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Abstract

Aim: Pulmonary embolism (PE) and deep venous throrsb@¥T) represent components of the same
pathological entity, the venous thromboembolismE)M Recent epidemiological studies suggest thaemain
conditions women of reproductive age may be prongetrelop fatal PE. This retrospective study eviaisidhe
risk factors of fatal PE in women of reproductivgeebetween 18 to 45 years, in the light of datanfszientific
literature Methods and Resultt§he files from sixteen consecutive fatal caseBEfecorded in women over 10
years (1990-1999) were retrieved from the archikzéhe Forensic Pathology Section at the Facultivetlicine
in Auckland, New Zealand. The demographic data thedpathologist’s histological report including tli@al
diagnosis were closely correlated. Obesity wasathig pathological finding in four cases (25%) altiyh it was
also found associated with other risk factors irotuer five cases (31%). Cardiovascular disease @aep ven-
ous thrombosis were identified as major risk fastof PE in three cases each (18%). Malignancy, oaaltra-
ceptive administration and postpartum thromboendnolivere reported in three separate cases. In twiemis,
it was not possible to identify the cause of fatdimonary thromboembolisriscussion and Conclusion®ur
observations appear to indicate that obesity isrtiast important risk factor for fatal pulmonary ¢éimboembol-
ism in women of child-bearing age. Numerous stubase shown that obesity may play this role bydinig
about and perpetuating an inflammatory state whiwn leads to thrombosis through a variety of meismas,
including the prothrombotic action of some adiptissue hormones and abnormal fibrinolysis and cdetipn
in the background of endothelial dysfunction. Otyesiay also be associated with various other raitdrs or
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pathological conditions in which thrombosis occuia several other recognized pathways. Due to tirageti-

ological significance of obesity, it is reasonabderefer to this condition as “(fatal) obesity-rééd pulmonary
embolism” (ORPE). It would thus follow that if pdmary embolism appears not to be associated witsibh

these cases should be referred to as “(fatal) nbesity related pulmonary embolism” (NORPE). In ca$e
over-weight or obese patients, the prophylaxis masfafatal PE should start early and should alwayslude

drug therapy and weight loss programs which wowdddbsigned to diminish or lessen the prothrombatitors

leading to VTE.

Keywords: obesity related pulmonary embolism, fagialmonary embolism, coagulation, fibrinolysis,
endocrine organ.

Rezumat

Scopul studiului Trombembolismul pulmonar tromboza venoasprofund: repreziné componente ale
aceleigi entitifi patologice — trombembolismul venos. Studii epidégice recente au sugeraticin anumite
condkii, femeile in perioada fertil pot fi predispuse trombembolismului pulmonar fafedest studiu retrospec-
tiv isi propune § evalueze factorii de risc pentru trombembolisralfé femei cu varste cuprinse intre 345
ani, prin prisma datelor din literatura de specialie. Material, metod, rezultate:Datele de la 16 cazuri fatale,
consecutive, la femei, intr-un interval de pest@aii0(1990 — 1999), au fost colectate din arhiverisé de anato-
mopatologie a Facultii de Medicin din Auckland, New Zealand. S-au corelat datele agafice cu raportul
anatomo-patologigi diagnosticul final. In 25% din cazuri obezitategfost singurul factor patologic identificat,
aceasta asociindu-se cufiallactori de risc la alte cinci cazuri (31%). Ineir cazuri s-a decelat afectare cardio-
vasculafi si tromboz: venoag profundi (18%). in alte trei cazuri au fost implicate madigatea, consumul de
contraceptive oralgi trombembolismul postpartum. La dbdintre paciente nu a fostgit: cauza trombembo-
lismului fatal.Discuii si concluzii Observaiile noastre au indicat faptuld@cobezitatea la femeile in perioda fer-
tila pare ¢ fie factorul de risc cel mai important pentru erfibmul pulmonar fatal. Numeroase studii au demon-
strat @i obezitatea gt la baza instatrii si perpetuirii unui status inflamator care predispune la trooab prin
diferite mecanisme, care includ activitatea prothmticz a unor hormoni difesutul adipos, aturi de perturba-
rea fibrinolizeisi a procesului de coagulare prin disfuieendoteliad. Obezitatea este deseori asogiau aki
factori de riscsi condiii patologice care induc trombézFacem referire la trombembolism pulmonar fatajde
de obezitate in cazurile In care obezitatea reptgzactorul etiologic primordialsi trombembolism pulmonar
fatal fird legiturd cu obezitatea in cazurile in care obezitatea rte @aplicati. In consecini profilaxia trom-
bembolismului pulmonar trebuie Tnceppudevreme in cazul tuturor pacientelor supraponderalobeze, atat
prin terapie medicamentoasétsi prin programe care vizeazpierderea in greutate, in scopul dimdimii si eli-
mingrii factorilor favorizaryi ai trombembolismului venos.

Cuvinte cheie: trombembolism pulmonar fatal, obezitate, coaguléitginoliza, glande endocrine

Introduction conditions, coagulation is initiated by Tissue
Factor (TF) which binds factor VII. Sub-
Epidemiological studies conducted in  sequently the coagulation cascade is turned-on
the United States have suggested that for a pop- with activation of factors X, IX, VI, V and
ulation of 100,000, there are 100 thromboem- thrombin. The last one converts fibrinogen into
bolic events for the first time. In this popula- a fibrin network in which platelets become
tion, the incidence of venous thromboembolism trapped and eventually form the blood clot.
(VTE) increases from less than five cases in This is removed by plasmin. However, fib-
those younger than 15 years of age to 500 cases rinolysis is counteracted by plasminogen-activ-
in those aged above 80 (0.5%) (1). In normal ator inhibitor-1 (PAI-1) (2). In theory, any
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factor that enhances coagulation or increases
the action of PAI-1 would promote VTE. After
thrombus formation in the lumen of a deep
vein, part of the clot may become loose and
forms emboli which travel to the lungs via the
pulmonary arteries. Interestingly, some authors
have suggested that there is a higher risk of de-
veloping the deep venous thrombosis/pulmon-
ary embolism (DVT/PE) sequence if the initiat-
ing prothrombotic insult is more severe (3).

The PE is a potentially fatal occurrence
characterized by hypotension, dyspnea, tachy-
cardia with or without right heart dysfunction,
which must be treated as a true medical emer-
gency (4). Thus, diagnostic investigation and
appropriate antithrombotic therapy consisting
of low-molecular-weight heparin and warfarin,
or any other suitable anticoagulant, must be ini-
tiated as soon as possible (5). Unfortunately, in
25% of cases the PE is lethal (6). Hull et al (7)
have reported 150,000 to 200,000 deaths per
year from PE in the United States alone.

Although Wirchow speculated as early
as the XIX century that stasis, endothelial in-
jury and abnormalities in blood coagulation
could be the factors promoting the initial throm-
bosis leading to venous thromboembolism (8),
it has recently been shown that some of the risk
factors related to cardiovascular disease such as
obesity, hypertension, diabetes, smoking and
hypercholesterolemia are also associated with
DVT/PE (9). Moreover, the gender and the hor-
monal profile of the patients could also be cru-
cial in determining the risk for thromboembol-
ism. Hoffmann et al (10) have shown in a very
recent study that in Europe and North America,
age-standardized PE mortality is generally
higher in women than in men (with the excep-
tion of Poland). Pomp ER et al (11) have shown
that pregnant women have a two to five fold
higher frequency of DVT and PE compared
with non-pregnant women of comparable child
bearing age. Also, the number of fatal cases of
VTE associated with pregnancy is similar to the
number of VTE-related deaths recorded after
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intake of oral contraceptives. As expected in
those circumstances the impact of these find-
ings is most important in the youngest sexually
active age group (12).

Overall, it appears that women of child
bearing age might be at increased risk for devel-
oping fatal PE compared with the rest of the pop-
ulation. The aim of this study was to quantify
and evaluate these risk factors in women aged 18
to 45 as recorded in the Forensic Pathology Sec-
tion at the Faculty of Medicine and Auckland
Public Hospital, New Zealand, during the years
1990-1999, when the deceased were routinely
subject to a coroner directed autopsy.

Over the past few years, recent research
has revealed new insights into the molecular
mechanisms of the of the DVT/PE pathogenesis
sequence. We have attempted to evaluate our
cases based on these new findings. We will also
undertake an updated review of DVT/PE
thrombogenesis, which will be presented along
with the results of this study.

Methods and results

Records of autopsies performed on wo-
men 18 to 45 years-old were selected from the
archives of the Forensic Pathology Section of
the Faculty of Medicine and Auckland Public
Hospital. Only forensic cases were reviewed,;
no medical autopsies were included.

In the period 1990 to 1999, 15,087 Cor-
oner directed necropsies were performed for the
Auckland area, where just over a million people
live. There were a total of sixteen cases of fatal
PE found in this material. All autopsies were
performed less than 12 hours post-mortem. Our
standard protocol included the case history,
medications, demographic information includ-
ing age and race, and weight and height meas-
urements. We have also determined the excess
body fat in terms of the body mass index
(BMI), the ratio of the square of patient’s
weight divided by her height. The microscopic
information for each subject was also carefully
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Tablel. Demographic data

these, it was associated with a number of other

possible risk factors, such as DVT (1 case), cancer

AGE (years)

(1 case), cardiovascular disease (2 cases) and oral

mean 36.37 contraceptives intake (1 cas&alle2)

median 37.5

RACE _ _

Maori 4 Discussion

Caucasian 10

Polynesian 1 In New Zealand, Coroner directed post-
Indian 1 mortem examinations are performed in cases of
RISK FACTORS trauma or if the death is natural but the cause is
Idiopathic 2 unknown. Our study involved only Coroner dir-
Obesity only 4 ected autopsies on cases of non-traumatic death
\C/;/ng)ljs?ﬁfombosis 33 in women between 18 to 45 years of age. All
Malignancy 5 the cases were ngtural dgaths and some subjects
Postpartum 1 had known' thonlc conditions but the cause of
Oral contraceptives 1 death was initially poorly understood.

reviewed. The anatomical diagnosis of pulmon-

ary embolism as a probable cause of death as

well as the presence of other related anatomic-
pathological conditions was verified in each of
the subjects selected in our series.

As seen inTable 1 most of the patients

were Caucasians and several risk factors were

identified.

Our findings consisted of two cases of
primary fatal idiopathic PE and 14 cases of fatal
PE found in conjunction with other conditions.
Only three patients (18%) showed unequivocal
evidence of deep venous thrombosis (DVT). One
of these, a 42 year old Caucasian woman, de-
veloped DVT in the setting of obesity. Cancer was
found in association with obesity on one occasion

while a second case of cancer was encountered in
a non-obese patient. Extensive atherosclerosis
was seen in one obese patient and a second de-

veloped severe heart failure prior to death. Also,
fatal PE occurred in another obese woman who
was using oral contraceptives, and in two non-

obese subjects, one with congenital heart disease,

and one who died postpartum. Interestingly, in
four cases only obesity was noted as a risk factor
for PE. Overall, obesity was noted in nine of our
cases of fatal PE (56%0). As noted above, in five of

Although in most of these cases we were
able to identify risk factors for thrombosis, no
prophylactic antithrombotic treatment was admin-
istered, with the exception of a young woman
aged 23 who was taking aspirin after an episode
of DVT. The evaluated fatal PE cases represent
0.1% of the total number of forensic autopsies
performed in the Forensic Pathology Section of
the Auckland Public Hospital and Faculty of
Medicine. Interestingly, this incidence is lower
than in other reports. For example, Ely SF et al
(13) mention that fatal PE represents 0.8% of the
total number of autopsies performed in New York
City. Others have published even higher values.
Hamanaka et al (14) have found that the incidence
of fatal PE among psychiatric patients treated
with neuroleptics at a large Japanese medical cen-
ter could reach 2.5% of the total forensic cases.
Other authors from Ontario, Canada have repor-
ted that fatal PE may be found in 5 to 10% of
deaths recorded in medical patients (15). These
higher numbers of fatal PE encountered in hospit-
alized patients may be explained by the associated
complex pathology in which several pro-throm-
botic risk factors may be involved. In additiore th
above mentioned studies have evaluated all the
patients regardless the gender or the age of pa-
tients whereas our series has evaluated only a spe-
cific population of a well defined age.
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I diopathic fatal PE

For didactic reasons, we have divided
our cases into primary or idiopathic, and second-
ary PE. Only two cases were categorized as the
former. The first was a 35 year-old Caucasian fe-
male who presented with hypotension and hyper-
ventilation, and died shortly after hospital admis-
sion. Necropsy revealed bilateral PE, in which
the lumen of the main pulmonary artery was
over 70% obstructed. No other findings were
noted. The second case was a 23 year-old
Caucasian female who died shortly after being
admitted for pneumonia. Thrombosis was identi-
fied in both pulmonary arteries and the vena
cava. This patient had had a history of DVT in
the immediate past but no morphological evid-
ence of this was noted post-mortem. In addition
the patient was taking aspirin and was not known
to have any other pro-thrombotic risk factors.

Fatal obesity related and non-obesity related
fatal PE (fatal ORPE and NORPE)

As mentioned before, nine (56%) of our
subjects were obese. In the Framingham study,
women who died after developing PE had high-
er weights on average than those who died from
other causes (16). It is therefore not surprising
that the majority of our cases were associated
with obesity. The morphological diagnosis of
PE was readily confirmed in all obese subjects.
However, although our cases were strongly as-
sociated with obesity, they were also variably
associated with other findings and conditions
that are separately recognized as PE risk factors
such as: DVT, malignancy, cardiovascular dis-
ease and oral contraceptive intakalfle 2)

By World Health Organization (WHO)
standards a patient is obese if the calculated BMI
is over 30 kg/rh According to the WHO obesity
is classified into three distinct categories: grade
(BMI=30 to 34.9 kg/m), grade Il (BMI=35 to
39.9 kg/m) and grade Il (BMI more than 40
kg/m?) (17, 18). In our subjects, BMI varied
between 30.59 and 75.09 kg/(hable 3.

As shown above in four cases obesity
was the only risk factor for fatal PE. Interest-
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ingly, three of these women had grade I. This
suggests that even a mild increase of the BMI
may induce a pro-thrombotic state with cata-
strophic consequences. The important question
in these circumstances is how obesity leads to
fatal PE and which are the pathways and factors
involved in this process?

The pathogenesis of PE in the back-
ground of obesity may be explained if we ac-
cept the premise that adipose tissue is in es-
sence an endocrine organ which secretes among
other substances several pro-thrombotic factors.

Hormones secreted by adipose tissue

a. Leptin

Energy expenditure and body weight
appear to be modulated by leptin, an adipocyte-
derived cytokine. Leptin acts via the hypothal-
amus to regulate glucose and fat metabolism,
also suppressing food intake (19). The level of
leptin appears to be directly proportional to the
amount of adipose tissue. Thus, an increase in
leptin has been recorded in pregnant women as
their body mass index increases (20). It has also
been shown that leptin promotes coagulation in
leukocyte and monocyte cultures by releasing
tissue factor (TF) (21). Moreover, leptin pro-
motes a pro-thrombotic state by acting directly
on its functional receptor located on platelets
via tyrosine-phosphorylation of Gq alpha-sub-
units located on these cells (22, 23). Clinically,
leptin's pro-thrombotic role has been demon-
strated in experiments which showed that plate-
lets from obese patients have an enhanced ag-
gregating response to ADP, which is a known
platelet aggregating promoter (24).

b. Adiponectin

Adiponectin is produced solely by adipo-
cytes and its production is inversely proportional
to increased weight, BMI and C-reactive protein
levels (25). In fact, its high levels in lean sultge
act as anti-inflammatory stimulus while lowering
its level as a result of increased body mass index
(BMI) results in an enhanced production by
monocytes of an “inflammatory soup” composed
of IL-1 beta, TNF-alpha and IL-6 (26).



Table 2. Detailed demographic and medical data ofe patients

No Age Race Medication History Obesity Observations/Causef death
. . Thrombi in both pulmonary arteries
1 45 Caucasian nil Pregnancy no Postpartum PE
. . : Thrombi in both pulmonary arteries
2 42 Polynesian nil nil yes/163 kg/157 CMbE sec to obesity
Atherosclerosis of the LAD coronary
: . . Circumflex mildly occluded
3 38 Caucasian nil nil yes/98 kg/ 165 CMrhrombi in left pulmonary artery
PE sec to obesity and CV disease
Svstemic Amiloidosis DVT of the left lower limb,
4 31 Indian nil He z;/titist e B. Immobilit no Thrombi in both pulmonary arteries
P ype B, y PE secondary to DVT
DVT of the left lower limb
5 42 Caucasian nil nil yes/109 kg/169 cnThrombi in both pulmonary arteries
PE sec to obesity and DVT
6 45 Maori nil nil yes/97 kg/171 cm Thrombi at bnfurca'uon of pulmonary artery
PE sec to obesity
. . Hypotension, Hyper- Thrombi in both pulmonary arteries
735 Caucasian nil ventilation prior to death no Idiopathic PE
8 23 Caucasian Aspirin Past history of DVT o Thrombi at bifurcation of pulmonary artery

Pneumonia

Idiopathic PE
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Table 2. Detailed demographic and medical data ofie patients €ontinued)

No Age Race Medication History Obesity Observations/Causef death
Hyperparathyroidism
9 37 Maori nil Hepatic steatosis yes/199 kg/ 163 CmThrombl in both pulmonary arteries
Endometrial carcinoma PE sec to obesity and cancer
Obstructive sleep apnea
Smoker Subcapsular liver nodules
10 36 Caucasian Oral contraceptives 20 cigarettes per da yes/93 kg/ 168 cm Thrombi in both pulmonary arteries
9 P y PE sec to obesity and OC intake
Tricuspid atresia Cardiac thrombi
11 27 Caucasian nil Atrial Fibrillation prior to no Thrombi at bifurcation of pulmonary artery
death PE sec to congenital CV disease
12 32 Maori Paracetamol Schizophrenia yes/106 kg/ 177 :c"%romm n th? main pulmonary artery
sec to obesity
: . . Thrombi in the main pulmonary artery
13 44 Caucasian nil nil yes/82 kg/ 164 CMbe e to obesity
: . . DVT of the left lower limb
14 22 Caucasian a'ﬁggplﬂg’r ,tb(\)dcrjeer;h Collapﬁedf(;jrurrl:n%warmmg no Thrombi in both pulmonary arteries
P P goy PE sec to DVT
Left Ventricular Hypertrophy
15 39 Maori nil Congestive Heart Failure  yes/157 kg/ 166 Left Atrial Hypertrophy
“r'hrombi in the left pulmonary artery
PE sec to obesity and CV disease
16 44 Caucasian nil Ovarian cancer o Thrombi at bifurcation of pulmonary artery
LeVeen shunt PE sec to cancer
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Table 3. Fatal cases of PE associated with obesity

(Seellggtri]én Age Race B ody Height (m) BMI Obesity
number) (years) weight (kg) (Kg/m2)
2* 42 Polynesian 163 1.57 66.26 grlil, morbid
3 38 Caucasian 98 1.65 36.02 grll, moderate
5 42 Caucasian 109 1.69 38.24 grll, moderate
6* 45 Maori 97 1.71 33.21 grl, mild
9 37 Maori 199 1.63 75.09 grlll, morbid
10 36 Caucasian 93 1.68 32.97 grl, mild
12* 32 Maori 106 1.77 33.86 grl, mild
13* 44 Caucasian 82 1.64 30.59 grl, mild
15 39 Maori 157 1.66 57.09 grlll, morbid

* In these cases obesity was the only risk fadotfromboembolism

It appears that the site of action of
adiponectin is probably the hypothalamus, where
it acts on its two receptors, R1 and R2 which are
co-localized with the leptin receptors. Experi-

with increasing levels of C-reactive protein

(CRP). However, in atherogenesis, an increas-
ing CRP level is associated with the risk of seri-
ous complications, including increasing plaque

mental evidence seems to suggest that these re-volume and sudden coronary death (30-32). In

ceptors modulate the energy balance by stimula-
tion of the AMP activated protein kinase path-
way (27). In addition, adiponectin is inversely
proportional to the PAI-1 level (25). Overall, all
evidence appears to indicate that high levels of
adiponectin regulates energy consumption, thus
tending to modulate and prevent thrombosis.

c. Resistin

Clinical and experimental studies have
revealed that this cytokine can also be synthes-

ised by adipose tissue and macrophages. Res-

istin rises in parallel with C-reactive protein,
IL-6, TNF-alpha, procalcitonin and leukocytos-
is (28). However, neither its direct effects nor
the molecular mechanism of its action are
clearly understood at this time. Neither do we
know if it interferes directly with coagulation

and/or fibrinolysis.

Obesity as a pro-thrombotic inflammatory state

Lemieux et al (29) have shown in men
with atherogenic dyslipidemia and insulin res-
istance syndrome that obesity and accumulation
of abdominal adipose tissue correlate strongly

this context, statins and aspirin appear to de-
crease the thrombotic and plague rupture risk
by reducing the level of C-reactive protein (33,
34). Thus, obesity may be regarded as a form of
pro-thrombotic inflammatory state.

In atherosclerosis, CRP exerts its action
via a variety of factors. Recent research has
shown that in response to CRP, human mononuc-
lear cells synthesize increased amounts of cy-
tokines such as tumour necrosis factor-alpha
(TNF-alpha), interleukin-1 (IL-1) and matrix
metalloproteinase-9 (MMP 9) (35). All of these
promote endothelial dysfunction by attracting
leukocytes at a vascular injury site and up-regulat
ing cell adhesion molecules. In addition, they pro-
mote smooth muscle cell migration into the in-
tima, where they proliferate and acquire phago-
cytic properties, becoming foamy cells by absorb-
ing oxidized lipoproteins. This leads to the forma-
tion of plaque, which may ultimately rupture and
initiate thrombus formation (36-41). Notably, in
obese women, weight loss can induce the normal-
ization of the cytokines levels, and the recovdry o
the endothelial dysfunction (42, 43).
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In regard to hemostasis, experimental
studies have shown that TNF-alpha, which as
mentioned above may be produced after CRP
stimulation, increases the levels of plasminogen
activating inhibitor-1 (PAI-1) and tissue factor
(TF), which subsequently promote coagulation
and thrombosis (44, 45). Moreover, acute phase
reactions characterized as described above by
increased levels of CRP, are associated with el-
evated levels of fibrinogen, which is synthes-
ized subsequent to autocrine and paracrine ac-
tivation of monocytes by IL-6 (46).

Obesity and abnormalities of coagulation

Tissue factor (TF)

Recent clinical evidence suggests that
mononuclear leukocytes from obese patients
express increased amounts of TF. Also, in
healthy subjects, leptin promotes synthesis of
TF by mononuclear cells in a dose dependent-
manner through a JAK2-dependent mechanism
with participation of TNF-alpha (47).

Fibrinogen

Mingers and Stroder (48) have reported
increased levels of fibrinogen in overweight but
otherwise healthy children. Also, obese women
present with an increased level of fibrinogen
which returns to normal after dieting (49). Re-
markably, fibrinogen stimulates endothelial cell
proliferation by its binding to fibroblast growth
factor 2 (FGF-2), fibrin and vascular endotheli-
al growth factor (50, 51). Also, it forms a scaf-
fold, promoting vascular smooth muscle devel-
opment leading to atheroma and thrombosis via
fibrin formation (52, 53). In addition, in vitro
fibrinogen acts via modulation of Ca ion on
smooth muscle and endothelial cells to promote
vascular changes similar with those seen in
thromboembolic pulmonary hypertension (54).

Factor VII

It is known that increased levels of factor
VIl is associated with hypercoagulability. Clinical
evidence indicates that a significantly increased
level of factor VIl is associated with obesity dad
male sex (55, 56). However, the factor VIl level re
turns to normal with just a modest weight loss.(57)
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Obesity and abnormalities of fibrinolysis

In general, thrombosis is promoted
either by decreased tissue-type plasminogen
active factor (t-PA) or an increased plasmino-
gen activator inhibitorl (PAI-1). Endothelial re-
lease of t-PA regulates fibrinolysis and is con-
sidered to be a primary endogenous defense
mechanism against thrombosis. Van Guilder et
al (58) have found that in obese and overweight
patients, the net release of t-PA is 45% lower
than in normal non-obese individuals. However,
the level of t-PA returns to normal after regular
aerobic exercise that increases the capacity of
endothelium to release t-PA (58).

PAI-1 may be produced by adipocytes
(59). PAI-1 gene expression is associated with
obesity and may modulate the changes in
adipose tissue distribution which are noted at
menopause (60). Moreover, in obese patients
with arterial and venous thrombosis, the de-
crease in total fibrinolytic activity appears to be
caused by an increase in PAI-1 levels (61). In-
terestingly, the high levels of PAI-1 seen in
obese patients are promoted by an increased
production of TGF-beta, which is released by
an enlarged mass of adipose tissue (62).

All of the above clinical and experimental
studies (including our own) point to the centrédro
of obesity in the etiopathogenesis of fatal PE. In
consideration of the fact that obesity has reached
pandemic proportions in the developed world, the
therapeutic and socio-economic implications are
that PE should be further classified by the presenc
or absence of obesity. Therefore, it reasonable to
describe those cases of pulmonary embolism asso-
ciated with obesity as “(fatal) obesity-related-pul
monary embolism” (ORPE). If obesity is not asso-
ciated with pulmonary embolism, these cases
should be labeled “(fatal) non-obesity related pul-
monary embolism” (NORPE). In case of over-
weight or obese patients, the prophylaxis against
fatal PE should start early and should always in-
clude weight loss and physical exercise programs,
and which would favor the balance of thrombolytic
over pro-thrombotic factors.
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Fatal PE post-DVT

As mentioned above, DVT and PE rep-
resent forms of the same pathophysiological
process, i.e. VTE, and both are associated with
the same risk factors. PE however is usually a
more advanced stage of this process where the
thrombus has broken off and embolized to a
distant site, i.e. the lung. Usually, DVT devel-
ops at the site of a local insult in the deep ven-
ous network. At this level, the blood flow is
slow and as a result fibrin and platelets accumu-
late and initiate thrombus formation. DVT how-
ever may be clinically silent and therefore very
difficult to diagnose. Thus, the true incidence of
DVT is very difficult to determine due to
missed clinical detection (63).

In our study we have identified three
unequivocal cases of fatal PE subsequent to
well documented DVT. One such case occurred
in a 42 year-old obese Caucasian woman
(BMI= 38.24 Kg/nf) in which the thrombotic
process involved the deep veins of the left leg
and the development of pulmonary emboli in
the smaller arterial branches. No other risk
factors were evident. However, one can specu-
late that the association of obesity, an inflam-
matory state characterized by abnormalities of
coagulation, platelet aggregation and fibrinolys-
is, significantly increased the risk of fatal PE
after the initial DVT.

Another case of fatal PE after an epis-
ode of DVT was encountered in a 31 year-old
Indian woman with amyloidosis and hepatitis
B. Post-mortem examination revealed thrombi
in the deep veins of the left lower limb and in
the main branches of the pulmonary artery. Pro-
longed immobility due to her underlying condi-
tions was noted clinically and this was probably
the most important factor which led to throm-
boembolism in this case. There was no evid-
ence of any other risk factor being present.

Thirdly, we noted the puzzling case of
an active 22 year-old Caucasian girl who col-
lapsed during warm-up for a rugby match. Post-
mortem examination revealed extensive PE and
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occlusive adherent thrombi in the calf veins.
She was not overweight or obese and there was
no evidence of any genetic abnormality, or any
other known risk factor, including a history of
VTE or oral contraceptive use. Although the
etiologic factors associated with this DVT/PE
sequence appeared to be enigmatic, unacknow-
ledged contraceptive use could not be ruled out.

Cardiovascular disease and fatal PE

A 27 year-old Caucasian female known
to have congenital tricuspid atresia and right
heart failure died from PE after a short episode
of atrial fibrillation. Fresh thromboemboli were
present in the main pulmonary arteries of both
lungs. We hypothesize that the failing heart
may have been the source of these emboli. We
also encountered another case of PE with heart
disease that involved a 39 year-old Maori wo-
man with severe obesity (BMI= 57.09 kdgjm
and congestive heart failure, who died after de-
veloping PE. Post-mortem examination re-
vealed both left atrial and ventricular hyper-
trophy, with a large fresh thrombus in the left
pulmonary artery. We think that this was the
result of altered cardiovascular hemodynamics
in a pro-thrombotic state induced by obesity.
Another case of PE with cardiovascular disease,
also associated with obesity (BMI= 36.02
kg/n?), was encountered in a 38 year-old
European woman with ischemic heart disease.
The autopsy showed extensive atherosclerosis
of the left anterior descending coronary artery
with advanced atheroma in the aorta. Throm-
boemboli were present in the pulmonary arter-
ies of the left lower lobe.

As discussed above, there is mounting
evidence that the etiopathogenic mechanisms
responsible for DVT/PE and atherosclerosis are
inter-related. Clinical studies have shown that
patients with VTE have an increased incidence
of accelerated atherosclerosis (64). Also, as dis-
cussed above, the link between thromboembol-
ism and accelerated atherosclerosis may be fur-
ther appreciated by the findings of elevated
levels of CRP and other related pro-inflammat-
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ory cytokines, such as TNF-alpha and IL1,

which are manifest in these cases. These in turn
lead to the complications of endothelial dys-

function, atheromatous plaque formation and
thrombosis.

Post-partum fatal PE

We found only one case of fatal post-
partum PE. The patient was a 45 year-old
Caucasian female and large thromboemboli
were noted in both her right and left pulmonary
arteries However, their source was anatomically
impossible to identify. Further analysis of this
case did not reveal any other well known PE
risk factor, history of recurrent VTE, thrombo-
philias or intake of pro-thrombotic medication.

Several authors have emphasized a
strong association between postpartum PE and
other pro-thrombotic conditions such as ante-
natal pulmonary edema, metabolic acidosis, dia-
betes, protein S deficiency and treatment with
ritodrine and betamethasone (65;66). However,
pregnancy is associated with all the elements of
Virchow's triad, venous stasis, vascular damage,
and hypercoagulability (67). Pregnancy related
high levels of estrogens and progesterone de-
termine smooth muscle relaxation leading to
venodilatation and a decline in venous return
from the legs with pooling of blood, favoring
thrombogenesis (67-69). In addition, the en-
larged gravid uterus increases the vascular stasis
by compressing the vessels (67). Also, estrogens
stretch the vascular endothelium of the dilated
vessels with subsequent rupture, of that layer,
and exposure of the subendothelial space to
blood flow, resulting in activation of coagulation
tissue factors (69). During pregnancy, the antico-
agulant activity of protein S is reduced and a
procoagulant state is achieved by high levels of
fibrinogen and factors V, IX, X, and VIII. In ad-
dition, fibrinolysis is decreased as a result of in
creased activity of PAI-1 and PAI 2. A low activ-
ity of t-PA is noted as well (67). We may there-
fore postulate that the above described molecular
dynamics may contribute to the increased risk of
DVT/PE during pregnancy.

43

Oral contraceptives and fatal PE

Over 30 years ago, Sartwell et al (70)
postulated that the use of oral contraceptives
(OC) is associated with VTE. Thus, it was sub-
sequently shown that the risk of PE is double in
women taking OCs compared with non-users
(71). Such risk of an OC-related VTE with a
fatal event is so very rare (72), thus justifying
the continued widespread use of these medica-
tions. However, OCs should not be given to pa-
tients with: ischemic heart disease, hyperten-
sion, atherogenic lipid disorders, focal or cres-
cendo migraine, cigarette smoking, neurologic-
al conditions, prothrombotic conditions such as
factor V Leiden single-point mutation and
obesity (73, 74).

Our single case example in this cat-
egory was a 36 year-old obese European wo-
man who was also taking a third generation OC
containing ethinyl-oestradiol and gestodene (fe-
modene). The important question in these cir-
cumstances is which component of the OC
cocktail was the most important in promoting
PE. Lidegaard et al (75) have reported a
fourfold increased risk of VTE in women taking
a third generation OC containing gestodene.
Thus, gestodene appears to be associated with
the production of important abnormalities in the
coagulation and fibrinolytic systems, resulting
in a significant stimulation of fibrin turnover
(76). On the other hand, the oestrogen compon-
ent also seems to increase the risk of PE in a
dose related manner by acting on the vascular
endothelium as described above (77). There-
fore, we believe that the pro-thrombotic effect
of the femodene was the result of the combined
action of both gestodene and estradiol.

In addition, she was also a heavy
smoker, and it is generally acknowledged that
smoking induces a pro-thrombotic state via in-
creased biosynthesis of thromboxane, which in
turn stimulates platelet-dependent thrombogen-
esis (78). Smoking also promotes degenerative
changes in the vascular endothelium leading to
the formation of atheromas which may fracture
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resulting in thrombus formation (79). More re-
cently, Cirillo et al (80) have shown that
smoking related nicotine acts on endothelial
and smooth muscle cells by initiating a pro-
thrombotic state through the induction and pro-
motion of tissue factors.

Postmortem examination of our case
also revealed a congested liver with two sub-
capsular, multinodular, circumscribed, yellow/
brown lesions with central fibrosis. These le-
sions were consistent with focal fibro-nodular
hyperplasia and a hepatocellular adenoma, both
of which may have been facilitated by the OC.
However, death was the result of a massive PE,
as both right and left pulmonary arteries were
blocked by thromboemboli. The pathology re-
port concluded that "the massive pulmonary
thromboembolism was the result of the simul-
taneous influence of several risk factors;
namely obesity (BMI= 32.9 kg/fjy femodene
ingestion and smoking”. Most likely, these ac-
ted in concert to induce the above discussed ab-
normalities of coagulation and fibrinolysis.

Cancer and fatal PE

Two of our subjects were known with
cancer. The first was a 37 year-old morbidly
obese Maori, who also had primary hyperpara-
thyroidism. Post-mortem examination showed
widespread pulmonary emboli and invasive en-
dometrial carcinoma. The second was a 44 year-
old Caucasian with known ovarian cancer, who
died after a very large thromboembolus had
lodged at the bifurcation of her pulmonary artery.

It has been estimated that one of every
seven hospitalized cancer patients dies from ap-
parent PE. Remarkably, sixty per cent of all pa-
tients who died of massive PE with absence of
other readily apparent PE risk factors also
showed localized cancer or limited metastatic
disease which would have otherwise resulted in
prolonged survival in the absence of such lethal
pulmonary emboli (81).

A predisposition for thrombosis ap-
pears likely in the presence of cancer via sever-
al factors. One of these is pre-chemotherapy
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platelet levels above 350,000/M@®2). Recent
studies have demonstrated that pancreatic and
lung cancer cells are capable of expressing TF-
bearing microparticles (MP) and P-selectin gly-
coprotein ligand 1 (PSGL-1), which would pro-
mote in-vivo a pro-thrombotic state (83). Other
studies performed in human astrocytoma cell
lines showed that TF is up-regulated by hypoxia
via Akt activation and via Ras/MEK/ERK sig-
naling which are also implicated in carcinogen-
esis. However, TF returns at least partially to
normal by induction of PTEN which is usually
decreased in high grade astrocytoma/ glio-
blastomas (84).

Overall, one may regard cancer as a pre-
thrombotic state. If other PE risk factors, such as
obesity are also present, the chances of develop-
ing a fatal episode of PE increase significantly.

Conclusions

In our series of women of reproductive
(child-bearing) age, with fatal PE, obesity appears
to be the most frequent risk factor. Obesity should
be considered an inflammatory state which needs
to be therapeutically and prophylactically ad-
dressed, since it leads to thromboembolism via
the prothrombotic action of adipose tissue hor-
mones and abnormalities in the fibrinolytic and
coagulation systems associated with endothelial
dysfunction. Based on the information provided
by this study, PE should be classified into (fatal)
obesity-related (ORPE) and (fatal) non-obesity re-
lated (NORPE) pulmonary embolism. The former
represents a distinct pathophysiological entity in
which from the earliest stage the patient has a
higher chance of developing a fatal embolic event
since several pro-thrombotic factors are activated.
Obese women should be offered a weight reduc-
tion program since coagulation and fibrinolytic
abnormalities could improve dramatically during
such a regimen. In addition, anti-thrombotic pro-
phylactic treatment should be offered as well in
these patients. However, these concepts should be
further evaluated in large prospective studies.



Revista Roméanhde Mediciia de Laborator Vol. 18, Nr. 1/4, Martie 2010 45

References

1. White, RH. The epidemiology of venous thromboelmbo
ism. Circulation, 2003 Jun 17, 107, Suppl 1: 14-18

2. Preissner K.T. Physiology of blood coagulatiod fib-
rinolysis: biochemistry. Hamostaseologie, 200852869-71

3. Kearon C. Natural history of venous thromboensinali
Circulation. 2003 Jun 17;107 (23) Suppl 1: 122-130

4. Grifoni S, Olivotto I, Cecchini P, Pieralli F, @aiti A,
Santoro G, Conti A, Agnelli G, Berni G. Short-teainical
outcome of patients with acute pulmonary embolisonmal
blood pressure, and echocardiographic right verariadys-
function. Circulation. 2000 Jun 20; 101(24):2817-22

5. Hyers TM. Integrated management of venous throm-
boembolism. Southern Medical Journal. 1996, 82026

6. Heit JA The epidemiology of venous thromboembolis
in the community: implications for prevention anérage-
ment. J Thromb Thrombolysis. 2006 Feb; 21(1):23-9

7. Hull RD. Pineo GF. Valentine KA. Treatment ane-pr
vention of venous thromboembolism. Seminars in fitoas-

is & Hemostasis, 1998, 24 Suppl 1: 21-31

8. Rather LJ, Schwalbe J. A commentary on the miedica
writings of Rudolf Virchow based on Schwalbe's Wow-
Bibliographie 1843-1901. San Francisco : Norman.Pub
1990; Norman Bibliography series, no. 3: 458-636-623

9. Ageno W, Becattini C, Brighton T, Selby R, Kamjslen
PW Cardiovascular risk factors and venous thromiboém
ism: a meta-analysis. Circulation, 2008 Jan 1;1183102

10. Hoffmann B, Gross CR, Jockel KH, Kroger K. Trend
in mortality of pulmonary embolism - an internatibrom-
parison. Thromb Res. 2009 Jul 25: (Epub aheadrdj pr

11. Pomp ER, Lenselink AM, Rosendaal FR, Doggen CJ.
Pregnancy, the postpartum period and prothrombefiects:
risk of venous thrombosis in the MEGA study. J Thioo
Haemost, 2008 Apr; 6(4): 632-7

12. Samuelsson E, Hedenmalm K, Persson |. Mortality
from venous thromboembolism in young Swedish women
and its relation to pregnancy and use of oral ecaptives--
an approach to specifying rates. Eur J EpidemifD52
20(6):509-16.

13. Ely SF, Gill JR. Fatal pulmonary thromboembolemal
hereditary thrombophilias. J Forensic Sci. 2005 ;Mar
50(2):411-8

14. Hamanaka S, Kamijo Y, Nagai T, Kurihara K, Tanak
K, Soma K, Miyaoka H. Massive pulmonary thromboetnbo
ism demonstrated at necropsy in Japanese psycluatients
treated with neuroleptics including atypical antig®otics.
Circ J. 2004 Sep; 68(9):850-2

15. Douketis JD, Moinuddin |. Prophylaxis againshoes
thromboembolism in hospitalized medical patients:egid-
ence-based and practical approach. Pol Arch Med n\New
2008 Apr; 118(4):209-1.

16. Goldhaber Sz, Savage DD, Garrison RJ, Castdéi W
Kannel WB, McNamara PM, Gherardi G, Feinleib M.kRis
factors for pulmonary embolism. The Framingham Btéch

J Med. 1983 Jun; 74(6):1023-8

17. WHO, Geneva, 3-5 June 1997. Preventing and Man-
aging the Global Epidemic. Report of a WHO Consioltia
on Obesity, 3-5 June 1997, Geneva. WHO/NUT/NCDIH8.1
tp://ww.who.int/cardiovascular_diseases/resoupcidica-
tions/en/index.html

18. WHO Fact sheet 311, 2006, Geneva, Switzerland.
http:/mww.who.int/mediacentre/factsheets/fs311ven/
dex.html

19. Kershaw EE, Flier JS. Adipose tissue as an engoc
organ. J Clin Endocrinol Metab. 2004 Jun;89 (6)858

20. Madan JC, Davis JM, Craig WY, Collins M, Allan W
Quinn R, Dammann O. Maternal obesity and markeis-of
flammation in pregnancy. Cytokine. 2009 Jul; 47(1-¥46

21. Rafail S, Ritis K, Schaefer K, Kourtzelis |, $pas M,
Doumas M, Giaglis S, Kambas K, Konstantinides Stdia
G. Leptin induces the expression of functionaliéstactor in
human neutrophils and peripheral blood mononuabets
through JAK2-dependent mechanisms and TNFalpha in-
volvement. Thromb Res. 2008;122 (3):366-75

22. Maruyama I, Nakata M, Yamaji K Effect of lepiim
platelet and endothelial cells. Obesity and attériambosis.
Ann N'Y Acad Sci. 2000 May; 902:315-9.

23. Nakata M, Maruyama |, Yada T. Leptin potentiates
ADP-induced [Ca(2+)](i) increase via JAK2 and tynes
kinases in a megakaryoblast cell line. Diabetes®iasPract.
2005 Dec; 70(3):209-16

24. Dellas C, Schafer K, Rohm |, Lankeit M, Ellrdit
Faustin V, Riggert J, Hasenfuss G, KonstantinideésbSence
of leptin resistance in platelets from morbidly sdédividu-
als may contribute to the increased thrombosismisibesity.
Thromb Haemost. 2008 Dec; 100 (6):1123-9

25. Shetty GK, Economides PA, Horton ES, MantzorBs C
Veves A. Circulating adiponectin and resistin levelrelation

to metabolic factors, inflammatory markers, anccutzs re-
activity in diabetic patients and subjects at fmkdiabetes.
Diabetes Care. 2004 Oct;27(10):2450-7

26. Tsatsanis C, Zacharioudaki V, Androulidaki A,
Dermitzaki E, Charalampopoulos I, Minas V, Gravahijs
Margioris AN. Peripheral factors in the metaboljmdrome:
the pivotal role of adiponectin. Ann N Y Acad S2D06
Nov;1083:185-9

27. Kubota N, Yano W, Kubota T, Yamauchi T, [tohk8;-
magai H, Kozono H, Takamoto I, Okamoto S, Shiuct8d-
zuki R, Satoh H, Tsuchida A, Moroi M, Sugi K, Noda
Ebinuma H, Ueta Y, Kondo T, Araki E, Ezaki O, Nagai
Tobe K, Terauchi Y, Ueki K, Minokoshi Y, Kadowaki T
Adiponectin stimulates AMP-activated protein kinasehe
hypothalamus and increases food intake. Cell Mezab7
Jul; 6(1):55-6

28. Koch A, Gressner OA, Sanson E, Tacke F, Traot@ei
Serum resistin levels in critically ill patientseaassociated
with inflammation, organ dysfunction and metabolismd
may predict survival of non-septic patients. Crér€; 2009
Jun 19, 13(3):R95

29. Lemieux |, Pascot A, Prudhomme D, Alméras N,



46 Revista Roméanhde Mediciia de Laborator Vol. 18, Nr. 1/4, Martie 2010

Bogaty P, Nadeau A, Bergeron J, Després JP. EtbGite-
active protein: another component of the atherathiic
profile of abdominal obesity. Arterioscler Thrombs¢ Biol.
2001 Jun; 21(6):961-7

30. Grgnholdt ML, Sillesen H, Wiebe BM, Laursen H,
Nordestgaard BG Increased acute phase reactardssae-
ated with levels of lipoproteins and increased t@hnaaque
volume. Eur J Vasc Endovasc Surg. 2001 Mar; 2143)34

31. Burke AP, Tracy RP, Kolodgie F, Malcom GT, Ziesk
A, Kutys R, Pestaner J, Smialek J, Virmani R. Bleda&C-re-
active protein values and atherosclerosis in suddesnary
death: association with different pathologies. @aton.
2002 Apr 30; 105 (17):2019-23

32. Vink A, Pasterkamp G. Atherosclerotic plaquedbay
plague vulnerability and arterial remodeling: tloéerof in-
flammation. Minerva Cardioangiol. 2002 Apr; 50 {%:83

33. Libby P, Aikawa M. Mechanisms of plaque stahtiian
with statins. Am J Cardiol. 2003 Feb 20; 91(4A)aB-

34. Ablij HC, Meinders AE. Atherosclerosis and inflana-
tion: the role of C-reactive protein. Ned Tijdscheneeskd.
2003 Jan 4; 147(1):15-20

35. Nabata A, Kuroki M, Ueba H, Hashimoto S, Umemoto
T, Wada H, Yasu T, Saito M, Momomura S, KawakamiCM.
reactive protein induces endothelial cell apoptasid matrix
metalloproteinase-9 production in human mononudeds:
Implications for the destabilization of atherosatir plaque.
Atherosclerosis. 2008 Jan; 196 (1):129-35

36. Loppnow H. LPS, reclL1 and smooth muscle cell-IL
activate vascular cells by specific mechanismgy Bt Biol
Res. 1994; 388:309-2

37. Maziere C, Barbu V, Auclair M, Maziére JC. Itgakin

1 stimulates cholesterol esterification and chetestdepos-
iton in J774 monocytes-macrophages. Biochim Bigphy
Acta. 1996 Mar 29; 1300(1):30-4

38. Lee B, Lee EJ, Kim DI, Park SK, Kim WJ, Moon SK.
Inhibition of proliferation and migration by piceanol in
vascular smooth muscle cells. Toxicol In Vitro. 200ct;
23(7):1284-91

39. Yu YM, Lin HC. Curcumin prevents human aortic
smooth muscle cells migration by inhibiting of MNPex-
pression. Nutr Metab Cardiovasc Dis, 2010 Feb;2¢8)
132

40. Lee SJ, Kim WJ, Moon SK. TNF-alpha regulates vas
cular smooth muscle cell responses in genetic temson.
Int Immunopharmacol. 2009 Jul;9(7-8):837-43

41. Kumar V, Abbas AK, Fausto K, Aster J. Robbind an
Cotran Pathologic Basis of Disease, 8th Editiorsetikr,
Mosby, Saunders, Philadelphia, 2010; ISBN: 978-1743
0792-2

42. Ziccardi P, Nappo F, Giugliano G, Esposito Kl

R, Cioffi M, D'Andrea F, Molinari AM, Giugliano DReduc-
tion of inflammatory cytokine concentrations ancpinve-
ment of endothelial functions in obese women afteight
loss over one year. Circulation, 2002 Feb 19; 105(4-9

43. Hamdy O, Ledbury S, Mullooly C, Jarema C, Pdg&er
Ovalle K, Moussa A, Caselli A, Caballero AE, Econdes

PA, Veves A, Horton ES. Lifestyle modification inopes en-
dothelial function in obese subjects with the imstésistance
syndrome. Diabetes Care, 2003 Jul; 26(7):2119-25

44, Juhan-Vague |, Alessi MC, Morange PE. Hypofib-
rinolysis and increased PAI-1 are linked to athemyhbosis
via insulin resistance and obesity. Ann Med. 20G;BR
Suppl 1:78-84

45. Yamamoto K, Shimokawa T, Yi H, Isobe K, Kojima T
Loskutoff DJ, Saito H Aging and obesity augmentstress-
induced expression of tissue factor gene in thessndBlood.
2002 Dec 1;100 (12):4011-8

46. Yudkin JS, Kumari M, Humphries SE, Mohamed-Ali V
Inflammation, obesity, stress and coronary headadie: is in-
terleukin-6 the link? Atherosclerosis. 2000 Fel8 {2):209-
14

47. Napoleone E, Di Santo A, Amore C, Baccante G, di
Febbo C, Porreca E, de Gaetano G, Donati MB, LeteéRz
Leptin induces tissue factor expression in humaiplperal
blood mononuclear cells: a possible link betweessity and
cardiovascular risk ? J Thromb Haemost. 2007 J0);2462-

8

48. Mingers AM, Stroder J. Influence of hypocalatiet on
blood coagulation of overweight children. Monatssch
Kinderheilkd. 1980 Aug; 128 (8):558-6

49. Tagik N, Keshavarz SA, Djalali M, Yeganeh SH,
Eshraghian MR, Chamary M. Weight loss reduces GiRec
Protein and fibrinogen levels in obese women. ARYAero-
sclerosis Journal 2008, 4(1):1-4

50. Sahni A, Francis CW. Vascular endothelial growth
factor binds to fibrinogen and fibrin and stimutatsdotheli-
al cell proliferation. Blood. 2000 Dec 1,96 (12)7278

51. Sahni A, Francis CW. Stimulation of endothetiall
proliferation by FGF-2 in the presence of fibrinogequires
alphavbeta3. Blood. 2004 Dec 1;104(12):3635-41

52. Naito M, Funaki C, Hayashi T, Yamada K, Asai K,
Yoshimine N, Kuzuya F. Substrate-bound fibrinogfin
and other cell attachment-promoting proteins asaficdd for
cultured vascular smooth muscle cells. Atherossierd 992
Oct; 96(2-3):227-34

53. Naito M, Stirk CM, Smith EB, Thompson WD. Smooth
muscle cell outgrowth stimulated by fibrin degramtat
products. The potential role of fibrin fragmentr&éstenosis
and atherogenesis. Thromb Res. 2000 Apr 15;98&)46

54. Firth AL, Yau J, White A, Chiles PG, Marsh JJorkik
TA, Yuan JX. Chronic exposure to fibrin and fibrgaem dif-
ferentially regulates intracellular Ca2+ in humaringnary
arterial smooth muscle and endothelial cells. Afhysiol
Lung Cell Mol Physiol. 2009 Jun; 296(6):L979-86

55. Ferlito S, Di Mauro V, Palermo A, Mazzone D, €on
dorelli M, Papalia D Prothrombotic and prethrombatiark-
ers in obese diabetic and non-diabetic subjectseiMa Car-
dioangiol. 1991 Jan-Feb; 39(1-2):21-8

56. Cushman M, Yanez D, Psaty BM, Fried LP, Heiss G,
Lee M, Polak JF, Savage PJ, Tracy RP Associatidibrafo-
gen and coagulation factors VII and VIII with canghscular
risk factors in the elderly: the Cardiovascular Ite&tudy.



Revista Roméanhde Mediciia de Laborator Vol. 18, Nr. 1/4, Martie 2010 47

Cardiovascular Health Study Investigators.. Am iti&piol.
1996 Apr 1;143(7):665-76

57. Hankey CR, Rumley A, Lowe GD, Woodward M, Lean
ME. Moderate weight reduction improves red cellragg-
tion and factor VII activity in overweight subjectat J Obes
Relat Metab Disord. 1997 Aug; 21(8):644-50

58. Van Guilder GP, Hoetzer GL, Smith DT, Irmiger HM
Greiner JJ, Stauffer BL, DeSouza CA. Endothell@RAtre-
lease is impaired in overweight and obese aduttsdm be
improved with regular aerobic exercise. Am J PhySiwlo-
crinol Metab. 2005 Nov; 289(5):E807-13

59. Loskutoff DJ, Samad F. The adipocyte and heriosta
balance in obesity: studies of PAI-1. Arteriosciérromb
Vasc Biol. 1998 Jan; 18(1):1-6

60. Bouchard L, Weisnagel SJ, Engert JC, Hudson TJ,
Bouchard C, Vohl MC, Pérusse L. Human resistin gehg-
morphism is associated with visceral obesity astng and
oral glucose stimulated C-peptide in the Québec ilifam
Study. J Endocrinol Invest. 2004 Dec; 27(11):1003-9

61. Garcia Avello A, Garcia Frade LJ, Ortiz P, ToordIC,
Navarro JL Hemostasis profiles in thrombotic dised®ev
Clin Esp. 1991 Mar; 188 (5):227-33

62. Lundgren CH, Brown SL, Nordt TK, Sobel BE, Fjii
Elaboration of type-1 plasminogen activator inloibifrom
adipocytes. A potential pathogenetic link betweleesity and
cardiovascular disease. Circulation. 1996 Jan (1)9®6-10
63. Anderson FA Jr, Wheeler HB, Goldberg RJ, Hosmer
DW, Patwardhan NA, Jovanovic B, Forcier A, Dalen AE
population-based perspective of the hospital imddeand
case-fatality rates of deep vein thrombosis andnpuéry
embolism. The Worcester DVT Study. Arch Intern M&891
May;151(5):933-8

64. Prandoni P, Ghirarduzzi A, Prins MH, Pengo WiBa
son BL, Sgrensen H, Pesavento R, lotti M, Casiglidiceto
S, Pagnan A, Lensing AW. Venous thromboembolismthead
risk of subsequent symptomatic atherosclerosigribrHae-
most. 2006 Sep; 4 (9):1891-6

65. Felding C. Hasselbach H. Ante-natal pulmonagned
and metabolic acidosis. Postpartum pulmonary esidh a
non-diabetic patient associated with ritodrine doeta-
methasone administration in premature labor. Attst€ricia
et Gynecologica Scandinavica, 1981 Vol 60(6):583-58

66. Tharakan T. Baxi LV. Diuguid D. Protein S defiuty
in pregnancy: A case report. American Journal aft@itics &
Gynecology, 1993 Vol 168(1 1):141-142

67. Bourjeilly G, Paidas M, Khalil H, Rosene-Montefa
Rodger M. Pulmonary embolism in pregnancy. Lar2@t0
Feb 6;375(9713):500-12

68. Goodrich SM, Wood JE. Peripheral venous didténsi
ity and velocity of venous blood flow during pregog or
during oral contraceptive therapy. Am J Obstet @ghel964
Nov 15; 90:740-4

69. Macklon NS. Diagnosis of deep venous thrombansis
pulmonary embolism. Baillieres Clin Obstet Gynaed8i97
Sep;11(3):463-77

70. Sartwell PE. Masi AT. Arthes FG. Greene GR. Bmit
HE. Thromboembolism and oral contraceptives: adespi-
ologic case-control study. American Journal of Epiilogy.
1969 Nov, 90(5):365-80

71. Grodstein F. Stampfer MJ. Goldhaber SZ. Mang&on J
Colditz GA. Speizer FE. Willett WC. Hennekens Cho-P
spective study of exogenous hormones and risklofgnary
embolism in women. Lancet. 1996, Vol 348(9033):-983

72. Samuelsson E, Hedenmalm K, Persson |. Mortality
from venous thromboembolism in young Swedish women
and its relation to pregnancy and use of oral eceftives--
an approach to specifying rates. Eur J Epidemiol.
2005;20(6):509-16

73. Piegsa K, Guillebaud J. Oral contraceptivestibadisk

of DVT. Practitioner. 1996 Sep;240(1566): 544-51

74. Weiss G. Risk of venous thromboembolism witrdthi
generation oral contraceptives: A review. Ameridaarnal of
Obstetrics & Gynecology. 1999 Feb180(2 Pt 2): 295-3

75. Lidegaard @, Edstrom B, Kreiner S. Oral conjtices
and venous thromboembolism: a five-year nationsé-can-
trol study. Contraception. 2002 Mar;65 (3):187-96

76. Kuhl H, Jung-Hoffmann C, Wiegratz |.Gestodene-co
taining contraceptives. Clin Obstet Gynecol. 19@%;B8(4):
829-40

77. Gerstman BB. Piper JM. Tomita DK. Ferguson W4. S
adel BV. Lundin FE. Oral contraceptive estrogeredl the
risk of deep venous thromboembolic disease. America
Journal of Epidemiology. 1991 Vol 133(1): 32-37

78. Hioki H, Aoki N, Kawano K, Homori M, Hasumura Y,
Yasumura T, Maki A, Yoshino H, Yanagisawa A, IshiteaK.
Acute effects of cigarette smoking on platelet-dejeat
thrombin generation. Eur Heart J. 2001 Jan;22@85H

79. Roy S. Effects of smoking on prostacyclin foiomat
and platelet aggregation in users of oral conttacep Am J
Obstet Gynecol. 1999 Jun;180(6 Pt 2): S364-8

80. Cirillo P, DE Rosa S, Pacileo M, Gargiulo A, haddi

A, Angri V, Formisano S, Chiariello M. Nicotine indes tis-
sue factor expression in cultured endothelial amboth
muscle cells. J Thromb Haemost. 2006 Feb; 4(2):8453

81. Shen VS. Pollak EW. Fatal pulmonary embolism in
cancer patients: Is heparin prophylaxis justifidfuthern
Medical Journal. 1980 , Vol 73(7): 841-843

82. Khorana AA, Francis CW, Culakova E, Lyman GH
Risk factors for chemotherapy-associated venoosiiboem-
bolism in a prospective observational study. Car2@§5 Dec
15;104(12): 2822-9

83. Thomas GM, Panicot-Dubois L, Lacroix R, Dignat-
George F, Lombardo D, Dubois C. Cancer cell-denvéato-
particles bearing P-selectin glycoprotein ligandctelerate
thrombus formation in vivo. J Exp Med. 2009 Aug 285
(9):1913-27

84. Rong Y, Post DE, Pieper RO, Durden DL, Van Meir
EG, Brat DJ. PTEN and hypoxia regulate tissue faotpres-
sion and plasma coagulation by glioblastoma. CaResy.
2005 Feb 15;65(4): 1406-13



