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ABSTRACT

The acid-base status and arterial blood gas change with temperature variation.
To determine the changes in arterial pH and pCO,, arterial blood samples of 50
neonates with different clinical conditions were examined at temperatures of 35
to 42°C with an increment of 0.5 C, whichresulted in two nonlinear equations with
perfect fit on data. The temperature correction factors of these equations, unlike
factors of the previously proposed linear equations, are not, themselves, functions
of temperature. The arterial pH increases by 0.014 to 0.015 units, and pCO,
decreases by 4.15-4.35%, with a 1°C drop in body temperature.
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INTRODUCTION

Although water has only a very slight tendency toionize,
the products H* and OH- have very profound biological
effects. Protein structure and function, optimal reaction
rates of important enzyme systems, and intracellular
concentrations of crucial metabolic intermediates are all
critically dependent on the activity of H* and OH-. Normal
enzyme structure and function depend on a constant and
usually neutral electrochemical environment, because
electrochemical charge states and binding are largely
responsible for maintaining normal protein conformational
structure and active sites of enzymes.

Acid-base regulatory systems provide, in most cases, a
neutral intracellular milieu in which H* and OH" ions are
equal in number, thus maintaining a constant ratio [H]/
[OH]= 1 which preserves normal charged ionic states of
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cytosolic intermediary metabolites, and maintains active
sites of critical enzymes functional.! Keeping a constant
intracellular [H*)/[OH7] at37 C requires buffering systems
that sustain intracellular pH around 6.8 to 6.9. This is
facilitated by keeping arterial blood pH at about 74 for
"neutrality’. This means that blood and extracellular fluid are
normally relatively alkaline at neutral intracellular pH. This
normal intracellular to extracellular H* gradient allows for
unloading of acidic products of cellularmetabolism, including
CO,, to extracellular spaces and blood."?

The acid-base status and arterial blood gas, however,
change with temperature variation.>® By farthe most important
and dominant protein buffer is the imidazole R-group of the
amino acid histidine which is abundant in most proteins. As
temperature drops, the imidazole protein buffer changes its
pK, in parallel with pK, of water.! A parallel change in pH,
when temperature falls, maintains the fraction of unprotonated
histidine imidazole groups constant.! This constant netcharge
provides for normal protein structure and function as well as
other aspects of intracellular homeostasis.

Employing the newly-advented medical techniques such
ashypothermic cardiopulmonary bypass surgery increasingly
challenges physicians with the problem of evaluating and
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maintaining their patients’ health at temperatures largely
distant from what they have dealt with before.”® Neonates,
especially premature infants, due to their special
characteristics, that is the higher-than adults body surface to
weight ratio, are more prone to hypothermia. This requires
one to pay more attention to physiologic alterations that
occur during hypo-/hyperthermia when examining neonates.
Since neonates, whether full-terin or premature, are highly
susceptible to hypotherinia, we decided to reevaluate this
topic and thus conducted this study to determine the effect of
temperature on arterial blood pH and pCO,, the two most
inmportant acid-base determinants in neonate infants.

PATIENTS AND METHODS

Heparinized arterial blood samples of 50 neonates with a
variety of surgical and medical disorders, in different clinical
conditions and gestational age, who were admitted to the
neonatal ICU of Nemazee Hospital, Shiraz, Iran, were
transferred anaerobically to ablood-gas analyzer. Themachine
was calibrated routinely.

Regarding thermodynamic rules,’ it was leamed that the
temperature-induced changes in pH and pCO, should obey
the following equations:

pH,-pH=K (1 _) ApH=K HAl
v T Ti
p2CO,
log (plcoz) Koo b 1 = Alog (pCO,)= PCOZA

where T denotes absolzute temperature, and K and KPCOZ
are proportionality constants. The readings for each sample
were perfomed for pH and pCO, at temperatures of 35t042 C
withincrements of 0.5°C. Comparing the readings ateach two
temperatures, yields105 sets of data for each sample which
amounts to a total of 5250 A% , ApH, and Alog (pCO,) values

for all cases. To find the constant values of I(pH and KPCOZ,
employing SPSS for PC software, linear regression through
the coordinate origin was performed.

RESULTS

Linear regression analysis resulted in the following
equations:

(1) ApH= 1398.4024 A%

(2)  Alog (pCO,)=-1797.4053 A%

Obviously, as temperature drops, blood pH will increase
and pCO, will decrease. As shown in Fig. 1, a perfect fit was
obtained for both pH (r= 0.99, p< 0.00001), and pCO,(r=
0.99, p<0.00001).

172

T
a
<

084
o7k
064
054+
04 L
031

.02 +

.11#

10+

.09 +—

O1— -

0

A

©0000)

00000

800000

"og

08000000

8 a0

*6° 9o0000N

200000

0 1

S0

DT

20T .

~Alog(pCO, )

.10

08 .

1 S
ATX].O

Fig.1.Thechange of (A) arterial pH, and (B) pCO ,with temperature.
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Fig. 2.Comparisonoftheexperimentally derived* and the calculated
temperature correction factors of (A) pH, and (8) pCO,. If the
calculated data were exactly the same as the experimentally
derived data, the points would fall on the dashed line. -

DISCUSSION

Hypothermia is now firmly established as an adjunctive
maneuver in open heart surgery. However, its use in various
aspects of medical practice including repair and correction of
major congenital defects in infants, neurological and cardiac
surgery, requires knowledge of the respiratory and metabolic
changes, including acid-base status, in man in deep
hypothermia.'®"! On the other hand, conditions with severe
hyperthermia, such as malignant neuroleptic hyperthermia,
also derange the acid-base equilibrium, and thus, require
awareness of the temperature-induced changes in acid-base
status.

There is much debate on the appropriate blood gas
management of patients with hypo-/ hyperthermia, whether
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the change in temperature is caused by accidents or induced
intentionally.'"'*An abundance of clinical experience has
been acquired during the last years, during which operation
of patients in hypothermia has become more common. There
are two different strategies for blood gas management of
patients in hypothermia; pH- stat and o - stat methods.”!:'?
In the pH-stat method, the arterial pH is kept at 7.4 and the
p,CO, is preserved at 40 mmHg, when measured at the
patient'sbody temperature. In the o - stat strategy, however,
the arterialpHand pCO, are maintained at 7.4 and40 mmHg,
respectively, when measured at 37°C.

When a patient is cooled down, the arterial pH will
increase and the p CO, will drop if measured at the patient's
body temperature. To date, many attempts have been made
to formulate this temperature-induced change of blood pH
and pCO,.**¢ Many of these endeavors have resulted in
severallinear models. However, the proportionality constants
of these equations have been themselves functions of
temperature.*® This made researchers to use different
proportionality values for different temperature ranges.**

The very good curve fit results obtained in this work
support our initial thermodynamic assumptions. To
reformulate ourequations totheconventionally- usedlinear
form,24¢ Equ 1 can be rewritten as:

ApH= 1398.4024 A%

= 1398.4024 (L- i )

T E
=1398.4024 (T _T 3
=T, (T-T) (3)
=1398.4024 (g —g
T, 6,6,
= ApH=1398-4024 Ao
T1T2

Where 0 designates temperature ('C). Using the same

approach, Equ 2 can be also rewritten as:
A log (pCOz)=1797'4053 AQ @)
TiT2

Comparing Equ's 3 and 4 with the commonly-used
linear equations that have been employed by previous
investigators,2*¢ that is:

A pH=f . A6
A log (pCO,)=f 2000

wheref, and fP co AT€ pr.oportionality constants for pH
and pCO,, respectively, indicates that:

=.1398.4024
’ T1 T2
_1797.4053

Itis clear that a rise in temperature will increase f,and
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decrease f,,,, a fact that had been observed in previous
experiments,*¢ but had not yet been explained.

Comparing the calculated values, using Equ 5 for pr,
with those experimentally derived values (Fig. 2A), showed
a perfect match (r= 0.99, p< 0.00001). This is also true for
Jogts (Fig.2B) (r=0.99,p< 0.00001). Theinherent variability
of both f pHand f PCozin our model, that is in accord with the
experimentally derived data, abolishes the need to use
several equations for different temperature intervals.>*¢

Although fetal hemoglobin has a slightly different
buffering capacity than that of adults, since our model was
not constructed upon any specific type of hemoglobin, the
results generally can be applied to adults as well. The results
indicate that normally, arterial pH increases by 0.014 to
0.015 units, and p,CO, decreases by 4.15- 4.35%, for each
1°C drop in body temperature.
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