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ABSTRACT

Due to the bowl shaped topography of La Paz, Bolivia ,the
residents of the city are constantly changing altitude from 3100
meters, ina common residential area to 4100 m at El Alto, an
upper industrial city and airport area. In order to access cardio-
respiratory alterations occurring with rapid altitude changes, 15
soldiers [average age = 19 years, Weight = 59.07 Kg., Height
= 165 cm], residents of El Alto (4000 m), were examined in a
mobil unit equipped with a computerized cardio-ventilatory
apparatus. Following calibration of the ventilatory apparatus,
and after 15 minutes of rest, over the next 6 hours, subjects were
connected via mouthpiece to a one way flow valve for 15
minutes. Expired gas was collected in Douglas bags. The
electrocardiogram was monitored with 3 standard chest leads.
Finger oximetry was recorded. Blood was drawn for arterial
gases analysis. These were analyzed at3600m with a Radiometer
Blood Gas MK2 pH. The same procedure was repeated the next
day on descent to the forest of Aranjuez (3100 m). Saturation
rose from 87.8 + 2.83% 1091.47 + 1.40% (p< .001). Heart
rate changed from72.5 4 10.21068.3 + 7.9 (p < .05) beats per
minute. Alveolar ventilation (BTPS) diminished from 7,117 +
1,232 ml to 6,197 + 844 ml (p< .05). Oxygen consumption
greatly increased from 172 + 30to 300 + 42 ml/min (p < .001).
Carbon dioxide production did not change significantly 266 +
43.23 to 245 + 32 ml/min. The respiratory Quotient diminished
from 1.5 to 0.8 Arterial partial oxygen tension (PaO2) increased
from54 + 2.79 t0 64 + 6.33 mmlg (p< .001). PaCOzchanged
from 33 + 2.2 t0 34 + 1.57 (p< .05). The pH decreased from
7.434 1+ 0.026 to 7.381 +0.335 (p< .001). This research
demonstrates that when patients are analyzed in a cardio-
pulmonary laboratory after they descend or ascend to it, the
change in altitude must be considered in interpretation of results.
Rapid altitude shifts in La Paz, force residents to constantly
adapt, producing respiaratory acidosis on descent within the city .
(Acta Andina 1996, 5:19-22)

RESUMEN

Debido a la topografia montafiosa de la ciudad de La Paz, Bolivia,
sus residentes estin constantemente cambiando de altura
trasladdndose entre los 3100 m de la zona residencial a los 4100 m
enel Alto y el aeropuerto. Para valorar las alteraciones cardio-
respiratorias que ocurren debido a estos cambios, 15 soldados
(edad promedio = 19 afios, peso = 59.07 Kg., Talla = 165 cm),
residents de El Alto (4000 m), se examinaron en una unidad movil
equipada con aparatos computarizados. Después de la calibracién
del equipo respiratorio, los sujetos previo reposo de 15 minutos
fueron conectados mediante una vailvula bucal unidireccional
durante 15 minutos, cada uno. El gas expirado fue recolectado en
bolsas de Douglas y el electrocardiograma fue monitorizado con 3
derivaciones precordiales standard. Fue registrada la oximetria de
dedo y se tomaron muestras de gases en sangre arterial, éstas
fueronanalizadas en nuestro laboratorio a 3600 m conun Radiometer
Blood MK2 pH. El mismo procedimiento fue repetido al dia
siguiente inmediatamente despuies del descenso al bosque de
Aranjuez (3100 m). La saturacién de oxigeno se elevo de 87.8 +
2.83a91.47 + 1.40(p< .001). La frecuencia cardiaca cambid de
72.5 + 10.2 a 68.3 £ 7.9 (p< .05). La ventilacion alveolar
(BTPS) disminuyé de 7,117 £ 1,232 ml a 6,197 + 844 ml (p<
.5). El consumo de oxigeno se incrementd significativamente de
172 £30 a 300 + 42 ml/min (p< .001). La produccién de
anhidrido carbdnico no cambid significativamente de 266 + 43.23
a 245 + 32 ml/min. El cociente respiratorio disminuyd de 1.5 a
0.8. La presién parcial arterial de oxigeno (PaO2) aumenté de 54
+2.792a64 + 6.33 mm Hg (p< .001). La PaCO2 cambié de 33
+ 2.2a 34 + 1.57 (p< .05). El pH disminuyé de 7.434 + 0.026
a 7.381 + 0.335 (p< .001). Esta investigacion demuestra que
cuando los pacientes son analizados en un laboratorio cardio-
pulmonar despies de descender o ascender ala misma altura, el
cambio de altura debe tomarse en cuenta en la interpretacién de los
resultados. Los cambios de altura bruscos y constantes en la ciudad
de La paz, obliga a sus residentes a adaptarse constantemente,
produciendo acidosis respiratoria al descender. (Acta Andina
1996, 5:19-22)

There are related to acute exposure to hypoxia
of high altitude many study published in the
literature [6,5,2]. Studies at fixed points of
altitude of permanent high altitude residents
have also been performed [3,4]. However, high
altitude shifts of normal highland residents
have not been studied. Nearly to 1 million
inhabitants of high altitude in the city of La Paz
(3600 m), have adapted to the altitude and
varying topography constructing their residences
and places of work at altitudes varying from 3100
to 4100 m. Some live in the residential areas in the
lower part of the city and work in the higher part of
the city then, they experience up to 1000m of
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altitude shifts daily and sometimes four times a
day since the habit of going home for lunch
persists. In order to observe the physiological
changes that constant altitude shifts at high
altitude impose on healthy humans, cardio-
respiartory studies were performed at both
altitudes.

Methods and Materials

A mobil camper-truck was equipped with
computerized cardio-respiratory equipment. A
Puritan-Bennett model REMAC adapted through
an analog digital converter to a PC was used to
measure ventilation during 15 minutes, through
a mouthpiece one-way flow valve constructed in
our laboratory with a noseclip. After 1/2 hour
warm-up, calibration was made with a 3 liter
syringe. Barometric pressure was taken from the
military airport located at the First Brigade of the
Bolivian Air Force in the Alto at 4005 m. with a
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barometric pressure (PB) of 478 mmHg. Fifteen
soldiers with age (19 years + 1.55 S.D), height
of 165 c¢m + 6.46 and weight 59.07 Kg. + 7.42,
were observed following 15 minutes of rest.
Expired gas was collected during 15 minutes of
ventilation in Douglas bags and later after being
appropriately mixed by flushing a disposable 60
cc plastic syringe, a sample was collected in this
syringe. We had previously checked that these
syringes were able to adequately store expired

The following day the same procedure was
repeated in the same group of soldiers on
descent to the bosque of Aranjuez (3100 m).
Statistical analyses was performed calculating
averages and standard deviations in a PC with
the software statpro and probability was
calculated using paired and non-paired student's

test. -
Results

Table 1 shows the average and standard

samples for days. Simultaneously; ECG
monitoring was completed with 3 standard chest
leads hooked-up to the same computer. Earlobe
oximetry was performed with a portable NONIN
oximeter Model 8500. Arterial blood samples
were taken from either the radial or humeral
artery while the subjects were lying down. The
observations were done during a 6 hour span.
Blood gases and expired gases were analyzed in
our laboratory at 3500 m in the PhmK2 Acid-
Base analyzer of Radiometer, properly calibrated
according to manufacturer”s recommendations.

deviation of heart rate, blood pressure and
ventilation values at both altitudes.

Alveolar ventilation (VA) was calculated from
VA = VCO./PACO: * 0.863, where VCO» =
Carbon dioxide production. Tidal Volume (Vt)
from VE/RR where VE = Expired ventilation/min
and RR = respiratory rate. Dead space volume
(VDS) was derived from Bohr's equation. Fifteen
soldiers were observed and any observation with
systematicerrors were left out and hence the
number of observations (n) varies.

HR |BPSyst |BPDiast| RR| VE | VA Vit VDS
/min mmHg | mmHg | /min| ml/min | ml/min ml ml
EL ALTO n= 15 15 15 15 15 14 15 14
4005 m X=| 1247 106.0 66.4 | 189 | 129448 | 71176 | 6896 | 309.8
Pb =471 mmHg |SD =| 10.18 13.55 9.64 | 3.73 | 2607.08 | 1323.53 | 97.03 | 58.77
ARANJUEZ n= 15 15 15 15 15 11 11 11
3140 m X=| 6833 103.5 668 | 17.2| 13031.7 | 61928 | 771.6 | 4168
Pb'= 524 mmHg [SD=| 7.0 9.87 6.87 | 349 2116.72 | 88533 | 11012 | 56.17
p <.05 NS NS <.05 NS <.l <.01 NS

Table 1. Heart rate, blood pressure and ventilation changes in both altitudes. HR = heart rate, BP Syst = systolic
blood pressure, BP Diast = diastolic blood pressure, RR =Respiratory rate, VE=Expired ventilation (BTPS),
VA =Alveolar ventilation (BTPS), Vt=Tidal volume, VDS =Deadspace.

STPD
— SAT | pH | PaCO2| PaO2 | PEOZ]| PECO2 | VO2 | VCOZ | RQ
% mmHg | mmHg| mmHg| mmHg | ml/min | mi/min
[ELALTO n= 15 4| 14 | 14 | 15 15 12 14 14
4005 m X=| 878 |7434| 325 | 54 | 77 179 1725 | 2662 | 156
Pb=47immHgl SD=| 283 |0026] 220 | 279 | 225 | 195 3059 | 4323 | 0.16
ARANIUEZ | n= 15 11 | 1 1| 14 14 11 11 11
3140 m X=| 915 |7382| 342 | 64 | 19 16.4 3007 | 2454 | 082
Pb=524mmHg| SD=| 141 |0034| 157 | 633 | 294 | 176 4222 | 3252 | 006
p | <001 [ <001] <05 [ <001] NS NS <001 | NS | <001

Table 2. Ventilatory and blood gases changes in both altitudes. SAT = Oxygen saturation, PaCO2 = Arterial carbon
dioxide partial pressure, PaO2 Arterial oxygen partial pressure, PEO2 = Expired gas oxygen partial pressure
PECO2 = Expired gas carbon dioxide partial pressure, VO2 = Oxygen consumption, VCO2 =

. Carbon dioxide
production, RQ=respiratory quotient.
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Table 2 shows the average and standard deviation
of the respiratory parameters and blood gases.
Carbon dioxide production (VCO:) was
calculated from VE * FECO:, where FECO: =
Fractional expired carbon dioxide. Oxygen
consumtion on (VO:) was derived from the
classic oxygenconsumption equation.

Discussion

Previous studies of normal values of residents
in La Paz, have been made considering the city
of LaPaz as one point and relating its values to
sea level or mountain regions near La Paz [1].
To our knowledge, no studies have been made
in normal residents within the same city acutely
exposed to altitude shifts. La Paz residents are
constantly adapting and shifting to a relative
environment of hyperoxia or hypoxia. The
city's paved roads permit the ascent of close to
1000 m in 1/2 hour. The airport is located at the
higher part of the city at 4050 m.

We found that the heart rate change from 72
to 68 was significant at the .05 level. VE,VA
and VDS did not change, however changes in

Vt and RR were significant at the .01 and .05
level, respectively. Arterial oxygen tension
(Pa0:) and carbon dioxide tension (PaCO:) and
Oxygen saturation (%SAT) increased
significantly, as expected. The decrease in
ventilation upon going lower was confirmed.
However the most important observation in our
study dealt with VOo. It is striking to observe a low

Air Force base (4005 m) altitude for these

soldiers, and correspondingly the respiratory
quotient was quite high (1.56). It seems that at
this permanent altitude people consume less
oxygen. Their physical capabilities, were not
measured in this report, but are known to be
excellent because as a military group they are
constantly involved in conditioning exercise.
On descent, their VO:increased significantly
(p< .001) to 300 ml/min, although their VA
diminished, and they maintained a similar
VCO: and therefore lowered the RQ to 0.82.
Finally the pH diminished significantly from

7.434 to 7.382 (p< .001). This is the opposite
reaction forman on rapid ascent, where respiratory
alkalosis develops because respiratory
adaptationis inmediate but metabolic adaptation
takes several days.

The same phenomenon is observed in this
study, although inverse i.e. respiratory acidosis
is produced by going down 1000 meters. This
implies that the inhabitants of La Paz are
permanently changing from respiratory alkalosis

to respiratory acidosis, and viceversa. It is
surprising to many visitors, that such a large
population could have settled at this altitude.
This observation should be taken into
consideration when we draw blood for gas analysis
in patients if they happen to come from the higher
or lower parts of the city. Although they should
adapt to the PO: of the altitude of the lab, the pH
value may tend towards a respiratory acidosis or
alkalosis.
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