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dynamic, or embolic complications. The cases reported this
week are similar to those described by J. E. S. Scott,4 and
he thought his were due to perinatal sepsis. There seems
insufficient evidence on this point, and the suggestion of a
Schwartzman type of anaphylactic reaction- is also unproved.
What is certain is that exchange transfusion can seriously

affect the circulation of the newborn.6 The site of the
catheter tip during transfusion is crucial, and J. W. Farquhar
and H. Smith firmly recommend that the catheter should
never be inserted more than 7-8 cm.6 Even so, considerable
variations in portal venous pressure still occur with varying
rates of injection, and little is known about patency of the
ductus venosus or about portal and systemic vascular pressures
during transfusion. Systemic hypotension and portal hyper-
tension or embolism could at times occur, and Drs. Orme and
Eades reasonably adduce evidence from adult patients that
necrotizing enterocolitis may be associated with systemic
hypotension. The occurrence of rectal bleeding in five of the
ten babies lends support to the concept of a vascular lesion.

It is now necessary to recognize a new complication of
exchange tranfusion. Why it is rare in comparison with the
large number of transfusions given is not yet clear. However,
provisional acceptance of the vascular theory of origin
certainly emphasizes the importance of scrupulous technique.
The ready availability of the umbilical vein in the newborn
only makes it the more necessary to remember the call of
W. Walker and P. L. Mollison' that exchange transfusion
should be recognized as a skilled manceuvre, to be undertaken
only in centres where the necessary experience and skill are
always available.

Fibrinogen
Fibrinogen is the soluble precursor of the protein fibrin, which
can form a solid clot in the body fluids. The formation of
clots plays a part in many aspects of defence and repair of
the body, but detailed knowledge is still limited to the arrest
of bleeding. A fibrin clot seems essential to haemostasis
only after major damage to the blood vessels; with less severe
injuries contraction of the vessel walls and the special actions
of the blood platelets appear to suffice. However, fibrinogen
is an essential cofactor for platelet aggregation and adhesion,
and when acted on by proteolytic enzymes it releases poly-
peptides with vasomotor effects.
The body contains some 10 to 20 grams of fibrinogen, most

of which is in the plasma, but some 20% or more is extra-
vascular. It is synthesized by the parenchymal cells of the
liver; the rate of synthesis depends on the concentration of
fibrinogen in the plasma. The turnover of the fibrinogen is
rapid, with a plasma half-life of some 80 hours in man,' but
it is not certain how much is catabolized directly and how
much after conversion to fibrin. Some of the breakdown
occurs within reticulo-endothelial cells and some by the action
of extracellular proteolytic enzymes.

Fibrinogen is the natural substrate for thrombin, the last
stage in the " cascade " of coagulation enzymes. Thrombin
releases four specific peptide fragments, the fibrinopeptides,
from each molecule of fibrinogen, which then becomes fibrin
monomer.2 The fibrinopeptides have a stimulant effect on
smooth muscle. Once deprived of one or more of these
fibrinopeptides the remainder of the fibrinogen molecule is
capable of spontaneous polymerization with its fellows.

Fibrin monomer thus forms orderly molecular aggregates,
which when they reach a sufficient size make up the network
of fibres called a clot. This clot is easily disrupted until
fibrin stabilizing factor, factor XIII of the coagulation
sequence, creates covalent bonds between the aggregates,
which only then become effective for haemostasis.

Fibrin can be broken down by the action of plasmin, the
proteolytic enzyme formed by activation of the fibrinolytic
system. There is usually a high concentration of anti-
plasmins in the blood, but when present in excess plasmin
can also attack fibrinogen. The end products of each reaction
are similar and include large polypeptide degradation pro-
ducts (F.D.P.). with powerful biological effects.3 They can
form inactive complexes with fibrinogen or with fibrin mono-
mer, but when in free solution they stimulate smooth muscle
to contract and have a complex anticoagulant effect, tending
to weaken the structure of a fibrin clot by interfering with
the polymerization of fibrin monomer, to inhibit coagulation
enzymes, especially thrombin, and to block platelet aggrega-
tion and adhesion. In large amounts they will prolong the
thrombin clotting time. F.D.P. have a plasma half-life of
nine hours, and their concentration can be measured by
immunological methods. Small quantities may be present in
normal plasma4 ; any increase signifies enhanced fibrinolysis
or even fibrinogenolysis.

Fibrinogen which has lost fibrinopeptides, though capable
of spontaneous clotting, may be held in solution by forming
complexes with either fibrinogen or F.D.P. These complexes
can be precipitated from plasma by lowering the pH; by
cooling, when the resultant precipitate is known as cryopro-
fibrin; or by the addition of protamine. Small quantities of
cryoprofibrin have been reported in normal blood,' but any
increase is a sign of increased intravascular coagulation.
Much recent interest has been shown in the causes and

possible effects of a reduced level of plasma fibrinogen. Any
sudden increase in plasma volume will reduce the level of
this and other plasma proteins simply by dilution. If
dilution can be excluded any fall must be due either to
decreased synthesis or accelerated catabolism of the protein.
Reduced synthesis of fibrinogen may be an inherited con-
genital anomaly, or an acquired defect in severe liver disease.
Patients in whom synthesis is reduced have a bleeding
tendency, which is, however, mild unless trauma is severe.
Haematomas tend to resolve completely with no tendency to
form fibrous tissue. In a few of the rare congenital cases an
abnormal fibrinogen that is incoagulable with thrombin has
been detected by immunological methods.

Accelerated loss of fibrinogen may be due to external
bleeding ; a shift to the extravascular compartment in inflam-
matory states ; or to increased intravascular coagulation
caused by the entry of tissue coagulants into the circulation
or to contact between blood and damaged vascular endo-
thelium. Intravascular coagulation has special features which
distinguish it from other causes of an increased loss of
fibrinogen. The fibrin formed has to be removed, either by
the fibrinolytic enzymes or by the reticuloendothelial system,
or it will obstruct vital vessels. In most cases there is a
secondary stimulation of fibrinolysis that ensures that the
fibrin is dissolved more rapidly and provides an increase of
F.D.P. that will tend to hold fibrin monomer in solution-
two valuable effects to prevent vascular occlusion. Increased
fibrinolysis and increased synthesis of fibrinogen usually pre-
vent any striking clinical effects from increased intravascular
coagulation, which must be a very frequent occurrence.
Tissue coagulants enter the blood as a result of trauma,
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surgical operations, complicated obstetrics, and disseminated
neoplasia. Intravascular lysis of red cells due to any cause
will have the same effect. Damage to vascular endothelium
may be due to inflammation ; anoxia as in traumatic shock
or very frequently may be the result of allergic reactions.
Sometimes a local anatomical lesion, such as a giant
haemangioma or a large aneurysm, may be the precipitating
factor. With few exceptions, notably the bite of venomous
snakes, the increased turnover is not confined to fibrinogen
but extends to the platelets and clotting factors such as factor
VIII and factor V. If compensation is adequate the plasma
levels of all these factors will tend to rise above normal.
There will be an associated increase of cryoprofibrin and
F.D.P. When there are fibrin deposits within small vessels
a condition of microangiopathic haemolysis6 may lead to
distortion and actual fragmentation of the red cells.

In severe states of intravascular coagulation the com-
pensatory synthesis of fresh components may be overwhelmed.
When this happens a fall in platelets often occurs first, but
soon there is a profound fall in fibrinogen. Most cases are
recognized because the blood is shown to be incoagulable
in what has been called the " defibrination syndrome."'
Spontaneous purpura and severe bleeding from raw surfaces
and from venepuncture sites may result from the multiple
deficiencies, and this is accentuated by the excess of F.D.P. if
their anticoagulant action outweighs their protective effects.
The basic cause of the syndrome is the increased consumption
of clotting factors, and successful treatment with heparin or
with oral anticoagulants in the more chronic types is being
increasingly reported.'-"

Very high plasma concentrations of F.D.P. may also follow
a primary stimulus to fibrinolysis, without associated coagu-
lation, as in attempts to dissolve thrombi with the fibrinolytic
activators streptokinase or urokinase. Bleeding is seldom
dangerous unless there is a lesion such as a peptic ulcer. The
bleeding rapidly responds to treatment with one of the fibrino-
lytic inhibitors, epsilon aminocaproic acid, aminomethyl-
cyclohexanecarboxylic acid, or Trasylol. These inhibitors
have also been used to supplement replacement therapy with
fibrinogen or plasma in the defibrination syndrome. In any
single case it is difficult to be sure whether fibrinolysis,
normally a protective phenomenon, has been excessive. The
fibrinolytic inhibitors therefore share with the replacement
therapy the possible danger of increasing the fibrin deposits if
the stimulus to coagulation is still operative."
A special example of intravascular coagulation is that

caused by the bite of certain venomous snakes. An enzyme is
injected which is directed specifically against fibrinogen, from
which it removes as yet unspecified peptides ; this allows the
remainder of the molecule to clot. This does not have the
orderly structure of a fibrin clot and is readily removed from
the vascular system. There is no action on the other clotting
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factors, or on the platelets, but virtually complete removal
of fibrinogen occurs within a few hours. In persons bitten
by the Malayan pit viper, Agkistrodon rhodostoma, there is
no spontaneous haemorrhage even though their blood is
incoagulable for some weeks. This remarkable discovery'2 is
being put to therapeutic use ; the purified venom (Arvin)
shows considerable promise as a new approach to the
prophylaxis and treatment of thrombosis.

Surgical Cold
Cryosurgery, or the technique of exposing tissues to extreme
cold, produces lesions which are well demarcated, rapidly
encapsulated, relatively avascular, often anaesthetic, and in
which the cells are irreversibly damaged.'
The destructive, anaesthetic, and haemostatic effects of

profound cold have long been known, but therapeutically it
has been restricted to the direct application of refrigerants
such as carbon dioxide snow and liquid nitrogen to small
accessible skin lesions. The scope of the technique has
widened since I. S. Cooper and A. St.J. LeeC introduced a
liquid nitrogen probe operating at - 1960 C. Neither the
duration of freezing nor its depth below -20' C. are very
important factors in producing cryosurgical lesions. The
actual mechanism of the resulting cell death is still undeter-
mined. Though large arteries are not occluded by freezing,
bone is devitalized3 and nerves are injured. Cryonecrosis of
lesions of skin produces an immediate slight cyanosis, and
necrosis of tissue is evident only after two days. An ulcer
then forms which heals slowly but usually painlessly in about
one month, with minimal scarring.
A wide range of cryosurgical equipment is now available,

mainly in the form of " probes " of various shapes refrigerated
by liquid nitrogen, Freon (a halogenated hydrocarbon), carbon
dioxide, or thermoelectric devices, the tips of which can be
rapidly frozen or thawed as required. The more advanced
apparatus includes an electrical rewarming device. This would
appear to be essential in some equipment, since the frozen
tissues adhere to the tips of the probes and may accidentally
be avulsed. While it is difficult to arrive at an optimum
duration of freezing, most operators have applied probes for
about two to five minutes.
The purely experimental phase of cryosurgery has now

passed, and the technique has been applied to the focal
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