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RESUMEN: Eritropoyetina y Presion Venosa Central en Trabajadores de Altura Por Turnos

Se planteé la hipétesis que en trabajadores por turnos expuestos a hipoxia intermitente (10 dias de trabajo a mds de 3,600 m, seguidos de 4
dias de descanso a nivel del mar) por mds de 5 afios, las respuestas de critropoyetina (EPO) y los cambios en la presién venosa central
(CVP) son diferentes de las que se observan en caucdsicos que viven a nivel del mar. dado que el compartimiento intersticial pertencce al
sistema de baja presién, un objetivo adicional del estudio fue cuantificar los cambios de distribucién de liquido en los tejidos superficiales a
lo largo del eje corporal durante tal hipoxia intermitente. Se usé un ultrasonégrafo para medir los cambios de espesor tisular de la cabeza
(frente) y la tibia en trabajadores de turnos y en caucdsicos de nivel del mar. Ademds se analizaron muestras sanguineas para medir presion
coloido-osmética (COP) y concentraciones de albiimina (ALB) con la finalidad de determinar si el pasaje de liquido del compartimiento
intravascular al extravascular se debe a variaciones de la COP o de la concentracién de ALB. Se estudié a personal de cocina (N=11) de la
mina de oro La Coipa (3600 m) y a un grupo de caucdsicos de nivel del mar (N=5). Se tom6 muestras de sangre y se realizé varias
mediciones de CVP y densidad tisular (TT) antes, durante y luego de un turno tipico. En las muestras basales (BDC) antes del cambio, los

BDC durante la recuperacién (dia 16). Los caucdsicos mostraron la misma evolucién en el tiempo. Los valores CVP en los trabajadores por
turnos fueron generalmente superiores a los valores de los caucisicos. La densidad tisular de la regién frontal en los primeros aumenté de
manera definitiva durante la exposicién a la altura (P<0.05) y se mantuvo a un nivel elevado durante el periodo de recuperacion (P<0.05). la
densidad tisular en la tibia no mostré cambios significativos; cambios similares se observaron en los caucidsicos de nivel del mar. En
conclusién, refutamos la hipétesis segin la cual la respuesta inicial de EPO al estimulo hipdxico estd alterada cn los trabajadores en
cuestién. Las mds altas concentraciones de hemoglobina y/o de CVP halladas en los trabajadores por turnos podrian explicar las
concentraciones mds bien bajas de EPO observadas en la BDC. Ademds, los trabajadores por turnos y los caucisicos de nivel del mar

mostraron acumulaciones medibles de liquidos en el tejido superficial de la parte superior del cuerpo, luego del cambio de nivel del mar a la
altura.

Palabras claves: Salud, Mineros, Hipoxia intermitente, Presion venosa central, Densidad tisular, Ultrasonido.

RESUME: Erythropoiétine et pression veineuse centrale

. . caucasiens du niveau de la mer. Des prélévements de sang ont
chez les personnes travaillant en altitude ct par roulement.

en outre permis de mesurer la pression colloido-osmotique
(COP) et la concentration d'albumine (ALB), dans le but de
f]élcrminer si le passage des fluides du compartiment
1nlr.av_ascul:1in: au compartiment extravasculaire est dd a des
variations de la COP et des concentrations d'ALB. L'étude a été

Une hypothése a été émise selon laquelle, chez les personnes
travaillant par roulement et qui ont été exposées de fagon
intermittente a l'altitude (10 jours de travail & plus de 3 600 m,
suivis de 4 jours de repos au niveau de la mer) pendant plus de

5 ans, les réponses de l'érythropoiétine (EPO) et les variations
de la pression veineuse centrale (CVP) sont différentes de celles
des caucasiens vivant au niveau de la mer. Etant donné que le
compartiment interstiticl appartient au systtme de basse
pression, un objectif supplémentaire de I'étude a été de
quantifier les changements de distribution de fluide dans les
tissus superficicls tout au long de I'axe corporel, au cours du
stress hypoxique intermittent. A T'aide d'un appareil i ultrasons
on a donc mesur€ les changements de densité tissulaire dans la
téte (front) et le tibia des travailleurs par roulement et des

fail_c sur le personnel des cuisines (N=11) de la mine d'or de La
Coipa (3 600 m) et sur un groupe de caucasiens du niveau de la
mer (N=5). On a effectué des prélevements de sang et on a
mesuré & plusieurs reprises la CVP et la densité tissulaire (TT),
avant, pcnd:mt et aprés un roulement normal d'équipes. Dans la
col]cc.:tmn de base de données (BDC), avant la transition, les
travailleurs par équipes présentaient des concentrations d'EPO
de 5.2+2.4 mU . m1°! qui augmentérent en altitude (P<0.01) et
rcde%ccndirem 4 des valeurs BDC pendant la récupération (le
16¢ jour). Les caucasiens montrérent la méme évolution dans le
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temps. Les valeurs CVP chez les travailleurs des équipes de
roulement furent généralement supérieures 2 celles des
caucasiens. La densité tissulaire de la région frontale chez les
premiers augmenta de fagon significative pendant I'exposition 2
l'altitude (p<0.05) et se maintint & un niveau élevé pendant la
période de récupération (p<0.05). La densité tissulaire dans les
tibias n'a pas montré de changements significatifs; des
changements similaires ont pu étre observés chez les caucasiens
du niveau de la mer. En conclusion, nous réfutons I'hypothese
selon laquelle Ia réponse initiale d'EPO au stimulus hypoxique
est altérée chez les travailleurs en question. Les plus hautes
concentrations d’hémoglobine et/ou de CVP trouvées chez les
travailleurs des ¢équipes de roulement pourraient étre
responsables des concentrations plutdt basses d'EPO observées
dans la BDC. En outre, les travailleurs des équipes de roulement
ct les caucasiens du bord de mer montrérent des accumulations
mesurables de fluides dans le tissu superficiel de la partie
supérieure du corps, aprés passage du niveau de la mer a
l'altitude.

Mots-clés : Santé des travailleurs, Hypoxie intermittente,
Pression veineuse centrale, Densité tissulaire, Ultrasons.

SUMMARY: It was the hypothesis that in shift workers with a
history of intermittent hypoxic stress (working 10 days at
>3,600 m, then 4 days rest at sea-level) for >5 years the initial
erythropoictin (EPO) response, and the changes in central
venous pressure (CVP) are different from Caucasian low-
landers. Because the interstitial compartment belongs to the low
pressure system, it was an additional aim of the study to
quantify fluid distribution changes in the superficial tissues
along the body axis during such an intermittent hypoxic stress.
Therefore, an ultrasound device was used to measure the tissue

INTRODUCTION

Generally, the mines in the South American Andes
are among *he highest in the world. Today there is
increasing mining activity at altitudes between
3,000 and 6,000 m. In previous times, usually long-
adapted local people were recruited for mining at
altitudes above 3,000 m. Growing economic
interest especially in Peru, Bolivia, and Chile for
copper, gold, and silver led to plans to expand
exploration and exploitation of these natural
resources in the Andes (Monge et al. 1990). It is
easy to conceive that the increasing number and the
growing size of these mines such as Minera Dofia
Inés de Collahuasi (Chile) with a population of
about 20,000 cannot be run by local personnel only
and that people had to be recruited from all over
the country. Thus, people from low altitudes (sea-
level) were recruited. It is apparent that new
physiological, medical, and/or psychological
problems related to the establishment of these
mines could be predicted, but only scanty
information is available on how workers tolerate
the high altitude exposure (Jalil 1995; Jimenez
1995; Ward et al. 1995). La Coipa (3,600 - 4,000
m) in the southern Atacama desert of Chile is one
of these new mines. Nowadays about 600 people
are working permanently in what is one of the
richest goldmines in the world. Personnel are

thickness changes at the head (front) and tibia in shift workers
and Caucasian low-landers. In addition, blood samples were
analysed for colloid osmotic pressure (COP) and albumin (ALB)
concentrations to evaluate whether fluid shifts from the
intravascuiar to the extravascular compartment are probably due
to changes in COP and ALB concentrations. We studied the
kitchen personnel (N=11) of the goldmine La Coipa (3,600 m)
and a group of Caucasian low-landers (N=5). Blood samples
were taken and CVP and tissue thickness TT determined several
times before, during, and after a typicai shift. At baseline data
collection (BDC) prior to transition the shift workers had EPO
concentrations of 5.2 + 2.4 mU-ml-1, which increased at
altitude (P<0.01) and returned to BDC values on the recovery
(day 16). The Caucasians showed the same time course. CVP
values in the shift workers were generally higher than in the
Caucasians. The tissue thickness at the front in shift workers
increased significantly at altitude exposure (P<0.05) and
remained elevated in the recovery period altitude (P<0.05). The
tissue thickness at the tibia showed no significant changes.
Similar tissue thickness changes could be observed in the
Caucasian low-landers. In conclusion, the hypothesis has to be
refuted that the initial EPO response to a hypoxic stimulus is
aitered in these shift workers. Higher hemoglobin
concentrations and/or CVP values found in shift workers might
be responsible for the rather low EPO concentrations observed
in shift workers at BDC. Furthermore, shift workers and
Caucasian low-landers showed measurable fluid accumulations
in the superficial tissue of the upper part of the body after
transition from sea-level to high altitude.

Key words: Occupational Health, Intermittent Hypoxic Stress,
Central Venous Pressure, Tissue Thickness, Ultrasound Method

recruited from all parts of the country especially
from the coastal areas of Chile.

For our study we have chosen the kitchen
personnel of the surface-mine La Coipa (location of
the study, see figure 1). The reason for choosing
this group was to avoid factors which might
influence  the  erythropoietic ~ system by
environmental pollution, as is known from Andean
underground-mines (Frisancho 1988). The workers
usually had continued for more than 5 years a shift
of 10 working-days at 3,600 - 4,000 m and a four
day rest period at sea level. The mining
management determined this schedule, which was
most likely tolerated by most of the miners
(personal communication). A scientific evaluation
on the occupationai health problem still needs to be
performed.

It was the hypothesis that in these shift workers the
initial erythropoietin (EPO) response and the
central venous pressures (CVP) are different from a
control group of Caucasian low-landers, who prior
to the study had not been exposed to altitudes
>3,000 m during the previous six months before
the expedition. CVP measurements were included
in this study, since previous experimental data in
dogs have shown that changes in CVP modulate.
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Figure 1. Location of the goldmine La Coipa (3200-4200 m) in Chile. (Map modified after Sylvester and
- Palacios 1991).

EPO production and release from the kidneys
(Ehmke ct al. 1995; Just et al. 1993), and similar
considerations have been made for man (Gunga et
al. 1994). Furthermore, it was assumed that in both
group tissue thickness changes at the front (head)
and tibia might occur at high altitude, which are
known to be present already at moderate altitude
exposure (Gunga et al. 1995).

MATERIAL AND METHODS

Location of the study. The study was performed in
the southern Atacama desert of the Chilean Andes
during April 1994. The baseline data collection
(BDC) was taken in Copiap= (380 m, Chile) prior
to transition to La Coipa, a new gold mine at an
altitude of 3,600 - 4,000 m. The mine is a four-
hour drive by car from Copiapd.

Subjects and Protocol. The shift workers (N=11,
male, age 34 + 10.3 years, height 1.67 + 0.04 m,
body mass 67.0 + 10.3 kg) were working as
kitchen personnel in La Coipa. One Chilean shift
worker was withdrawn from the study during the
first BDC due to several vasovagal syncopies
during the blood withdrawal procedure.

The shift workers usually had a shift of 10 days at
high altitude in La Coipa and a four day rest period
at sea-level. During daytime they were working in
the mine between 3600 and 4000 m and slept
overnight in a camp at a lower level (3000 m).

EPO, reticulocytes, hematocrit, hemoglobin,
plasma volume and tissue thickness changes (A%)
were determined in the shift workers during and
after transition to high altitude. The percentag
changes in plasma volume (A% plasma volume)
were calculated from hemoglobin concentrations
and hematocrit using standard methods (Strauss et
al. 1951). Blood samples from the shift workers
were taken on the Ist (=BDC), 6th, 11th, and 16th
day during the expedition.

Parallel 1o the Chilean shift workers, a control
group of Caucasian low-landers (N=5, male, age
40.8 + 5.5 years, height 1.84 + 0.09 m, body mass
82.5 + 5.8 kg) was studied. During daytime they
were working between 3600 and 4000 m and slept
overnight in the same camp of the shift workers at
a lower altitude level (3000 m). Blood samples
from the Caucasian control group were taken on
the 2nd (=BDC), 5th, 7th, 11th, 13th, and 15th day
ol the study. In addition, EPO values from the shift
workers were compared with data obtained by us
from a larger group of male Caucasiens (N=49, age
20-50 years).

CVP and ultrasound equipment. The cquipment 1o
measure CVP consisted of a small conventional
strain gauge connected (o a 19-gauge necdle, a
preamplifier, a small oscilloscope, and a tape
recorder 1o store the signals. This cquipment was
used during earlier space flights for measuring
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CVP under micro-gravity conditions (Kirsch et al.
1984). Pulse-coded modulation was used for data
acquisition. CVP was measured by the arm-down
method according to Gauer and Sicker (Gauer and
Sieker 1956) in 6 out of the 11 shift workers and in
all 5 Caucasian control subjects. The CVP
measurements were taken at several locations
(Caucasians: 3th, 5th, 8th, 11th, and 13th day; shift
workers: 4th, =th, 11th, and 16th day of the
expedition). Every measurement was made in the
morning between 10 a.m. and 12 noon, after the
subjects had rested in a supine position for 15 min.

For the tissue thickness measurements an ultrasonic
pulse echo equipment was used (CL3DL
Krautkramer and Co, Cologne, FRG). The CL3DL
operated on 10 Mhz (Kirsch et al. 1980a: Kirsch et
al. 1980b), an equipment which was used
sucessfully during space flights (Kirsch et al.
1993), clinical (Gunga et al. 1994) and other field
studies (Gunga et al. 1995). The probe (0 = 1.0 cm)
transmitts a brief burst of ultrasonic energy that
propagates through different materials and is
received by the same probe (A-mode). The probes
were connected with the instrument by means of a
flexible cable. The probe was fitted into a teflon
ring which stabilized the system. The weight of the
probe and the teflon ring together was 6.5 g. The
coupling of the equipment with the tissues induced
a deformation from an undisturbed level by less
than 2 % assuming a tissue thickness between 2-8
mm. This was experimentally tested. The data
could be read directly from a display. Since the
values depend on many physiological variables an
in situ analysis of the error is mandatory. In order
to determine the error of the method in 4 subjects
10 measurements in one location were done within
one hour. This gave an standard deviation of 0.04
mm (I %) for the mean values. The resolution of
the ultrasound sensor is 0.5 % of the values
obtained in subjects assuming an average tissue
thickness of 4.0 mm.

Analytical methods. The blood was centrifuged,
and serum was stored immediately at -30°C until
tested. EPO was measured by an ELISA distributed
by IBL (Hamburg, Germany) with an intra-assay
coefficient of variation of 4.8 %. All samples were
assayed together in duplicate. The COP was
measured  with the BMT-921-onkometert®
(Thomae, FRG) and the CV in one run was 0.44 %.
The hemoglobin (HB) concentrations were
measured with a Reflotron® by Boehringer
(Mannheim, FRG) (CV 2.0 %), the packed cell
volume (PCV) with a micro-packed cell volume
centrifuge by Compur®-Electronic (Miinchen,
FRG) (CV 0.8 %). The percentage changes in PV
(delta % PV) were calculated from control and post

ascent HB and PCV measurements according to
Strauss et al. (Strauss et al, 1951).

Statistics. The results are expressed as arithmetic
means + SD. For statistical analysis we used the
ANOVA (Microcal ORIGIN 3.5 software). The
null hypothesis was rejected when P<0.05.

RESULTS

The results are summarized in figures 2 - 9.

Baseline Data

Collection (380 m) La Coipa (3.600 m) (380 m)

'-'_. 30— Shitt Workers
E n=11
b * p<0.05
E ** p<0.01
c 20
]
2
<]
£ Y0
& 'S

0-!
E— 10—
(2]
Q
=
Q
(=}
2 o]
= 5
2 e

50 ‘|

i
L]

Hematocrlt [%]
-
wn
1

o
I

Plasma Valume [4%] Hemoglobin [mmoll-1]

High Altitude Recovery

o e
":/r T 1. ] I I I ]
1 3 5 7 9 1 13 15
Time [days]

Figure 2. Erythropoietin, reticulocytes, hematocrit,
hemoglobin and A% plasma volume changes in
Chilean high altitude shift workers before, during,
and after 10 working-days at 3,600 m. The time of
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exposure to high altitude is shaded ( Pc0.05;
P<0.01). (After Guno,a et al.1996).
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Figure 3. Erythropoietin, reticulocytes, hematocrit, hemoglobin and A% plasma volume changes in Caucasian
low-landers before, during, and after exposure to 3,600 m. The time of exposure to high alti?ude is shaded
(After Gunoa et al.1996). -
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Figure 4. Central venous pressures (CVP) before, during, and after transition from sea-level (380 m) to high
altitude (3,600 m) in Chilean high altitude shift workers (e) and Caucasian low-landers (0). (After Gunga et al.

DISCUSSION

Populations living permanently at high altitude
(Quechua Indians, Sherpas) and newcomers
(mainly Caucasian mountaineers) have been
studied frequently with respect to their adaptation
to different altitudes. These studies usually deal
with the typical characteristics of altitude
adaptations  such as  erythropoiesis, and
cardiorespiratory control at rest and during
exercise. Knowledge on high altitude adaptations in
these two groups have been reported, but no
systematic studies are available in the literature on
the effect of professional long-term, high altitude
shift working in humans as described in the present
paper.

Therefore, the present study focusses on the
characteristics of high altitude adaptation in
humans induced by weekly altitude shifts
(intermittent hypoxic stress) over of period of years
rather than days or weeks (expeditions) or
generations (Quechua, Sherpas) regarding the
erythropoietic response as seen in EPO production
and release.

The most prominent findings in this field study are

1) the low EPO concentrations at the baseline data
collection in Chilean shift workers, 2) the

pronounced initial EPO increase after transition
from 380 m to 3,600 m, 3) the decline of EPO in
both groups during the prolonged high altitude
exposure, 4) the higher CVP found in high altitude
shift workers compared with the controls, 5) the
increase in tissue thickness at the front during high
altitude exposure, and 6) the fall in COP and ALB
concentrations in shift workers at altitude.
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Figure 5. Typical example of central venous and
peripheral arm vein pressure recordings in one
subject (Chilean shift worker). High altitude left
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side, 24 hours after descent right side. (After
Gunga et al.1996).
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Figure 6. Time course of tissue thickness of the
front (head) before, during, and after transition
from sea-level (380 m) to high altitude (3,600 m) in
Chilean high altitude shift workers (e) and
Caucasian low-landers (0). The time of exposure to
high altitude is shaded ( P<0.05).
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Figure 7. Time course of the tissue thickness at the
tibia before, during, and after transition from sea-
level (380 m) to high altitude (3,600 m) in Chilean
high altitude shift workers (®) and Caucasian low-

landers (0). The time of exposure to high altitude is
shaded.

It is currently believed that the increase in plasma
EPO concentrations is proportional to the severity
of the hypoxic stress and that EPO production is
regulated by the relative amount of oxygen
available to the tissues involved in its production,
primarily the renal cortex (Jelkmann 1992). Studies
concerning the relationship between hypoxia and
EPO production and release are frequent, but they
were mainly performed in rodents, often used
extreme pathophysiological models and therefore
no data are available on EPO levels in shift workers
(Jelkmann 1992). So first, a comparison between
the basal EPO levels found in shift workers before
transition to altitude with a larger group of male
Caucasian subjects (N=49) showed that the EPO
levels at the baseline data collection were
significantly lower in Chilean shift workers than in
Caucasian low-landers (Gunga et al. 1996).
Furthermore, it appears that between 2,300-
4,000m, parallel to decreasing PO2, only a slow
progressive serum EPO in crease occurs. This is in
accordance with the findings from hypobaric
chamber studies in humans (Eckardt et al. 1989),
although a field study at 4559 m showed generally
lower EPO levels than observed in the present
study (Mairbaurl et al.1986). This might be due to
the fact that miners and Caucasian controls worked
during daytime between 3,600 and 4,000 m and
slept during the night at 3,000 m, so that they had a
daily intermittent hypoxic stress. Significantly
higher EPO levels were found in mountaineers at
altitudes >5,000 m (Milledge and Cotes 1985;
Richalet 1994) than in the present study.

In both the shift workers and the Caucasians, a
gradual EPO concentration decrease was observed
during their stay at 3,600 m, although the hypoxic
stress is prevailed. This decline in EPO
concentrations during the stay at high altitude is an
observation, which is consistent with findings
reported from moderate altitude (<2,300 m)
(Gunga et al. 1994) and higher altitudes (Abbrecht
and Littell 1972; Milledge and Cotes 1985:
Richalet et al. 1994), The EPO down-regulation is
surprisingly  similar in  shift workers and
Caucasians. It was previously suggested (Winslow
and Monge 1987) that at this altitude, the rate of
EPO turnover could be increased after initial
stimulation, precluding its accumutation in the
blood. Nutritional factors, such as a low protein
and/or carbohydrate intake (Anagnostou et al.
1977; Bethard et al. 1958; Catchatourian et al.
IQSQ; Rosenberg et al. 1989), as a reason for the
decline in serum EPO concentrations during the
stay at high altitude, which first was theoretically
predicted (Dunn et al. 1980), can be excluded
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during this study; the mine management took care
that a sufficient food supply was guaranteed so that
each subject received approximately 50-60 kcal -
cal' 24 hrs. Therefore, our data support the
findings of a single earlier study, which came to the
conclusion that the fall of the EPO concentration
during continuous hypoxia is not primarily related
to reduced food intake (Jelkmann et al.1983).
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Figure 8. Time course of the colloid osmotic
pressure before, during, and after transition from
sea-level (380 m) to high altitude (3,600 m) in
Chilean high altitude shift workers (e) and
Caucasian low-landers (0). The time of exposure to
high altitude is shaded ( P<0.05; P<0.01).
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Figure 9. Time course of albumin concentrations
before, during, and after transition from sea-level
(380 m) to high altitude (3,600 m) in Chilean high
altitude shift workers (e) and Caucasian low-
landers (o). The time of exposure to high altitude is
shaded ( P<0.05; P<0.01).

Baseline hematocrit in Chilean shift workers was
slightly higher than in the Caucasian control group,
but rather low compared to hematocrit values
known from rural and urban populations living
permanently at altitudes >3,000 m in Bolivia, Peru
and Chile (hematocrit >50%) (Monge et al. 1990;
Winslow et al. 1989; Winslow and Monge 1987).
In contrast, the baseline hemoglobin concentrations
of shift workers were comparable to those found in
the literature for high altitude populations (Monge
ct al.1990; Winslow and Monge 1987).

Previous experimental data in dogs have shown
that changes in CVP modulate EPO production and
release (Ehmke et al. 1995; Just et al. 1993), and
similar considerations were made for man (Gunga
et al. 1994). According to this hypothesis, changes
in CVP should be inversely related to EPO
concentrations in blood, i.e. low CVP should lead
to an increase in EPO concentrations and vice
versa. We tested this hypothesis in the shift
workers and the Caucasian control group. Little if
any data on the CVP-at altitude has been reported
in the literature. During Operation Everest II, a
simulated ascent to Mount Everest in a hypobaric
chamber over 40 days, the surprising observation
was made that the mean right atrial pressures
tended to be low despite pulmonary hypertension.
Compared with sea-level values it was found that
high altitude right atrial pressures were decreased
for 10 of the 15 resting and for 20 of 23 exercise
measurements (Reeves et al. 1987).

The venous recordings in the present study support
the idea that the shift workers had a high
intrathoracic filling volume, because the CVP
values were generally higher than in the low-
landers (Figure 4). Furthermore, the wave forms
seen in the arm vein after descent indicate that the
high filling volume had overcome the collapse of
the veins at the point where they enter the thorax
(Figure 5). Therefore, the pressure gradient
between the intra- and the extrathoracic part of the
low pressure system was small, so that both parts of
the low pressure system form a unit. This can either
occur via high intravascular volume or venous
constriction, which moves the blood volume from
the extra- towards the intrathoracic vessels or both.

In general, CVP in the shift workers tended to
decrease at high altitude. That this was not seen in
the Caucasian controls in this study might be due to
the fact that the subjects tended to be dehydrated or
that they had vasodilation due to the
acclimatisation to the Atacama desert climate
(Adolph 1969).

In this study at high altitude fluid extravasations
into the superficial tissues of the upper part of the
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body occured whereas at the lower part of the body
(tibia) no significant changes could be detected by
the ultrasound method (figure 6 and 7).
Simultaneously in shift workers a significant fall of
COP and ALB could be observed and it might well
be that this fall in intravascular COP is obviously
partly due to a protein leakage supporting edema
formation in the superficial tissues of the upper part
of the body. Those peripheral edemas at high
altitude are described frequently (Hackett et al.
1976; Hayashi et al. 1988; Lobenhofer et al. 1982)
and data concerning the water turnover, body
composition and protein concentrations at high
altitude are also available in the literature (Bartsch
et al. 1991; Claybaugh et al.1992; Hannon et
al.1969; Kryzwicki et al. 1971; Rennic et al. 1972;
Surks et al. 1966). In the present study, the
ultrasound sensors were attached at points were the
underlying tissues consisted predominantely of skin
and connective tissues. These tissues are known to
be water stores of the body among others (Aukland
and Reed 1993). In case the hydration level of the
body changes in these tissues the first signs are
visible there, provided thermoneutral conditions
prevailed so that noteworthy changes of the skin
perfusion can be excluded. We could demonstrate
this in patients during dialysis treatment and in
women during pregnancy and after delivery. In
those models within short periods water loading of
the tissues and unloading can be followed. With the
help of the method these changes could be reliably
seen (Kirsch et al. 1993; Gunga et al. 1994; Gunga
et al. 1995). Why the edema preventing
mechanisms as proposed by Guyton and co-
workers (Guyton et al. 1975) got out of control at
high altitude remains an open question. The fact
remains that the fluid accumulation in the
peripheral tissues went hand in hand with a protein
leakage which concomitantly led to a decrease in
COP. It is tempting to speculate that not only the
superficial tissue in the upper part of the body are
involved in this fluid accumulation but probably
also lung and other tissues of the body. Hackett and
Rennie (Hackett and Rennie 1979) described
recentiy among other phenomenas the occurrence
of peripheral edema in mountaineers. They stated
that peripheral edemas are a common problem at
altitude and sometimes very dramatic. Out of 200
trekkers they found 23 % having at least in one
area of the body peripheral edema. The edemas in
their group occurred as well around the eyes and
face, the hands, or the ankies and feet.
Furthermore, they found that 14 out of 19 who had
facial edema had as well signs of acute mountain
sickness. Some of the trekkers had eyelid edema
which was so extensive that vision was impaired.
They came to the conclusion that everyone with

peripheral edema must be checked for pulmonary
(HAPE) and cerebral edema (HACE) as well.
Lobenhofer et al. (1982) who analysed 166 cases of
high altitude pulmonary edema found in 10 cases
(7 %) local edema. Hayashi et al. (1988) who
studied the changes in water balance and in arterial
oxygen saturation in 28 trekkers during a
mountaineering expedition to Mt.Tharkot (6 100
m) in india found an increased incidence of
peripheral edema despite a reduction in total water
consumption and the use of Diamox during the
ascending phase. In their study peripheral edema
occurred from 2 500 m on and the incidence
increased with higher altitude. In their study the
two subjects who suffered most severly from high
altitude exposure showed retinal hemorrhages,
coughing and peripheral edema. Carson et al.
(1969) who investigated a group at Pike's Pike
determined the number and time course of
symptoms of the acute mountain sickness (AMS)
appearing during a stay at high altitude. They
found that the subjects had the most severe
symptoms on the 1st and 2nd day at high altitude.
It remains to be seen whether the application of this
new, non-invasive superficial tissue "edema-
detector” can be used as an indicator in case such a
fatal development starts.

In conclusion, the hypothesis has to be refuted that
the initial EPO response to a hypoxic stimulus
equivalent to 3,600 m is altered in Chilean shift
workers during a five year period of intermittent
hypoxic stress. The EPO concentrations in long-
term shift workers are lowered at BDC compared to
a large Caucasian control group. The low EPO
concentrations found at BDC might be related to
higher hemoglobin concentrations or generally
higher CVP found in this group compared to the
Caucasian controls. Changes in CVP, fluid shifts
out of the intravascular compartment and their
accumulation in the interstitial space as well as the
decrease in COP and ALB concentrations during
the altitude exposure deserve further investigations
to unterstand the role of the low pressure system in
human adaptation to moderate and high altitude.
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