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mTRODUCTI0N 

!bis review was instigated by,,the cb.al1enge to 

explain the role of citrate in the untoward response: 

of a patient to the administration o:t a large volume 

of stored whole blood._ 

In. ]91; the introduction of sodium citrate anti

coagulation by- L&wisob.n irermitted the storage of whole 

bI.oOd for extended periods.. ft.ior to th.is time no ade-

quate method of transfusion had been devised other th.an 

a direct arterial-venous anastomosis which required 

"rare ab111ties":•ll B$cause blood could be kept fluid 

with citrate and could be transported to another patien� 

siinRlf and 1mpersonally·1t became commonly available. 

Recipient and donor bloOd was cross matched. but the 

technique was relatively- simple and poorly' understood •. 

As a result�the literature or the period reports a number 

of complications attending blood transfusion of which 

many- were attributed to citrate.�,3 

In ll.919 Unger2 reporting on blood transfusion reac

tions observed that there were more reactions following 

transfusions with citrated blood than with unmodifie� 

blood. Drinker &.Brittingham reported that after citrat* 

transfusions febrile reactions occurred :1.n-60 percent:ot 

cases and a chill develo.p_ed in '57 percent. 1ilb.ger observed: 

febrile reactions occurring in only 10 permmt and chi]ls 



• 

in 3 percent of his patients receiving unmodified biood. 

The maximum transfusion quantity used 1n this period was 

1000 ml~ with citrate, while with the unmodified method 

measurement was inaccurate, and thus by 1921, Bernheim 

was . calling attention to the apathy which had developedi 

towards the reactions to citrated blood. lie concluded 

that two definite groups of patients should not be trans

:rused by this metho.4;;. lll those in whom there had been 

hemorrhage of such intensit1 that the extreme limits or 
bleeding had been reached so that the patient was so 

near shock that everything in the nature 0£ additional 

shock must be ~oid.ed and: 2t those in whom anemia, 

whether primary or seco~dary, was so severe that th.e 

P.atient was almost dead. He cite$ cases of his own that 

fell into these categories and died with chills and shock 

after receiving citrated blood •. 3 

Many of the adverse effects attributed to citrate 

were clarified with t~e advances made duri.l'.lg subsequent. 

years. Additional blood types were identified. The rh 

factor was recognized as were the problems of sensiti

zation. tiore accurate methods of blood typing and eros$ 

matching were cleveloped and methods of storage and collec.

tion were improved.4, , ,6 

The development of relatively safe transfusion or 
stored citrated blood resulted in the use of large quan-

2 
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tities_ of blood during World War II. Fo.ll.owing the war 

an aggressive surgical approach towards neoplasm.a and 

cardiovascular disease led to occasional use of large 

quantities -of stored citrated blood. TJ:1..1s was not with

out consequences, for with the infusion of stored cit

rated blood, rapidly or in massive quantities, caine re

p.Orts of adverse effects on the cardiovascular system. 

DmICATIONS FOR BLOOD TRANSFUSION 

:8$fore considering complications of blood trans

fusion and particularly massive blood transfusion it is 

appropriate to review the indications for transfusions;... 

Based upon the. physiology ot the blood some rational con

siderations for transfusion of blood would be~1Q 

L To maintain blood volume and prevent or treat 
shock .. 

2. To maintain the oxygen carrying .capacity of the 
blood and prevent or treat hypoxia. 

1. To promote or sustain coagulation of the blood. 

4 .. To provide exchange transfusions in the newborn 
infant with erythroblastosis feta].1s.., 

5 •. T"~maintain the circulation til extra corpora::L 
or cardiac bypass shunts. 

A classic statement on the indieations for the use of 

blood transfusion was made by Leisrink in ]187:;z.;,..l- Ife said 

"transfusion is indicated in all those pathologic condl

tions-where the blood, in quantity and quality, 1s so 

altered that it is unfi'trto fulfill its physiological.. duties~ • 



COMPLICATIONS OF BLOOD TRANSFUSION 

.A.cute blood loss, regardless or etiol.ogy, if or 

sufficient magnitude will be followed by by'povolemic 

shock. In operative procedures shock 1s usually avoid

ed by replacing blood loss with banked whole blood. 

When the amount of blood loss requiring replacement 

is not massive-that is amounts less than 2000 to 2500 ml.

transfusion reactions can ~e related to a single unit 

transfusion. The hazards include transmi.tted disease,, 

allergic and febrile reactions, reactions due to incom

patibility, reactions due to infected blood, over trans

fusion, air embolism, transfusion hemosiderosis and 

thrOlllbophlebitis~ 

Diseases transmitted by blood transfu.sion include 

serum hepatitis, syphilis, malaria and brucellosis. 

Hepatitis 1s the most important problem. It- is least 

easily detected and least amenable to therapy. kclus1on 

or donors with clinical jaund1ee or kn.own association with 

a patient having the disease is the best available pre

caution to avoid this hazard.12 

Febrile reactions are characterized by chills, fever, 

headaches and apprehension during the course of or imme

diately following a transfusion. Previously_, many or these 

reactions were due to imperfe~tly cleansed equipment.13,l¥,l5 
Disposable equipment has eliminated this source of diffi-



culty. Reactions of this type are still common, some 

of them appearing to be associated with a leukocyte 

agglutinin in the recipient.16,17:-

Allergic reactions of varying degrees of severity 

occur in l to 2 percent of transfusions. They are mani

fest by urticaria, bronchospasm, angioneurotic edema, 

fever and polyarthritis. Various explanations for aller

gic reactions have been suggested ranging !rom passive 

transfer of antibodies or antigens to transfusion of 

antigens to which a patient is already sensitive, ie. 

horse serum, penicillin, or foods.lti,19 Screening and 

rejection of donors who have acti ve allergies or who hav~ 

recently received injections may be helpful in reducing 

this hazard.19 

Reactions resulting from red blood cell incompat

ibility are dangerous and-~miy be avoided only with care

ful and accurate blood ;t,7Ping and cross matching technics. 

A reaction results in hemolysis of red cells and is sudden 

in onset. aevere pain in the lumbar region or the back, 

breathlessness, a feeling of constriction about the ribs, 

and hypotension are early symp_toms with raver and signs 

of hemolysis developing later. Free hemoglobin in the 

plasma l.eads to hemoglobinuria and to the development of 

jf;rundice •. 20 , 21 If' the patient survives the acute hemolytic 

phase, renal failurt may occur. 22 ,~l A hemorrhagic tend-



ency:~may develop reflected by thrombocytopenia,. hypo-

thrombinemia and hypof1br1nogenemia.2~ Treatment in

volves supportive measures combating hypo~olemia and 

hypOzia in the acute phase followed by care:f'ul attention 

to fluid and electrolyte requirements during the renalL 

phase. The artificial kidney may have to be used. 24 , 25 
Administration of blood contaminated 'W'itb bacteria 

promptly produces profound shock accompanied by byper

thermia and frequently vomiting~ Contamination usually 

occurs at the time of' collection or the .blood. Organisms, 

implicated include gram-negative psyehropb.11s capabt• of 

multiplication at 4oC:, especially members or pseudomonas, 

paracolon and escherichia groups. Skin staphylocoec1 

have been implicated aliso.. This hazard is reduced by 

careful cleansing of the skin of donors. Braude recently 

described sucessful treatment with the combined use of 

antibiotics and the continuous intravenous administration 

or pressor drugs in very large doses.~~ 

P~tients with congestive heart failure or pulmonary 

insufficiency are especially prone to pulmonary edema ~and 

death attending injudicious administration of large volUJlles 

of blood or administration at a rapid rate.32;31 s:now in

fusion of packed red cells or careful monitoring of venous 

pressure is necessary to prevent. a sudden increase in Xoad 
. 

on the cardiovascular system. 

6 



A rare complication which is hard to demonstrate 

is air embolism. Animal experiments imply that a 

healthy adult may recover from the introduction of 20'0 

:mJl.. of air. . ffowever, smaller amounts have undoubtably 

proved fatal. Blood infusion under pressure, as with 

massive,rapid, transfusion is the most frequent source 

of air embolism although p·oorly supervised administrat

ion with bottles running empty may be a source.)~ Risks 

of air embolism have been reduced with the use of closed 

system plastic equipment~ 

Massive blood transtu.sion is arbitrarily defined aa 

replacement of the blood volume of the patient within a 

twenty-four hour period. The administration of' a massive 

.transfusion imposes the hazards inherent 1n· an individual 

transfusion as well as the hazards to cardiovasculai- ad

justment imposed by rapid infusion of a quantity of colloid 

solution. rn addition a massive transfusion creates addi

tional hazards related to the average age of the blood, 

the anticoagulant content, the temperature of the blood, 

and the chemical changes which have attended storage. 

Special problems with compatability may arise. Crosby de

monstrated that massive transfusions of Group Oi blood to 

recipients of other groups may result -in an accumulation 

of transfused antibodies active against the red cells or 
the recipient, making it unsafe to trans.fuse the patient 

with blood of his own hereditary group until the foreign 

antibodies disappear---a period of two weeks.3~ 

? 



ANALYSIS OF ACD STORED BLOOD 

The most significant complications associated with 

rapid transfusion of large quantities of stored citrated 

blood are related to induced hemorrhagic tendencies and 

to cardiovascular complications. If one examines the 

physiology of stored blood explanations of these compli

cations become evident. 

A unit of stored, citrated bank bl.ood ~ontains 120 mJ1. 

of acid citrate dextrose (ACD) solution and ~~o ml. of 

donor blood. ~e ACD solution employed is most commonly 
. 

solution It recommended by the Ifational Institutes of Ifealth •. 

This solution contains 13.2 grams trisodium citrate, '+ •. ts 

grams citric acid and 1~.7 grams dextrose diluted to one 

liter by addition of distilled water. '.this means each 

bottle of bank blood filled with 120 ml. of solution B 

contains the equivalent of 1.43 grams of citric acid. 

During collection, up to 20 percent of the cells 

withdrawn are injured reducing the in-vivo life span to 

only 2.2 hours. With infusion 4 to ti pereent are destroy

ed immediately, and the remainder survLve their expected 

normal effective life. Destruction may be expressed as 

o.t:S3 percent per day (life span of 120 days}:. 3.6 ~tabolic 

acids accumulate as a result of continuing glycolytic 

activity of the red cells,, and as a result tb.e pB falls:; 

to levels of 7~1 and 6.6. The hematocrit averages 41.5 
a: 



• percent and plasma hemoglobin increases. Interference 

with cell respiration leads to electrolyte changes;~ extra

cellular potassium increases to levels as high as 22.'. mEq,. . 

by the fourteenth daf.•~ Sodium enters the cell in exchange 

for potassium. . Bank blood is stored at 1+0.c: and is freie• 

quently administered at temperatures of 80:-,to lOOtr. Cit

rated blood is depleted of ionized plasma calcium with 

some know excess of citrate. After very brief storage 

it becomes deficient of platelets, shows marked decrease$ 

1n antihemopp.ilie globulin and factor V (1abile factor)"". 

The oxygen disassa:ciation curve 1s shifted to the left .. 

Thus a number of unfavorable chemical and physical changes 

attend the storage of whole blood~17,]a 

DEFINITION OF }1.ASSIVE BLOOD TRANSFUSION 

The more serious the operation, illness or injury., th&. 

greater the morbidity and mortality and of course the 

greater the probability of need for massive blood trans-• 

fusion. I:h studying this problem Boyan and Rowland observed 

that patients receiving rapid transfusion of blood greater 

than 5 units commonly demonstrated a deterioration or car

diac function leading at times to ventricular fibrillation 

or standstill. The blood pressure in such cases either 

showed a gradual decline to unobtainable llevels or a sudden 

drop to zero. Patients receiving 10 or more units or bank 

blood commonly exhibi--ted a tendency toward 01>z.i.ng from the 



• operative site. The incidence of these two complica

tions encountered in a series of 253. patients were as 

follows~2.4 percent receiving 5 to 10 units of stored 

blood had cessation of cardiac function or a hemorrhagic 

tendency, 16.9 percent receiving greater than 10 units 

had cardiac arrest and 31:.5 percent demonstrated an ooz,;. 

ing tendency •. Of 130 patients receiving 10 or more units, 

43 percent developed a major complication. There were 22 

oases of cessation of cardiac function, 9 of which had 

an electrocardiograph1c evidence diagnostic of ventric

ular fibrillation and 2 diagnostic. of cardiac asystole.

The remaining cases did not have an electrocardiogram 

available.~9::.ltll 

ID,wland and his group noted that the appearance of 

cardiac disorders seemed to parallel the speed of admin

istration of the blood, while the ihcidence or bleeding 

tendencies paralleled the increasing volume administered •. 

&eventy-five percent of patients 1n his study suffered 

complications during the first two hours after receiving 

large volumes of blood within a relatively short time •. 

Dnportant factors to observe with massive tran~fusion, aa. 

emphasized by Foote are~the nature of the blood used; 

the total quantity administered and the rate of adm1n1s~ 

trat1on.,.. He observed also that when ACD blood 1s transfus

ed in volumes greater than- two 11 ters "hemorrhagic diath-

llO 



es1s, and circulator1 disturbancesn.:.may arise.~a 
. 

Based on these consid~rations any blood~ transfusion 

greater than 2500 ml. within a few hours is considered 

a massive transfusion. When blood is to be administered 

abnormally fast, _ cardiovascular complications ma1 be en

countered with a limited quantity of whole blood. Elbw-

land noted that rapid transfusion was most commonly 

assoeiated with ventricular fibrillation.. Some of these 

patients received as much as 500 ml. of blood 1n less than 

three minutes.43 

ETIOLOGIES OF COMPLICATIONS RESULTING FROM MASSIVE BLOOD 
TRANSFUSIONS 

Many explanations have been advanced to explain the 

adverse effects of massive blood trans~us1on. Cardio

vascular effects have been attributed to citrate intoxi

cation,7,1+'+-~7 depressed .ionized calcium.,48 ,~9 hyperpo

tassemia,50,5ll-d1sturbed calcium potassium ratio,5ll-b.ypo

thermia,5Z:and acid base disturbance.53 Bn.ood clotting 

and oozing difficulties have been attributed to a defi

ciency of platelets, decreased ionized calcium, elevated 

plasma citric acid levels, fibrinolysins, decreased labile 

factor, hypothermia and incompatible transfusion reaetions.,~l 

Citric acid with its capacity to bind calcium and lower 

pl!Ilhas been a prime suspect and has received considerable 

emphasis as an eteologic agent. It is this "a~trate 

ll 



l.esion•37" that stimulated the examination considered 1n 

the remainder of this paper. 

CITRIC ACID 

Elevations of serum citrate have been reported to 

occur in man during multiple rapid trans~usions of 

citrated blood.J.tJt,tt-8- Harmful effects from citrate have 

frequently been described but are often discounted.44 ,51+ 

The effe9ts of citrate intoxication reported in the liter

ature have been ascribed to decreased ionized calcium. 

As previously noted it is the ability of citrate to bind 

calcium which makes it an effective anticoagulant •. 

Citric acid occurs endogenously in nearly all tissues 

and one would expect the body to have efficient avenues 

of metabolism. 5' The ICrebi-s cycle {~itric acid cycle} 

provides pathways for production of high enery phosphate 

bonds which are necessary for cell metabolism. The great

est quantity of citric acid is thought to be metabolized 

by muscle, through the stages of cisacoliitie and isoe1tr1c 

acid in the presence of the enzyme aeonitase.55 

Uilder usual conditions serum citric acid is present 

at levels between 2 and j mg. percent •. l~ Parathormone 

appears to influence this concentration since increased 

parathyroid activity inereases the serum ci tric aeid level. 

It is not known whether this is secondary to increased eell

ular activity or to a breakdown of bone tissue.57 .. Thun

berg demonstrated that the highest concentration of citric 

12 



acid exists 1n the bones CllOOO mg. pereentJ. 58 Dickens

.estimates that over 95% or the total citric acid or the 

body resides in the sk�leton.�� 

, The role of the liver 1n citric acid metabolism has 

been controversial. SJostrom in 1937 demonstrated that 

if a citrate solution was perfused through an animal's 

liver, the citrate in the perfusing fluid was handled 

easily even though the concentration was 100 times that 

normal for the animal. Ere observed that so much of the 

citrate was transformed during a single passage that the 

level in the hepatic venous bl.ood was near that normally 

found in serum. No corresponding decrease in citrate 

content was observed when the hindquarters of the animals 

were perfused. 61)) 

Conversely� Martensson concluded from perfusion ex

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 trom 

the animals so that many of the cells had been macerated •. 

This, he felt, released intracellular enzymes to meta-• 

bolize the citric acid. His experiments avoided this 

possibility because the hepatic tissue was perfused in 

the intact an1ma1.55

Support tor Ma.rtensson i s idea is gained from work 



done by Battelli and Stern who observed that citrate 

was oxidized when incubated with. extracts of animal 

organs. O;x:ygen appear�d.to affect this reaction, for 

the rate of disappearance of citrate variEM.:\ directly 

with the oxygen concentration. The reaction was con

versely retarded by acid. 

This concept contradicted Bunker'i-&'who demonstrated 

an increased toxicity· of bank blood in patients with 

hepatic disease. Ire observed that 1n normal adult 

patients receiving multiple transfusions at a rate of not 

more than about 500 ml. every 30 minutes there was no 

evidence of toxieity. �us, with citrate infused at a 

rate less than 0.5 mg. per kilogram of body weight per 

minute the serum concentration of cit�ate remained below 

9 mg. per 100 ml. At this level or citrate the serum 

ionized calcium concentration remained above o.85:mM per 

liter which is within the normal range. Fifteen patients. 

with advanced liver disease receiving whole blood trans

fusions at about the same r�te 0.ess than o., mg •. cit

rate :per minuteihad nigher serum citrate levels, above 

9,1 mg. per 100 cc., In , of the patients the calculated 

ionized calcium level fell below o.8 mK per liter. Bunk

er•s evidence suggests that hepatic tissue playJ a role 

in citrate metabolism but it does not neeessar1].y P.in-

point the liver as the only site of citrate metabolism. 



Other substrates and enzymes may originate in liver 

which are necessary for the metabolism of citrate in 

peripheral tissues. 

Elbwland and his co-workers 3�" l+JL sh.owed that in 

patients with abnormal liver function tests resulting 

from metastatic carcinoma the�e was no elevation of plasma 

citric acid levels. It may be that the metabolic dis-

turbances associated with cirrhosis 1mp�ir citric acid 

metabolism and account for this di?crepancy. Similarly, 

1n a �eries of patients undergoing hepa�ic 1o:beetotny'� tha 

rate of metabo+ism or clearance of citric acid was the 

same as that in patients undergoing operations on 9t�er 

organs and receiving equival�nt volumes of blood. 

ine _kidney has been shown to participate actively in 

citrate metabolism and excretion. Amberg and Jilcelure were 

first to identify citric acid a� a norn4u, excretory pro� 

duct in human urine.6� Oestberg6B:.late� demonstrated

that citrate excretion increased greatly during metabolid' 

alkalosis:_· and decreased during states or acidosis. Re

cent evidence presented by Cooke and eo...workers has shown 

that administration of potassium to potassium-deficient 

animals with hypocbloremic alkalosis increased citrate 

excretion greatly.6lt Evans has·substantiated this in -man 

showing that as potassium chloride was administered, there 

was a concomitant change in urine pm. 6S It would appear 

l:5' 



from work done by Grollman et. aL with intermediates 

or the tri-carboxylic acid cycle that the renal mechan

ism 1s one of filtration and reabsorption without tubu-· 

lar secretion.6(ti Earlier work done by Mortensson sug

gested that the epithelial. .. cells or the renal tubule 

utilized circulating citric acid�;; 

iby's1olog1cally,exeess citrate is believed to have 

its main adverse effect by lowering ionized calc1um.l+8

In 1916, Salant and W1se6?-:- abserved that it citrate was 

given to experimental animals by vein even in comparative

ly small doses it produced marked symptoms resulting 1n 

death on occasion if the rate or injection were too fast. 

Dyspnea, convulsion�, fibrillary twitching, or voluntary 

muscles and dilatation of' the pupils were observed follow

ing the administration or 70 mg. sodium citrate per kilo

gram. Dogs receiving, a 2.5 percent solution of sod.ium 

citrate intravenously, in doses of 100 mg. per kilogram 

body weight, injected at the rate or ,0�70 mg. per kll�, 

per minute had cessation of respiration, and sometil'lles 

also arrest of the heart action. 

Ci tr1c acid et.feet on ionized serum calcium has 1,e·en 

studied by many with variable resUlts depending on, the 

rate or administration of citric acid, the circulatory 

status.of the patient,and the acid-base balance. It 1s 

the ionized calcium in the boa.y which appears to be 

lJ6.: 



p_ey_s1ologicall1 aetive .. 56S The greatest amount · (99%) of 
. 

total calcium in the body is contained in the bone and 

less than one percent is found in the blood and extra

cellular :tluid •. 68 Fifty to 75 percent of the ealc~um in 

the blood is diffusible while the rest is bound to protein. 69 

Of the diffusible calcium in the plasma, most is ionized 

and is physiologically active; while a small _part is non

ionized but diffusible.~ Saffran and Denstedt studied 

ionized calcium during the administration of citrate and 

observed that the restoration of ionized calcium was very 

rapid even with high elevations of plasma citric ac14 .. 70 

Bbnker, Stetson and C.oe48 working with p.atients observed 

no essential change in ionized serum ealci"Qm with serum 

citrate levels to 9 mg. per 100 ml., however, 1n 5 patients 

with serum levels above 9 mg. per 100 ml., ionized serum 

calcium fell below 0.8 mtllimolr.s per liter. From the 

work of Wexler,?0 Bunker et. ai.48 and Ludbrook ci:Wynn?JL 

a level of 50 mg •. of citrate per 100 ml. of plasma gives 

in a normal person a calculated plasma ionized calcium of 

about 0.5 millimols per liter and may be considered un

desirable. The range or toxicity, however, seems to be 

quite variable and 1s dependent on factors of time, pl£ 

and circulation. The rate of calcium mobilization 1s 

directly proportional to the lowering of serum calcium. 

Since bone represents th~ storehouse of calcium in the 

ll'P. 



body mobilization 1s limited by blood flow to the bone~ 

Likewise, acidosis is known to increase ionization 

while alkalosis has the opposite effect •. 

Adams and co-workers attempting to correlate the 

complications or citrated whole blood with the pharma

cologie effects of citrate describe the picture or cit

rate intoxication as alterations of blood pressure ob

served several minutes prior to a rapid terminal fall • . 

Some change in respiratory activity was usually present 

for several minutes before fatal intoxication occurred. 

Respiratory failure was never observed prior to cardiac 

failure. Definite tetanic contractions accompanied cit

rate intoxication in some of the group under local anes

thesia. Eye reflexes usually became very sluggish and 

were at times completely absent. Blood findings were 

quite dramatic.. The color became very dark red, "'al.-· 

most black~, and gas analysis revealed that the oxygen 

was as low as three to four volumes percent. !he authora 

found that with the administration of calcium gluconate 

there was rapid restoration of blood pressure and normal 

resP-irator y activity. The color of the blood returned to 

a bright red and gas analysis revealed a normal oxygen 

content. Eye reflexes, similarly, returned to a normally 

reactive state.73 

Firt and Hejhal7~ observed a rise in venous pressur~ 

1a; 



with inf'Usion of citrate, appearing much like cardiac 

overloading. They observed what they felt was evidence 

of an effect on the vascular bed as well as on the myo

cardium. This was characterized by prolonged increased 

pulmonary arterial pressures after systemic and myocardi

al effects had apparently disappeared. The vaso con

strictive effect was observed in short, peaked wave pat

terns beginning in the pulmonary artery pressure records. 

or course, increased pulmonary vascular resistance does 

not produce a rise in pulmonary artery pressure during 

myocardial insufficiency but the authors noted that it 

was so intense in some cases that pulmonary artery press

ure did not fall even in known periods of insurriciene~. 

The vase constriction phenomenon observed, produced ob

vious blanching of the lung parenchyma after the intra

venous administration of citrate. 

Working with cats, Shafer and Crismon demonstrated 

a vagal blocking effect of sodium citrate occurring at 

the synap·se between pre and post ganglionic fibers. trsed 

in doses just in excess of that necessary to cause vaga1 

block a direct action on heart muscle was observed as 

evidenced by increased venous pressure, dilatation of the 

heart with ineffectual contractions and decreased blood 

pressure in the face of a decreased peripheral resistance.75 

Love demonstrated a depres.sion of the myocardium with a 

l.9 



rise or no change of blood pressure. The effect occurred 

after section of the vagi and after atropine, without 

appreciable change of heart rate.76 

Studying the hemodynamic effects of intravenous 

sodium citrate, Bunker and co-workers report results on 

animals and human subjects in a carefully controlled ser-

ies of experiments. lb. patients the levels of serum cit-

rate attained were 46 to 7? mg. per 100 ml. (2.4 to 4..:U 

millimols per 11ter}~4g' These levels had been reported 

previously in patients re~eiving rapid blood transfusion.44 ,48 

They observed circulatory depression occurring in man and 

dog at approximately similar blood levels, 2.5 to 4.0 1 

millimols per liter {it-7 to 75 mg. per 100 ml.)~ Critical 

circulatory depression or death occurred in the dog at · 

blood levels of 2.7 to 10 millimols (50 to 90 mg. per 

100 ml.). and at rates of infusion of citrate of 10 to 15 
mg. per kilogram of body weight, per minute very close to 

the fatal dose rates reported in early studies. 67·,;?3 ,,?7 

· Circulatory depression in man and dogs was manifest

ed by hypotension, by variable changes in cardiac output 

and by narrowed pulse pressure. These changes occurred 

with electrocardio-graphic evidence of hypoealcemia as 

well., Direct evidence of cardiac depression was provide~ 

in the dog by strain gauge measurements and supported by 

the rise in central venous pressure and end diastol1rr 

20 



pressure in the left ventricle. With such increases 1n 

filling pressure one would expect an increase in cardiac 

output which in the cases usually fell, suggesting that 

cardiac depression existed.~; 

Electrocardiographic changes produced by citrate in

fusion have been reported frequently. l'fakasone and co-• 

workers noted prolongation of the Q--T. interval, depreS::.. 

s1on or T wave and depression of P wave voltage-:when dogs 

were infused with solutions of ACD. solution.78 Similarly 

Krautwald and Darow produced prolongation of the Q-2 in

terval 1n conscious human volunteers given infusions or 

sodium citrate. ~ese patients also had occasional tet

any and clouding of consciousness which was relieved by 

the administration of calcium chloride.79 

The ECG P-icture produced by citrate infusion re

sembles that present with hypocalcemia as studied 1n 

postoperative or idiopathic types of hypoparathyroidism. 

atudying the electrocardiogram in patients with hypop~ra

tb.yroidism Ljung observed a prolonged Q-':r' interval, ab

normal~ waves and generally marked instability of the 

T wave. He remarks, however, that cardiac insufficiency 

1s generally not present with pure hypocaleem1a.80, 

DISCUSSION 

Various observers have demonstrated an enhanced tox

icity of citrated preserved-blood compared to non-citrated 
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bl:ood~ Muirhead in 1942 called attention to citrate tox

icity when he observed rigor, lack of elevation of blood 

pressure and sudden death 1n dogs administered concen-• 

trated piasma.~2 Likewise I.vy and co-workers50 investi

gating the benefits of various blood substitutes describ

ed a greatly increased mortality in dogs given citrated 

, pooled dogs plasma. Death was characterized. by respir

atory failure evidenced by apnea or sudden ventricular 

fibrillation, signs compatible with demonstrated citrate 

effects. Similarly animals transfused with pooled hepa

rinized plasma resulted in only 3 deaths out of 50 com~ 

pared to 35 deaths out of 50 animals with the citrated 

plasma. 

Comparing citrated blood to heparinized blood 

Bruneau and Graham repeatedly bled and transfused dogs 

of one percent of their body weight at half hourly in

tervals. Sodium citrate was used at concentrations of 

o.6 percent and heparin in concentrations of 0.085 ml.

per 100 ml. of blood. The citrated group withstood nine 

and twenty-five hundredths bleedings before death while 

the heparinized dogs an average of 2,.2 bleedings. Death 

in the citrated group was preceeded by dy~pnea, convul

sions or fibrillary twitchings while none of the hepa

rinized groups showed these signs.Bl 

Many authors have demonstrated the relative safety 
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of ACD stored blood as commonly used. In those patients 

in whom complications arise, citrate 1s frequently im

plicated and justifiably so considering that it has ad

verse effects when present in great enough quantities •. 

A. serum citrate level of 50 mg. per 100 ml. seems to be 

considered as the upper limits of desirability. 9,l+B,:'72 

In a normsl adult this corresponds to a steady rate of 

citrated blood infusion o:r about one 'bottl.e (540 ml'. l 
I • 

every five minutes.72 V:-arious authors have observed that 

the plas~a citrate level appears to rise 1n a direct pro

portion to 'the rate of infusion.~1 ,72,:82 At a citrate 

infusion tate of l mg. per kilogram per minute the ele

vation of plaSZlla citrate was 12.5 mg. per 100 ml. in Lud

b~ook & Wynns experblents.72 Calculations based upon 

the data of Bunker 48 ,1t9 gives a figure of ll mg. per 

100 ml. and Hbwlandl+.~.:;;tflt reported an increase of 8 mg .. 

per 100 ml. at a similar infusion rate. It appears that 

high plasma citrate levels are unlikely to occur with ACD 

blood transfusions in normal humans. 

It is an obvious fact, that patients receiving 

massive blood transfusions are not normal humans and 

that the blood administered may be less thgn physiologic. 

Other considerations exist such as the potassium concen

tration, hypothermia (either via the cold blood, induced 

or as a-result of the operative procedure), shock, com-
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promising disease processes, (bepatic cirrhosis, osteo

porosis, hypoparathyroidism} or heart disease. ~ot only 

do many of these factors play a possible role in cardiac 

abnormalities themselves but many of them act as syner

gists to the changes effected by citrate. For example, 

Brown and Prasad showed in experimental animals that a 

rapid decrease in alveolar pCO~ with a simultaneous, 

rapid increase in serum potassium level and a decrease 1n 

the ultrafilterable calcium frequently lead to ventricular 

f'ibrillation/>3 

Potassium is liberated from red blood eells during 

storage in ACD solution resulting in a considerable in

crease of potassium concentration in the plasma. Similar

ly, in the face of shock or stress kidney ~unction may be 

depressed. At the same time epinephrine stimulation of 

glycogenolysis occurs liberating large amounts of potass

ium directly into the vena cava close to the heart. As a 

result the heart and myocardium is perfused with blood 

having an excessively high potassium concentration which 

may be in excess of that in the peripheral blood. LeVeen'1 

demonstrated this central hyperka1emia by sampling vena. 

caval blood •. They also cite two cases of cardiac arrest 

during operations with massive blood transfusion in which 

blood potassium concentrations were 8.7 milliequivalents 

and 8.2 milliequivai.ents per liter. From their studies 
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Of massive transfusion, they concluded that the potassi

um, ionized calcium ratio is the critical consideration 

in cardiac irregulari~ies. Cardiac glycosides appeared 

to offer protection against toxic effects of hyper-

kaJ.:emia 83 previously demonstrated by Page cE Rea1.77 

li3gan &..Rbwland52 studied esophageal temperature 

changes during transfusion at a point directly behind 

the right atrium •. Significantly, they observed that a 

three and one-half hour expossure of the abdominal cavitf 

to 20.50.C room temperature without significant blood re

placement could lower the esopp.ageal temperature 2.1Gc.,. 

in several patients a marked lowering or temperature to 

levels of 27.5~c and 32°<! was observed with massive blood 

transfusilon. At these temperatures cardiac arrest occurr

ed 1n two patients.. Mc:Lean and Van '.J!yn similarly have 

reported esophageal temperatures as low as 290-e during 

surgical procedures in which massive blood transfusions 

were given. The heart is the first organ to be exposed 

to a stream of cold blood infused into an antecubital 

v~in. Changes in the myocardium may be considerably 

greater than that reflected in other body tissues. The 

cardiac effects of hypothermia have been well documented, 

although as yet not well explained. Hara and eo-workers82 

studying citrate metabolism in hypothermic dogs demon~ 

strated impaired metaboli~m of citrate, however, his 



animals seemed to tolerate the condition without ex

hibiting the usual signs and symptoms or toxicity with 

citric acid levels up to 70 mg. per 100 ml. Potassium 

levels, pm and anoxia would seem to play a more import

ant role in myocardial effects of hypothermia than does 

citrate per se ;+a~, 
'Under normal circumstances citric acid is rapidly 

metabolized and toxic reactions do not occur. r:r toxic 

sequelae occur they most frequently follow extremely 

rapid administration of stored ACD blood. Frequently, 

in such circumstances many other factors are present 

which interfere with the metabolism or normal physiologic .. 

response or the body to citric acid infusion. Hn>othermia, 

induced or secondary to the blood admi nistration itself, 

decreases the rate of metabolism and has a primary effect 

on the myocardium. Long standing liver disease especial

ly cirrhosis with associated avitaminosis and malnu

trition appears to contribute to decreased metabolism or 
citric acid. One· possible explanat ion is saturation of 

enzyme systems. Operation, per se, as demonstrated by 

Drucker85 although not interferring with citric acid 

metabolism Qoes block intermediary metabolism and energy 

production. Patients who have hypoparatbyro1d disease 

or osteoporosis, and cannot mobilize calcium may be more 

prone to citrate intoxica-tion. Children, espeeially the 
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newborn, may not have adequate stores of calcium and 

may demonstrate hypocal1eem1a with exchange transfusion. 

Shock,_. with concomitant hypoxia, also contributes to de

creased metabolism. With poor circulation to bone and 

peripheral tissues citrate ini'usion is poorly tolerated 

probably because calcium is not mobilized. 

Lt is likely that elevated serum citrate and hypo

calcemia is less well tolerated in debilitated and car

diac patients. Hyperkalemia secondary to tissue destruc

tion, pm change and anesthesia also play a role 1n the 

surgical patient and share with citric acid in the eti

ology of cardiac abnormalities with massive blood trans

fusion. 

Most authorities continue to recommend proplylae

tic calcium chloride or calcium gluconate administration 

with massive blood transfusion. Howland and his group, 

however, no longer feel it 1s indicated. They use a 

blood warmer and have observed a remarkable decrease in 

morbidity and mortality with massive ACD blood infusion. 

Other authors have recommended froplylact1c use of car

diac glycosides, epinephrine, and proeaine infusion, how

ever, these as yet have not been adequately demonstrated 

to be effective. 

In avoiding the cardiovascular complications of 

massive whole bloQd. transfusions precautionary measures 
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should include:: 

al ECG monitoring or patients 

b} Continuous replacement or blood loss

c}·venous pressure monitoring

dl Calcium gluconate or calcium chloride adminis� 
tration with blood infusion 1n excess of 2 liters 

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

One must consider any transfusio� hazardous especial

ly when modifying circumstances are present. Ih 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 criteria should be considered massive and the neee·s

sary precautions should be practiced� 

�}: Any transfusion of greater rapidity than one 
unit (.� ml. l 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 acid.citrate-dextrose 

stored blood. Changes in ACD stored blood are reviewed. 

Massive blood transfusion is 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 physiology are considered. The relative 

safety of ACD stored blood is pointed out and those fact

ors which may com.promise its use defined. 
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