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Sepsis and intravascular thrombosis

Platelet and clotting factor abnormalities are often among the
first clues to a diagnosis of severe sepsis, and their subsequent
progression is widely regarded as an important indicator of
poor prognosis. ' Although the pathological consequences of
the intravascular thrombosis associated with infection have
been recognised for over 50 years,2 3 our understanding of the
so called disseminated intravascular coagulation syndrome
(DIC), how it is triggered, how it is potentiated, and how it
may be controlled remains fragmentary. This annotation will
focus on the pathogenesis and treatment of the disorder
associated with severe bacterial sepsis, examining the new
insights that have developed from recent studies of both
natural and experimental infection.
For many years DIC has been attributed to the process of

thrombin generation leading to fibrin deposition within the
microvasculature. Haemostatic failure was then thought to
result from secondary platelet activation, consumption of
clotting factors, and fibrinolysis.4 Early postmortem studies
of severe Gram negative sepsis, particularly meningococcal
disease, revealed widespread vascular damage, with evidence
of vessel wall necrosis, thrombosis and haemorrhage in many
organs.256 More recently, however, with the recognition that
these marked changes are not seen in all septicaemic patients
with haemostatic dysfunction, the conventional explanations
for the pathogenesis ofDIC have had to be re-evaluated.

It appears that in sepsis, the haemostatic disorder results
from, and indeed results in, more subtle damage to the
vascular endothelium than originally thought. It is now
appreciated that the vessel wall is not simply an inert conduit,
but performs a number ofimportant homoeostatic functions,
including the remarkable ability to maintain blood in an
unclotted state.7 A detailed description of how the normal
endothelium controls the delicate balance between pro-
thrombotic and antithrombotic forces, the factors involved,
and their complex interactions is not possible in this annota-
tion.' Briefly, however, coagulation is initiated when either
factor XII comes into contact with a surface, activating the
kallikrein and the intrinsic coagulation pathways, or when
tissue factor comes into contact with the circulation, mobilis-
ing both arms of the coagulation system. Recruitment of
platelets follows this process. Alternatively, thrombosis may
follow platelet activation as a result of surface endothelial
changes or the release of leucocyte products such as platelet
activating factor (PAF) and cathepsin G. This prothrombotic
tendency is counteracted by endothelial anticoagulant
molecules such as thrombomodulin and protein C that
inactivate thrombin, and the heparin-like glycosaminogly-
cans that bind antithrombin III. The surface attachment of

I

The haemostatic balance in severe sepsis. ATIII=antithrombin III,
GAGs=glycosaminoglycans, IL-I=interleukin-1, XIIa-kallikrein=the
contact system, LPS=lipopolysaccharide, PAF=platelet activatingfactor,
PAI=plasminogen activator inhibitor, PGI2=prostacyclin,
TA/PG =teichoic acidlpeptidoglycan, TF=tissue factor, TNF=tumour
necrosis factor, tPA=tissue plasminogen.

fibrinolytic agents including tissue plasminogen activator
and fibronectin, and the release of endothelial platelet
inhibitors such as prostacyclin (PGI2) and nitric oxide,
further potentiate the antithrombotic process. In sepsis there
is a shift in this haemostatic balance (figure), with the
elaboration of a number of potent procoagulant, prothrom-
botic molecules in the face of a deficiency of the natural
inhibitors ofcoagulation. This results in intravascular throm-
bosis."'4
The precise trigger for the imbalance remains intrigtiing.

Although meningococci, for example, are frequently seen in
the characteristic purpuric lesions of the skin, bacteria are
very rarely detected in the thrombotic or haemorrhagic areas
of other tissues.5 Early workers pointed to the similarity
between DIC and the generalised Shwartzmann reaction in
rabbits, suggesting that in Gram negative sepsis, circulating
endotoxin plays a prominent part in initiating both the
inflammatory and haemostatic cascades.3 More recently it has
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become apparent that in addition to endotoxin and cell wall
products from Gram positive organisms (teichoic acid and
peptidoglycan) a wide range of inflammatory mediators,
including tumour necrosis factor, interleukin- 1, and PAF are
also capable of altering the haemostatic balance.9'516 The
relative importance of these agents appears conflicting, and it
is likely that their contribution to the disorder is different in
individual patients, as well as between different aetiological
organisms. In addition, this process is undoubtedly exacer-
bated by the multiorgan failure that often develops in severe
sepsis.
Whatever the trigger, disregulation of haemostasis not

only further disrupts normal endothelial function but
activates other cellular and humoral systems, such as mono-
cytes and neutrophils, the complement cascade, and the
kallikrein-bradykinin system.87'8 The relationship between
the haemostatic imbalance and the more widespread inflam-
matory process is therefore central to the pathogenesis of
severe infection and has important therapeutic implications.

Management
How can we switch off this complex cascade of events? The
first and most important treatment priority is to eliminate the
infecting organism, which involves appropriate antibiotic
treatment, and the removal of focal sources of infection. In
overwhelming sepsis, however, DIC often persists despite
these measures. Currently, infusions of clotting factors in the
form of fresh frozen plasma or cryoprecipitate are the
mainstay of treatment8 1019 but unfortunately, they are fre-
quently unsatisfactory. Although replacement with purified
inhibitors such as antithrombin III, fibronectin, or variants
of a1-antitrypsin may be more valuable,8 2 20 a greater
emphasis should be placed on targeting specific treatments to
the parts of the imbalance thought to be most affected. A
wide range of adjunctive agents have therefore been investi-
gated for their ability to modulate both the inflammatory and
haemostatic cascades (see table). This approach appears
promising in animal studies but there have been few formal
clinical trials, and we can only speculate on what will prove
most effective.

Interruption of the inflammatory process should theoretic-
ally limit the haemostatic imbalance and prevent further
amplification of both systems. Initial attempts using high
dose steroids in patients with septic shock were largely
disappointing,'8 with some early studies of meningococcal
disease suggesting that they may even worsen the haemo-
static picture.3 Recently, a number ofnovel approaches to the
modulation of inflammation have been developed which
show promise in experimental models and a few small patient

Treatment ofthe haemostatic disorder associated with severe sepsis

(1) Appropriate antibiotic treatment and removal of focal infection
(2) Modulation of the mediators of inflammation (see text)":

Corticosteroids
Antiendotoxin antibodies
Anticytokine antibodies
Anticeli adhesion molecule antibodies
Pentoxyfilline
Prostacyclin

(3) Modulation of the haemostatic balance (see text)':
Inhibitors of coagulation Heparin Hirudin

Inhibitors of platelet function Prostacylin Nitric oxide
PAF antagonists Pentoxyfillin

Replacement of natural Antithrombin III Fresh frozen
inhibitors Cryoprecipitate Fibronectin

Thrombomodulin Protein C
Plasminogen activators

Inhibitors of the contact system Aprotinin CI-esterase
Bradykinin antagonists
Soybean trypsin antagonists
a,-antitrypsin Pittsburgh
Monoclonal antibodies to contact factors

Inhibitors of the extrinsic Antibodies to tissue factor
pathway

ie

plasma

inhibitor

studies (see table). In animals, antiserum to endotoxin
prevents the generalised Shwartzmann reaction,2' suggesting
that antiendotoxin antibodies are a logical therapeutic choice.
Antilipid A antibodies have been tested in clinical trials but
so far it has been difficult to make firm conclusions.'8 None
the less manipulation of the inflammatory process remains an
attractive treatment option and further studies are underway.

Agents designed to specifically treat the haemostatic
disorder might be expected to have more success. An
immunomodulator, as well as an anticoagulant, heparin has
been strongly advocated as rational treatment for DIC.45 22 In
animal models of sepsis, it has been shown to improve
survival but has failed to produce obvious benefit in a limited
number ofopen clinical trials,623 and has been associated with
uncontrolled bleeding. The lack of success with heparin
treatment may be explained by the observation that some
patients with severe sepsis have circulating glycosamino-
glycan-like molecules (R S Heyderman et al, British
Paediatric Association 199 1)24 that although anticoagulant,
fail to prevent thrombosis on the vessel wall. A therapeutic
solution to this problem may come from replacement of
glycosaminoglycans lost from the endothelial surface during
the inflammatory process" " with more antithrombotic but
less anticoagulant, heparin or heparin-like molecules.
The prominence of platelet consumption in the evolution

of overwhelming sepsis has lead to the clinical use of
inhibitors of platelet activation.'3 Infusions of PGI2 reverse
the consequences ofendotoxaemia, improve renal perfusion,
and ameliorate intravascular thrombosis in animal models.26
However, at present the use of PGI2 to treat septicaemic
patients with haemostatic dysfunction in largely anecdotal,
and further studies are awaited. Nitric oxide (endothelium
derived relaxing factor) provides a similar therapeutic
approach. Current research has focused on blocking its
powerful vasodilatory effects,27 but nitric oxide treatment in
the form of nitroprusside or nitrate infusions may be helpful
in patients with severe vasoconstriction and intravascular
thrombosis.

Finally the possibilities for blocking the initiation of the
coagulation system are being extensively explored. Anti-
tissue factor monoclonal antibodies and aprotinin (inhibits
trypsin, plasmin, and kallikrein) reduce coagulation activa-
tion and improve survival in experimental animals.8 28
Aprotinin has been widely employed to decrease the blood
transfusion requirements for cardiac surgery,29 and more
specific inhibitors of the contact system are currently being
developed. A combination of agents that block the initiation
of coagulation may prove powerful therapeutic tools for the
future.

Conclusions
Subtle changes in the normal haemostatic balance occur early
in the course of severe sepsis. There is now increasing
evidence that this imbalance results from the disruption of
endothelial function, a process that is interlinked with a more
widespread inflammatory cascade. It is therefore vital to have
an integrated approach to the problem, which includes
treatment of the cause, as well as modulation of both the
inflammatory and thrombotic processes. This must be
coupled with the ability to identify those patients most
suitable for treatment, and to intervene at an early stage. The
results of trials of specific treatments designed to redress the
haemostatic imbalance of severe sepsis are eagerly awaited.

ROBERT S HEYDERMAN

Paediatric Infectious Diseases Unit,
Department ofPaediatrics,
Queen Elizabeth the Queen Mother Wing,
St Mary's Hospital Medical School,
South WharfRoad, London W2 INY
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Aetiology of Crohn's disease

Crohn's disease is an idiopathic inflammation of the gastro-
intestinal tract occurring anywhere from the mouth to anus,
although it is predominantly ileocaecal. It is characteristically
patchy, transmural, contains non-caseating granulomas,
and has a chronic clinical course with recurrent relapses. It is
not seen in infants but can develop in children as young as 4
years of age. Thereafter the incidence increases reaching a
peak in late adolescence. It is difficult to determine the exact
prevalence ofCrohn's disease in the UK but it may be around
50 per 100 000 ofthe population and 10 per 100 000 children.'
Thus Crohn's disease is a significant paediatric problem.
Moreover as active disease is associated with diarrhoea,
malabsorption, and a general malaise, children with Crohn's
disease may be undernourished and a significant proportion
are growth impaired. To determine the cause of Crohn's
disease is the most significant challenge in gastroenterology
today and has been the subject ofintense interest over the last
20 years.

Basically, there are three main theories for the cause of
Crohn's disease. Firstly, there are those who consider that
Crohn's disease is due to an infection, so that it is possible to
'catch' Crohn's disease from an environmental agent; it is
however worth pointing out that the epidemiology ofCrohn's
disease shows no evidence of transmissability. Secondly,
there are those who consider that Crohn's disease is due to an
immunological hypersensitivity response to antigens (as yet
unidentified) in the gut wall. These are most likely to be
antigens and components of the normal flora. Thirdly, there
are those who consider Crohn's disease to be vasculitis of the
submucosal vessels and that mucosal ulceration is a second-
ary event due to ischaemia. Evidence for these three points of
view will be considered. There are also a number of other
theories, such as food hypersensitivity or that Crohn's is
caused by baker's yeast, but as the evidence for these is scant,
they will not be considered here.

Crohn's disease is due to a transmissable environmental
agent
Although various viruses have been reported to be important
in Crohn's disease, most work has concentrated on the role of
mycobacterial infection. The original description of the
disease by Crohn himself focused on the differences between
Crohn's disease and intestinal tuberculosis.2 Histopatho-
logically there are similarities between the two diseases, but
the complete absence of acid fast bacilli in Crohn's disease
and the fact that the granulomas in Crohn's disease are non-
caseating has generally dampened enthusiasm for this notion.
Nevertheless interest in mycobacterial origin of Crohn's
disease was rekindled in 1984 by the isolation of an organism,
later identified as a slow growing Mycobacterium para-
tuberculosis from two North American children with Crohn's
disease.3 This bacterium exists as a cell wall deficient variant
in vivo which regains its cell wall after in vitro culture. This
organism is of special interest as M paratuberculosis is the
causative agent of Johne's disease, a chronic enteritis of
cattle. Inoculation of massive amounts of this organism to a
goat caused terminal ileitis with non-caseating granulomas,
and acid fast bacilli were extremely difficult to detect in the
tissues. This however is unlike Johne's disease in cattle in
which the mucosa is filled with acid fast bacilli.

In more detailed studies, conventional mycobacteria were
isolated from one third of the biopsy specimens of Crohn's
disease, 25% of ulcerative colitis biopsies, and 40% from
controls without inflammatory bowel disease.4 These were
most commonly of the Mycobacterium avium complex. Only
one isolate from a patient with ulcerative colitis was similar to
theM paratuberculosis isolated from the children previously.
Thus with rigorous culture techniques, mycobacteria can be
isolated from the intestinal mucosa of healthy patients and
those with inflammatory bowel disease. Cell wall deficient
organisms were isolated from a number of patients with
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