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INTRODUCTION

This review was instigated by’ the challenge to
explain the role of citrate in the untoward response
of a patient to the administration of a large volume
of stored whole blood..

In 1915 the introduction of sodium citrate anti-
coagulation by Lewisohn permitted the storage of whole
bIood for extended periods.. Prior to this time no ade—-—
quate method of transfusion had been devised other than
a direct arterial-venous anastomosis which required
"rare abilities"’.11 Because blood could be kept fluid
with citrate and could be transported to another patient
simply and impersonally it became commonly available,
Becipient and donor blood was cross matched but the
technique was relatively simple and poorly understood..

As a result: the literature of the period reports a number
of complications attending blood transfusion of which
many were attributed to citrate.?’3

In 1919 Unger2 reporting on blood transfusion reac-
tions observed that there were more reactions following
transfusions with citrated blood than with unmodifiled
blood. Drinker & Brittingham reported that after citrate
transfusions febrile reactions occurred in-60 percent: of
cases and a chill developed in 57 percent. TUnger observed.
febrile reactions occurring in only 10 percent and chills




































aeid exists in the bones (T000 mg. pereent!.sa Dickens
.estimates that over 95% of the total citric acid of the
body resides in the skéleton.59

. The role of the liver 1n citric acid metabolism has
been controversial, Sjostrom in 1937 demamnstrated that
if a citrate golution was perfused through an animal®s
liver, the citrate in the perfusing fluld was handled
easily even though the concentration was 100 times that
normal for the animal, He observed that so much of the
cltrate was transformed during a single passage that the
level in the hepatlic venous blood was near that normally
found in serum. No corresponding decrease in c¢itrate
content was observed when the hindquarters of the animals
were perfused.&ﬂ}

Conversely, Martensson concluded from perfusion exe

periments that the liver had little or no ability to des-
troy citrate but that the kidney had a marked ability to
do so. He explained Sjostrom*s results on the fact that
his perfusion experiments were done on livers removed from
the animals so that many of the cells had been macerated,.
This, he felt, released intracellular enzymes to meta--
bolize the citrie acid. His experiments avoided this
possibility because the hepatic tissue was perfused in
the intact animal.??

Support for Martenssonts idea is galned from work



done by Battelli and Stern who observed that citrate
was oxidized when incubated with extracts of animal
organs. Uxygen appeared. to affeet this reaction, for
the rate of disappearance of citrate varied directly
with the oxygen concentration. The reaction was con-
versely retarded by acid,

This eoncept contradicted Bunker yho demonstrated
an increased toxicity of bank blood in patients with
hepatic disease. He observed that in normal adult
patients recelving multiple transfusions at a rate of not
more than about 500 ml. every 30 minutes there was no
evidence of toxieity. Thus, with citrate infused at a
rate less than 0.5 mg. per kllogram of body weight per
minute the serum concentration of citrate remained below
9 mg. per 100 ml. At this level of citrate the serum
ionized calcium concentration remained above 0.85mM per
liter which is within the normal range. Fifteen patients.
with advanced liver disease receiving whole blood trans-
fusions at about the same rate (less than 0.5 mg.. cit-—
rate per minute) had higher serum citrate levels, above
9 mg. per 100 cc.. In 5 of the patients the calculated
ionized calecium level fell below 0.8 mM per liter, Bunk-
er®s evidence suggests that hepatic tissue plays a role
In citrate metabolism but it does not necessarlily pin-
point the liver as the only site of citrate metabolism,



Qther substrates and enzymes may originmate in liver
which are necessary for the metabolism of citrate in
peripheral tissues.

Howland and his co-workers 39i¥m“showed that in
patients with abnormal liver function tests resulting
from metastatic carcinoma there was no elevation of plasma
citric acid levwels. It may be that the metabolic dis-
turbances assocliated with cirrhosis impair eitric acid
metabolism and account for this discrepancy. Similarly,
in a series of patients undergoing hepatic lobectomy, the:
rate of metabolism or clearance of citriec acid was the
same as that in patients undergoing operations on other
organs and recelving equivalent volumes of blood.

The kidney has been shown to partieipate actively in
citrate metabolism and excretion. Amberg and McClure were
first to identify citric acid as a normal excretory pro-
duct in human urine.®% Gestberg®3 later demonstrated
that citrate excretion increased greatly during metabolie
alkalosis: and decreased during states of acidosis. Re-
cent evidence presented by Cooke and ¢o~workers has shown
that administration of potassium to potassium-deficient
animals with hypochloremic alkalosls inereased citrate
excretion greatly.éh Evans has ‘substantiated this in man
showing that as potassium chloride was administered, there
was a concomitant chamge in urine pBL65 It would appear
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from work done by Grollman et. al. with intermediates
of the tri-carboxylic acid cycle that the renal mechan-
ism is one of filtration and reabsorption without tubue-
lar secretion.665 Earlier work done by Mortensson sug-
gested that the epithelial cells of the renal tubule
utilized eircuiating citric acide’?

Physiologically, excess citrate is believed to have
its main adverse effect by lowering ionized calcium.ha
In 1916, 8alant and wise® abserved that 1f citrate was
given to experimental animals by veln even in comparative-
ly small doses it produced marked symptoms resulting in
death on occasion if the rate of injection were too fast.
Dyspnea, convulsions, fibrillary twitching of voluntary
miscles and dilatation of the pupils were abserved follow-
ing the administration of 70 mg. sodium citrate per kilo-
gram. Dogs receiving a 2.5 percent solutlon of sodium
citrate intravenously, in doses of 100 mg. per kilogram
body weight, injected at the rate of 50-70 mg. per kila.,
per minute had cessation of respiration, and sometimes
also arrest of the heart action.

Citric acid effect on ionized serum calcium has been
studied by many with variable results depending on, the
rate of administration of citrie acid, the circulatory
status .of the patient, and the acid-base balance, It is
the ionized calcium in the body which appears to be
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should include:
a) ECG monitoring of patients
b) Continuous replacement of blood loss
c} Venous pressure monitoring

d). Calcium gluconate or calcium chloride adminis-
tration with blood infusion in excess of 2 liters

e) Warming of blood prior to administration if large
quantities are anticipated.

One must conslder any transfusior hazardous especial-
ly when modifying circumstances are present. In addition
massive transfusions are prone to produce grave compli-
cations of which cardiac standstill or fibrillation are
the most severe. Any transfusion which exceeds the follow-
ing criterla should be considered massive and the neces-
sary precautions should be practicedz

1). Any transfusion of greater rapidity than one
unit (5%0 ml.) in five minutes.

2)- Any transfusion during which multiple units
of blood will be given such as to exceed one
unit every thirty minutes up to five.

3)- Any time more than five units of blood are
given in a 24 hour period.

SUMMARY

Complications of blood transfusions are reviewed
with emphasis on the infusion of aclid-citrate-dextrose
stored blood. Changes in ACD stored blood are reviewed.
Massive blood transfusion 1s defined as to the rate and
quantity of blood.administration necessary to cause in-
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creased morbidity or mortality. Finally citrate, its
metabolism and physliology are considered. The relative
safety of ACD stored blood is pointed out and those fact-

ors which may compromise its use defined.
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