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Abstract

Venous thrombotic events (VTEs) may occur at higher rates among patients with HIV; some studies suggest
that highly active antiretroviral therapy (HAART) may increase the risk for these potentially life-threatening
events. We performed a retrospective study among patients with HIV to evaluate the incidence and risk fac-
tors for VTEs during the HAART era. A literature review was performed examining VTEs in the pre- and post-
HAART eras. Seventeen (3.7%) of 465 patients with HIV experienced a VTE. The overall incidence rate of deep
VTEs among HIV-positive persons was 377 cases per 100,000 person–years, a fourfold higher rate compared to
age-matched males in the general population. The median age at VTE was 36 years (range, 27–68). Patients
with a thrombosis compared to those without had significantly lower current CD4 (153 versus 520 cells/mm3,
p � 0.001) and nadir (76 versus 276 cells/mm3, p � 0.001) CD4 counts, higher viral loads (3.6 versus 1.7 log10

were no differences in demographics, hyperlipidemia, current use of HAART, the duration of HAART or pro-
tease inhibitor (PI) exposure. A review of the literature noted 129 VTE cases; mean age was 40 years, mean CD4
count was 181 cells/mm3, the majority of patients were not receiving HAART, and the most common risk fac-
tor was an ongoing infection. Thrombotic events are occurring among patients with HIV despite their relatively
young ages. Advanced HIV disease is a risk factor for development of thromboses, possibly due to an increased
inflammatory state or the presence of concurrent comorbidities such as infections. HAART or PI therapy does
not appear to play a significant role in the occurrence of VTEs.
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Introduction

HIV-INFECTED PERSONS are experiencing increasing life
spans since the era of highly active antiretroviral ther-

apy (HAART).1,2 As the risk of fatal opportunistic infections
and other AIDS-defining events have decreased, other causes
of morbidity and mortality among HIV patients have
emerged.3–6 Subsequent to the advent of HAART, the rate of
venous thrombotic events (VTEs) among HIV-infected per-
sons has reportedly been on the rise,7,8 yet little is known
about the risk factors or the specific impact of antiretroviral
drugs.

Some studies have suggested that HIV-related factors,

rather than traditional risk factors (such as age, smoking, im-
mobility, family history, and hospitalization), may be more
important in the pathogenesis of clot formation among this
population.7,9–12 Patients with HIV may be at particular risk
of thromboses by several mechanisms. Various abnormali-
ties in coagulation pathway have been described among pa-
tients with HIV including: the presence of antiphospholipid
antibodies, such as anticardiolipin antibodies and lupus an-
ticoagulants; increased levels of von Willebrand factor, fib-
rinogen, and D-dimers; and deficiencies of protein C, pro-
tein S, antithrombin III, and heparin cofactor II.13–22 In
addition, HIV itself may induce the release of tumor necro-
sis factor (TNF)-�, which in turn, causes plasminogen acti-
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copies per milliliter, p � 0.003), and more likely to have a diagnosis of AIDS (76% versus 32%, p � 0.001); there



vator inhibitor 1 to be expressed by endothelial cells.21,23 Fur-
thermore, HIV may cause the expression of von Willebrand
factor and tissue factor by the endothelium and smooth mus-
cle cells.24,25

Some studies have noted that patients with low CD4
counts (� 200 cells/mm3) or end-stage disease are at higher
risk for coagulation abnormalities and thromboses12,14,26,27;
however, other studies have refuted this association.10 Con-
current opportunistic infections (e.g., cytomegalovirus, Pneu-
mocystis jiroveci pneumonia, and Mycobacteria) have been
epidemiologically linked to VTEs.9,28 The pathogenesis may
be due to induction cytokine production (TNF-�, interleukin
[IL]-1, IL-6) which subsequently activates endothelial cells
that are typically maintained in a resting, anticoagulant state.
Although inflammation and cytokine production is known
to activate the coagulation pathway, we are unaware of any
studies that have examined the levels of TNF-� or IL-6 dur-
ing VTEs among patients with HIV.

Medications utilized by HIV-infected patients may also
augment the development of VTEs. Examples include mege-
strol acetate as well as erythropoietin.9,29–31 Additionally, the
receipt of HAART has been a proposed risk factor for VTEs.
Supporting evidence includes studies suggesting the rate of
VTEs has increased since the introduction of HAART8 and
reports noting a temporal association between the develop-
ment of VTEs after the initiation of protease inhibitors (PI),
especially indinavir.9,12,32,33 Further potential support for
this association is the relationship between PIs and arterial
thrombotic events such as myocardial infarctions, the patho-
genesis of which is likely related to endothelial cell dys-
function and the development of hyperlipidemia.34,35 Other
studies propose that PIs may have procoagulant activity by
increasing plasminogen activator inhibitor.21

Most reports regarding venous events, however, have
been small case series, and to our knowledge, no study has
provided a detailed comparative HAART and PI use among
those with and without VTEs. To clarify the risk factors and
the impact of antiretroviral therapy on the development of
VTEs, we evaluated the incidence rate and predictors of these
events among a cohort of HIV-infected persons and per-
formed a literature review of VTE cases to date.

Materials and Methods

We conducted a retrospective study of active HIV patients
at a large U.S. clinic to evaluate the incidence of VTEs dur-
ing the HAART era (January 1, 1996 to June 30, 2007). All
patients were military beneficiaries (active duty members,
retirees, or dependents) who received their HIV care at the
Naval Medical Center San Diego, California. Cases included
in this study occurred after documented HIV seroconver-
sion, and only first-time incident events were utilized. Cases
were identified by review of medical charts and radiology
results.

VTEs consisted of deep and superficial thromboses, vis-
ceral vein thromboses, and pulmonary emboli (PE). Diag-
nostic studies to confirm the clot included venous ultra-
sounds for peripheral clots, abdominal computed
tomography (CT) scans for visceral thrombosis, and high res-
olution chest CT scans for PE. Medical records were exam-
ined, and the data collected included last HIV seronegative
test; first HIV seropositive test; demographics (age, gender,

and race); CD4 cell count and HIV viral load at diagnosis of
VTE or last available for those without VTE (controls); con-
current medical conditions; lipid values; the receipt of anti-
retroviral therapy/HAART at time of VTE or at the last clinic
visit; and the duration of HAART use in months. In addi-
tion, we calculated the percentage of time of HIV infection
in which the patient was receiving HAART; this was calcu-
lated as months on HAART divided by the duration in
months of HIV infection. All patients in the study had free,
open access to all antiretroviral medications. HAART was
defined as two or more nucleoside reverse transcriptase in-
hibitors (NRTIs) in combination with at least one PI or one
non-nucleoside reverse transcriptase inhibitor (NNRTI); one
NRTI in combination with at least one PI and at least one
NNRTI; or an abacavir or tenofovir containing regimen of
three or more NRTIs. In addition, medical records were re-
viewed for the clinical presentation, complications, labora-
tory evaluation for causes of the thrombosis, use of tobacco,
and hospitalization for each case of VTE. The study was ap-
proved by the Institutional Review Board.

Statistics included descriptive characteristics of the popu-
lation. Incidence rates were calculated as first time throm-
botic events divided by the number of active HIV clinic pa-
tients per year. We compared demographics, HIV-specific
data, and HAART use among HIV patients with and with-
out VTE using Fisher’s exact and rank sum tests. Analyses
were repeated examining only patients with deep VTEs. Sig-
nificant variables at a p value � 0.10 in the univariate tests
were examined using backward-stepwise multivariate lo-
gistic regression. Similar methods were utilized to compare
VTE cases in the pre- and post-HAART eras in the medical
literature. A p value of � 0.05 was considered statistically
significant. All analyses were conducted using STATA 9.0
(College Station, TX).

Results

Seventeen (3.7%) of 465 patients with HIV experienced a
thrombotic event during the study period. The median age
of our entire study population was 41 years (range, 21–74
years); 93% were male, and race was reported as 50% Cau-
casian and 29% African American (Table 1). The median CD4
cell count of the cohort was 514 cells/mm3 (range, 9–1200)
with a median viral load of 1.7 log10 copies per milliliter
(1.7–5.2); 71% were receiving HAART.

The total number of thrombotic events was 19; 2 patients
experienced a clot recurrence at novel sites. Fifteen were
deep venous thrombosis, 13 of these involved the extremi-
ties and 2 were located in the vasculature of the gastroin-
testinal tract (splenic and portal veins). There was one case
of pulmonary embolism (PE) with an unknown originating
site. Three cases involved the superficial vasculature. Over-
all, four (23%) patients with VTE experienced a PE.

The overall incidence rate of a thrombotic event was 454
cases per 100,000 person–years (PY) of follow-up; the rate
was higher during the late (2002–2007) versus early
(1996–2001) HAART eras (514 versus 374 per 100,000 PY, re-
spectively), although this was not statistical significant (p �
0.26.). The overall incidence of deep VTEs was 377 cases/
100,000 PY. Compared to age-matched males in the general
population36, HIV positive persons in our study had a four-
fold higher rate of deep VTEs.
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When examining only first-time events, the median age at
the time of the thrombosis was 36 years (range, 27–68 years),
and 88.2% of cases occurred in males which was similar to
our overall study population. Ten of the patients presenting
a thrombotic event were Caucasian, four were African Amer-
ican, and three were of Hispanic descent. The median dura-
tion of HIV infection at the time of thrombosis was 10 years
(range, 1–18 years). The CD4 cell count at the time of VTE
was a median of 153 (range, 9–762) cells/mm3, median CD4
nadir of 76 (1–762) cells/mm3, median viral load of 3.64
(1.7–5.2) log10 copies per milliliter, and 59% were receiving
HAART. Overall, 41% had an undetectable viral load (� 400
copies per milliliter) at the time of the thrombotic event.

Regarding concurrent medical illnesses, 52% of those with
VTE had a diagnosis of hypertension and 12% had diabetes
mellitus. Hypercholesterolemia (�200 mg/dL) was noted

among 31%, hypertriglyceridemia (�150 mg/dL) among
31%, low high density lipoprotein (HDL;� 35 mg/dL)
among 53%, and elevated low density lipoprotein
(LDL; �130 mg/dL) among 20% of those with VTEs.

All patients with a VTE had potential risk factor(s) for clot
development. The most common was a concurrent active in-
fectious process that occurred among 59% of the VTE pa-
tients. Active infections included Staphylococcus aureus bac-
teremia, coccidioidomycosis, Streptococcus pneumoniae
bacteremia and pneumonia, Cryptococcus neoformans menin-
gitis, disseminated histoplasmosis, suspected Mycobacterium
avium complex infection, varicella zoster virus reactivation,
necrotizing fasciitis, and pyomyositis.

Other potential risk factors for VTE among cases included
peripherally inserted central catheter (PICC) (29%), neu-
ropathy (24%), current hospitalization (18%), tobacco use
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TABLE 1. STUDY DATA

Total No
population Thrombosisa thrombosisa

Characteristic n � 465 n � 17 n � 448 p value

Age, median (range), years 41 (21–74) 36 (27–68) 41 (21–74) 0.84
Gender, sex; male 430 (92.5%) 15/17 (88.2%) 415/448 (92.6%) 0.37
Race

Caucasian 232 (49.9%) 10/17 (58.8%) 222 (49.6%) 0.77
African American 135 (29.0%) 4/17 (23.5%) 131 (29.2%)
Hispanic 61 (13.1%) 3/17 (17.6%) 58 (12.9%)
Other 37 (8.0%) 0/17 (0%) 37 (8.3%)
AIDS diagnosisb 158 (34%) 13/17 (76.4%) 145/448 (32.4%) �0.001
CD4 nadir, median (range), 268 (0–762) 76 (1-762) 276 (0–539) �0.001
cells/mm3

Duration of HIV, median 10.5 (1–22.5) 10 (1–18) 10.5 (1–22.5) 0.34
(range), years

CD4 count, median 514 (9–1200) 153 (9–762) 520 (14–1200) �0.001
(range), cells/mm3

Viral load, median (range), 1.70 (1.7–5.2) 3.64 (1.7–5.2) 1.70 (1.7–5.2) 0.003
log10 copies/mL

Undetectable viral load 309 (66.5%) 7/17 (41.1%) 302/448 (67.4%)
(� 400 copies/mL)

HAART (y/n) 331 (71.2%) 10/17 (58.8%) 321/448 (71.7%) 0.28
Duration of HAART 58.5 (0–160) 95 (0–132) 57 (0–160) 0.17

(months)
Duration of PI (months) 26.0 (0–160) 54 (0–129) 26 (0–160) 0.15
Percentage of Time with 47.8% (0–100%) 47.9% (0–90.1%) 47.6% (0–100%) 0.70

HIV Infection Receiving
HAARTc

Percentage of time with 20.4% (0–100%) 28% (0–89.6%) 20% (0–100%) 0.35
HIV infection receiving
PIc

Diabetes mellitus 18 (3.9%) 2/17 (11.8%) 16/448 (3.6%) 0.14
Hypertension 185 (39.8%) 9/17 (52.9%) 176/448 (39.2%) 0.32
Lipid Data, mg/dL

Median (range)
Cholesterol 183 (67–303) 177 (67–272) 183 (111–303) 0.53
Triglycerides 134 (29–1092) 131 (45–371) 133 (29–1092) 0.82
HDL 39 (14–119) 33 (16–107) 39 (14–119) 0.40
LDL 112 (12–263) 105 (58–184) 113 (12–263) 0.30

aData for the thrombosis cases is at time of diagnosis and for controls at last available clinic visit.
bAIDS was based solely on CD4 nadir � 200 cells/mm3.
cDefined as the months receiving HAART divided by the duration in months of HIV infection. Percentage of time of PI use defined simi-

larly.
HAART, highly active antiretroviral therapy; PI, protease inhibitors; HDL, high density lipoprotein; LDL, low density lipoprotein.



(12%), a family history of thrombosis (12%), decreased abil-
ity to ambulate (12%), cancer (non-Hodgkin’s lymphoma)
undergoing chemotherapy (6%), recent surgical procedure
(6%), recent initiation of oral contraceptives (6%), and trauma
(6%); some patients had multiple risk factors. Two patients
were also receiving megestrol acetate and two others were
on erythropoietin. No patient was receiving aspirin or other
anticoagulants at the time of the VTE, and only one patient
was on an antilipid medication. A hypercoagulability work-
up was performed among six (35%) patients: one patient had
the G20210A prothrombin gene mutation, and two patients
were positive for lupus anticoagulant.

Anticoagulant therapy was administered in 13 VTE (76%)
cases. The 4 who were not treated included 2 patients with
superficial thromboses and 2 with visceral thromboses. Of
note, 1 patient with superficial clots had multiple recurrent
events that were extremely painful; the patient improved af-
ter administration of coumadin. Coumadin therapy was
given from 2.5 months to lifelong therapy; the most common
duration was six months. Three patients (18%) were given
lifelong therapy due to an underlying hypercoagulabilty
state or due to recurrent embolic events; one patient received
an inferior vena cava (IVC) filter.

HIV-infected persons with a thrombotic event compared
to those without VTE in the univariate analyses had signif-
icantly lower CD4 cell counts (153 versus 520 cells/mm3, p �
0.001), nadir CD4 cell counts (76 versus 276 cells/mm3, p �
0.001), and higher HIV viral loads (3.6 versus 1.7 log10 copies
per milliliter, p � 0.003) and were more likely to have a di-
agnosis of AIDS (76% versus 32%, p � 0.001); there were no
differences in demographics, duration of HIV infection, hy-
pertension, or diabetes (Table 1). Hyperlipidemia was ex-
amined both in terms of continuous and categorical ap-
proaches (data not shown), and no significant association
was noted.

We evaluated the potential relationship between HAART
use among those with a thrombosis at the time of clot for-
mation (59%) compared to HAART use among those with-
out thrombosis (72%) and found no significant association
(p � 0.28). Only 5 of /17 (29%) of patients with VTE were re-
ceiving a PI at time of clot development for a median of 24
months (range 1–32 months) duration. We also evaluated the
duration of HAART use, duration of PI use, percentage of
time receiving HAART in relation to the duration of HIV in-
fection, and the percentage of time on PIs in relation to the
duration of HIV infection and found no significant relation-
ships (Table 1).

All statistically significant variables in the univariate mod-
els were highly correlated with each other (p � 0.05), except
for last HIV viral load and AIDS diagnoses. In the multi-
variate model, low CD4 cell count (p � 0.001) and high HIV
viral load (p � 0.045) at VTE diagnosis or last visit remained
significant. The odds ratio for the CD4 cell count was 0.57
per 100 cells; for each increase of 100 CD4 cells, the risk of
VTE decreased 43%. Analyses were repeated, including only
deep VTEs with no significant alterations in the results.

Review of the Literature

We searched the English literature for cases of venous
thrombotic events among HIV-infected persons using EM-
BASE and MEDLINE (1981 to present). Our search words in-

cluded “thrombosis,” “thromboses,” or “thrombophlebitis,”
and “HIV” or “AIDS.” We also utilized the references of pa-
pers reviewed to identify additional cases. Reports that did
not include detailed individual data were ex-
cluded.7–9,29–31,37–43 Cases that simply mimicked venous oc-
clusive disease, but were due to another etcology, were ex-
cluded.44,45

Our search yielded 129 cases, including our 17
cases.10,16,17,20,22,26,31–33,46–81 Forty-eight of the cases occurred
prior to HAART (published before 1997 accounting for the
lag time of publication) with the first cases being reported
in 198646,47; 81 cases have been reported in the literature af-
ter the widespread availability of HAART (1997–2007). The
mean and median age of the VTE was 39.8 years and 37 years,
respectively (range, 22–70 years), and of those reporting gen-
der, 84.9% were among males, likely related to the demo-
graphics of HIV-infected persons in the developed world
from which the majority of cases were reported. Comparing
the post- versus pre-HAART periods, the mean age was
slightly higher (41.5 versus 36.6 years, p � 0.03), as was the
percentage of cases among females (22.5% versus 5.4%, p �
0.4). Most (100/129; 77.5%) cases were single VTE events,
whereas multiple sites of clot occurrence were present in
22.5%. Recurrent events over time occurred among 7.8% of
patients with an initial VTE. The most common location was
the lower extremity (n � 50), lung/pulmonary embolus (n �
42), upper extremity (n � 11), retinal vein (n � 10), abdomi-
nal viscera most commonly involving the portal vein (n �
9), inferior vena cava (n � 6), central nervous system (n �
4), dermal vessels (n � 3), and neck vessels (n � 2); the site
was not specified in 10 cases. Some cases had multiple loca-
tions of VTEs.

A potential risk factor for the occurrence of the VTE was
reported in 106 of 129 (82.2%) of cases. Most commonly, these
were infections (n � 48), especially cytomegalovirus (CMV;
n � 20), Pneumocystis carinii pneumonia (PCP; n � 13), My-
cobacteria (n � 11), and pneumonia (n � 5); but a wide range
of microorganisms were potentially implicated, including
cryptococcus, histoplasmosis, coccidioidomycosis, herpes,
and bacteremia. Infections at the time of VTE were more fre-
quently noted in the pre- versus post-HAART era (60.4% ver-
sus 23.5%, p � 0.01).

Other commonly described risk factors for the development
of a venous clot included cancer (n � 23), medication use (n �
13; megesterol [n � 8], erythropoietin [n � 3], and hormones
[n � 2]), hospitalization (n � 8), intravenous line (n � 7), fam-
ily history (n � 5), and illicit drug use (n � 5). Several reports
noted abnormalities in thrombotic factors, including anticar-
diolipin antibodies (n � 13), lupus anticoagulant (n � 7), an-
tiphospholipid syndrome (n � 5), decreased protein S (n �
11) and C (n � 4) levels, high factor VIII (n � 4), antithrom-
bin III deficiency (n � 2), and elevated homocysteine (n � 3),
von Willebrand factor (n � 3), and fibrinogen (n � 1).

Of cases reported after 1996, 38 (52.1%) of 73 which re-
ported medication information were receiving HAART at the
time of the VTE. A protease inhibitor was part of the regi-
men in 71% of these cases; there was a wide distribution of
the type of PI: indinavir, n � 6; saquinavir, n � 5; ritonavir,
n � 5; lopinavir, n � 3; nelfinavir, n � 2; atazanavir, n � 2.
A variety of nucleoside agents were utilized, most commonly
including lamuvidine, zidovudine, stavudine, tenofovir,
emtricitabine, and didanosine, in decreasing order.

CRUM-CIANFLONE ET AL.774



The mean and median CD4 cell count at the time of the
VTE was 181 cells/mm3 and 118 cells/mm3, respectively
(range, 1–800), and was higher in the post- versus pre-
HAART era (203 versus 97 cells/mm3, p � 0.01). Viral loads
were only available in the HAART era, with a mean and me-
dian of 4.9 and 3.6 log10 copies per milliliter, respectively
(range, 1.7–5.9). Forty-two percent of patients had a viral load
less than 1000 copies per milliliter at the time of the VTE.

Treatment of the VTE typically utilized coumadin therapy
(n � 57); heparin was utilized in 12 cases and low molecu-
lar weight heparin in 3 patients. An inferior vena cava filter
was placed among 6 cases, and surgery was performed in
another 6 patients. Several reports (n � 40) did not name the
therapy administered. Overall, 82 (79.6%) of patients sur-
vived, and 21 (20.4%) died; 26 had no follow-up recorded.
The majority of patients succumbed to AIDS-related causes
and not the VTE itself. In the post-HAART era, 84% survived
compared to 65% in the pre-HAART era (p � 0.05), which
was likely secondary to the decline in the overall mortality
rates after the advent of HAART.

Discussion

The current study demonstrates that venous thrombotic
events may complicate HIV infection even among relatively
young patients. In addition to classic risk factors, our re-
search revealed that HIV-infected persons have additional
predictors for the development of VTEs, including markers
of advanced disease, such as low CD4 counts, high HIV vi-
ral loads, and concurrent infections. Unlike prior studies, we
did not find an association between HAART or PI use and
the development of venous thrombotic events.

The overall incidence rate of deep VTEs in the general pop-
ulation is approximately 1 case per 1000 PY, but this rises
varies considerably with age: for example the rate is 0.1 per
1000 PY for males at 20 years of age, 0.9 at 40 years, 1.6–3.2
per 1000 PY at 60 years and 6.5 at 70 years.36,82–84 Our study
noted 3.8 deep VTEs per 1000 person–years, a fourfold higher
rate compared to age-matched controls from the general
population.36 Other studies among HIV-infected persons
have shown similar incidence rates of 1.9–7.6 per 1000
PY,9,10,27,37,40 with the largest study of over 40,000 patients
showing an incidence of 2.6 cases per 1000 PY.9 A system-
atic review of the literature from 1991 to 2004 found that
VTEs were 2 to 10 times more common among HIV-infected
persons compared to the general population.85

These findings are somewhat paradoxical, given that most
patients with HIV with VTEs were relatively young, and it
is known that clots are associated with aging. All of the re-
viewed literature reported lower median ages among HIV
positive individuals than in the general population.8,10,26 The
median age at VTE in our study was 36 years, and for the
literature review, it was 37 years. Two autopsy studies also
confirm that VTEs occur commonly in HIV patients and of-
ten at younger ages than expected.86,87

Regarding risk factors, our study noted an association be-
tween VTEs and low CD4 cell counts and high HIV viral
loads. Although the CD4 nadir and most recent CD4 count
were both predictive in the univariate models, the strongest
predictor in our multivariate models was the CD4 cell count
at the time of the VTE. The median CD4 count in our study
among those with clot formation was 153 cells/mm3. Other

studies have also shown that low CD4 cell counts are asso-
ciated with an increased thrombotic state.12,14,26,88 For ex-
ample, one study showed that patients with a CD4 count less
than 200 cells/mm3 had a 30-fold higher rate of VTE.26 Al-
though most cases occur at low CD4 cell counts, thromboses
may occur over a broad range of CD4 cell counts (range,
1–800 cells/mm3) suggesting that the risk is not completely
confined to those with end-stage disease.

The association between low CD4 cell counts and VTEs
may be related to an increasing hypercoaguable state found
with progressive immune suppression. For example, studies
have shown that protein S and C deficiencies are more com-
mon with lower CD4 cell counts.13,14,17,89 Levine et al.89 noted
progressive decreases in protein S comparing HIV-negative
women to those with asymptomatic HIV to those with clin-
ical AIDS (p � 0.0001). There were similar stepwise increases
in factor VIII. In addition, high HIV viral loads have been
associated with hypercoagulable state.89 These findings sug-
gest that advanced HIV may lead to thrombosis by im-
mune/inflammatory activation inducing a hypercoagulable
state. Another potential explanation is the association of end-
stage AIDS with an increased risk of infections, cancers, or
other medical illnesses9,12,26; these conditions and their treat-
ments often amplify the risk for VTEs. Similar to VTEs,
thrombotic microangiopathy (TMA) also occurs at elevated
rates among patients with HIV, is associated with advanced
stages of HIV infection, and may be related to increased
plasma inflammatory factors; however, unlike VTEs, TMA
has marked decreased since the advent of HAART suggest-
ing diverse pathogenic mechanisms.90,91

We noted that all our VTE cases occurred among patients
with potential risk factors for clot development. The most
common was an active infectious process. Our review of the
literature also demonstrated this finding. Infections may lead
to activation of endothelial cells and a procoagulant
state.12,26,28,36,52,92 In addition, often these patients require in-
travenous lines and hospitalization, both known risk factors
for venous thromboses.

Dyslipidemia is a well-described risk factor for arterial
events such as myocardial infarctions; however, its relation-
ship with VTEs has been less clear. Some studies have found
a high prevalence of hyperlipidemia; nonetheless, its role in
the pathogenesis of clot formation has not been demon-
strated.10,11 Our study did not find a relationship between
lipid levels (total cholesterol, triglycerides, HDL, or LDL)
and an increased risk of VTEs.

Several retrospective studies have suggested that anti-
retroviral medications, particularly PIs, may play a role in
the increased incidence of VTEs seen in the HAART
era.8,9,12,32,33 Two studies have found that the incidence of
VTEs increased sharply since the introduction of PIs,8,33 yet,
another study reported no significant increase.40 Some case
reports and series described a temporal relationship between
PI initiation and clot development,32,33 while others did
not.11 One large study showed that indinavir was predictive
of VTEs, but not other PIs.9 A recent review concluded that
any relationship between HAART and VTEs is weak.85 Since
patients receive antiretroviral regimens for long durations of
time, further study has been advocated to better define pos-
sible relationships.10

We examined the current use of HAART, the duration of
HAART, and the percentage of time with HIV infection on
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HAART and found no differences among those with and
without a VTE. Similar analyses were conducted for PI use,
and no relationship was found. Only a minority of our cases
and those described in the literature occurred among pa-
tients receiving a PI. These data suggest that if ART plays a
role in VTEs, it is certainly not necessary for such events;
whether ART has a permissive or additive effect is unclear,
although our study did not find such a relationship.

The majority of our patients did not undergo a hyperco-
agulable work-up largely due to the presence of concurrent
predisposing conditions. However, of the patients who had
an evaluation, 50% had an abnormal finding, including the
G20210A prothrombin gene mutation and lupus anticoagu-
lant. Many other studies have shown that a procoagulant
state frequently exists among patients with HIV, including
the presence of antiphospholipid antibodies, anticardiolipin
antibodies, and lupus anticoagulants; increased levels of von
Willebrand factor and D-dimers; and deficiencies of protein
C, protein S, antithrombin III, and heparin cofactor II.13–22

These alterations toward a hypercoagulable state may be due
to HIV itself, or also have been linked to the presence of co-
infections with opportunistic infections.16 For instance, CMV
may induce the presence of antiphospholipid antibodies.93,94

Although these abnormalities in coagulation factors are of-
ten noted among patients with HIV, they are frequently
present without causing clinical manifestations,16,17,47,78 sug-
gesting that this may not be sufficient alone in causing VTEs.
Their presence, however, may add an additional risk among
patients with other risk factors for venous clots.

Clinically, deep vein thromboses most commonly involve
the popliteal and/or femoral veins10,36 followed by pul-
monary emboli. In addition, abdominal involvement may oc-
cur as portal or splenic vein thromboses.32,68,80 HIV-infected
persons may experience recurrences; the literature review of
case reports showed an 8% recurrence rate, while another
large study found second VTEs among 15% of patients with
HIV.9 Management of VTEs among HIV patients is similar
to that of the general population.70

Limitations of this study include its retrospective design.
We advocate that prospective, controlled studies be conducted
to establish temporal associations between hypothesized risk
factors and VTEs. In addition, our study sample was small,
so potential associations could have been missed. Larger, mul-
ticenter studies are needed, owing to the overall low incidence
rate of VTEs. For example, the collection of VTE data could
be an addition component of medication or to natural history
studies. We did conduct a comprehensive review and analy-
sis of the literature to supplement data on VTEs. Our study’s
strengths included its well-defined study population with
meticulous recording of medical conditions and medication
use as part of the military health benefit system.

In summary, thrombotic events are four times more com-
mon among HIV-infected persons than the general popula-
tion, and often occur among relatively young patients. Ad-
vanced HIV disease is a risk factor for development of
thromboses, possibly due to an increased inflammatory/hy-
percoagulable state and the presence of concurrent comor-
bidities. Our study found no relationship between the receipt
of antiretroviral medications, specifically protease inhibitors,
and the development of venous clots. DVT prophylaxis should
be strongly considered among HIV patients with thrombotic
risk factors, and thrombotic events in young patients with HIV
risk factors may suggest the possibility of AIDS.

References

1. Palella FJ Jr, Delaney KM, Moorman AC, et al. Declining
morbidity and mortality among patients with advanced hu-
man immunodeficiency virus infection. HIV Outpatient
Study Investigators. N Engl J Med 1998;338:853–860.

2. Lohse N, Hansen AB, Pedersen G, et al. Survival of persons
with and without HIV infection in Denmark, 1995–2005. Ann
Intern Med 2007;146:87–95.

3. Bonnet F, Lewden C, May T, et al. Malignancy-related causes
of death in human immunodeficiency virus-infected pa-
tients in the era of highly active antiretroviral therapy. Can-
cer 2004;101:317–324.

4. Palella FJ Jr, Baker RK, Moorman AC, et al. Mortality in the
highly active antiretroviral therapy era: Changing causes of
death and disease in the HIV outpatient study. J Acquir Im-
mune Defic Syndr 2006;43:27–34.

5. Krentz HB, Kliewer G, Gill MJ. Changing mortality rates and
causes of death for HIV-infected individuals living in South-
ern Alberta, Canada from 1984 to 2003. HIV Med 2005;
6:99–106.

6. Crum NF, Riffenburgh RH, Wegner S, et al. Comparisons of
causes of death and mortality rates among HIV-infected per-
sons: Analysis of the pre-, early, and late HAART (highly
active antiretroviral therapy) eras. J Acquir Immune Defic
Syndr 2006;41:194–200.

7. Copur AS, Smith PR, Gomez V, Bergman M, Homel, P. HIV
infection is a risk factor for venous thromboembolism. AIDS
Patient Care STDs 2002;16:205–209.

8. Majluf-Cruz A, Silva-Estrada M, Sanchez-Barboza R, et al.
Venous thrombosis among patients with AIDS. Clin Appl
Thromb Hemost 2004;10:19–25.

9. Sullivan PS, Dworkin MS, Jones JL, Hooper WC. Epidemi-
ology of thrombosis in HIV-infected individuals. The
Adult/Adolescent Spectrum of HIV Disease Project. AIDS
2000;14:321–324.

10. Jacobson MC, Dezube BJ, Aboulafia DM. Thrombotic com-
plications in patients infected with HIV in the era of highly
active antiretroviral therapy: A case series. Clin Infect Dis
2004;39:1214–1222.

11. Micieli E, Dentali F, Giola M, Grossi P, Venco A, Ageno W.
Venous and arterial thrombosis in patients with HIV infec-
tion. Blood Coagul Fibrinolysis 2007;18:259–263.

12. Saif MW, Greenberg B. HIV and thrombosis: A review. AIDS
Patient Care STDs 2001;15;15–24

13. Sugerman RW, Church JA, Goldsmith JC, Ens GE. Acquired
protein S deficiency in children infected with human 
immunodeficiency virus. Pediatr Infect Dis J 1996;15:106–
111.

14. Feffer SE, Fox RL, Orsen MM, Harjai KJ, Glatt AE. Throm-
botic tendencies and correlation with clinical status in pa-
tients infected with HIV. South Med J 1995;88:1126–1130.

15. Canoso RT, Zon LI, Groopman JE. Anticardiolipin antibod-
ies associated with HTLV-III infection. Br J Haematol
1987;65:495–498.

16. Stimmler MM, Quismorio FP, McGehee WG, Boylen T,
Sharma OP. Anticardiolipin antibodies in acquired immuno-
deficiency syndrome. Arch Intern Med 1989;149:1833–1835.

17. Bissuel F, Berruyer M, Causse X, Dechavanne M, Trepo C.
Acquired protein S deficiency: correlation with advanced
disease in HIV-1-infected patients. J Acquir Immune Defic
Syndr 1992;5:484–489.

18. Hassell KL, Kressin DC, Neumann A, Ellison R, Marlar RA.
Correlation of antiphospholipid antibodies and protein S de-
ficiency with thrombosis in HIV-infected men. Blood Coag-
ulation Fibrinolysis 1994;5:455–462.

CRUM-CIANFLONE ET AL.776



19. Erbe M, Rickerts V, Bauersachs RM, Lindhoff-Last E. Ac-
quired protein C and protein S deficiency in HIV-infected
patients. Clin Appl Thromb Hemost 2003;9:325–331.

20. Dillmon MS, Saag MS, Hamza SH, Adler BK, Marques MB.
Unusual thromboses associated with protein S deficiency in
patients with acquired immunodeficiency syndrome: Case
reports and review of the literature. AIDS Res Hum Retro-
viruses 2005;21:753–756.

21. Koppel K, Bratt G, Schulman S, Bylund H, Sandstrom E. Hy-
pofibrinolytic state in HIV-1-infected patients treated with
protease inhibitor-containing highly active antiretroviral
therapy. J Acquir Immune Defic Syndr 2002;29:441–449.

22. Stahl CP, Wideman CS, Spira TJ, Haff EC, Hixon GJ, Evatt
BL. Protein S deficiency in men with long-term human im-
munodeficiency virus infection. Blood 1993;81:1801–1807.

23. Trotti R, Rondanelli M, Anesi A, Gabanti E, Brustia R, Mi-
noli L. Increased erythrocyte glutathione peroxidase activ-
ity and serum tumor necrosis factor-† in HIV-infected pa-
tients: Relationship to on-going prothrombotic state. J
Hematother Stem Cell Res 2002;11:369–375.

24. Lafon ME, Steffan AM, Royer C, et al. HIV-1 infection in-
duces functional alterations in human liver endothelial cells
in primary culture. AIDS 1994;8:747–752.

25. Mu H, Chai H, Lin PH, Yao Q, Chen C. Current update on
HIV-associated vascular disease and endothelial dysfunc-
tion. World J Surg 2007;31:632–643.

26. Saif MW, Bona R, Greenberg B. AIDS and thrombosis: Ret-
rospective study of 131 HIV-infected patients. AIDS Patient
Care STDS 2001;15:311–320.

27. Shen YM, Frenkel EP. Thrombosis and a hypercoagulable
state in HIV-infected patients. Clin Appl Thromb Hemost
2004;10:277–280.

28. Van Dam Mieras MC, Van Bruggemen CA, Muller AD, et
al. Induction of endothelial cell procoagulant activity by cy-
tomegalovirus infection. Thromb Res 1987;47:69–75.

29. Force L, Barrufet P, Herreras Z, Bolibar I. Deep venous
thrombosis and megestrol in patients with HIV infection.
AIDS 1999;13:1425–1426.

30. Pulik M, Lionnet F, Couderc LJ, et al. Thromboembolic dis-
ease and human immunodeficiency virus infection. Blood
1993;82:2931.

31. Koller E, Gibert C, Green L, Mann M, Bernstein B. Throm-
botic ev ents associated with megestrol acetate in patients
with AIDS cachexia. Nutrition 1999;15:294.

32. Carr A, Brown D, Cooper DA. Portal vein thrombosis in pa-
tients receiving indinavir, an HIV protease inhibitor. AIDS
1997;11:1657–1658.

33. George SL, Swindells S, Knudson R, Stapleton JT. Unex-
plained thrombosis in HIV-infected patients receiving pro-
tease inhibitors: Report of seven cases. Am J Med 1999;
107:624–630.

34. DAD Study Group, Friis-M ller N, Reiss P, et al. Class of an-
tiretroviral drugs and the risk of myocardial infarction. N
Engl J Med 2007;356:1723–1735.

35. Periard D, Telenti A, Sudre P, et al. Atherogenic dyslipi-
demia in HIV-infected individuals treated with protease in-
hibitors. Swiss HIV Cohort Study. Circulation 1999;100:
700–705.

36. Silverstein MD, Heit JA, Mohr DN, Petterson TM, O’Fallon
WM, Melton J III. Trends in the incidence of deep vein
thrombosis and pulmonary embolism. A 25-year popula-
tion-based study. Arch Intern Med 1998;158:585–593.

37. Saber AA, Aboolian A, LaRaja RD, Baron H, Hanna K.
HIV/AIDS and the risk of deep vein thrombosis: A study
of 45 patients with lower extremity involvement. Am Surg
2001;67:645–647.

38. Louw S, Jacobson BF, Büller H. Human immunodeficiency
virus infection and acute deep vein thromboses. Clin Appl
Thromb Hemost 2008;14:352–355.

39. Dunn JP, Yamashita A, Kempen JH, Jabs DA. Retinal vas-
cular occlusion in patients infected with human immuno-
deficiency virus. Retina 2005;25:759–766.

40. Fultz SL, McGinnis KA, Skanderson M, Ragni MV, Justice
AC. Association of venous thromboembolism with human
immunodeficiency virus and mortality in veterans. Am J
Med 2004;116:420–423.

41. Duerksen DR, Ahmad A, Doweiko J, Bistrian BR, Mascioli
EA. Risk of symptomatic central venous thrombotic com-
plications in AIDS patients receiving home parenteral nu-
trition. J Parenter Enteral Nutr 1996;20:302.

42. Lijfering WM, Ten Kate MK, Sprenger HG, van der Meer J.
Absolute risk of venous and arterial thrombosis in HIV-in-
fected patients and effects of combination antiretroviral ther-
apy. J Thromb Haemost 2006;4:1928–1930.

43. Kaufmann T, Nisce LZ, Metroka C. Thromboembolism in
AIDS-related Kaposi’s sarcoma. JAMA 1991;266:2834.

44. Mansour AM, Li H, Segal EI. Picture resembling hemicen-
tral retinal vein occlusion in the acqurired immunodefi-
ciency syndrome: Is it related to cytomegalovirus? Oph-
thalmologica 1996;210:108–111.

45. Primo S. Central retinal vein occlusion in a young patient
with seropositive syphilis. J Am Optom Assoc 1990;61:
896–902.

46. Bagley PH, Scott DA, Smith LS, Schillaci RF. Cy-
tomegalovirus infection, ascending myelitis, and pulmonary
embolus. Ann Intern Med 1986;104:587.

47. Bloom EJ, Abrams DI, Rodgers G. Lupus anticoagulant in
the acquired immunodeficiency syndrome. JAMA
1986;256:491–493.

48. Peterson P, Stahl-Bayliss CM. Cytomegalovirus throm-
bophlebitis after successful DHPG therapy. Ann Intern Med
1987;106:632–633.

49. Teich SA, Sonnabend J. Central retinal vein occlusion in a
patient with AIDS. Arch Ophthalmol 1988;106:1508–1509.

50. Meyohas MC, Roullet E, Rouzioux C, et al. Cerebral venous
thrombosis and dual primary infection with human immu-
nodeficiency virus and cytomegalovirus. J Neurol Neuro-
surg Psychiatry 1989;52:1010–1011.

51. Cohen JR, Lackner R, Wenig P, Pillari G. Deep venous
thrombosis in patients with AIDS. NY State J Med
1990;90:159–161.

52. Lafeuillade A, ALessi MC, Poizot-Martin I, et al. Protein S de-
ficiency and HIV infection. New Engl J Med 1991;324:1220.

53. Jenkins RE, Peters BS, Pinching AJ. Thromboembolic disease
in AIDS is associated with cytomegalovirus disease. AIDS
1991;5:1540–1543.

54. Pinilla J, Hill A. Thromboembolism associated with acquired
immunodeficiency syndrome. Chest 1992;102:1634.

55. Becker DM, Saunders TJ, Wispelwey B, Schain DC. Case re-
port: Venous thromboembolisn in AIDS. Am J Med Sci
1992;303:395–397.

56. Roberts SP, Haefs TM. Central retinal vein occlusion in a
middle-aged adult with HIV infection. Optom Vis Sci
1992;69:567–569.

57. Goldsmith W, Buckner J. central retinal vein occlusion in an
AIDS patient: a case report. South J Optom 1992;10:35–38.

58. Ismail Y, Nemechek PM, Arsura EL. A rare cause of visual
loss in AIDS patients: Central retinal vein occlusion. Br J
Ophthalmol 1993;77:600–601.

59. Doberson MJ, Kleinschmidt-DeMasters BK. Superior sagit-
tal sinus thrombosis in a patient with acquired immunode-
ficiency syndrome. Arch Pathol Lab Med 1994;118:844–846.

THROMBOSES AMONG HIV-INFECTED PATIENTS 777



60. Bilgrami S, Cable R, Pisciotto P, Rowland F, Greenberg B. Fa-
tal disseminated intravascular coagulation and pulmonary
thrombosis following blood transfusion in a patient with se-
vere autoimmune hemolytic anemia and human immuno-
deficiency virus infection. Transfusion 1994;34:248–252.

61. Smith KJ, Skelton HG, Yeager J, Wagner KF. Cutaneous
thrombosis in human immunodeficiency virus-1 positive pa-
tients and cytomegalovirus viremia. Arch Dermatol 1995;
131:357–358.

62. Bayer DD, Sorbello AF, Condoluci DV. Bilateral subclavian
vein thrombosis in a patient with acquired immunodefi-
ciency syndrome. J Am Osteopath Assoc 1995;95:276–277.

63. Friedman SM, Margo CE. Bilateral central retinal vein oc-
clusions in a patient with acquired immunodeficiency syn-
drome. Clinicopathologic correlation. Arch Ophthalmol
1995;113:1184–1188.

64. Conway MD, Tong P, Olk RJ. Branch retinal artery occlu-
sion (BRAO) combined with branch retinal vein occlusion
(BRVO) and optic disc neovascularization associated with
HIV and CMV retinitis. Intern Ophthalmol 1996;19:249–252.

65. Laing RB, Brettle RP, Leen CL. Venous thrombosis and HIV
infection. Int J STD AIDS 1996;7:82–85.

66. Tanimowo M. Deep vein thrombosis as a manifestation of
the acquired immunodeficiency syndrome? A case report.
Centr Afric J Med 1996;42:327–328.

67. Park KL, Marx JL, Lopez PF, Rao NA. Noninfectious branch
retinal vein occlusion in HIV-positive patients. Retina
1997;17:162–164.

68. Narayanan TS, Narawane NM, Phadke AY, Abraham P.
Multiple abdominal venous thrombosis in HIV-seropositive
patient. Indian J Gastroenterol 1998;17:105–106.

69. Vielhauer V, Schewe CK, Schlondorff D. Bilateral thrombosis
of the internal jugular veins with spasmodic torticollis in a pa-
tient with acquired immunodeficiency syndrome and dis-
seminated cytomegalovirus infection. J Infect 1998;37:90–91.

70. Saif MW. Thromboembolism associated with HIV infection:
A case report and review of the literature. AIDS Read
2000;10;492–496

71. Wen F, Chen X, Liao R. Bilateral central retinal vein occlu-
sions in a Chinese patient with HIV-infection. Int Ophthal-
mol 2001;24:173–175.

72. Turhal NS, Peters VB, Rand JH. Antiphospolipid syndrome
in HIV infection—Report on four cases and review of the lit-
erature. J World Allergy Org 2001;13:268–271.

73. Soman R, Kanekar A. Jugular venous thrombosis in HIV-
seropositive man. J Assoc Physicians India 2002;50:595.

74. Karim MS, Athar MK, Ghobrial MW. Superior sagittal sinus
thrombosis and HIV. Ann Intern Med 2002;137:375.

75. de Gaetano Donati K, Tacconelli E, Scoppettuolo G, De Ste-
fano V, Cauda R, Tumbarello M. Recurrent venous throm-
bosis in a patient with haemophilia A and HIV infection.
Haematologica 2002;87:ECR04

76. Afsari K, Frank J, Vaksman Y, Nguyen TV. Intracranial ve-
nous sinus thrombosis complicating AIDS-associated
nephropathy. AIDS Reader 2003;13:143–148.

77. Callens S, Florence E, Philippe M, Van Der Planken M, Cole-
bunders R. Mixed arterial and venous thromboembolism in
a person with HIV infection. Scand J Infect Dis 2003;35:
907–908.

78. Shahnaz S, Parikh G, Opran A. Antiphospholipid antibody
syndrome manifesting as a deep venous thrombosis and
pulmonary embolism in a patient with HIV. Am J Med Sci
2004;327:231–232.

79. Asherson RA, Gomez-Puerta JA, Marinopoulos G. Recurrent
pulmonary thromboembolism in a patient with systemic lu-

pus erythematosus and HIV-1 infection associated with the
presence of antibodies to prothrombin: A case report. Clin
Infect Dis 2005;41:e89–92.

80. Soentjens P, Ostyn B, Van Outryve S, Ysebaert D, Vekemans
M, Colebunders R. Portal vein thrombosis in a patient with
HIV treated with a protease inhibitor-containing regimen.
Acta Clin Belg 2006;61:24–29.

81. Cortez-Escalante JJ, Castro C, Romero GA, Matos L, Saif
MW. Pulmonary thromboembolism in AIDS patient with
chronic venous insufficiency, pulmonary tuberculosis and
breast cancer: A case report and pathophysiology review.
Rev Inst Med Trop Sao Paulo 2006;48:105–108.

82. Nordström M, Lindblad B, Bergqvist D, Kjellström T. A
prospective study of the incidence of deep vein thrombosis
within a defined urban population. J Intern Med
1992;232:155–160.

83. Anderson FA, Wheeler HB, Goldberg RJ, et al. A population
based perspective of the hospital incidence and case-fatality
rates of deep vein thrombosis and pulmonary embolism, The
Worcester DVT study. Arch Intern Med 1991;151:933–938.

84. Rosendaal FR. Thrombosis in the young: Epidemiology and
risk factors, a focus on venous thrombosis. Thromb Haemost
1997;78:1–6.

85. Klein SK, Slim EJ, de Kruif MD, et al. Is chronic HIV infec-
tion associated with venous thrombotic disease? A system-
atic review. Neth J Med 2005;63:129–136.

86. Wilkes MS, Fortin AH, Felix JC, Godwin TA, Thompson WG.
Value of necropsy in acquired immunodeficiency syndrome.
Lancet 1988;2:85–88

87. Afessa B, Green W, Chiao J, Frederick W. Pulmonary com-
plications of HIV infection: Autopsy findings. Chest
1998;113:1225–1229

88. Vay† A, Mira Y, Ferrando F, et al. Hyperlipidaemia and ve-
nous thromboembolism in patients lacking thrombophilic
risk factors. Br J Haematol 2002;118:255–259.

89. Levine AM, Vigen C, Gravink J, Mack W, Watts CH, Lieb-
man HA. Progressive prothrombotic state in women with
advancing HIV disease. J Acquir Immune Defic Syndr
2006;42:572–577.

90. Gervasoni C, Ridolfo AL, Vaccarezza M, et al. Thrombotic
microangiopathy in patients with acquired immunodefi-
ciency syndrome before and during the era of introduction
of highly active antiretroviral therapy. Clin Infect Dis
2002;35:1534–1540.

91. Laurence J, Mitra D, Steiner M, Staiano-Coico L, Jaffe E.
Plasma from patients with idiopathic and human immuno-
deficiency virus-associated thrombotic thrombocytopenic
purpura induces apoptosis in microvascular endothelial cells.

92. Friedman HM. Infection of endothelial cells by common hu-
man viruses. Rev Infect Dis 1989;11:S700–704.

93. Delbos V, Abgueguen P, Chennebault JM, Fanello S, Pichard
E. Acute cytomegalovirus infection and venous thrombosis:
role of antiphospholipid antibodies. J Infect 2007;54:e47–50.

94. Youd P, Main J, Jackson E. Cytomegalovirus infection and
thrombosis: A causative association? J Infect 2003;46:141–142.

Address reprint requests to:
Nancy Crum-Cianflone, M.D., M.P.H.

c/o Clinical Investigation Department (KCA)
Naval Medical Center San Diego
34800 Bob Wilson Drive, Suite 5

San Diego, CA 92134-1005

E-mail: Nancy.crum@med.navy.mil

CRUM-CIANFLONE ET AL.778



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Web Coated \050Ad\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
    /ACaslon-AltBold
    /ACaslon-AltBoldItalic
    /ACaslon-AltItalic
    /ACaslon-AltRegular
    /ACaslon-AltSemibold
    /ACaslon-AltSemiboldItalic
    /ACaslon-Bold
    /ACaslon-BoldItalic
    /ACaslon-Italic
    /ACaslon-Ornaments
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /ACaslon-SwashBoldItalic
    /ACaslon-SwashItalic
    /ACaslon-SwashSemiboldItalic
    /ACaslonExp-Bold
    /ACaslonExp-BoldItalic
    /ACaslonExp-Italic
    /ACaslonExp-Regular
    /ACaslonExp-Semibold
    /ACaslonExp-SemiboldItalic
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /ATTorino-Bold
    /ATTorino-Condensed
    /Americana
    /Americana-Bold
    /Americana-ExtraBold
    /Americana-Italic
    /AmericanaBT-Bold
    /AmericanaBT-ExtraBold
    /AmericanaBT-ExtraBoldCondensed
    /AmericanaBT-Italic
    /AmericanaBT-Roman
    /AvantGarde-Bold
    /AvantGarde-BoldObl
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-CondBold
    /AvantGarde-CondBook
    /AvantGarde-CondDemi
    /AvantGarde-CondMedium
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGarde-ExtraLight
    /AvantGarde-ExtraLightObl
    /AvantGarde-Mdm
    /AvantGarde-Medium
    /AvantGarde-MediumObl
    /BauerBodoni-Black
    /BauerBodoni-BlackCond
    /BauerBodoni-BlackItalic
    /BauerBodoni-Bold
    /BauerBodoni-BoldCond
    /BauerBodoni-BoldItalic
    /BauerBodoni-Italic
    /BauerBodoni-Roman
    /Belwe-Bold
    /Belwe-Condensed
    /Belwe-Light
    /Belwe-Medium
    /BelweT-LighItal
    /Berkeley-Black
    /Berkeley-BlackItalic
    /Berkeley-Bold
    /Berkeley-BoldItalic
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berkeley-Italic
    /Berkeley-Medium
    /BiffoMT
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldCondensed
    /Bodoni-BoldItalic
    /Bodoni-Book
    /Bodoni-BookItalic
    /Bodoni-Italic
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /Bodoni-PosterItalic
    /Bookman-Bold
    /Bookman-BoldItalic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /Bookman-Medium
    /Bookman-MediumItalic
    /BorderPi-OneFiveOneFiveNine
    /BrushScript
    /Carta
    /CaslonTwoTwentyFour-Black
    /CaslonTwoTwentyFour-BlackIt
    /CaslonTwoTwentyFour-Bold
    /CaslonTwoTwentyFour-BoldIt
    /CaslonTwoTwentyFour-Book
    /CaslonTwoTwentyFour-BookIt
    /CaslonTwoTwentyFour-Medium
    /CaslonTwoTwentyFour-MediumIt
    /Century-Bold
    /Century-BoldCond-DTC
    /Century-BoldCondItalic-DTC
    /Century-BoldCondensed
    /Century-BoldCondensedItalic
    /Century-BoldItalic
    /Century-Book
    /Century-BookCond-DTC
    /Century-BookCondItalic-DTC
    /Century-BookCondensed
    /Century-BookCondensedItalic
    /Century-BookItalic
    /Century-Light
    /Century-LightCond-DTC
    /Century-LightCondIta-DTC
    /Century-LightCondensed
    /Century-LightCondensedItalic
    /Century-LightItalic
    /Century-Ultra
    /Century-UltraCond-DTC
    /Century-UltraCondIta-DTC
    /Century-UltraCondensed
    /Century-UltraCondensedItalic
    /Century-UltraItalic
    /Century751BT-ItalicB
    /Century751BT-RomanB
    /CenturyExpanded
    /CenturyExpanded-Italic
    /CenturyExpandedBT-Bold
    /CenturyExpandedBT-BoldItalic
    /CenturyExpandedBT-Italic
    /CenturyExpandedBT-Roman
    /CenturyOldStyle-Bold
    /CenturyOldStyle-Italic
    /CenturyOldStyle-Regular
    /CgTorinoOutline
    /Cheltenham-Bold
    /Cheltenham-BoldCond
    /Cheltenham-BoldItalic
    /Cheltenham-Book
    /Cheltenham-BookCond
    /Cheltenham-BookCondItalic
    /Cheltenham-BookItalic
    /Cheltenham-Light
    /Cheltenham-LightCond
    /Cheltenham-LightCondItalic
    /Cheltenham-LightItalic
    /Cheltenham-Ultra
    /Cheltenham-UltraItalic
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Light
    /ClarendonBT-BoldCondensed
    /ClarendonBT-RomanCondensed
    /CompactaBoldPlain
    /CompactaItalicPlain
    /CompactaOnlShaD-ReguItal
    /CooperBlack
    /CooperBlack-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /DINEngschrift-Alternate
    /EdwardianScriptITC
    /ElectraLH-Bold
    /ElectraLH-Cursive
    /ElectraLH-Regular
    /Fenice-Bold
    /Fenice-BoldOblique
    /Fenice-Light
    /Fenice-LightOblique
    /Fenice-Regular
    /Fenice-RegularOblique
    /Fenice-Ultra
    /Fenice-UltraOblique
    /FranklinGothic-Book
    /FranklinGothic-BookOblique
    /FranklinGothic-Condensed
    /FranklinGothic-CondensedOblique
    /FranklinGothic-Demi
    /FranklinGothic-DemiOblique
    /FranklinGothic-ExampleNumber
    /FranklinGothic-ExtraCond
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyOblique
    /FranklinGothic-Roman
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /Futura-CondExtraBoldObl
    /Futura-Condensed
    /Futura-CondensedBold
    /Futura-CondensedBoldOblique
    /Futura-CondensedExtraBold
    /Futura-CondensedLight
    /Futura-CondensedLightOblique
    /Futura-CondensedOblique
    /Futura-Heavy
    /Futura-HeavyOblique
    /Futura-Light
    /Futura-LightOblique
    /Futura-Mdm
    /Futura-MdmCnd
    /Futura-MdmCndItl
    /Futura-MdmItl
    /Futura-Oblique
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /FuturaBoldModified
    /FuturaBoldObliqueModified
    /FuturaEF-DemiBold
    /FuturaEF-DemiBoldObl
    /FuturaModified
    /FuturaObliqueModified
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-Book
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-BookItalic
    /Garamond-Light
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Garamond-LightItalic
    /Garamond-Ultra
    /Garamond-UltraCondensed
    /Garamond-UltraCondensedItalic
    /Garamond-UltraItalic
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldExtraCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-ExtraBold-ScholasticLg
    /GillSans-ExtraBold-ScholasticSm
    /GillSans-ExtraBoldDisplay
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSans-LightShadowed
    /GillSans-Shadowed
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GillSansExtraBoldItalic
    /GillSansUltraBoldItalic
    /Giovanni-Black
    /Giovanni-BlackItalic
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-Book
    /Giovanni-BookItalic
    /Glypha
    /Glypha-Bold
    /Glypha-BoldOblique
    /Glypha-Oblique
    /Goldwater
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /Goudy-BoldItalicOsF
    /Goudy-BoldOsF
    /Goudy-ExtraBold
    /Goudy-Heavyface
    /Goudy-HeavyfaceItalic
    /Goudy-Italic
    /Goudy-ItalicOsF
    /Goudy-SC
    /GoudyCatalog-Itl
    /GoudyCatalog-Rgl
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Compressed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-ExtraCompressed
    /Helvetica-LightOblique
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Oblique
    /Helvetica-UltraCompressed
    /Humanist521BT-Roman
    /Industria-Inline
    /Industria-InlineA
    /Industria-Solid
    /Industria-SolidA
    /ItcEras-Bold
    /ItcEras-Book
    /ItcEras-Demi
    /ItcEras-Light
    /ItcEras-Medium
    /ItcEras-Ultra
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /Kaufmann
    /Kaufmann-Bold
    /Linoscript
    /LubalinGraph-Book
    /LubalinGraph-BookOblique
    /LubalinGraph-Demi
    /LubalinGraph-DemiOblique
    /LucidaSans
    /LucidaSans-Bold
    /LucidaSans-Italic
    /Machine
    /MediciScript
    /Minion-Black
    /Minion-Bold
    /Minion-BoldItalic
    /Minion-DisplayItalic
    /Minion-DisplayRegular
    /Minion-Italic
    /Minion-Ornaments
    /Minion-Regular
    /Minion-Semibold
    /Minion-SemiboldItalic
    /Minion-SwashDisplayItalic
    /Minion-SwashItalic
    /Minion-SwashSemiboldItalic
    /MinionExp-Black
    /MinionExp-Bold
    /MinionExp-BoldItalic
    /MinionExp-DisplayItalic
    /MinionExp-DisplayRegular
    /MinionExp-Italic
    /MinionExp-Regular
    /MinionExp-Semibold
    /MinionExp-SemiboldItalic
    /Modern735BT-RomanA
    /Modern880BT-Bold
    /Modern880BT-Italic
    /Modern880BT-Roman
    /NewBaskerville-Black
    /NewBaskerville-BlackItalic
    /NewBaskerville-Bold
    /NewBaskerville-BoldItalic
    /NewBaskerville-BoldItalicOsF
    /NewBaskerville-BoldSC
    /NewBaskerville-Italic
    /NewBaskerville-ItalicOsF
    /NewBaskerville-Roman
    /NewBaskerville-SC
    /NewBaskerville-SemiBold
    /NewBaskerville-SemiBoldIta
    /NewCaledonia-Black
    /NewCaledonia-BlackItalic
    /NewCaledonia-Bold
    /NewCaledonia-BoldItalic
    /NewCaledonia-BoldItalicOsF
    /NewCaledonia-BoldSC
    /NewCaledonia-Italic
    /NewCaledonia-ItalicOsF
    /NewCaledonia-SC
    /NewCaledonia-SemiBold
    /NewCaledonia-SemiBoldItalic
    /Nofret-Bold
    /Nofret-BoldItalic
    /Nofret-Italic
    /Nofret-Light
    /Nofret-LightItalic
    /Nofret-Medium
    /Nofret-MediumItalic
    /Nofret-Regular
    /Novarese-Bold
    /Novarese-BoldItalic
    /Novarese-Book
    /Novarese-BookItalic
    /Novarese-Medium
    /Novarese-MediumItalic
    /Novarese-Ultra
    /OCRA
    /OCRB
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OnyxMT
    /Optima
    /Optima-Bold
    /Optima-BoldOblique
    /Optima-Oblique
    /PalaceScriptMT
    /PalaceScriptMT-SemiBold
    /Palatino-Black
    /Palatino-BlackItalic
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-BoldItalicOsF
    /Palatino-BoldOsF
    /Palatino-Italic
    /Palatino-ItalicOsF
    /Palatino-Light
    /Palatino-LightItalic
    /Palatino-Medium
    /Palatino-MediumItalic
    /Palatino-Roman
    /Revival565BT-Bold
    /Revival565BT-BoldItalic
    /Revival565BT-Italic
    /Revival565BT-Roman
    /RomanaBT-Bold
    /RomanaBT-Roman
    /Sabon-Bold
    /Sabon-BoldItalic
    /Sabon-BoldItalicOsF
    /Sabon-BoldOsF
    /Sabon-Italic
    /Sabon-ItalicOsF
    /Sabon-Roman
    /Sabon-RomanSC
    /SmileyFace
    /Sonata
    /StoneInformal
    /StoneInformal-Bold
    /StoneInformal-BoldItalic
    /StoneInformal-Italic
    /StoneInformal-Semibold
    /StoneInformal-SemiboldItalic
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /StoneSerif
    /StoneSerif-Bold
    /StoneSerif-BoldItalic
    /StoneSerif-Italic
    /StoneSerif-Semibold
    /StoneSerif-SemiboldItalic
    /StoneSerifTn4
    /Syntax-Black
    /Syntax-Bold
    /Syntax-Italic
    /Syntax-Roman
    /Syntax-UltraBlack
    /Techno
    /TimelessCyrillic-Bold
    /TimelessCyrillic-Light
    /TimelessCyrillic-LightIta
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /Times-PhoneticAlternate
    /Times-PhoneticIPA
    /Times-Roman
    /Times-RomanSC
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesEuropa-Bold
    /TimesEuropa-BoldItalic
    /TimesEuropa-Italic
    /TimesEuropa-Roman
    /TimesNewRomanMT-BoldCond
    /TimesNewRomanMT-Cond
    /TimesNewRomanMT-CondItalic
    /TimesNewRomanPS
    /TimesNewRomanPS-Bold
    /TimesNewRomanPS-BoldItalic
    /TimesNewRomanPS-Italic
    /ToonRoman
    /TorinoModern-Bold
    /TorinoModern-BoldItalic
    /TorinoModern-Italic
    /TorinoModern-Roman
    /Trajan-Bold
    /Trajan-Regular
    /Univers
    /Univers-Black
    /Univers-BlackExt
    /Univers-BlackExtObl
    /Univers-BlackOblique
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedLight
    /Univers-CondensedLightOblique
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-ExtraBlack
    /Univers-ExtraBlackExt
    /Univers-ExtraBlackExtObl
    /Univers-ExtraBlackObl
    /Univers-LightOblique
    /Univers-LightUltraCondensed
    /Univers-Oblique
    /UniversityRoman
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF documents for RR Donnelley Book plants. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


