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Venous thromboembolism remains an important cause of morbidity and

mortality for surgical and non-surgical patients, and its pathophysiology in

acutely ill, non-surgical patients is not well understood. The clinically silent

nature of thromboembolism makes it a significant threat to hospital patients.

enous thromboembolism (VTE),
manifested as deep vein thrombosis
(DVT) and pulmonary embolism
(PE), remains an important cause of
morbidity and mortality for surgical and non-
surgical patients alike. This is despite rapid pro-
gression in the understanding of the disorder
(Rosendaal, 1999; Geerts et al, 2001; Seligsohn
and Lubetsky, 2001) and in the ability to prevent
and treat VTE (Geerts et al, 2001; Nicolaides,
2001). Progress in understanding the biology of
clot formation and an improved definition of
thromboembolic risk factors have led to a gen-
eral acceptance that VTE is a multifactorial dis-
order with a complex, and as yet incompletely
understood, pathophysiology (Rosendaal, 1999).
VTE occurs with a broad range of clinical
manifestations, from asymptomatic calf vein
thrombosis through to life-threatening, acute,
massive PE. Substantial changes in attitudes to
the prevention and treatment of VTE have
occurred in recent years and have been reflected
in the development of local, national
(www.sign.ac.uk) (Second Thromboembolic
Risk Factors Consensus Group, 1998), and inter-
national clinical guidelines (Geerts et al, 2001).
This review summarizes current understanding
of the pathophysiology of VTE and the relation-
ship between DVT and PE, and examines current
thinking on the impact it exerts on the morbidity
and mortality of hospital patients.

PATHOPHYSIOLOGY OF VTE

Virchow’s (1856) observation that a triad of fac-
tors influences the pathogenesis of VTE remains
valid today. Procoagulant changes in the blood
coupled with stasis and vascular trauma are cen-
tral influences on thrombus formation. Venous
thrombi tend to form in the deep veins of the leg,
often in the slow flow behind a venous valve. In

the prothrombotic state, the thrombus may
extend, usually proximally, to involve the femoral
and iliac veins (Kesteven, 2000). This may be fol-
lowed by embolization leading to an acute PE,
with potentially fatal consequences (Hirsh and
Hoak, 1996). VTE occurs as a complication of
trauma (physical trauma and surgery) and in
association with non-traumatic medical condi-
tions. Each has a complex but separate patho-
physiology that has not been fully defined.

Trauma-related VTE
Trauma and surgery are recognized as important
risk factors for VTE. Patients undergoing
surgery are exposed to different degrees of risk,
with those undergoing major orthopaedic
surgery at highest risk because of the highly
traumatic nature of the procedure (Second
Thromboembolic Risk Factors Consensus
Group, 1998). VTE after orthopaedic surgery
has a complex pathophysiology. Stasis as a result
of surgery and concomitant anaesthesia set the
scene for thrombus formation. Venographic stud-
ies show delayed clearance of blood from the
soleal sinuses of the calf muscle in supine surgi-
cal patients (Lindstrom et al, 1977) and anaes-
thesia has been shown to result in vasodilation,
increased venous capacitance and a compro-
mised venous return (Lindstrom et al, 1984).
Research suggests that a persistent hypercoagu-
lable state affecting both venous and arterial cir-
culations occurs as a consequence of major bone
trauma (Dahl, 1997, 1999, 2000). In particular,
the vasculature of the lungs appears to play a key
role in this process. The immediate consequence
of bone trauma is a marked local activation of
coagulation and fibrinolysis at the site of opera-
tion. This is believed to result from tissue damage
leading to the release of large amounts of tissue
factor and the exposure of procoagulant proteins
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in the sub-endothelium to blood. At the same
time, large amounts of procoagulant cellular
debris from bone marrow are released into the cir-
culation. As this passes through the capillaries of
the lungs thrombin is generated, leading to a sub-
stantial intrapulmonary activation of coagulation.
A persistent hypercoagulable state is believed to
result, which exposes patients to the danger of
VTE for a considerable period after the operation.

Medical illness-related VTE

In comparison with trauma-related conditions,
the pathophysiology of VTE in the acutely ill,
non-surgical patient is less well understood.
Non-specific factors, such as the production of
acute phase reactants, are known to be procoagu-
lant (Munford, 2001) and haemodynamic com-
promise through stasis is a likely contributory
factor, but the aetiology of the procoagulant state
in non-surgical patients remains poorly defined.

In the MEDENOX trial (Samama et al, 1999),
which examined the efficacy of the low molecular
weight heparin enoxaparin for the prevention of
VTE in acute medical conditions, patients received
low dose (20 mg once daily) and high dose (40 mg
once daily) therapy or placebo. The study found no
difference in efficacy between the 20 mg dose and
placebo, despite a correlation between anti-Xa lev-
els and dose (Bara et al, 2001). This absence of a
dose response contrasts with the findings in surgi-
cal patients and suggests a distinct pathophysiol-
ogy in acutely ill medical patients.

Some medical conditions have specific fea-
tures that may predispose to the development of
VTE. Chronic hypoxaemia resulting from
obstructive pulmonary disease can lead to the
development of secondary polycythaemia. The
resulting rise in haematocrit and red cell mass
leads to an increase in blood viscosity within the
pulmonary circulation, reducing pulmonary
blood flow. Chronic obstructive pulmonary dis-
ease is also thought to induce a procoagulant
state through biochemical changes (Alessandri et
al, 1994) including altered platelet function
(Gazzaniga et al, 1993). Chronic heart disease,
especially associated with right ventricular fail-
ure, results in stasis within the venous circula-
tion, leading to impaired venous return and
increased blood stasis. Although likely contribu-
tory factors can be identified in some conditions,
the pathophysiology of VTE in acutely ill med-
ical patients remains poorly understood.

VTE and malignancy

An association between VTE and malignancy
was first proposed by Trousseau (1865) and VTE
has long been recognized as a frequent compli-

cation of malignant disease. A hypercoagulable
state exists in malignant disease that predisposes
cancer patients to the development of VTE.
Patients are at highest risk following surgery and
during chemotherapy (Geerts et al, 2001).
Cytotoxic drugs (Lee and Levine, 1999), hor-
monal chemotherapy in breast cancer (Pritchard
et al, 1996) and the use of central venous
catheters (Monreal et al, 1996) are also associ-
ated with increased risk.

The pathogenesis of the hypercoagulable state
in malignancy is complex and involves activa-
tion of the coagulation and fibrinolytic systems
by procoagulant proteins secreted by tumour
cells. Vascular trauma and venous stasis caused
directly or indirectly by the presence of a tumour
are also contributory factors (Rickles and
Falanga, 2001).

Tissue factor, the primary cellular activator of
blood coagulation, is highly expressed by many
tumours cells (Kakkar et al, 1995). It also pro-
motes tumour angiogenesis and is involved in
cell adhesion and migration (Ott et al, 1998; Abe
et al, 1999). Tumour cells also secrete cysteine
and serine proteases. One of the best character-
ized is cancer procoagulant, a cysteine endopep-
tidase that activates factor X by a unique
mechanism (Gordon and Mourad, 1991).
Adenocarcinoma of the upper gastrointestinal
tract may be mucin secreting and are associated
with a procoagulant effect mediated, at least in
part, by prothrombin activation and cysteine pro-
tease activation of factor X (Letai and Kuter,
1999). Tumour cells also interact with endothe-
lial and mononuclear cells and platelets, directly
through cell—cell interactions and indirectly
through the release of cytokines (Rickles and
Falanga, 2001).

Pregnancy-associated thrombosis

All three elements of Virchow’s triad contribute
to the enhanced risk of VTE during pregnancy
(Greer, 1999a). Venous stasis is evident from the
first trimester and vessel damage, particularly in
the pelvic vessels, can occur following vaginal
or abdominal delivery. In addition, changes in
the coagulation system occur as part of the phys-
iological preparation for birth and contribute to
the development of a procoagulant state. These
include increases in the levels of a number of
procoagulant factors including von Willebrand
factor, factor VIII, factor V and fibrinogen. An
acquired resistance to the endogenous anticoagu-
lant protein C and a fall in free protein S may
accompany these. Elevated levels of plasmino-
gen activator inhibitor 1 and 2 also contribute
through impaired fibrinolysis.
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Additional mechanisms of hypercoagulability
It is widely accepted that the pathogenesis of VTE
involves a genetic component with studies show-
ing that up to 30% of cases are familial in nature
(Bertina, 2001). Thrombophilia is the term used
to describe an inherited predisposition to VTE
(Lensing et al, 1999). A number of inherited gene
defects have been identified that are prothrom-
botic in nature and promote the existence of a
hypercoagulable state in carriers. Almost all are
associated with defects in the pathways that regu-
late the activities of coagulation factors
(Seligsohn and Lubetsky, 2001) (Table 1).

The first inherited defects associated with
thrombophilia to be described were antithrombin
IIT deficiency and dysfibrinogenaemia, which
were identified in the 1960s (reviewed by
Seligsohn and Lubetsky, 2001). Later, in the
1980s, heterozygous deficiencies of protein C
(Griffin et al, 1981) and protein S (Comp and
Esmon, 1984) that conferred an inherited predis-
position to VTE were characterized. However,
these abnormalities are rare and did not account
for all the cases of thrombophilia seen, suggest-
ing the existence of additional genetic factors
(Seligsohn and Lubetsky, 2001).

The 1990s saw the identification of the first
common inherited defect associated with throm-
bophilia. The factor V Leiden mutation is a
G—A base substitution at nucleotide 1691 of the
factor V gene which causes the replacement of
arginine 506 with glutamine in the factor V
polypeptide chain. The mutation is procoagulant
resulting in the synthesis of factor V protein that
is resistant to inactivation by activated protein C
(Bertina et al, 1994). The mutation is carried by
about 5% of Caucasian populations and in its
heterozygous form confers an estimated 5-10-
fold increased risk of VTE.

A second common thrombophilic defect results
from a single base substitution mutation in the
3’-untranslated region of the prothrombin (factor
IT) gene (PT20210A) and was identified soon
after the factor V Leiden mutation. PT20210A is
associated with elevated plasma levels of pro-
thrombin and is carried by about 2% of
Caucasian populations. Heterozygous carriers
have an estimated 2—3-fold enhanced risk of VTE
(Poort et al, 1996). Hyperhomocysteinaemia,
which may result from genetic as well as
acquired factors, has been associated with the
occurrence of VTE. Homozygosity for a C—T
mutation at nucleotide 677 of methylenetetrahy-
drofolate reductase causes mild hyperhomocys-
teinaemia and this has been linked to venous
thrombosis (Alhenc-Gelas et al, 1999). However,
the majority of individuals with hyperhomocys-

teinaemia do not have a genetic reason, but other
metabolic reasons commonly resulting from
folate deficiency and insufficient dietary uptake
of vitamins B¢ or By5.

It is increasingly accepted that VTE is a multi-
factorial disorder involving multiple acquired and
genetic risk factors that interact in a dynamic
fashion (Rosendaal, 1999). Consistent with this
idea is the observation that co-inheritance of
multiple genetic risk factors is associated with a
higher risk of VTE and that interaction of risk
factors occurs. Rosendaal noted:

‘interaction occurs when the two risk
factors in combination produce an effect
that exceeds the sum of their separate
effects’.
The co-inheritance of factor V Leiden and defi-
ciencies of antithrombin III, protein C or protein
S results in an elevated risk of VTE that surpasses
the sum of the risks (Seligsohn and Lubetsky,
2001). Similar interactions occur between factor
V Leiden and PT20210A. The combination of
protein C deficiency, factor V Leiden or
PT20210A and use of oral contraceptive results in
a 30-150-fold increased risk of VTE in compari-
son to individuals with no thrombophilia and not
taking oral contraceptives (de Bruijn et al, 1998;
Martinelli et al, 1998). Such increases in risk
through the interaction of risk factors are much
higher than the individual risks involved, and
highlight that, although lifetime risks of thrombo-
sis can be offered to those with multiple congeni-
tal thrombophilias, additional acquired risk
factors can interact, resulting in much-increased
thrombosis potential (Rosendaal, 1999).

DVT and PE: manifestations of a single
disease process

DVT and PE are the most common clinical man-
ifestations of VTE and are widely recognized as
inter-related forms of a single disease process
(Perrier, 2000; Geerts et al, 2001). Although
small distal clots found in calf veins are often

TABLE 1.

Inherited thrombophilic defects and estimated prevalence

Inherited/genetic General population
Antithrombin deficiency 0.3%

Protein C deficiency 0.3%

Protein S deficiency 0.3%

Factor V Leiden 4-6%

Prothrombin G20210A 2-3%
Hyperhomocysteinaemia 5%

Elevated factor Vilic 6-8%

VTE population
3%

3%

3%

10-18%
6-18%
10-18%
10-15%

VTE = venous thromboembolism. Adapted from Barger and Hurley (2000)
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Figure 1. The
pathogenesis of post-
thrombotic syndrome.

clinically asymptomatic, many will extend into
the proximal veins of the leg and may subse-
quently embolize, resulting in a PE.

This was illustrated by Girard et al (1999) who
found a high prevalence of lower limb DVT in
patients with acute PE. Among 228 consecutive
patients with proven PE, venography confirmed
the presence of a DVT in 174 (82%). Cases of PE
where the presence of a DVT is not immediately
obvious may reflect the lack of an objective diag-
nostic test, a failure to dissect the lower limb deep
veins at autopsy, or possibly total thrombus
detachment and migration (British Thoracic
Society, 1997), a phenomenon found especially in
surgical patients (Task Force on Pulmonary
Embolism, European Society of Cardiology,
1997). Evidence suggests that the clinical manifes-
tation of VTE may depend on the risk profile of an
individual. For example, the high incidence of fac-
tor V Leiden associated with DVT is not reflected
in patients presenting with an apparently isolated
PE (Margaglione et al, 2000; Perrier, 2000).

Thrombus location can be correlated with the
incidence and severity of PE. In a prospective
clinical study, Kohn et al (1987) described the
occurrence of PE in patients with DVT. The
prevalence of PE was 46% in those with isolated
calf vein thrombi, 67% in cases where the DVT
extended into the thigh, and up to 77% in those
with pelvic vein involvement. This is consistent
with autopsy data that show an increasing num-
ber of PE derived from pelvic vein (periprostatic
and periuterine plexus) thromboembolism
(Morpurgo et al, 1998). Upper extremity DVT,
often associated with indwelling venous
catheters, is now more frequently described, and
also appears to be associated with a high risk of
PE (Prandoni et al, 1997).

The prevalence of PE at autopsy in hospital-
ized patients is high (more than 10%) and has
remained largely unchanged during the last
30 years (Stein, 2000). In many cases PE remains
unrecognized and hence untreated, often with
fatal consequences (Task Force on Pulmonary

Venous valve destruction/vein occlusion

Increased pressure in deep calf veins

Perforator incompetence

Flow directed to superficial veins

Oedema and subcutaneous fissue damage

Ulceration

Embolism, European Society of Cardiology,
2000). The International Cooperative Pulmonary
Embolism Registry (ICOPER) study, which
described outcome in 2500 patients with PE,
found a cumulative mortality rate at 3 months of
more than 17% (Goldhaber et al, 1999).
Evidence has confirmed that PE is frequently
clinically ‘silent’. Meignan et al (2000) found
that up to 45% of patients presenting with proxi-
mal DVT had silent PE. The high percentage of
deaths showing DVT postmortem that was not
recognized antemortem suggests that silent DVT
should be a major concern in hospitalized
patients. This is borne out by the ICOPER find-
ings, where the clinical diagnosis of DVT
inversely correlated with mortality. The poorer
outcome in those PE patients in whom symptoms
of DVT were not manifest supports the view that
effective thromboprophylaxis is required in hos-
pitalized patients perceived to be at risk of VTE.

MORBIDITY AND MORTALITY

Morbidity associated with VTE

Morbidity as a result of an acute VTE is associated
with immediate clinical consequences, long-term
problems caused by recurrent symptomatic VTE
and post-phlebitic or post-thrombotic syndrome
(PTS). Acute PE results in complex, multifactorial
changes to cardiovascular and respiratory function
with a wide prognostic spectrum. In those who
survive an initial thromboembolic episode and
receive antithrombotic therapy, recurrent non-fatal
VTE, fatal PE, and chronic thromboembolic pul-
monary hypertension may complicate the course.
The consequences of PE are related to the number
and size of thrombi and the condition of the organ
systems (Task Force on Pulmonary Embolism,
European Society of Cardiology, 2000).

Post-thrombotic syndrome
PTS is thought to result from a combination of
venous hypertension and abnormalities of the
microcirculation (Figure I). Clinical manifesta-
tions range from mild oedema to acute pain and
ulceration (Brandjes et al, 1997). Damage to,
and subsequent incompetency of, venous valves
results in venous flow directing into the superfi-
cial venous system during muscular contraction.
This results in oedema, compromising the viabil-
ity of subcutaneous tissue, and in the most
severe form, venous ulceration (Hirsh and Hoak,
1996). More rarely, venous hypertension will
result from persistent venous obstruction, for
example because of a large proximal thrombus
causing outflow obstruction.

The prevalence of PTS in the general popula-
tion has been estimated at 1-2%. The prevalence
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after a documented episode of DVT is not pre-
cisely known (Hirsh and Hoak, 1996). In a large
study published in 1996, the clinical course of
355 patients was followed for 8 years (Prandoni
et al, 1996). Eighty three patients developed PTS,
with 24 patients experiencing severe post-throm-
botic complications. The cumulative incidence at
2 years was 22.8%, rising to 29.1% after 8 years.

Graduated compression stockings are consid-
ered the mainstay of therapy for PTS and are often
routinely applied to patients shortly after DVT is
diagnosed. In a randomized trial evaluating the use
of compression stockings, the rate of mild PTS
was significantly lower in the group wearing
stockings (20%) than in a comparator group with-
out stockings (47%). A significantly lower inci-
dence of severe PTS was also demonstrated in the
patients given stockings (11%) relative to the com-
parator group (23.5%) (Brandjes et al, 1997).

The results of this study, however, are in con-
trast to those of a more recent randomized trial
which found that most patients (83%) do not
develop PTS following proximal DVT and that
in those who do develop the condition no benefit
could be demonstrated from the use of compres-
sion stockings (Ginsberg et al, 2001).

Perioperative death from fatal PE

All hospitalized patients, both surgical and med-
ical, are at risk of fatal PE, but the risks vary sub-
stantially (Geerts et al, 2001). Historically, hip
replacement has been regarded as a procedure
particularly prone to thromboembolic complica-
tions. Reviewing studies from the early days of
hip replacement shows that fatal PE contributed
substantially to postoperative mortality (Salvati et

In the 1980s, two meta-analyses reviewed tri-
als published in the 1970s and 1980s comparing
rates of fatal PE in surgical patients in the pres-
ence or absence of heparin thromboprophylaxis.
One study (Clagett and Reisch, 1988) examined
rates of fatal PE in moderate- to high-risk gen-
eral surgery patients, excluding orthopaedic pro-
cedures. Rates of about 0.7% were seen in
patients receiving no thromboprophylaxis com-
pared with about 0.2% in those receiving heparin
(Figure 2). The other meta-analysis examined
fatal PE rates in patients undergoing general,
orthopaedic and urological surgery (Collins et al,
1988). Including all patients, the rate of fatal PE
was about 0.9% in those who received no throm-
boprophylaxis and about 0.2% in those receiving
heparin. However, a separate review of the 21
trials that examined orthopaedic patients shows
substantially higher rates of 1.9% in the patients
receiving no thromboprophylaxis and 0.6% in
those receiving heparin. These figures compare
with those obtained in more recent studies
(Warwick et al, 1995; Ansari et al, 1997), partic-
ularly by Warwick et al, who reported fatal PE
rates in the region of 0.4% in patients undergo-
ing total hip or knee replacement in the absence
of thromboprophylaxis. A large proportion of the
trials reviewed in these meta-analyses had low
autopsy rates and both rigorously excluded end-
points that were not fully substantiated. It there-
fore seems likely that the true prevalence of fatal
PE was underestimated in these analyses.

In a double-blind study, rates of fatal PE were
examined in more than 23 000 surgical patients
receiving heparin thromboprophylaxis (Haas et al,
1999). The study was supported by an exceptional

Figure 2.

Thromboprophylaxis and

the incidence of fatal

al, 2000). A study of a series of 7959 total hip  and uniquely high autopsy rate of 70% and  thromboembolism after
replacements performed between 1962 and 1973  reported an overall incidence of fatal PE of 0.2%  surgery.
described a prevalence of fatal PE of 1.04%
(Johnson et al, 1977, 1978). Of 1174 patients
who did not receive thromboprophylaxis, fatal 2 — N
PE was found in 2.3%. In 1973, fatal PE was 18
described in 2.2% of a series of 2012 consecutive ' [ Placebo
hip replacement patients (Coventry et al, 1973). 16 [ Prophylaxis
These patients were followed postoperatively and 1.4 4
it was shown that fatal PE occurred in two 1.2
patients out of 62 who received no prophylactic 1
anticoagulation, a prevalence of more than 3%. 0.8 | — .
The benefits of thromboprophylaxis were first 06 7
confirmed in the 1970s when the landmark ’
International Multicenter Trial proved that 0.4 1 Y )
heparin significantly reduces the incidence of 02— || | 1
fatal PE (Anonymous, 1975; Kakkar et al, 0 I I ?
1977). Including figures from an additional pub- Anonymous (1975)  Clagett and Reisch Collins et al
lication in that era (Gruber et al, 1977) suggests General/ (1988) (1988)
the prevalence of fatal PE was reduced from orthopaedic General Orthopaedic
0.84% to 0.27% after heparin.
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at 14 days after the end of thromboprophylaxis.
This figure represents the incidence of fatal PE in
the 1990s in patients receiving guideline-recom-
mended thromboprophylaxis. A sub-group analy-
sis also revealed that the incidence of fatal PE in
patients undergoing orthopaedic surgery (hip or
knee replacement and hip fracture) was consider-
ably higher than previously published estimates.

The studies described confirm that orthopaedic
surgery is associated with a high-risk of VTE,
and that death from thromboembolism is a signif-
icant problem. More sub-study analyses, particu-
larly of the Haas trial, are required to better
define those patients at highest risk of fatal PE
and improve risk stratification.

Non-surgical patient mortality from PE
Compared to surgical patients, only a limited
number of studies have published data on the
prevalence of fatal PE in general medical
patients. Most of the information available is
derived from studies examining the efficacy of
heparin thromboprophylaxis in patients with
acute medical illnesses.

In a European study of hospitalized medical
patients with acute cardiac or pulmonary disease,
cancer or non-pulmonary sepsis, 2474 patients
were randomized to receive the low molecular
weight heparin nadroparin 7500 IU once daily or
placebo for 21 days (Bergmann and Caulin,
1996). The primary efficacy endpoint of the study
was mortality up to the end of the treatment
period. Death occurred in 124 of 1230 (10.1%)
patients receiving nadroparin and in 128 of 1244
(10.3%) patients receiving placebo. Autopsy was
performed after 123 of the deaths and fatal PE
was found in 27 cases, accounting for 22% of the
deaths in which autopsy was performed.

In the Swedish heparin prophylaxis study,
more than 11000 patients over 55 years of age,
hospitalized as a result of infectious disease,
were randomized to receive unfractionated
heparin 5000 IU twice daily for 3 weeks or no
treatment in an open design (Gardlund, 1996).
The primary endpoint of the study was autopsy-
verified PE. Autopsy was performed in 56.8% of
the placebo group deaths and in 63.8% of the
UFH group. Overall mortality was similar in the
heparin and control groups (5.3 vs 5.6%). A total
of 31 cases of fatal PE were identified.

The PRIME study looked at 959 bedridden
patients hospitalized as a result of acute medical
illness who had at least one additional predefined
thromboembolic risk factor (Lechler et al, 1996).
The mean age of the patients was 74 years, and
there was an average of 3.4 predefined risk fac-
tors per patient. The majority of patients (70%)

had been hospitalized because of acute heart fail-
ure. Two cases of symptomatic PE occurred but
no cases of fatal PE were described.

The MEDENOX trial examined the efficacy
and safety of the low molecular weight heparin,
enoxaparin, in the prevention of VTE in acutely
ill medical patients (Samama et al, 1999). The
study population included patients hospitalized
because of acute cardiac or respiratory failure or
an infectious or rheumatic disorder in associa-
tion with a pre-defined thromboembolic risk fac-
tor. The study showed that patients with acute
medical illnesses are at substantial risk of VTE.
There were a small number of deaths from fatal
PE (4 of 866 patients; 0.5%).

In a randomized comparison of nadroparin
with placebo for the prevention of DVT in
patients mechanically ventilated for acute,
decompensated chronic obstructive pulmonary
disease, no proven cases of PE were observed
(Fraisse et al, 2000). However, there was no sys-
tematic investigation by objective tests, and
autopsy was not routinely performed after death.

Goldhaber et al (2000) examined new onset
VTE among hospitalized patients at Brigham
and Women’s Hospital, Boston, USA. The study
identified 384 patients with VTE, mostly among
those using general medical or medical oncology
services. Death as a result of fatal PE occurred
in 3.4% of patients. However, almost all the
patients had received some form of physical or
chemical thromboprophylaxis.

The studies carried out to date show that VTE is
a significant problem in acutely ill medical
patients and that PE accounts for a proportion of
the deaths in these patients. However, more studies
are required to obtain reliable estimates of fatal PE
rates. The MEDENOX study showed that mortal-
ity at 3 months was in the range 11.4-14.7%, sug-
gesting that thromboprophylaxis was worthwhile
in this defined patient group in whom more than
85% of patients survived beyond 3 months.

Fatal PE in pregnancy

Although the incidence of fatal PE in pregnancy
is low, thromboembolic complications remain
the major cause of maternal death (Department
of Health, 1998). The overall incidence of fatal
PE has fallen since the 1950s but since the
1980s there has been a reversal in the downward
trend, highlighting an ongoing need for
improved methods of diagnosis and management
of thrombosis in pregnancy. The underlying rate
of DVT in pregnancy is around 0.1% and varies
depending on a range of factors including age,
method of delivery, body weight and a personal
or family history of thrombosis (Greer, 1999b).
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Fatal PE in critically ill patients

VTE is an important cause of morbidity and mor-
tality among critically ill patients admitted to
intensive care units as a result of major trauma,
spinal cord injury or following neurosurgery.
Approximately 10% have proximal DVT on
admission and are further predisposed to DVT
during their stay as a result of prolonged immobi-
lization, sepsis and vascular injury from
indwelling venous catheters and other interven-
tions. It is estimated that between 22 and 80% of
critically ill patients will develop DVT, depending
on the nature of their condition. Fatal PE occurs
in 0.5-2.0% of critically ill patients and is the
third most common cause of death in those who
survive beyond the first day (Attia et al, 2001).

CONCLUSION

The pathophysiology of VTE is complex and
remains incompletely understood. VTE is mani-
fested clinically as DVT and PE — different but
inter-related outcomes of a single disease
process. The clinically silent nature of VTE and
its substantial morbidity and mortality make it a
significant threat to the health of hospital
patients. The classical ‘at-risk’ patient undergo-
ing traumatic surgery experiences both localized
and systemic activation of coagulation that, in
conjunction with other acquired and inherited
risk factors, sets the scene for clot formation.
Medical illness results in a procoagulant state
that is poorly understood, but places hospitalized
patients at substantial risk of VTE.

Modern medical care and up-to-date attitudes to
thromboprophylaxis, particularly use of heparins,
have reduced the incidence of fatal PE. Clinical
studies in surgical patients have allowed accurate
determination of mortality rates and show a
reduction in fatal PE from around 0.7% to about
0.2% using heparins. However, fatal PE is more
common in medical than surgical patients.
Effective risk stratification and implementation of
thromboprophylaxis in non-surgical groups, espe-
cially those with an acute medical illness in whom
thromboprophylaxis is not always implemented, is
required to reduce hospital mortality.
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