence of hypoxic

dysfunction does not constitute a priori evidence of AlAS.

Since individual thresholds for symptoms may vary substantially, it is

* difficult to quantitatively compare the severity of AlAS in one subject to

another. The ESQ suffers from several other drawbacks as well. It is entirely

dependent upon the individual subject's own assessment of his symptoms. The

Ii' ESQ can only distinguish a significantly symptomatic individual from one who is

&symptomatic. Furthermore, it does not permit a quantitative comparison
between two different symptomatic subjects since one cannot determine if one

person is more stoic about his illness than another. Similarly, intra-subject

comparisons can be difficult other than documenting that a subject's

* development or recovery from AlAS since symptoms may have been perceived as more

severe at one point in time versus another. Nonetheless, the ESQ has served as

an important vehicle for documenting the presence of AlAS and for determining

the effectiveness of pharmacologic prophylaxis for altitude illness. The

finding that UEMA speed-related parameters are significantly correlated with
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the severity of AMS offers the capacity to quantify mild to moderate AMS

without relying solely on subjective responses to symptomatic questionnaires or

clinical interview questions.

Speed-related UEMA parameters were adversely affected by hypoxia while

accuracy-related parameters were not significantly different from sea-level

control values. The subjects were able to maintain accurate arm movements

during altitude exposure but only at the expense of a sizeable fall in the

velocity, acceleration and deceleration of these movements. Cerebral hypoxia

may partially interfere with motor control at the supraspinal level and

accurate arm movements can only be accomplished with a loss of speed.

Electroencephalic graphic recording support the contention that there is

diffuse slowing during mild hypoxic exposure (3,500 m) (17). It is impossible,

however, to rule out end-organ dysfunction due to a direct effect of hypoxia on

nerve transmission, the neuromuscular junction, or the effector muscles

themslves. A recent study does, however, shed some light on this issue.
Wilier et al. (20) examined recruitment curves of the monosynaptic Hoffman (H)

reflex and of the direct motor (M) excitation of aplha-motor fibers of the .

posterior popliteal nerve in seven subjects exposed to normobaric hypoxia (end-

tidal 02 concentrations of 6-7%). The subjects exhibited increased peripheral

excitability as demonstrated by a 50% increase in the amplitude of the H

response after only 12 minutes of hypoxic exposure. However, simultaneously,

there was also evidence of decreased excitability of the spinal elements of the

monosynaptic reflex during hypoxia as evidenced by a decrease in maximal H to

maximal M response. These findings led the authors (20) to hypothesize that "5-

while hypoxia appears to produce a peripheral hyperexcitability there is a I

simultaneous central (supraspinal) inhibitory effect on spinal motor neurons.

This would suggest that central processes may be preferentially inhibited

rather than peripheral effector organs. At present, there is no data available

on the behavior of the muscle-nerve junction as a possible site where hypoxia I

may exerting its effects.

-'S

I
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It is interesting that our right-handed test subjects demonstrated a I

decidedly higher velocity for targets on the right side of the UEMA tablet. %

Since this study, we have had an opportunity to test three left-hand dominant A.

subjects with UEMA and they have all demonstrated statistically significant

increases in velocities for targets located on the left side of the array (data

not shown). One possible explanation is that movement of the hand across the

body to targets opposite the dominant side partially blocks the view of the

target itself as the hand approaches it. This interference with one's ability

to constantly visualize the target may cause one to slightly reduce the speed

of his arm movements. Subjects may be able to extract a slight increase in

velocity of arm movements to the dominant side under normal conditions but, as

hypoxic conditions force subjects to slow down their movements, the left-to-

right shift is abolished. Still, it is difficult to explain why this left-to-

right shift is abolished during hypoxic exposure if visualization of the target

were the only factor influencing Vp. Alternatively, since visual thresholds
for acuity and light intensity discrimination have long been known to be
significantly raised by hypoxia at altitudes equivalent to those employed in

this study (14), the ability to visualize the target under hypoxic conditions

may have a less pronounced effect on arm speed than at sea level. Further
46

studies are under way to try to elucidate this unexpected finding.

With respect to comparing computer-derived quantitative measures of
neurological function and clinical measures, these results illustrate several -.4

important points. First, a detailed neurological examination failed in every

instance to reveal abnormalities in function (other than mental status items). S

Cognitive function as measured by short term memory (4), logical reasoning

tasks (8,g), and attention span (12) have been documented to be quite sensitive

to the effects of acute mild hypoxia. It is therefore not suprising that there

were significant findings in this area of the serial neurological examinations.

Nor is it surprising that the remainder of the neurological examination was

unremarkable under these conditions of relatively mild hypoxia. It is

noteworthy, however, that the decline in motor function as elicited by UEMA -

measures was seen in subjects who appeared overtly to be functionally intact.

" .' " z " ' "€ ¢ ' ':".- € " " " :" '€ ",.",o' ',. ",, '. ",' ',. • - - - • - -- ? - - " . U .-
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Mild hypoxia offers a novel way to produce a reversible neurological

dysfunction in normal test subjects. These results offer insight into the

neurological sequelae of acute hypoxia such as can occur with high altitude

exposure or with specific pulmonary or cardiac pathologies. The findings also

serve to underscore what a fruitful laboratory setting high altitude can offer

in the realm of neurological research. Studies are currently planned to

perform UEMA testing in a clinical population with known movement disorders to

determine how speed- and accuracy-related UEMA parameters may be affected by

disease processes. It is hoped that such quantifiable computerized measures

will also offer a method whereby progressive neurological diseases can be

followed and response to therapy documented.

In summary, several significant findings have emerged from this

examination of neurological function during the course of 30 hours of hypobaric K.

exposure equivalent to an altitude of 4,600 m:

(1) High altitude exposure is associated with quantifiable neurological

dysfunction in upper extremity motor in neurologically normal subjects.

(2) Computerized devices to detect neurological dysfunction, such as the

prototype UEBA, are more sensitive than a clinical examination at detecting

changes in motor function at high altitude.

(3) Quantifiable changes in speed-related parameters of arm movement as

detected by UEMA are significantly correlated with the severity of AMS. S

(4) Data from UEMA supplements other clinical and experimental '-5

observations suggesting suprapsinal dysfunction occurs as a result of mild

hypoxia. S

(5) Computerized measures of neurological function possess great potential

as new technologies for the diagnosis of altitude sickness and as measure to N

I
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asess the efficacy of pharamacolgic prophylaxis and treatment of AMS. Both

technologies also have wide application in the civilian neurologic and

neurosurgical populations in quantifying handicaps and documenting the efficacy

of rehabi litation and treatment.
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TABLE I: MEAN (*S.E.) ARTERIAL BLOOD GAS DATA

Sea Level Altitude (15,000 ft)

30 hrs

PaO2 98.8 (*1.6) 40.9 (*1.3)*

PaCO2 39.9 (*1.9) 29.9 (*0.6)*

pH 7.38 (*0.06) 7.45 (*0.005),

* denotes a value significantly (p<O.0001) different from sea level values
p
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TABLE II: MEAN (*S.E) SYMPTOMATIC & CLINICAL ASSESSMENT SCORES

A. AMS-C SCORES FROM ENVIRONMENTAL SYMPTOMS QUESTIONNAIRES

Sea Level Altitude
0 hrs 2hrs 18hrs 30hrs

0.09 2.59 * 3.03 * 1.74 s
(*0.04) (*0.55) (*0.43) (0.48)

B. CLINICAL ASSESSMENT SCORES

Sea Level Altitude
0 hrs 2hrs 18hrs 30hrs

0.0 0.0 2.375 * 1.625 .
(*0) (*0) (*0.42) (*0.37)

• Asterisk denotes significant (p<0.05) difference in scores compared to
baseline values at sea level before altitude exposure.

.5.
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TABLE III: SUMMARY OF NEUROLOGICAL FINDINGS

(Number of subjects exhibiting abnormalities compared to sea level)

Sea Level Acute Altitude

Mental status:

Short term memory 0 4

Long term memory 0 2

Serial Calculations 0 3

Cranial nerves: 0 0

Motor Examination: 0 0

Sensory Examination: 0 0

Reflexes: 0 0

Cerebellar/Equilibrium: 0 0

2.,
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LEGENDS

Figure 1: A diagram depicting the dimensions and array of light-emitting diode %
targets employed in the upper extremity movement analyzer (UEMA).

Figure 2: A systems diagram ilustrating the computer and digitizing tablet
system emplyed in the upper extremity movement analyzer (UEMA). The computer
is responsible for retrieving data assembled by the digitizer, analyzing the
trials, and coordinating the random presentation of targets in the backlit
array of light-emitting diodes.

Figure 3: A schematic representation of single trial employing UEMA. The
origin and target are indicated in the square depicting the surface of the
digitizing tablet. An ideal arm movement or path is shown and compared to a
subject's actual path. The area of error (Ae) and length error (Le) are
indicated. See text for details.

Figure 4: A histogram showing mean peak velocity (Vp), average velocity (Va),
maximum acceleration (Acc), maximum deceleration (Dec), area error (Ae), and
lenght error (Le) of upper extremity arm movements from the group (n=8) of
subjects exposed to simulated altitude of 4600m (15,000 ft). Sea level (SL)
values were compared to values obtained at 30 hrs (n=8) of exposure. The
asterisk indicates values which were significantly (p5O.05) different from sea-
level baseline data.

Figure 5: A line graph depicting changes in cerebral symptoms (mean AMS-C
score) and mean clinical assessment scores during the 30 hr-long altitude
exposure. See text for details.

Figure 6: A scattergram depicting individual AMS-C scores and percent decline
of peak velocity (Vp) of upper extremity movements during altitude exposure.,p
Included in this plot are four additional individual AMS-C scores and UEMA
trials performed at 18 h of exposure (total n=12).
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