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The authors reply: Malgarini and Pimpinella 
inquire about the difference in baseline charac-
teristics between the Latino and non-Latino white 
patients and the effect that these differences might 
have on the ability to conclude that the two groups 
have different responses to peginterferon alfa-2a 
and ribavirin. In designing our study, we took into 
consideration factors that could affect the response 
in the Latino versus non-Latino white patients with 
chronic HCV infection. These factors included black 
race and the presence or absence of cirrhosis, al-
cohol and drug abuse, human immunodeficiency 
virus infection, and other forms of liver disease, 
including hepatitis A and B. We limited the pro-
portion of patients with cirrhosis in both ethnic 
groups. One of our goals was to identify factors 
that are predictive of a response in each group, in 
addition to investigating the overall difference be-
tween the two groups. As we noted in our article, 
we performed a multivariable logistic-regression 
analysis to evaluate the effects of baseline prog-
nostic factors, such as the body-mass index, on the 
probability of a sustained virologic response. As 

we show in Figure 2C of our article, the difference 
in sustained virologic response between Latino 
whites and non-Latino whites remained signifi-
cant, and ethnic background was the strongest 
predictor of a response after adjustment for other 
significant factors. Therefore, we can confidently 
conclude that Latino whites have a lower rate of 
response to standard therapy for HCV than do non-
Latino whites.

Schildgen shares his research findings regard-
ing the altered host response to adefovir in HBV 
infection. We cannot make any relevant associa-
tion between the findings in hepatitis B and those 
in hepatitis C, because they are very different dis-
eases caused by biologically distinct viruses. In 
our article, we alluded to the fact that the differ-
ence in response rates between Latino whites and 
non-Latino whites could be due to dissimilar host 
factors, including genetic and immune charac-
teristics; however, our objective — to explore 
whether there is a difference in the rate of re-
sponse — has been achieved. Further research is 
needed to define the molecular mechanisms of 
this difference.
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Blood Oxygen on Mount Everest
To the Editor: Grocott et al. (Jan. 8 issue)1 mea-
sured arterial blood gases in healthy climbers 
breathing ambient air on Mount Everest. The au-
thors acknowledge the potential confounding in-
fluence of the subjects’ use of supplemental oxygen 
before the sampling of blood gases, but further 
medication history is not provided. Apart from 
oxygen, a variety of medications, including aceta-
zolamide, inhaled salmeterol, dexamethasone, sil
denafil, and tadalafil, have been used by healthy 
climbers as prophylaxis against altitude-related 
illnesses.2 Use of these medications may affect 
the physiological response and subsequent blood 
gas values in hypoxic, hypobaric conditions, par-
ticularly with respect to the pulmonary vasculature 
and the oxygen–hemoglobin dissociation curve.

In addition, the subjects’ hemoglobin concen-
trations at 8400 m, and hence their arterial oxy-
gen content, were estimated from the hemoglo-
bin values measured at 5300 m. It is plausible that 
this calculation underestimates the hemoconcen-
tration in the subjects at 8400 m that is likely to 
have occurred as a result of further dehydration 
and hypothalamic–renal effects,3 resulting in an 
underestimate of the subjects’ true arterial oxy-
gen content at the Balcony on Mount Everest.
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To the Editor: Grocott et al. calculated alveo-
lar–arterial oxygen differences. But do the study’s 
calculations accurately reflect in vivo values? Ox-
ygen solubility in whole blood is influenced by 
temperature,1 but the actual body temperatures 
of the mountaineers were not taken into account 
in the authors’ calculations. A significant decrease 
in core temperature can be observed in climbers, 
owing to adaptive hyperventilation, which occurs 
when supplemental oxygen is suddenly dimin-
ished, withdrawn, or not used at all (Dujmovits R, 
AMICAL alpin: personal communication). Hypo-
thermia leads to falsely elevated measurements of 
the partial pressure of oxygen (PO2) and can there-
by falsely decrease the calculated alveolar–arterial 
oxygen difference.2 Exercise-induced hyperthermia 
would have an opposite effect.
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To the Editor: The calculation of arterial-blood 
oxygen content (CaO2) by Grocott et al. uses a 
value of 1.39 ml of oxygen per gram of hemoglo-
bin as the constant for oxygen-combining capac-
ity. This constant is based on the molecular weight 
of hemoglobin.1 Gregory reported a constant of 
approximately 1.31 ml of oxygen per gram of he-
moglobin with the cyanmethemoglobin method 
for calculating hemoglobin concentration.2 The 
difference between the constants can be attributed 
to iron hemochromogens. Since the Everest study 
used the azidemethemoglobin method for hemo-
globin measurement, it is subject to the limitation 
described by Gregory.2 Recalculation with the lower 
constant gives a new, lower estimate for CaO2 at 
8400 m, approximately 137 ml of oxygen per liter 
of blood, which is equivalent to the CaO2 in per-
sons at sea level who are anemic (hemoglobin level 
of approximately 10.5 g per deciliter).
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To the Editor: It is unusual to see bicarbonate 
concentrations of less than 14 to 16 mmol per 
liter in response to chronic hypocapnia, as were 
found in the study by Grocott et al. Below this 
level, on the basis of studies in dogs at an arte-
rial partial pressure of carbon dioxide (PaCO2) of 
22 to 25 mm Hg1 with extrapolation to clinical 
practice, some handbooks on acid–base disorders 
suggest that metabolic acidosis is present in ad-
dition to chronic hypocapnia. Few studies have 
been performed in humans because of the diffi-
culty of studying humans under extreme hypoxic 
conditions; the studies that have been performed 
have not shown bicarbonate concentrations be-
low 17 to 20 mmol per liter in response to chron-
ic hypocapnia (PaCO2 of 28 to 30 mm Hg at an 
altitude of 3450 to 4880 m).2,3 Although the study 
by Grocott et al. involves more extreme altitudes, 
the bicarbonate concentrations of 10 to 11 mmol 
per liter at 8400 m strongly suggest a mixed ac-
id–base disorder consisting of a chronic respira-
tory alkalosis and metabolic acidosis, which is 
also evidenced by the negative base excess. Since 
lactate levels were only minimally increased, the 
presence of a normal anion-gap acidosis is sug-
gested. Did climbers use acetazolamide, a carbon-
ic anhydrase inhibitor used for protection against 
mountain sickness?
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To the Editor: Grocott et al. speculate about the 
lower limit of arterial hypoxemia in humans and 
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the relevance of their findings to critically ill pa-
tients. However, I think that the relevance to the 
critically ill patients in the intensive care unit (ICU) 
is limited. Oxygen consumption and oxygen trans-
port in the mountaineers were probably elevated 
(maybe these data can be provided). These values 
depend not only on arterial-oxygen content but 
also on blood flow, which is much more fluctuat-
ing. With respect to the latter, trained mountain-
eers differ considerably from patients in the ICU, 
who usually have multiple coexisting conditions.
Alfred Hager, M.D.
Deutsches Herzzentrum München 
D-80636 Munich, Germany 
a-hager@web.de

The authors reply: Daley questions whether 
hemoconcentration due to dehydration might have 
resulted in an underestimation of the hemoglo-
bin values used in the calculation of oxygen con-
tent at 8400 m. We cannot exclude this possibil-
ity, since hemoglobin was not directly measured 
at the time of sampling and the climbers had been 
active for 12 hours with limited rehydration (ap-
proximately 500 ml of fluids). However, immedi-
ately before the ascents to the summit, all subjects 
had free access to adequate fluids and were judged, 
on the basis of good volumes of clear urine, to be 
well hydrated. Daley also asks whether our sub-
jects took any medications other than supplemen-
tal oxygen. Subjects took no medications, except 
for simple analgesics (acetaminophen and non-
steroidal antiinflammatory drugs), from the start 
of the expedition to the end of measurement.

Hilberath and FitzGerald ask whether hypo-
thermia (or hyperthermia) may have altered the 
in vivo solubility of oxygen in whole blood and 
thereby falsely elevated (or lowered) the reported 
values. Although body temperature was not mea-
sured in the subjects at the time of sampling, all 
subjects were subjectively comfortable (neither cold 
nor hot), and this was confirmed by the clinical 
impression of attending investigators. Samples 
were taken with subjects at rest in a shelter (no 
wind chill), and they had recently shed layers of 
insulation in order to maintain comfortable nor-
mothermia.

Tasker suggests that the oxygen-combining ca-
pacity of hemoglobin should be 1.31 ml of oxy-
gen per gram,1 rather than the theoretical capac-
ity of 1.39.2 We chose 1.39 because the degree by 
which the oxygen-combining capacity of hemo-
globin at high altitudes differs from the theoreti-
cal maximum is unknown. Furthermore, we high-
lighted the relative changes in oxygen content in 
comparison with sea-level values, and these rela-
tive values would not have been affected by the 
choice of constant.

De Vries and Berend are surprised by the meta-
bolic acidosis observed in the measurements at 
8400 m. This is a well-documented response to the 
respiratory alkalosis that occurs with acclimatiza-
tion to high altitude, and similar values have been 
reported previously in both hypobaric-chamber3 
and field4 studies. No subject took acetazolamide.

Hager expresses skepticism about the relevance 
of findings in mountaineers at high altitude to 
critically ill patients. Although we recognize that 
there are important differences between the two 
groups, we contend (and we have argued else-
where5) that prolonged exposure to hypoxia (at 
high altitudes or in a hypobaric chamber or tent) 
in healthy, normal subjects provides a means of 
exploring the integrative physiology of adaptation 
to hypoxia in a controlled manner that is not cur-
rently achievable by other means.
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