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ment with very large doses of steroids, such as methyl-
prednisolone, 1 g, intravenously, may be effective in
preventing an anaphylactic response, whereas smaller
doses may not be effective. These experiences also
suggest that the optimal time for pretreatment is half
an hour to several hours prior to challenge. Intra-
venous administration of diphenhydramine does not
appear to be effective in preventing the anaphylactic
response,i~® although it may be helpful in decreasing
the severity of the response.” Of course, other
unknown situational factors may be very important in
preventing anaphylaxis, and it is not possible to de-
termine these factors from small numbers of anecdotal
reports such as these. Both Drs. Millbern and Bell’s
report and our experience underscore the importance
of having suitably trained personnel in attendance in
situations where an anaphylactic response is likely or
expected. Proper preparation for the eventuality and
prompt, appropriate intervention can markedly affect
the eventual outcome.
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Averaging pH vs. H* Values

To the Editor:—In a recent letter to the editor,
Giesecke! criticized statistical methods used by Stoelt-
ing? in reporting gastric-fluid pH changes following
several preanesthetic medication regimens. Stoelting
measured pH in gastric aspirates and derived mean
and standard deviation values. Giesecke claimed that
pH must first be converted to a real number, then
statistically manipulated, and finally reconverted to
pH form. Although details of the transformation were
not given, it would appear Giesecke meant one should
convert the pH to.a derived hydrogen ion concen-
tration ([H*]), average, take the negative logarithm,
and call the result the average pH. He maintained
that only a real number can be meaned and that pH,
being a logarithm, is not real. (Parenthetically, a
logarithmic transformation of a real number is most
assuredly also a real number.) We believe that Gie-
secke is in error, and fear that acceptance of his
letter by the editors of ANESTHESIOLOGY might reflect
anew standard for the review of statistical procedures
involving pH.

Both Stoelting and Giesecke seem to implicitly
accept pH as the expression of gastric-fluid acidity. We
agree with them. Although many have called for the
abolition of pH notation and for the use instead of

a derived [H*] in describing acidity,~® a consider-
ation of thermodynamics applied to biologic systems
confirms the superiority of pH over [H*] in relating
acidity to physiologic function.®” Although pH was
originally defined as pH =log 1/[H*], pH is now
accepted as the measure of acidity without regard to
that definition.” pH is an independently determined
variable; [H*]is a derived, dependent variable. With-
in certain tight constraints, it still remains true that
pH = —log ay+, where ay+ =7y [H*] (ay+:hydro-
gen ion activity; vy: activity coefficient). It is likely that
most physiologic processes affected by hydrogen ion
respond in a manner proportional to the logarithm
of the hydrogen ion activity.®

A series of pH measurements can be summarized by
a sample mean and sample standard deviation. It is
erroneous to take the antilog of the pH, invert,
average, take the negative logarithm of the average,
and call this number the mean pH.” Let us consider a
simple example. Given two samples of gastric fluid of
equal volumes with pH 1 and 6, the mean pH is 3.5.
When Giesecke’s method is used, the following cal-
culations have to be made. First, the pH values are con-
verted to [H*]; thus, pH 1 yields [H*] = 10"! mol/l
and pH 6 gives [H*] = 10® mol/l. Next, the average of
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the [H*] values (107" + 107%/2 = 5 x 1072 molll is ob-
tained. Finally, the negative logarithm of this average
is the mean pH: —log 5 x 1072, or pH = 1.3. Since 107
is far smaller than 107!, its contribution to the average
is trivial and changes little the calculated mean [H*].
Obviously, pH = 1.3 is a far different result from pH
= 3.5. Since pH is lincarly related to chemical poten-
tial, then an average value of pH should properly re-
present the average value of the disposition of hy-
drogen ion to participate in the physiologic state being
studied.*” Thus, in our example, the appropriate
mean pH is 3.5, not 1.3.

This recent notion that pH should be converted to
[H*] for averaging arises from the assumption that
random variations of [H*] have a normal distribution.
No experimental or theoretical evidence supports this
assertion.®” To the contrary, theoretical consider-
ations suggest that it is pH that is normally dis-
tributed.®7

In some circumstances use of [H*] rather than pH
is needed.® For example, if Stoelting had measured
gastric acid production (by use of titration methods in
gastric-fluid samples), then the results should have
been expressed as [H*], not pH. Any statistical manip-
ulations (mean, standard deviation, standard error,
confidence intervals) should have also been expressed
in terms of [H*]. We strongly recommend that in re-
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In reply: —I have read with sustained fascination the
correspondence by Pace et al. and others regarding
mean pH as an expression of the central tendency of
acidity in gastric specimens. Many arguments have
been presented in favor of meaning pH values by
adding them all together and dividing by “n” exactly
the same as one would derive the mean of any other
set of numbers.!? These arguments were so eloquent
that I began to doubt my own conviction that this
mathematical manipulation was not scientifically
valid.*® My conviction was based largely on the
knowledge that when one adds logarithms the antilogs
that they represent are multiplied, not added.
Further, when one divides a logarithm by a number
“n”, then one achieves the “n-th root” of the antilog
which is represented. The controversy boils down to a
simple question: “Which of the following is the best
expression of the central tendency of acidity in a series
of solutions of different pH?”

%o 22X
n

CORRESPONDENCE

Anesthesiology
V 51, No 5, Nov 1979

porting pH results, usual statistical calculations are
correct and appropriate without any data transfor-
mations.

NaTHAN LeEoN Pace, M.D.

Assistant Professor

Axrro OHMURA, M.D.

Assistant Professor

TakAsHI MasHIMO, M.D.

Research Fellow

Department of Anesthesiology
University of Utah College of Medicine
Salt Lake City, Utah 84132

REFERENCES

1. Giesecke AH Jr: Averaging values for gastric pH incorrect.
ANESTHESIOLOGY 50:70-71, 1979
2. Stoclting RK: Responses to atropine,. glycopyrrolate, and
Riopan of gastric fluid pH and volume in adult patients.
ANESTHES1I0LOGY 48:367-369, 1978
Campbell EJM: RIpH. Lancet, 1962, pp 681-683
Howorth PJN: RIpH revisited. Lancet, 1974, pp 253-254
5. Blackburn JP: What is new in blood—gas analysis? Br ] Anaesth
50:51-62, 1978
6. Davis RP: Logland: A Gibbsian view of acid—base balance
' (editorial). Am J Med 42:159-162, 1967
7. Waddell W], Bates RG: Intracellular pH. Physiol Rev 49:285-
329, 1969

(Accepied for publication June 12, 1979.)

-

or

- n
X = VXXX

I decided to test the question physically rather than
just speculate on the theoretical mathematics. In the
laboratory I added 100 ml of distilled water to each of
five beakers. Using a continuously reading pH meter, I
added hydrochloric acid or sodium hydroxide drop-
wise until the pH values of the five solutions read
2.045,3.114,4.131,5.192 and 6.063. Triplicate obser-
vations and constant stirring were used to assure
accuracy of the readings. To determine the central
tendency of acidity of the solutions, I poured 25 ml of
each of the five solutions together in a mixing fAask and
measured the pH of the resulting solution. If mean pH
were a valid expression of the central tendency of
acidity, then the pH of the resulting solution should
read 4.109. Alas, the actual reading was 2.758, which
happens to be the pH of the mean hydrogen ion
concentration in the resulting solution. I, therefore
concluded that best expression of the central tendency
of acidity in a series of solutions can be proven by
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