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Abstract

Blood transfusion is one of the commonest accompaniments of surgical practice. With a growing incidence of
major polytrauma by vehicular accidents, bomb blasts and fires, awareness of the basic concepts underlying
massive blood transfusion practice with special reference to the complications is essential. The paper outlines
the pathophysiologic mechanisms underlying the various complications of massive blood transfusion.
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Introduction

Massive Blood Transfusion (MBT) is an integral
part of surgical practice. Advances in blood
banking technology have given a great impetus to
the surgeons, enabling them to undertake complex
surgical procedures. However management of
trauma patents continues to pose the greatest
challenge to the attending surgeon. Blood
Transfusion practice ranging from transfusion of
isolated units of blood to massive transfusion has
enabled attending surgeons to save innumerable
lives. However it is imperative for the surgeons to
be aware of the complications of massive blood
transfusion which can not only increase the
morbidity but can also lead to mortality.

Massive transfusion is defined as replacement of
patients total blood volume within 24 hours.
USince blood happens to be the integral

component of the body’s homeostatic system, the
sequel to massive transfusion can lead to
disastrous consequences.

A massive blood transfusion can cause gross
changes in the body biochemistry, coagulopathy
and hypothermia. These three deleterious effects
are interlinked and propagate each other causing a
complete collapse of the body homeostasis as well
as weakening of the metabolic response to trauma.
Biochemical changes: A series of diverse
biochemical changes accompany massive blood
transfusion. %43

Hypocalcemia: RBC transfusions contain only
traces of citrates whereas platelets and FFP
transfusions contain higher concentration of
citrate. A standard blood transfusion may hardly
cause any alteration in the calcium levels, as the
first pass of citrate through the liver will
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automatically lead to metabolic breakdown in less
than 5 minutes.

However when the number of units transfused is
higher accompanied with hypothermia then the
liver function gets altered thereby decreasing the
clearance of citrate from the blood leading to
increased concentration of citrate in the
circulation. This causes binding of citrate to ionic
calcium leading to hypocalcemia. Clinically it can
manifest in the form of tetany, prolonged QT
interval, decreased myocardial contractility,
hypotension, narrow pulse pressure and elevated
central venous pressure. Hypocalcemia may also
predispose to hyperkalemia induced arrhythmia as
well as ventricular fibrillation and pulseless
electrical activity. Hence monitoring of calcium
levels is mandatory accompanied by periodic
supplementation  with  intravenous calcium
gluconate to maintain the levels of ionic calcium
within the normal range.

Hypomagnesaemia is another accompaniment of
massive transfusion. This may be due to two
reasons that is overzealous administration of
magnesium poor fluids, as well as binding of
magnesium to citrates. As a result, citrate toxicity
leads to concomitant hypocalcaemia and
hypomagnesaemia. Low levels of magnesium can
lead to prolonged QT interval, arrhythmia as well
as contribute to coagulopathy.

Hyperkalemia is one of the dreaded complications
of massive blood transfusion. The extracellular
potassium increases in stored blood which is
attributable to the inactivation of the RBC
membrane ATPase pump. The potassium levels in
the blood increase with time. With seven days of
storage the concentration may be 12 meq /liter and
may increase to32 meq/liter after 21 days. As soon
as the unit is transfused the potassium is taken up
by the RBC as the functioning of the ATPase
pump is restored. Hence in a small volume
transfusion, hyperkalemia is a transient
phenomenon devoid of any toxic effect. However
during massive blood transfusion wherein large
volumes of blood are given through central lines,

a large bolus of extra cellular potassium may
reach the right heart prior to intra cellular uptake
leading to dysrhythmias which may be
compounded by hypocalcemia. The best way to
reduce the deleterious effects of hyperkalemia is
to transfuse the blood through anintravenous line
which is far away from the right atrium or
alternatively by  using washed RBC’s.
Concomitant correction of acidosis is important in
enhancing the intra cellular uptake of potassium.
However if the level continues to remain high
glucose insulin drips, beta 2 agonist, bicarbonates
and intra venous calcium may be indicated.
Storage of blood for longer periods of time
decreases the ability of transfused cells to deliver
the oxygen to the tissues. This is because RBC’s
cannot make their way through the micro
circulation. In addition the concentrations of 2-3
DPG decreases in stored RBC’s thereby
preventing the uploading of oxygen at tissue
levels. Therefore in the context of MBT the older
units of RBC’s will be unable to deliver adequate
oxygen to hypo perfuse tissues.

Coagulopathy: Coagulopathy in polytrauma
patents may have a twofold etiology. Acute
traumatic coagulopathy by virtue of acidosis,
hypothermia and dilutional coagulopathy. [ This
is compounded by massive transfusion with its
own inherent mechanisms. During trauma related
hemorrhage there is an increased lactate
production in hypo perfused tissues. This
compounded by the citrate phosphate dextrose
adenine solution in stored RBC units. Once
transfused the acid present in the blood products is
metabolized in the liver. However due to grossly
altered liver metabolism there is worsening of
acidosis with consequences such as dysrhythmias,
decreased cardiac contractility, hypotension and
decreased response to catecholamine. Acidosis
can by itself weaken the coagulation pathway by
decreasing the enzymatic activity of the clotting
factors, reduced thrombin production and
impaired platelet aggregation. The toxic effects of
acidosis can be reduced by using fresh blood
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accompanied by administering alkaline solutions
like bicarbonates.

Hypothermia: Hypothermia is defined as core
temperature less than 36 degrees Centigrade.
8This is a common accompaniment of trauma
patients. Hypothermia by itself may be due to the
environmental conditions at the time of injury,
during evacuation and during exposure for
evaluation or surgery. Initial infusion of a large
amount of inadequately warmed crystalloid
solution may induce hypothermia. This followed
by a MBT in temperature range of 1-6 degree
Centigrade will worsen the hypothermia.
Hypothermia can cause deleterious effects on the
haemostatic mechanisms, impairment of oxygen
delivery by the RBC’s, decreased cardiac output,
increased risk of cardiac arrhythmias, increased
cardiac  toxicity secondary to electrolyte
derangement and gross alterations of platelet
functions thereby distorting the coagulation
cascade predisposing to DIC.DIC may also be
caused by virtue of dilutional thrombocytopenia
associated with massive transfusion. Low platelet
content, deficient labile clotting factors 5and 8
may compound the coagulopathy. The
administration of colloids such as hydroxyl ethyl
starch can adversely affect the function of Von
Willebr and factor. Hence it is advisable to limit
the administration of colloids as far as possible.
Carrying out conventional coagulation tests may
not always be possible during the course of MBT.
Hence newer testing like real time TEG may help
to assess patent’s ongoing coagulation status
serving as guide for further transfusion.
Immunological complications are often the fall
out of MBT. & %1% Acute hemolytic reactions are
seen in patients who have been administered
uncrossed type O blood and latter receive type
specific blood. This is most probably due to the
transfused isoaglutinin from whole blood reacting
against type A&B antigens present in type specific
blood. Microchemerism which is harboring of
small amount of cells that originated in genetically
different individuals may also give rise to
immunological complications.

Immunomodulation is an immune based
deleterious effect which is taken advantage of in
transplant patents. It predisposes to increased risks
of infection, acute lung injury, ARDS, and multi
organ failure.

Transfusion induced acute lung injury
(TRALLI) occurs within 6 hours of transfusion,
but could be delayed up to even 24 hours post
transfusion.®*™  The type of blood product
determines the risk of TRALI which could be
1/5000 units of PRBC’s, 1/2000units of FFP’s,
1/400 units of platelets. Clinically it leads to the
development of non-cardiogenic pulmonary
edema, severe hypotension and bilateral fluffy in
filtrates in the lungs.

It is caused by an immune mediated process
where in the donor antibodies activate the
receptors on the leucocytes causing pulmonary
injury, endothelial damage and capillary leakage.
It has a high mortality of 25%.

Treatment comprises of supportive care in form of
mechanical ventilation, fluids and inotropes. 2
This condition needs to be differentiated from
transfusion associated circulatory overload which
is accompanied with hydrostatic pulmonary
edema which occurs in 1% of transfusion
reactions.

Conclusion

Massive blood transfusion is pivotal in saving
patients who are exsanguinating due to
polytrauma. However the complications of MBT
are as lethal and complex. Awareness of the
pathophysiology, diagnosis and management is
essential for the attending surgeon.
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