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ABSTRACT

Background
HIV and TB independently incur increased risk for venous thromboembolic disease

(VTE): deep vein thrombosis (DVT) and/or pulmonary embolism (PE). Data from
high HIV and TB burden settings describing VTE is scarce. The Wells’ DVT and PE
scores are widely used but their utility in these settings has not been reported on
extensively. We therefore report clinical and treatment aspects of in-patients with
newly diagnosed VTE to assess HIV and TB prevalence, and their Wells’ score.
Setting

Tshepong Hospital in the North West Province of South Africa.

Methods

A prospective cohort of adult in-patients with radiologically confirmed VTE were
recruited. Demographics, presence of TB, HIV status, duration of treatment, CD4
count, viral load, VTE risk factors, and parameters to calculate the Wells’ score were
collected.

Results

One hundred patients were recruited, of whom 59 were HIV-infected; 39 had TB
disease and 32 were HIV/TB co-infected. Eighty -three patients had a DVT only; 11
patients had a PE, and six had both a DVT and PE. Eighteen of 42 patients on
antiretroviral treatment (ART) were on treatment for less than six months. Twenty
patients of 39 were on TB treatment for less than one month. The median DVT and
PE Wells’ score in all sub-groups was 3.0 (IQR: 1.0-4.0) and 3.0 (IQR: 2.5-4.5),
respectively. There were nine deaths.

Conclusion

HIV /TB co-infection appear to confer a risk for VTE, especially early after ART
and/or TB treatment, and therefore require careful monitoring for VTE and early
initiation of thrombo-prophylaxis.
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CHAPTER 1: PROTOCOL WITH EXTENDED LITERATURE REVIEW

1.1 INTRODUCTION

1.1.1 Venous thromboembolic disease

Venous thromboembolic disease (VTE) is the abnormal formation of clots in the
venous system. VTE most commonly presents as deep vein thrombosis of the (lower

extremity most commonly) and pulmonary embolus.

Annual incidence of VTE is approximately 100/100,000 per annum in the US* .Two
hundred thousand South Africans are estimated to present with deep vein
thrombosis(DVT) each year? .Venous thromboembolism is associated with
significant morbidity and mortality involving cardiac and pulmonary complications
such as hypoxaemia, increased pulmonary vascular resistance (pulmonary
hypertension) leading to right heart failure, post phlebitic syndrome and bleeding, the
latter an effect of anticoagulant therapy?.1t is therefore important to identify those at

high risk who may benefit from early prophylaxis and treatment*.
1.1.2 Impact of HIV/AIDS and Tuberculosis

Seven million South Africans (12.7%) are Human Immunodeficiency Virus (HIV)
infected, of whom almost four million are receiving antiretroviral therapy (ART) °. The
World Health Organisation (WHO) reports that annual incidence of tuberculosis (TB)
in South Africa in 2017 to be 567/100,000 °.In South Africa over 60% of TB patients
are co-infected with HIV® and most will receive ART with TB treatment at some stage

during their treatment for TB":8
1.1.3 HIV and VTE

The relationship between HIV and the risk for VTE has been established®. Numerous
studies suggest a two to tenfold increased risk of VTE in HIV positive patients
compared to non HIV infected individuals 34 .The frequency of VTE in the HIV
population has been reported to range between 0.19% - 7.63%* .HIV has been
identified as a prothrombotic condition. Classically Virchow’s triad (hypercoagulability
, endothelial dysfunction , stasis) has been used to describe the risk of
thrombosisC.It is postulated that HIV may lead to a hypercoagulable state due to ,
amongst other factors, protein S deficiency, protein C deficiency, anti-thrombin



deficiency* , increased expression of tissue factor on monocytes , higher D- dimer
values , mild to moderate hyperhomocystinaemia, higher levels of anticardiolipin
antibodies and lupus anticoagulant as well as endothelial dysfunction leading to
increased expression of von Willebrand factor!! , plasminogen activator inhibitor-1
and factor V (Figurel).

GENETIC RISK FACTORS: VIRAL RISK FACTORS: ACQUIRED TRADITIONAL
AT Deficiency CD4+ <200 RISK FACTORS:
Protein C Deficiency Detectable Viral Load Advancing Age
Protein S Deficiency Obesity (BMI >30)
Factor V Leiden - Previous Thrombosis
Factor II G20210A Cigarette Smoking
[Immobilization |
HIV-RELATED Injecting Drug Use
HYPERCOAGULABLE STATE:
Protein S deficiency
Protein Cdeficiency OPPORTUNISTICINFECTIONS :
AT deficiency Cytomegalovirus
Tsue factor
Homocysteine
Microparticles
IATROGENIC:
HIV-RELATED MALIGNANCIES: Indwelling catheters
Kaposi Sarcoma
Non-Hodgkin Ly mphoma

Figure 1: Multi-factorial etiology of HIV-related venous thromboembolism. AT, antithrombin; sTM, soluble thrombomodulin; TFPL tissue
factor pathway inhibitor; v-WF, von Willebrand Factor; PAI-I. plasminogen activator inhibitor-1; tPA, tissue plasminogen activator. Stronger
risk factors for VTE are listed in bold.

Figure 1: Multifactorial aetiology of HIV related venous thromboembolism#

Protein S levels (free levels in serum) are found to be lower in chronic inflammatory
states such as HIV, due to an elevation in C4b-binding protein which binds to Protein
S 12 Heightened activation of T cells with micro particle release may be a contributor
due to the binding of micro particles to Protein S which decreases free Protein S.
Decreased protein synthesis and anti-protein S antibodies have also been noted in
HIV population group!. Hyperhomocystinaemia is commonly seen in 11-29% HIV
positive patients* which poses an additional prothrombotic risk. The mechanisms
involved may include increased reaction of platelets, disruption of fibrinolysis and
increased activity of adhesion molecules, cytokines and tissue factor.

Antithrombin deficiencies are due to decreased liver synthesis, increased renal
losses and direct inactivation'®. Anticardiolipin antibodies (ACA) and lupus
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anticoagulant (LA) form part of the antiphospholipid syndrome, known to be
associated with increased risk of thrombosis. ACA as well as LA have been found in
varying rates in HIV positive individuals; however there is no clear, strong
association between positive ACA, LA and VTE occurrence. The alteration toward a
hypercoagulable state may add additional risk of VTE but may not be solely
responsible for VTE episodes'4.

Endothelial dysfunction and activation has shown significant relation to VTE. Under
normal circumstances the endothelium provides a vasodilatory and antiplatelet
function. Activation of the endothelial cell may lead to expression of procoagulant
proteins and haemostatic dysfunction! .In a prospective study, 306 Kenyan women
were followed after acquiring HIV-1 infection with biomarkers for endothelial
activation, namely soluble vascular cell adhesion molecule 1 (VCAM-1) and
intercellular adhesion molecule 1(ICAM-1) being measured during the pre-infection,
acute and chronic infection stages. Results reviewed showed a global increase in
biomarkers during all stages of infection!®. In a study of 32 HIV untreated patients, it
was found that higher Interleukin 6 (IL-6) and D-dimer levels were linked to vascular
dysfunction as evidenced by higher endothelial biomarker levels specifically E
Selectin and ICAM-1.Changes in the endothelial cell surface by numerous
pathogens can cause the endothelial surface to become more prothrombotic.
Activation of endothelial cells leads to increased tissue factor mediated thrombin
generation, alteration in anti-coagulant pathways and depressed fibrinolysis!3.During
inflammation antithrombin 111, tissue factor pathway inhibitor and plasminogen
activator inhibitor are important in producing a hypercoagulable state!3. Endothelial
dysfunction may also lead to increased expression of von Willebrand factor!!, and
factor V which play a role in clot formation®. The immune mediator CD40 and
associated CD40 ligand (CD40L or CD154) have now been shown to play a role
thrombosis. The presence of CD40 has been noted in monocytes, macrophages,
smooth muscle cells, and endothelial cells. If CD40 is activated, the above cells state
releasing adhesion receptors, pro-inflammatory cytokines, tissue factor,
metalloproteinases and prostaglandins. If platelets are stimulated by CD40 the
inflammatory cascade may be heightened with leukocytes also being recruited to
sites of thrombus formation. Levels of CD40L are noted to be higher in HIV positive

patients!®. The cellular remains or remnants of platelets, lymphocytes, and
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endothelial cells are known as micro particles*. Micro particles are found in higher
levels in HIV positive patients (due to release of CD4 micro particles causing cell

apoptosis) and are thought to collect coagulant factors upon their surfaces?.

Studies done assessing the risk of VTE in HIV patients with varying degrees of
immunosuppression have suggested that a lower CD4 count may predispose to an
increase risk of VTE® > 14, A retrospective study of 131 HIV infected patients showed
a 30-fold increase rate in thrombotic events in patients with a CD4 count
<200cells/mm?’. It has been suggested that a lower CD4 count may be related to a
progressively more hypercoagulable state*2. This may be explained by Protein C and
S deficiency commonly found in patients with more developed immunosuppression.
While most cases may occur at a lower CD4 count, thrombotic events have been
noted to occur over a wide range of CD4 counts'# 18 A higher viral load may also be
associated with a hypercoagulable state. A state of advanced immunosuppression
(as evidenced by a low CD4 count and higher viral load) may induce immune and
inflammatory activation resulting in increased coagulability and thereby VTE
occurence.In a retrospective study carried out in San Diego, California it was noted
that most patients with HIV and concurrent VTE present at a younger age compared
to the general population upon a retrospective study 4. The mean age has however

increased in the post HAART eral*

It has been suggested by certain studies that protease inhibitors may increase risk of
VTE*? due to disruption of hepatic metabolism via the cytochrome P450 system
associated with regulation of thrombotic proteins, dysregulation of the anticoagulant
nature of the body and possible endothelial and platelet dysfunction. In a study by
Koppel et al, levels of fibrinogen and plasminogen activator inhibitor 1 (PAI-1) were
higher in patients on antiretroviral regimens containing protease inhibitors. There
have also been reports of increased coronary artery disease, insulin resistance,
diabetes as well as peripheral vascular disease?® due to hypercholesterolemia.
Higher plasma lipid levels as well as the lipodystrophy syndrome, which are
associated with protease containing ART, may also contribute to a hypercoagulable
state with decreased fibrinolysis!® 21. The protease inhibitor most frequently
associated is Idinavir'4. There have however been studies showing no specific risk

for acquiring VTE* %4,
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1.1.4VTE and TB

Opportunistic infections such as tuberculosis, cytomegalovirus and pneumocystis
pneumonia have been shown to add additional risk* due to the augmentation of risk
for VTE .This is either due to the infection itself or the related treatment. In patients
with TB there is a demonstrated higher incidence of VTE 22, largely due to a
hypercoagulable state. This has been demonstrated in a cross-sectional study
carried out in which 47 percent of new DVT cases amongst HIV patients admitted
had concomitant TB*3. There is however less data describing possible aetiological
mechanisms between TB and VTE. TB may be viewed as an independent risk factor
for VTE. In a study involving patients with active TB23, it was shown that study
participants had increased fibrinogen, Factor VIII and Plasminogen activator |
plasma levels (linked to low antithrombin 11l and low protein C). This evidence was
supported by a prospective study which?* demonstrated elevated plasma fibrinogen,
impaired fibrinolysis and decreased antithrombin Il levels in patients with active TB.
The use of rifampicin has also been shown to increase the risk of developing a DVT

probably, due to alteration in anticoagulant protein production within the liver?.

Most VTE episodes appear to involving deep vein thromboses followed by
pulmonary emboli as demonstrated by a case review of 30 HIV positive patients in
Boston, Massachusetts?.

1.1.5 Drug interactions

In high HIV and TB burden settings, VTE therapy is complicated by drug-drug
interactions between coumadin-based treatments for VTE. Warfarin co-administered
with rifampicin?® 27 28 non-nucleoside reverse transcriptase inhibitors and protease
inhibitors?® make monitoring and management of patients with VTE complex for both
the patient and the clinical service. Newer anticoagulants like dabigatran and
rivaroxaban have not been evaluated in patients receiving therapy for TB or HIV 2%
30, These agents have however been shown to be as effective and also cost

effective in high income countriess?.
1.1.6 Traditional Risk factors
Traditional, well documented risk factors for VTE include, amongst others: older age,

obesity®2 (namely increased adiposity) 33, smoking®2, immobilization longer than three
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days; pregnancy and the postpartum period®*; major surgery in previous four weeks;
long plane or car trips (> four hours) in previous four weeks3®; cancer, previous DVT,
lower extremity fractures, antithrombin I, protein C deficiency, protein S deficiency,

factor V Leiden and hormone replacement therapy.
1.1.7 Pre-test probability- Well’s criteria

Well’s criteria for the clinical assessment of pulmonary embolism?3¢ (Table 1) and
Well’s criteria for the probability of DVT?’ (Table 2) are commonly used to assess the

probability of pulmonary embolism and deep vein thrombosis respectively2.

The presence of specific clinical parameters contribute to a composite score; low
scores imply a low probability®® and high scores an increased probability for VTE,
and suggest further investigation is required. Few studies have reported Wells’ score
in patients from sub-Saharan Africa. Evidence or history of either HIV-infection or TB

disease is not part of the Wells’ scoring system.

14



Table 1: Wells criteria and modified Wells criteria: clinical assessment for pulmonary

embolism3®

Clinical symptoms of DVT (leg swelling, pain with palpation) 3.0

Other diagnosis less likely than pulmonary embolism 3.0

Heart rate >100 15

Immobilization (=3 days) or surgery in the previous four weeks 15

Previous DVT/PE 15

Haemoptysis 1.0

Malignancy 1.0
Probability Score

Traditional clinical probability assessment (Wells criteria)

High >6.0

Moderate 2.0t06.0

Low <2.0

Simplified clinical probability assessment (Modified Wells criteria)

PE likely >4.0

PE unlikely <4.0
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Table 2: Pre-test probability of deep vein thrombosis (Wells score) 37

venous thrombosis

Clinical feature Score
Active cancer (treatment ongoing or within the previous six months | 1
or palliative)
Paralysis, paresis, or recent plaster immobilization of the lower 1
extremities
Recently bedridden for more than 3 days or major surgery, within 4 | 1
weeks
Localized tenderness along the distribution of the deep venous 1
system
Entire leg swollen 1
Calf swelling by more than 3 cm when compared to the 1
asymptomatic leg (measured below tibial tuberosity)
Pitting oedema (greater in the symptomatic leg) 1
Collateral superficial veins (no varicose) 1
Alternative diagnosis as likely or more likely than that of deep -2

Score

High probability

3 or greater

Moderate probability

lor2

Low probability

O or less

Modification:

This clinical model has been modified to take one other clinical feature into
account: a previously documented deep vein thrombosis (DVT) is given the score

of 1. Using this modified scoring system, DVT is either likely or unlikely, as

follows:
DVT likely 2 or greater
DVT unlikely 1 orless

1.1.8 Justification for the study

Both HIV infection and TB confer an increased risk for VTE. However; there is a

paucity of published data describing VTE in HIV/TB co infection. Anecdotally, in
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hospital practice, there is significant group of HIV/TB co-infected patients who
present to hospitals with VTE. This study aims to determine the proportion of
patients with confirmed, new episode of venous thromboembolic disease who are

HIV positive, have TB or are HIV/TB co-infected.

1.2 OBJECTIVES

1.2.1 PRIMARY OBJECTIVE

To determine the proportion of newly diagnosed adult patients with venous
thromboembolic disease at Tshepong Hospital who are HIV positive, who are

diagnosed as having TB, or who are HIV and TB co-infected.
1.2.2 SECONDARY OBJECTIVES

1. To report proportion of patients with confirmed venous thromboembolic
disease with particular regard to:
a. HIV
I. HIV status, Antiretroviral (ART) status, treatment — onset, ART
duration and regimen, immunological and virological response
b. TB Infection,
i. TB status, TB treatment — onset, duration, regimen, site of TB
c. Traditional risk factors for venous thromboembolic disease, not included
as part of Well’s scoring system: pregnancy and post-partum state; oral
or injectable contraception use within the last three months; obesity,
smoking, recent long distance travel
d. Classify patients with HIV, TB and HIV-TB co-infection according to the
Well’s scoring criteria for DVT and PE, and look at the proportions of

individuals within each pre-test probability group.

1.3 METHODOLOGY
1.3.1 STUDY DESIGN

A prospective study looking at adult patients of Tshepong Hospital presenting with
venous thromboembolism, with a view to assessing the proportion of patients with
HIV, TB and HIV/TB co-infection.

17



1.3.2. STUDY POPULATION AND SAMPLE

LOCATION

Tshepong Hospital (single centre study)

POPULATION

Adult patients treated at Tshepong Hospital with a new diagnosis of venous

thromboembolic disease.

INCLUSION CRITERIA

1. Age older than 18 years

2.

Venous thromboembolism in the form of deep vein thrombosis (confirmed by
positive findings on Doppler ultrasound of the extremity showing a non-
compressible vein, thrombus, or flow disturbance) or pulmonary embolism
seen on Computed tomography pulmonary angiogram (CTPA) as filling
defects within the pulmonary arteries. Cases with positive findings will be
identified by the Radiology team, and recorded on reports which are filled in
duplicate. Radiology records will be reviewed daily in consultation with the

radiology team in order to identify patients.

EXCLUSION CRITERIA

a r N

Past history of proven thromboembolic disease on anticoagulation.
Patients unable to provide written consent.

Patients with insufficient data (transferred, discharged or demised)
Patients refusing to be tested for HIV.

Patients refusing access to medical and laboratory records (including CD4
and viral load)

SAMPLE SIZE AND DURATION

All eligible patients will be invited to participate in the study. Upon review of radiology

records and consultation with the Radiologists, it is currently estimated that five

patients per week meet the inclusion criteria and are diagnosed with a deep vein

thrombosis by the ultra sonographer, with two diagnoses of pulmonary embolism per

week on CTPA. One hundred patients will be recruited for the study. It is predicted
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that approximately two thirds of these patients will be HIV positive i.e. sixty-seven
patients being reviewed with VTE and associated HIV infection.

1.3.3 STATISTICS AND ANALYSIS

The patient names will not be entered in the data collection sheets instead codes will
be used- all results will be reported in aggregate. Data will be collected for each
patient and compared within various sub-categories e.g. patients with HIV infection
compared to non-HIV infection. The proportion of patients that fit into the different
pretest probability groups (high, moderate, low) will be calculated. Multivariate
analysis will be used to compare different risk factors. Comparisons of continuous
variables between patients groups will be done by t-test (parametric) or Wilcoxon
rank sum test (non-parametric).Categorical variables will be compared using Fisher's
exact test. The correlation coefficient will be used to compare continuous variables to
one another. The statistical significance will be calculated at the 95% confidence

level.

1.3.4. METHODS AND TECHNIQUES

A data sheet will be used to record all information during patient interview,

examination and record review
RECRUITMENT

The radiology team will be consulted each day in order to review the records of
confirmed cases of deep vein thrombosis and pulmonary embolism. Patients will

then be approached and invited to participate.
PATIENT INTERVIEW

Written informed consent for participation in the study will obtained. All consenting
participants will be questioned regarding their demographics:

1. Age
2. Gender
3. Ethnicity
4. HIV serostatus
a. If HIV positive, date of diagnosis

b. Details of compliance with ARV
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c. If patient’s HIV status is unknown or they have tested negative within
the last month, they will be followed up within their admission stay in
hospital to document the results of voluntary counselling (offered as
per routine hospital practice- Annexure A).

5. An enquiry about TB as a comorbidity (diagnosis and treatment).

Risk factors

6. Current history of active malignancy: whether active cancer (currently being
treated for malignancy, having received treatment within last six months, or
undergoing palliative care) 36 37, site of the malignancy.

7. Immobility and functional capacity will be assessed according to the
Karnofsky score3?(see Annexure B), as well as duration of immobility (within
last 3 days)

8. Major Surgery including all surgery lasting more than 45 minutes (this may
include spinal surgery, neurosurgery, abdominal, pelvic), all intra-abdominal
surgery, all extensive bone and joint surgery occurring within the last four
weeks3": 38,

9. History of long distance travelling lasting more than six hours in the last four
weeks

10.For female participants

a. Contraceptive use (oral, injectable, implants) in the last 3 months40: 4!

b. Currently pregnant or post-partum (up to 28 days)3*

11.Tobacco history: number of cigarettes (including pipes and roll up cigarettes)

per day and the duration of years smoking

Further History

12.Current History of paralysis or paraplegia
13.Current History of lower limb in a cast.
Symptom History

14.Patients will be questioned regarding the onset of symptoms of deep vein

thrombosis namely: swelling of entire affected leg/s, localized tenderness®’ as

well as pulmonary embolism i.e. sudden shortness of breath, sudden chest
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pain, dizziness and /or collapse or haemoptysis in relation to diagnostic tests
being done.

INVESTIGATIONS

Laboratory

1. No additional research samples will be taken and no investigations
requested outside standard practice of care.

Non invasive

2. The ECG*? of patients with pulmonary embolism will be reviewed. It will be
noted as to whether the following changes are seen:
I. Sinus tachycardia (heart rate > 100 beats per min.)
ii. Complete Right bundle branch block
lii. Right ventricular strain pattern
iv. Right axis deviation
v. Dominant R wave in V1
vi. Peaked p waves in lead Il (p pulmonale)
vii. SiIQuTwm change

viii. Non-specific T wave changes

Radiology

3. The chest X-ray will be reviewed in patients diagnosed with pulmonary
tuberculosis and the findings with regard to normal features, cavitation,
miliary pattern, infiltrates (unilateral or bilateral) recorded. The area of lung

affected (divided into six zones) as well as zonal changes will be noted.

EXAMINATION

1. Patients will be examined for swelling of the entire affected leg, as well as
associated tenderness with or without pitting oedema.

2. Calf swelling of more than three cm of the affected leg will be assessed by
measuring the circumference of the calf 10cm below the tibial tuberosity.
The skin of the affected leg will be inspected for any collateral non varicose

superficial veins®’.
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3. Patients weight and height will be measured

PATIENT RECORDS

1. Patient’s medical records (admission notes, clinic notes) will be reviewed to
obtain any information that was unclear on interview.

2. Information regarding the current TB drug regimen and HIV drug regimen.

3. If the patient is HIV positive and on ART, the latest CD4, viral load, cardiac
enzymes (in the case of pulmonary embolism, if available) and D-dimer levels
(in the case of deep vein thrombosis, if available) will be abstracted.

4. If the patient is newly diagnosed HIV positive, a CD4 will be abstracted (the
CD4 count is done routinely in keeping with National Guidelines)

5. For those who have been diagnosed with TB, the site of TB (pulmonary,
abdominal, TB meningitis, bone marrow, lymph nodes) and the mode of
diagnosis will be noted for pulmonary TB (Gene Xpert, Line probe assay,

empiric)

1.4 ETHICS

Ethical approval will be obtained by the Human Research Ethics Committee

(Medical) of the University of the Witwatersrand, Johannesburg.

Consent will be obtained from the Head of the Department of Internal Medicine as
well as the CEO of Klerksdorp/Tshepong Hospital Complex. Each patient will be
consented individually. Individual numbers will be assigned to each patient
sequentially. Confidentiality will be ensured with subject identifiers rather than
personal names. Limited access to data (Principal researcher, supervisors) will

further ensure confidentiality.

1.5 FUNDING

Research costs will include stationery, photocopying, printing of data and travelling
which will amount to approximately ZAR 5,000. PHRU Research funds will cover
costs to a value of ZAR 40,000. These funds may be utilized to employ a study nurse

to assist with collection of data, and interpretation (patient interview).
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1.6 LIMITATIONS

Prospective studies are always subject to disease patterns and variable patient

numbers. The study is based in a referral hospital which may influence numbers

upwards and not be representative of a local community. Patients presenting with

earlier symptoms may not be referred by the clinic until a later stage. Those who are

too ill may be unable to consent.

1.7 TIME SCHEDULE

Task Time Required Deadline
Submit application for ethical clearance 31 July 2015
Submission for assessor group meeting 21 August 2015

Present protocol to

assessor group

30 minutes

8 September 2015

Refine protocol , data
capture sheet and
analysis model with

supervisor

+ 2 hours

July 2015

Study preparation
e Finalise tools
e Data collection
e Data analysis and

results

+6 months

July 2015- December
2015

research article

Submit data analysis and results write-up to

supervisor and an outline of what will be included in

Mid-February 2016

Supervisor feedback

+3 hours

End February 2016

Research article writing

3-4 weeks

End March 2016

Submit first draft of research article to supervisor

End March 2016

Prepare article for

submission

3-4 weeks

End May 2016

Submit research article for examination

June 2016

Disseminate article on approval

September to October
2016
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Annexure B

KPS
score
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Description

Normal, no complaints, no evidence of disease

Able to carry on normal activity; minor signs or symptoms of
disease

Normal activity with effort, some signs or symptoms of
disease

Cares for self; unable to carry on normal activity or to do
active work

Requires occasional assistance, but is able to care for most
of his personal needs

Requires considerable assistance and frequent medical care

Disabled; requires special care and assistance

Severely disabled; hospital admission is indicated although
death not imminent

Very sick; hospital admission necessary: active supportive
treatment necessary

Moribund; fatal processes progressing rapidly

Dead

KPS = Karnofsky Performance Score.
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Abstract

Background

HIV and TB independently incur increased risk for venous thromboembolic disease
(VTE): deep vein thrombosis (DVT) and/or pulmonary embolism (PE). Data from
high HIV and TB burden settings describing VTE is scarce. The Wells’ DVT and PE
scores are widely used but their utility in these settings has not been reported on
extensively. We therefore report clinical and treatment aspects of in-patients with

newly diagnosed VTE to assess HIV and TB prevalence, and their Wells’ score.

Setting

Tshepong Hospital in the North West Province of South Africa.
Methods

A prospective cohort of adult in-patients with radiologically confirmed VTE were
recruited. Demographics, presence of TB, HIV status, duration of treatment, CD4
count, viral load, VTE risk factors, and parameters to calculate the Wells’ score were

collected.
Results

One hundred patients were recruited, of whom 59 were HIV-infected; 39 had TB
disease and 32 were HIV/TB co-infected. Eighty -three patients had a DVT only; 11
patients had a PE, and six had both a DVT and PE. Eighteen of 42 patients on
antiretroviral treatment (ART) were on treatment for less than six months. Twenty
patients of 39 were on TB treatment for less than one month. The median DVT and
PE Wells’ score in all sub-groups was 3.0 (IQR: 1.0-4.0) and 3.0 (IQR: 2.5-4.5),
respectively. There were nine deaths.

Conclusion

HIV /TB co-infection appears to confer a risk for VTE, especially early after ART
and/or TB treatment, and therefore require careful monitoring for VTE and early

initiation of thrombo-prophylaxis.

Key words: deep vein thrombosis, pulmonary embolism, venous thromboembolism,

prevalence, tuberculosis, HIV
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Introduction

Venous thromboembolic disease (VTE) in the form of deep vein thrombosis (DVT)
and pulmonary embolism (PE), is estimated to affect 1/10,000 people in the United
States annually?, and 200,000 South Africans are estimated to present with DVTs
each year 2. Venous thromboembolism is associated with significant morbidity and
mortality, added to by long term anticoagulation therapy for treatment and prevention

of recurrence.

Human immunodeficiency virus is a clear risk factor for VTE disease with studies
suggesting up to a tenfold increased risk of developing VTE 2 3. In HIV-infected
individuals, protein C, and S deficiencies, raised circulating pro- inflammatory
markers 3°, and endothelial dysfunction 3 4 ¢-° are apparent risk factors for VTE.
Furthermore treatment with protease inhibitors, immune reconstitution inflammatory
syndrome (IRIS) and comorbid opportunistic infections are additional risk factors 4 19
11,12 patients on antiretroviral treatment (ART) live longer, increasing the pool of
individuals at risk for VTE 1°. Seven million South Africans (12.7%) are HIV-infected,

of whom almost four million are receiving antiretroviral therapy (ART) 13.

The World Health Organisation (WHO) reported the annual incidence of tuberculosis
(TB) in South Africa in 2017 was 567/100,000 population 4. Tuberculosis is also a
clear risk factor for VTE. Increased fibrinogen, factor VIII, plasminogen activator |
and decreased anti-thrombin contribute to this risk'®>. Severe TB is linked to disrupted
fibrinolysis, decreased anti-thrombin 11l and thrombocytosis which promote a
hypercoagulable state'é. Rifampicin and isoniazid appear to accelerate this
response’®. Moreover, rifampicin causes dysregulation of coagulant factors and
increases anticoagulant clearance!’. In South Africa over 60% of TB patients are co-
infected with HIV14and most will receive ART with TB treatment at some stage
during their treatment for TB18 1,

Traditional risk factors known to increase the risk of VTE include obesity?%-21,
smoking?°®, malignancy, prolonged travel (> six hours) 22, use of contraception??,
pregnancy and the puerperium (up to 28 days post-partum) 24, prolonged

immobility?®, recent major surgery, and paraparesis or orthopaedic cast of a limb.

In high HIV and TB burdened settings, VTE therapy is complicated by drug-drug

interactions between coumadin-based treatments for VTE. Warfarin co-administered
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with rifampicin?®-2°, non-nucleoside reverse transcriptase inhibitors and protease
inhibitors?®-3! make monitoring and management of patients with VTE complex for
both the patient and the clinical service. Newer anticoagulants like dabigatran and
rivaroxaban require less monitoring and are said to have fewer drug interactions in
those receiving therapy for TB or HIV; however this requires more extensive
investigation 303233, Some studies have shown these agents to be as effective and

cost effective in high income countries34.

The Wells’ pre-test probability score for DVT 3% 36 and PE3" %8 is used to estimate the
probability of a PE or DVT. The presence of specific clinical parameters contribute to
a composite score; low scores imply a low probability®® and high scores an increased
probability for VTE, which suggest further investigation is required. However, few
studies have reported Wells’ scores in patients from sub-Saharan Africa. Evidence or
history of either HIV-infection or TB disease is not part of the Wells’ scoring system.
We therefore prospectively evaluated new onset VTE in our setting of high HIV/TB
co-infection, comparing clinical characteristics by HIV status, and the presence or

absence of TB disease, and calculated the Wells’ scores in all patients.
Methods

Ethical approval was granted by the Human Research Ethics Committee (Medical) of

the University of the Witwatersrand, Johannesburg (Certificate M15740).

A cohort of adult in-patients diagnosed with VTE from September 2015 to May 2016
were recruited prospectively at Tshepong Hospital, North West Province from
September 2015-May 2016. All patients aged 18 years and older with a radiologically
confirmed DVT or PE were approached to participate. Deep vein thrombosis was
confirmed by Doppler ultrasound of the affected limb illustrating at least one of the
following: presence of a thrombus, non-compressibility or diminished venous flow 2.
Pulmonary embolism was confirmed by computed tomography pulmonary angiogram
(CTPA) showing a filling defect(s) or embolus seen in the pulmonary artery/arteries
40, To identify patients, radiology records were reviewed daily and those diagnosed
with VTE were approached. Written informed consent for participation in the study

was obtained.

Patients were interviewed and clinical and laboratory data were obtained from

routine hospital records — all in-patients are offered HIV-testing routinely following
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pre-test counselling. Interviews involved documentation of risk factors for VTE. In all
patients, smoking and travel history (prolonged air or road travel >six hours) within
the last four weeks. In women a history of injectable or oral hormonal contraceptive
use within the last 3 months and current and recent pregnancy were recorded.
Patient’s HIV status, antiretroviral therapy (ART) details including onset and duration,
any defaulting period (longer than two months), as well as most recent viral load and
CD4 cell count were documented. Diagnosis of active TB, site, initiation of treatment,
its duration and type were documented. Weight and height were documented in
order to calculate body mass index (BMI). Wells’ score for pulmonary embolism and
deep vein thrombosis was calculated for each patient. Collateral non-varicose veins,
localized tenderness, swelling and/or pitting oedema of the entire affected limb and
calf swelling more than three cm in the symptomatic limb were noted3®. In those with
a PE, the electrocardiogram (ECG) was analyzed for features of sinus tachycardia
and right ventricular strain: S1QsTs pattern and tall R-wave in standard lead V1 with

non-specific T wave changes in anterior leads?*..

Frequencies and percentages were calculated for categorical variables. Continuous
data were assessed for normality and where data were non-normal, medians and
interquartile ranges (IQR) were determined. The results were stratified by overall HIV
status, HIV/TB co-infection and HIV only (without TB infection). Chi-square or
Fisher’s exact test was used to determine the association between categorical
variables and t-test or Kruskal-Wallis test was used to compare the continuous
variables. P-values were obtained for all variables considered. Variables with p-value
less than or equal to 0.05 were considered as significant. Statistical analysis was

perfomed using SAS Enterprise Guide 7.1.

Results

One hundred and twenty five adult patients were diagnosed with VTE at Tshepong
Hospital over the study period; 100 inpatients were consented to participate in the
study. These patients comprised 1.5% of all adult medical admissions (6,777
patients) to the hospital over the study period. Those not recruited (25 patients) were
either diagnosed and treated as outpatients, or were referred to other hospitals for

treatment.
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Deep vein thrombosis was diagnosed in 83 patients, PE in 11 patients and six had
both a PE and DVT. In those with a DVT, 84 (94.4%) had a unilateral limb DVT,
whilst 12 (13.5%) had bilateral lower limb DVT’s. Of the 17 patients with a PE, 11
patients (64.7%) had bilateral lung involvement. Sixty seven patients were women.
Overall, the median age was 47.0 years (IQR 35.0-57.0). The median BMI of the
cohort was 23.3 (IQR 19.9-31.0) from 96 patients from whom the measurements
were obtainable (see Table 1). The median Wells’ score for all DVT patients was 3.0
(IQR 1.0-4.0). The median Wells’ score for all PE patients was 3.0 (IQR 2.5-4.5).
Sinus tachycardia was the most common ECG finding (eight patients, 47.0 %). Nine
patients died during hospitalisation, their median duration of admission was 25.0
days (IQR 20.0-31.0); three were women. All those who died had a DVT only. The
median duration of admission for discharged patients was 12.5 days (IQR 6.0-18.0)

with a p value of 0.216 comparing HIV positive and HIV negative patients.
HIV and VTE

Fifty nine of 100 patients were HIV-infected, their median age was 40.0 years (IQR
32.5 -50.0); 41 (69.5%) were women. Of the HIV positive patients, 53 (89.8%) had a
DVT, 4 (6.8%) a PE and 2 (3.4%) both a PE and DVT. Recent viral load results were
available for 38 (64.4%) patients; 11 (28.9%) were virally suppressed (viral load less
than 50 copies/mL); 20 had a viral load 50-1000 copies/mL (52.6%), and 18 (47.3%)
a viral load >1000 copies/m. Fifty-seven patients (96.0%) had CD4 counts available;
their median CD4 count was 130.0 cells/pL (IQR 58.0-351.0). Thirty four patients
(59.7%) had a CD4 count below 200 cells/uL, 26 of these being HIV/TB co-infected
compared to those with HIV infection alone (p=0.0002). Those who were HIV
positive without TB had a higher median CD4 count of 352.0 cells/uL (IQR: 142.0-
451.0) than those with TB (p=<.0001) (see Table 1).

Forty four (74.6%) patients had been initiated on ART prior to VTE diagnosis and
one after diagnosis. One patient could not recall (no documentation) when they
initiated ART. The median duration on ART was 327.0 days (IQR 60.0 -1601.5 days)
(see Table 2). Eighteen (40.9%) patients had started ART within six months (see
Figure.1), with 14 of this group having TB co-infection). The majority of patients were
receiving a fixed dose combination (FDC) of tenofovir, efavirenz and emtricitabine*®.
Only four patients were receiving protease inhibitors.
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Of the HIV-seronegative patients, 26 (63.4%) were women. Thirty seronegative
patients had a DVT, seven a PE and 4 had both a DVT and PE. Patients who were
HIV negative were older than seropositive patients, with a median age of 56.0 years
(IQR: 47.0-64.0) versus 40.0 years (IQR: 32.0-51.0) (p=<0.0001).

Tuberculosis

Overall 39 of 100 VTE patients had TB, 24 with laboratory confirmed TB; 29 had
evidence of pulmonary TB. Most (32 patients, 82.0%) patients were co-infected with
HIV. The median age in this group overall was 39.0 years (IQR 32.0-47.5).The
HIV/TB co-infected patients had a median age of 39.0 years (IQR 32.0 -43.5)
compared to those with TB infection alone at 53.0 years (IQR 31.0-60.5) (p=0.35).

The median CD4 count of HIV/TB co-infected patients was 75.5 cells/uL (IQR 38.0-
135.0), with a median VL of 106 564.0 copies/mL (IQR 250.5-431016.0). Twenty five
patients were on ART; only two were virally suppressed (see Table 1).

Thirty eight patients were already on TB treatment prior to VTE diagnosis (one
patient started after diagnosis). The median duration on TB treatment was 27.0 days
(IQR 5.0-62.0) (see Table 2). Venous thromboembolism was diagnosed in 20
(52.6%) patients within the first month of initiating rifampicin-based TB treatment and
of those, 16 within two weeks of initiating TB treatment (Figure 2). Within this group
of 20 patients, six were HIV negative. Ten of the 14 HIV/TB co-infected patients were
on ART; 5 of which were on ART for < six months. Twenty-nine (76.3%) patients
were in the intensive phase of TB treatment!®. Four patients were on treatment for
drug resistant TB. Over the study period, 1236 (18.2%) of the adults admitted to the

medical wards had a diagnosis of TB.
Wells’ score

All sub-groups of patients with a DVT had a median Wells’ score of 3.0 (IQR 1.0-4.0)
(see Table 1). Pitting oedema in the affected leg, localised calf tenderness and calf
swelling more than three cm were the most common parameters seen (61.7%,
56.6% and 48.5% respectively) overall in patients with DVT. In the HIV-infected
group (TB included) clinical features differed: pitting oedema greater in symptomatic
leg (68.5%), calf swelling more than 3cm (53.7%) and, collateral non-varicose

superficial veins (22.2%) were the most common features.
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The median Wells’ score for all patients diagnosed with PE was 3.0 (IQR 2.5-4.5).
The HIV positive only group and HIV/TB co-infected group had the highest Wells’ PE
scores, with a median score of 3.8 (IQR 3.0.-7.0) and 5.3 (IQR 3.0-7.5) respectively
(see Table 1).

Traditional Risk factors

Thirty six patients had a smoking history with 4.0% of women and 8.0% men self-
reporting smoking at the time of diagnosis of VTE (current smokers). Twenty seven
were obese (BMI above 30 kg/m?) of whom 10 were HIV-infected. Seven patients
had a malignancy (five had Kaposi’s sarcoma). Recent major surgery and/or
immobilisation were reported by eight patients, and six women were using

contraception (see Figure 3).
Discussion

There are few studies in sub-Saharan Africa reporting factors related to HIV and TB
in patients with VTE. This study’s finding of high HIV and TB prevalence amongst
those with VTE suggest that these infections are possibly important risk factors for
thromboembolic disease, with therapy for these conditions adding to risk. Nine
percent of our sample died after a median time of 25 days after admission,

demonstrating both the human and financial cost of this illness to the health system.

We report an overall prevalence of VTE of 1.5% amongst all adults admitted to the
medical wards over the study period. Studies in high income countries report two-10
fold increased risk of VTE in HIV positive individuals 7 4?> compared to their HIV
negative counterparts. The majority of patients with VTE in our study were HIV-
infected, similar to other South African studies? 43. HIV prevalence in our study was
markedly higher than the general HIV prevalence in South Africa (12.7%) S.

The TB prevalence amongst our study population (39.0%) was strikingly higher than
the prevalence amongst adults admitted over the study period (18.2%), the majority
of whom were HIV co-infected. Other studies in similar hospital settings in South
Africa have reported comparable TB prevalence in those with DVT?2 9, It has been
estimated that three -four% of patients with TB will develop VTE, with the mortality of
inpatients with combined VTE and active TB being greater than the risk of TB or VTE

alone 44,
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The median age of the HIV-infected patients with VTE was younger than the HIV
negative patients in our study, although the highest prevalence of HIV in South Africa
is in a younger age group (15- 34.9 years) 3. Premature biological aging seen in
younger patients with HIV may add to VTE burden 4°. Women comprised 67.0% of
all patients, which is similar to findings in another South African study group and
national HIV statistics ® 13, Studies carried out in developed settings show, in
contrast to ours, a predominance of male patients with VTE#* 19, possibly reflecting
different risks for HIV4® in our setting where the epidemic predominantly affects

women1s3. 47,

Severe immunodeficiency was a dominant finding amongst the HIV positive group —
indeed, 34 had CD4 count < 200 cells/uL - similar to other studies 3 8 25, 40.46.48,49
Those co-infected with HIV and TB had markedly lower CD4 counts. Interestingly,
viral loads were not uniformly high, consistent with other studies, showing no direct

association between thromboses and viral load 3 4 8 49,

Forty percent of patients in our study had initiated ART within six months prior to
VTE. Levels of markers of endothelial cell dysfunction and coagulation are found to
be abnormal in HIV positive patients recently initiated on combined ART therapy °°.
Mjiluf-Cruz et al! found the median time to onset of VTE following ART initiation to
be 7 months, similar to our study, which suggests that immune reconstitution
following ART initiation may be contributing to the onset of VTE. Immune
reconstitution in the form of an increase in CD4 and CD8 T lymphocyte cell count
occurs in the first three - six months following ART initiation 52, This may lead to
increased circulating pro-inflammatory markers and activation of the inflammatory
cascade resulting in a prothrombotic state. However, others have not reported
similar findings® °3.In our study most of those who were initiated on ART and
developed VTE early also had TB co-infection. Only four of those whom developed
VTE soon after ART initiation did not have TB co-infection, make it difficult to largely
attribute ART to the cause of hypercoagulable state in this group. Of the 12 patients
in our study diagnosed within three months of initiating ART, nine had co-existent
TB, suggesting VTE IRIS following ART may be exacerbated by the thrombotic risks
of TB and its treatment. Numerous studies have shown the correlation of protease
inhibitor containing regimens 554 5 and the onset of VTE. In our study, only four

patients were on a Pl containing regimen, making it difficult to comment.
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Tuberculosis has been found to create a hypercoagulable state due to various
mechanisms 16:17.44.56.57 Anti -TB treatment also contributes to the risk for VTE,
particularly two weeks after initiating rifampicin’. This is similar to our study where
most VTE episodes in TB patients occurred within the first month of starting TB
treatment. Importantly, most of the patients who were on TB treatment only (HIV
negative) presented within one month, alluding to an immune reconstitution related

hypercoagulable state following the initiation of TB treatment.

Patients with a BMI > 30 kg/m? were predominantly HIV seronegative, possibly
suggesting that obesity is not a predisposing factor in HIV-infected adults®. Our study
found only six patients had a 220 pack year smoking history. Smoking has been
shown to carry a risk for VTE %8 %9 in conjunction with other risk factors such as HIV
4, Seven patients in our study had cancer, five of whom had HIV-related Kaposi’s
sarcoma (8.5% of HIV positive group). This differs from another South African study
which reported malignancy more frequently in HIV negative patients*3. Crum—
Cianflone et al similarly found 6.0% of HIV-infected adults with VTE to have cancer*.
Kaposi’'s sarcoma is related to VTE development due to vessel compression and
infiltration*®. Eight patients were recently immobile or had recent major surgery with
only 4 being HIV positive, illustrating the independence of these risk factors for VTE.
Only six patients were on contraception, mainly the injectable type, creating additive

risk24,

The Wells’ scores for those with a DVT was the same in all the HIV and/or TB sub-
groups. The Wells’ score calculated for those with a PE and HIV infection was 3.8
(moderate probability) which was lower than the HIV/TB co-infected group; however
the number in this patient group was smaller. In each HIV/TB subgroup, scores
suggested moderate to high probability for VTE but HIV/TB co-infected patients did
not appear to have significantly higher Wells’ score for DVT. More research is
needed to assess a modification to the Wells’ score that incorporates HIV sero-

status and TB disease status — and possibly duration of therapy.

This study has several limitations. We relied on routinely collected data — which was
missing in several patients. We did not include controls without VTE, making it
difficult to assess the validity of Wells’ score in HIV and HIV/TB co-infected patients.

Measures of coagulation were not routinely done; D-dimers were not measured in a
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large proportion and thus we have not reported on these values. However, D-dimers
are used for their negative predictive value, and all our cases were proven

radiologically.

Multiple prior studies report that HIV and TB each separately pose an increased risk
for acquiring VTE. Our study illustrates the apparent contribution that both HIV, TB
and their therapies confer on incident VTE, as well as a possible immune
reconstitution related hypercoagulable state soon after starting ART and/or anti-TB
therapy. Further studies are warranted to assess whether thrombo-prophylaxis would
counter the hypercoagulable state that may exist in HIV-infected patients with TB,
receiving rifampicin treatment as many patients in our study were ambulatory with no
other risk factors for VTE. The high burden of both HIV and TB in sub-Saharan Africa
suggests that closer study of VTE is required, especially for novel preventive
strategies in HIV/TB co-infected patients and also for therapy.

Acknowledgements

All study patients for consenting to share their time and data. The staff at Tshepong

Hospital for identifying patients and assisting where they could.

Patient care was funded by the North West Provincial Department of Health, data
abstraction and analysis was funded by a grant to PHRU from the South African

Medical Research Council.

41



References

1.

10.

White RH. The epidemiology of venous thromboembolism. Circulation.
2003;107(23 Suppl 1):14-8. doi:10.1161/01.CIR.0000078468.11849.66
Awolesi D, Naidoo M, Cassimijee MH. The profile and frequency of known risk
factors or comorbidities for deep vein thrombosis in an urban district hospital
in KwaZulu-Natal. South African J HIV Med Vol 17, No 1. 2016.
doi:10.4102/sajhivmed.v17i1.425

Bibas M, Biava G, Antinori. A. HIV-Associated Venous Thromboembolism.
Mediterr J Hematol Infect Dis. 2011; 3(1):e2011030.
doi:10.4084/MJHID.2011.030

Crum-Cianflone NF, Weekes J, Bavaro M. Thromboses among HIV-Infected
Patients during the HAART Era. AIDS Patient Care STDS. 2008; 22(10):771-
778. d0i:10.1089/apc.2008.0010

Levine AM, Vigen C, Gravink J, Mack W, Watts CH, Liebman HA. Progressive
prothrombotic state in women with advancing HIV disease. J Acquir Immune
Defic Syndr. 2006; 42(5):572-577. doi:10.1097/01.qai.0000230320.78288.79
Graham S M, Rajwans S, Jaoko W, et al. Endothelial Activation Biomarkers
Increase after HIV-1 Acquisition: Plasma VCAM-1 Predicts Disease
Progression. AIDS. 2013; 27(11):10.1097/QAD.0b013e328360e9fb.
doi:10.1097/QAD.0b013e328360e9fb

Klein SK, Slim EJ, de Kruif MD, et al. Is chronic HIV infection associated with
venous thrombotic disease? A systematic review. Neth J Med. 2005;
63(4):129-136.

Saif MW, Bona R, Greenberg B. AIDS and thrombosis: retrospective study of
131 HIV-infected patients. AIDS Patient Care STDS. 2001; 15(6):311-320.
doi: 10.1089/108729101750279687

Olubanwo O. The profile of HIV/AIDS patients admitted with deep vein
thrombosis. [Cited 2018 March 20] Available from:
http://www.phcfm.org/index.php/phcfm/thesis/view/32

Jacobson MC, Dezube BJ, Aboulafia DM. Thrombotic Complications in
Patients Infected with HIV in the Era of Highly Active Antiretroviral Therapy: A
Case Series. Clin Infect Dis. 2004; 39(8):1214-1222.
http://dx.doi.org/10.1086/424664

42



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Koppel K, Bratt G, Schulman S, Bylund H, Sandstrom E. Hypofibrinolytic state
in HIV-1-infected patients treated with protease inhibitor-containing highly
active antiretroviral therapy. J Acquir Immune Defic Syndr. 2002; 29(5):441-
449,

Aboulafia DM. An Update on HIV-associated Venous Thromboembolism in
the Era of Highly Active Antiretroviral Therapy. Journal of Coagulation
Disorders. 2010; 000 :( 000). Month 2010

AIDS info. Country fact sheets: South Africa 2017, HIV and AIDS Estimates.
UNAIDS. Available at:
http://www.unaids.org/en/regionscountries/countries/southafrica/

World Health Organization. Global Tuberculosis Report 2017. Geneva: World
Health Organization. Available at:
http://www.who.int/tb/publications/global_report/gtbr2017_main_text.pdf
Turken O, Kunter E, Sezer M, et al. Hemostatic changes in active pulmonary
tuberculosis. Int J Tuberc Lung Dis. 2002; 6(10):927-932.

Robson SC, White NW, Aronson |, Woollgar R, Goodman H, Jacobs P. Acute-
phase response and the hypercoagulable state in pulmonary tuberculosis. Br
J Haematol. 1996; 93(4):943-949.

White NW. Venous thrombosis and rifampicin. Lancet (London, England).
1989; 2(8660):434-435.

Meintjes G, Moorhouse MA, Carmona S, et al. Adult antiretroviral therapy
guidelines 2017. South African J HIV Med Vol 18, No 1 (2017) DO -
104102/sajhivmed.v18i1776. July 2017.
https://sajhivmed.org.za/index.php/hivmed/article/view/776/969.

TB DOTS Strategy Coordination, National Department of Health. National
Tuberculosis Management Guidelines 2014. Department of Health: Republic
of South Africa. Available at:
http://www.tbonline.info/media/uploads/documents/national_tuberculosis_man
agement_guidelines_%282014%29.pdf

Holst AG, Jensen G, Prescott E. Risk factors for venous thromboembolism:
results from the Copenhagen City Heart Study. Circulation. 2010;
121(17):1896-1903. doi:10.1161/CIRCULATIONAHA.109.921460

43



21.

22.

23.

24,

25.

26.

27.

28.

29.

Gregson J, Kaptoge S,Bolton T, et al .Cardiovascular Risk Factors associated
with venous thromboembolism. JAMA Cardiol. 2019; 4(2):163-173.
doi:10.1001/jamacardio.2018.4537

Chandra D, Parisini E, Mozaffarian D. Meta-analysis: travel and risk for
venous thromboembolism. Ann Intern Med. 2009; 151(3):180-190.

Faculty of Sexual and Reproductive Healthcare. Venous Thromboembolism
(VTE) and Hormonal Contraception. Royal College of Obstetricians and
Gynaecologists, November 2014. Available at:
https://www.fsrh.org/standards-and-
guidance/documents/fsrhstatementvteandhormonalcontraception-
november/fsrhstatementvteandhormonalcontraception-november.pdf

James AH, Jamison MG, Brancazio LR, Myers ER. Venous thromboembolism
during pregnancy and the postpartum period: incidence, risk factors, and
mortality. Am J Obstet Gynecol. 2006; 194(5):1311-1315.
doi:10.1016/j.aj0og.2005.11.008

Vululi ST, Bugeza S, Zeridah M, et al. Prevalence of lower limb deep venous
thrombosis among adult HIV positive patients attending an outpatient clinic at
Mulago Hospital. AIDS Research and Therapy2018;
15(1):3.doi.org/10.1186/s12981-018-0191-1

Maina MW, Pastakia SD, Maniji I, Kirui N, Kirwa C, Karwa R. Describing the
profile of patients on concurrent rifampin and warfarin therapy in western
Kenya: a case series. Drugs R D. 2013;13(3):191-197. doi: 10.1007/s40268-
013-0023-7

Krajewski KC. Inability to Achieve a Therapeutic INR Value While on
Concurrent Warfarin and Rifampin. J Clin Pharmacol. 2013; 50(6):710-713.
doi: 10.1177/0091270009353030

Lee CR, Thrasher KA. Difficulties in anticoagulation management during

coadministration of warfarin and rifampin. Pharmacotherapy. 2001,
21(10):1240-1246.

Sekaggya C, Nalwanga D, Von Braun A, et al. Challenges in achieving a
target international normalized ratio for deep vein thrombosis among HIV-
infected patients with tuberculosis: a case series. BMC Hematol. 2016; 16:16.
doi: 10.1186/s12878-016-0056-6

44


https://doi.org/10.1186/s12981-018-0191-1

30.

31.

32.

33.

34.

35.

36.

37.

38.

Anderson AM, Chane T, Patel M, Chen S, Xue W, Easley KA. Warfarin
therapy in the HIV medical home model: low rates of therapeutic
anticoagulation despite adherence and differences in dosing based on
specific antiretrovirals. AIDS Patient Care STDS. 2012; 26(8):454-462.
doi:10.1089/apc.2012.0068

Jackson BS, Mokoena T. Comparison of the therapeutic dose of warfarin in
HIV-infected and HIV-uninfected patients: a study of clinical practice. BMJ
Open. 2017; 7(2). http://bmjopen.bmj.com/content/7/2/e013709.abstract.
Fiore M, Maraolo AE, Chiodini P, et al. Is Anticoagulation with Novel Oral
Anticoagulants an Effective Treatment for Tuberculosis Patients not achieving
a Therapeutic Range with Vitamin K Antagonists? A Systematic Review.
Cardiovasc Hematol Disord Drug Targets. 2017; 17(2):105-110. doi:
10.2174/1871529X17666170703115545

Perram J, Joseph J, Holloway C. Novel oral anticoagulants and HIV:
dabigatran use with antiretrovirals. BMJ Case Rep. 2015; 2015. doi:
10.1136/bcr-2015-211651

Bamber L, Muston D, McLeod E, Guillermin A, Lowin J, Patel R. Cost-
effectiveness analysis of treatment of venous thromboembolism with
rivaroxaban compared with combined low molecular weight heparin/vitamin K
antagonist. Thromb J. 2015; 13(1):20. doi: 10.1186/s12959-015-0051-3
Wells PS, Anderson DR, Bormanis J, et al. Value of assessment of pretest
probability of deep-vein thrombosis in clinical management. Lancet (London,
England). 1997; 350(9094):1795-1798. Doi: 10.1016/S0140-6736(97)08140-3
Bohan JS. Validation of the Wells Score for Predicting DVT. NEJM Journal
Watch- Summary and Comment. August 23, 2005. Available at:
https://www.jwatch.org/em200508230000004/2005/08/23/validation-wells-
score-predicting-dvt

van Belle A, Buller HR, Huisman MV, et al. Effectiveness of managing
suspected pulmonary embolism using an algorithm combining clinical
probability, D-dimer testing, and computed tomography. JAMA. 2006;
295(2):172-179. doi:10.1001/jama.295.2.172

Wolf SJ, McCubbin TR, Feldhaus KM, Faragher JP, Adcock DM. Prospective

validation of Wells Criteria in the evaluation of patients with suspected

45



39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

pulmonary embolism. Ann Emerg Med. 2004; 44(5):503-510. Doi:
10.1016/S0196064404003385

Veller MG, Pillai J. Lower limb venous thrombosis. Contin Med Educ Vol 27,
No 7 Vasc Surg. July 2009.
http://www.cmej.org.za/index.php/cmej/article/view/1584.

Ahonkhai AA, Gebo KA, Streiff MB, Moore RD, Segal JB. Venous
Thromboembolism in Patients With HIV/AIDS A Case-Control Study. J Acquir
Immune Defic Syndr. 2008; 48(3):310-314.
doi:10.1097/QAI.0b013e318163bd70

Hampton JR. The ECG in patients with chest pain. In: Hampton JR, Adlam D.
The ECG in Practice, 6th edition. Churchill Livingston Elsevier, 2013; 247-251
Jenkins RE, Peters BS, Pinching AJ. Thromboembolic disease in AIDS is
associated with cytomegalovirus disease. AIDS. 1991; 5(12):1540-1542.
Mampuya FK, Steinberg WJ, Raubenheimer JE. Risk factors and HIV
infection among patients diagnosed with deep vein thrombosis at a
regional/tertiary hospital in Kimberley, South Africa. South African Fam Pract.
2018; 60(4):107-113. doi:10.1080/20786190.2018.1432135

Dentan C, Epaulard O, Seynaeve D, Genty C, Bosson J-L. Active tuberculosis
and venous thromboembolism: association according to international
classification of diseases, ninth revision hospital discharge diagnosis codes.
Clin Infect Dis. 2014; 58(4):495-501. doi:10.1093/cad/cit780

Appay V, Rowland-Jones SL. Premature ageing of the immune system: the
cause of AIDS? Trends Immunol. 2002; 23(12):580-585.

Rasmussen LD, Dybdal M, Gerstoft J, et al. HIV and risk of venous
thromboembolism: a Danish nationwide population-based cohort study. HIV
Med. 2010; 12(4):202-210. do0i:10.1111/j.1468-1293.2010.00869.x

Ramjee G, Daniels B. Women and HIV in Sub-Saharan Africa. AIDS Res
Ther. 2013; 10(1):30. doi: 10.1186/1742-6405-10-30

Eyal A, Veller M. HIV and venous thrombotic events. South African J Surg.
2009; 47:54-56.

Feffer SE, Fox RL, Orsen MM, Harjai KJ, Glatt AE. Thrombotic tendencies
and correlation with clinical status in patients infected with HIV. South Med J.
1995; 88(11):1126—1130. http://europepmc.org/abstract/MED/7481983.

46



50.

51.

52.

53.

54.

55.

56.

57.

58.

Jong E, Louw S, van Gorp ECM, Meijers JCM, ten Cate H, Jacobson BF. The
effect of initiating combined antiretroviral therapy on endothelial cell activation
and coagulation markers in South African HIV-infected individuals. Thromb
Haemost. 2010; 104(6):1228-1234. doi: 10.1160/TH10-04-0233

Majluf-Cruz A, Silva-Estrada M, Sanchez-Barboza R, et al. Venous
thrombosis among patients with AIDS. Clin Appl Thromb Hemost. 2004,
10(1):19-25.

Wolfe, C. Immune reconstitution inflammatory syndrome. UpToDate.
https://www.uptodate.com/contents/immune-reconstitution-inflammatory-
syndrome?search=iris&source=search_result&selectedTitle=1~150&usage_ty
pe=default&display rank=1. Published August 2017. Updated September
2018. Accessed 1 October 2018

Fultz SL, McGinnis KA, Skanderson M, Ragni M V, Justice AC. Association of
venous thromboembolism with human immunodeficiency virus and mortality in
veterans. Am J Med. 2004; 116(6):420-423.
doi:10.1016/j.amjmed.2003.10.011

George SL, Swindells S, Knudson R, Stapleton JT. Unexplained thrombosis in
HIV-infected patients receiving protease inhibitors: report of seven cases. Am
J Med. 1999; 107(6):624-626. doi: 10.1016/S0002-9343(99)00296-X
Musselwhite LW, Sheikh V, Norton TD, et al. Markers of endothelial
dysfunction, coagulation and tissue fibrosis independently predict venous
thromboembolism in HIV. AIDS. 2011; 25(6):787-795.
doi:10.1097/QAD.0b013e3283453fch

Ambrosetti M, Ferrarese M, Codecasa LR, et al. Incidence of venous
thromboembolism in tuberculosis patients. Respiration. 2006; 73(3):396. doi:
10.1159/000091188

Sharif-Kashani B, Bikdeli B, Moradi A, et al. Coexisting venous
thromboembolism in patients with tuberculosis. Thromb Res. 2010;
125(5):478-480. doi:10.1016/j.thromres.2010.01.014

Enga KF, Braekkan SK, Hansen-Krone 1J, et al. Cigarette smoking and the
risk of venous thromboembolism: the Tromso Study. J Thromb Haemost.
2012; 10(10):2068-2074. doi:10.1111/j.1538-7836.2012.04880.x

47



59.

Cheng Y-J, Liu Z-H, Yao F-J, et al. Current and former smoking and risk for
venous thromboembolism: a systematic review and meta-analysis. PL0oS
Med. 2013; 10(9):e1001515. doi:10.1371/journal.pmed.1001515

48



Figures/Tables

Table 1. Overall summary of demographics, diagnosis, clinical and laboratory
findings stratified by HIV and TB infection

HIV-infected HIV-seronegative
Overall TB infected No TB TB infected No TB
Number 100 32 27 7 34
Age (years)
Median (IQR) 47.0 39.0 44.0 53.0 56.0
(35.0-57.0) (32.0-43.5) (35.0-59.0) (31.0-60.5) (48.0-65.0)
Gender
Female (%) 67 (67.0) 22 (68.8) 19 (70.4) 4 (57.1) 22 (64.7)
Body mass index
Obese (%) 27/96 (28.1) 0/30 (0.0) 10/26 (38.5) 0/7 (0.0) 17/33 (51.5)
Median (IQR) 23.3 20.1 24.1 21.6 30.7
(20.0-31.1) (17.0-22.9) (21.2- 32.0) (21.1-23.4) (23.3-38.2)
Diagnosis
DVT (%) 83 (83.0) 30 (93.8) 23 (85.2) 4 (57.1) 26 (76.5)
PE (%) 11 (11.0) 1(3.1) 3(11.1) 2 (28.6) 5(14.7)
DVT and PE (%) 6 (6.0) 1(3.1) 1(3.7) 1(14.3) 3(8.8)
Wells score (DVT) n=89 n=31 n=24 n=5 n=29
Moderate risk (%) 23 (25.8) 9 (29.0) 7 (29.2) 1(20.0) 6 (20.7)
High risk (%) 64 (71.9) 22 (80.0) 17 (70.8) 4 (80.0) 21 (72.4)
Median (IQR) 3(1.0-4.00 3(1.0-3.0 3.0(1.0- 3(20-3.00 3(1.5-4.0
4.0)
Wells score (PE) n=17 n=2 n=4 n=3 n=8
Moderate (%) 9 (52.9) 1 (50.0) 2 (50.0) 1(33.3) 5 (62.5)
High risk (%) 3(17.7) 1 (50.0) 1(25.0) 0 (0.0) 1(12.5)
Median (IQR) 3 (2.5-4.5) 5.25 (3.0- 3.8(2.3-5.8) 15(1.5-4.5) 3 (3-4.5)
7.5)
CD4 count (cells/mL)
Less or equal to 200 34(59.7) 26/32 (81.3)  8/25 (32.0)* - -
(%)
More than 200 (%) 23 (40.35) 6/32 (18.8) 17/25 (68.0)* - -
Median (IQR) 130.0 75.5 352.0 - -
(58.0-351.0) (38.0-135.0) (142.0-
451.0)
Viral load
(copies/mL)
Median (IQR) 968.5 106 564.0 968.5 - -
(0.0- (250.5- (0.0-
128 961.3) 431 016.0) 128 961.3)
Viral suppression (n) 11/38** 2/19 9/19

*Only 25 out of 27 CD4 counts available
**Only 38 viral load results available
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Table 2. Factors related to HIV treatment and TB treatment according to HIV positive
and HIV negative sub groups.

HIV-infected HIV-seronegative
Overall TB infected No TB TB infected No TB
Number on ART therapy 45 (76.3) 25 (78.1) 20 (74.1) - -
Time on ART therapy
(days)
Median (IQR) 327.0 129.5 (39.5- 1023.5 - -
(60.0- 716.0) (197.5-
1601.5) 2684.0)
Number on TB treatment 39 32 - 7 -
Time on TB treatment
(days)
Median (IQR) 27.0 40.5 - 6.0 -
(5.0-62.0) (7.0-70.0) (2.0-13.0)
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Figure 1. Patients grouped according to duration of ART prior to onset of VTE (n=43)
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CHAPTER 3- APPENDICES
3.1 Data Collection Sheet

Study code: __ -

Age __ __ __

Date of birth (DD/MM/YYYY): 15/  /
Date of admission (DD/MM/YYYY): [/ [

Outcome: [ Discharged [1 Hospital death

Date of discharge/death (DD/MM/YYYY): _ /[
Diagnosis "] Deep Vein Thrombosis "] Pulmonary Embolus
Gender
1 Male "] Female
Race
] African [J Caucasian [JIndian [J Coloured [l Other
Weight (kg):
Height (cm):
Symptoms of DVT
e Localised tenderness OYes [INo
Hours: ~ Days:  Weeks
e Swelling of entire leg OYes [INo
Hours:  Days: ___ Weeks
Symptoms of PE
e Acute shortness of breath JYes [1No
Hours: ~  Days: __  Weeks
e Acute chest pain [1Yes [INo
Hours: ~  Days: Weeks
e Dizziness/sudden collapse OYes [No
Hours: ~  Days:___  Weeks

e Haemoptysis [1Yes [INo



Hours: _ _ Days: ___ Weeks
e Symptoms of DVT [1Yes [INo

Smoking history
Have you ever smoked tobacco OYes [No
(Tobacco includes pipes, hand rolled cigarettes)
If yes, how old were you when you started smoking:
Are you still smoking [1Yes [JNo?

If no:
e Did you stop in the last 6 months [bYes [INo
o If no, how old were you when you stopped smoking:
How many cigarettes do/did you smoke perday: ___ ?

Travel history
Have you travelled anywhere in the last 4 weeks: [JYes [INo
e Ifyes
o Howlongagodidyoutravel:  hours _  days ___weeks
o Was the trip more than 6 hours long: [Yes [1No

Major surgery (within the last 4 weeks) and immobility
"I Intra-abdominal

] Extensive bone/joint

] Surgery lasting more than 45 minutes  Area:
"] Immobile/bed ridden for last 3 days

Pregnancy (females only)
e Arevyou currently pregnant: [JYes [INo
o Ifyes:
0 <12 weeks
[ 12-20 weeks
] >20 weeks
e If no, were you pregnant in the last 28 days: [1Yes [JNo

Contraception
e Have you used any form of contraception in the last 3 months: OYes [ No
e [f yes, what kind: [ Injection (] Tablet O Implants

Immobility

e Carnovskyscore:
[J Orthopaedic casting lower extremities
[J Currently paralysed
[ Currently paretic

Active cancer
Cancer currently being treated [J Yes[J No
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Cancer treated within the last 6 months
Currently receiving palliative care  [JYes [INo
Site of cancer

Previous DVT/PE 1Yes [1No

Patient examination

[J Localised tenderness

] Swelling of entire leg

] Calf swelling 3cm greater than other leg

[J Collateral non-varicose superficial veins

[J Pitting oedema greater in symptomatic leg
HIV/AIDS
HIV status: ] Positive [JNegative 1 Unknown

Is the patient on ART: [JYes [INo
For HIV positive patients:

Date of diagnosis: ___ / /

If patient not on ART: [J Never on ART

If defaulter, when (MM/YYYY):
e Restarted [JYes [No
= If yes, when (MM/YYYY):

[1 Defaulted

If the patient is on ART, ART history

[1Yes [INo

JHIV NEGATIVE?

Date started Date most Date most
(DD/MM/YYYY) | recently recently
stopped initiated
(DD/MM/YYYY) | (DD/MM/YYYY)
71 Odimune/Tribuss/Atrozia I S N S Y S
(FDC) R IV S [ S
[0 Tenofovir (TDF)
] Stavudine (d4T) Y S DR SN R S
R ) S ) S
] Zidovudine (AZT) ) |
R ) S ) S
1 Lamivudine (3TC) - |- ) ] _
/[ /[ |/ _
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[l Emtricabine (FTC) I SR N S
/[ |/ |/ _ _
] Efavirenz (EFV) I S N S B
S ) S I S
] Aluvia Y S Y AN DR
[ |/ |/ _
1 Abacavir (ABC) o
N ) S ) S
] Other (specify): Y S Y AN B
/[ |/ |/__ _
Recent CD4: (] No CD4 available
e Date of CD4 (MM/YYYY):
e Result:
Recent Viral Load: (] No Viral Load available
e Date of viral load (MM/YYYY):
e Result:
Tuberculosis (TB)
Does the patient currently have TB? [IYes [INo [JUnknown
If patient has TB:
e Date of initiation of treatment (MM/YYYY):
e Typeof TB
"] Pulmonary
= GXP [] Rif sensitive [] Rif resistant [] No GXP sent
= Culture [] Positive [] No culture sent
= AFB [ Positive [1 No AFB sent
= LPA result: [J No LPA sent
= Empiric Yes [No
=  Chest X-ray: [1Normal [ Cavitations
[ Miliary O Infiltrate
[J Effusion (1 Adenopathy
] Bilateral disease
/ \

No of zones involved (or CXR) /6

1 Abdominal
[l Sonar
[1 Biopsy

(1 Meningitis
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] Lymph-adenitis
= Biopsydone [IYes [INo
= AFB L] Positive L] No AFB sent
= GXP [ Rif sensitive [ Rif resistant [J No GXP sent
= Culture "] Positive [ ] No culture sent
[l Bone marrow
[J Other:
e Treatment
Date Started (MM/YYYY)
] Rifafour S S S
[ Rifinah _
] Rifampacin _
1 Isoniazid I S
(1 Pyrazinamide _ /__ _/_ _ _ _
(] Ethambutol . _/_ _/__
1 Moxifloxacin _ _/_ _/_
(] Kanamycin -/ _/_ _ _
(1 Amikacin _
[] Terazidone . /__ _/_ _ _ _
] Ethionamide -
D-dimer:
[0 Yes, result:
[l No

Troponin done (for pulmonary embolus)
[0 Yes, result:
[1 No

ECG (pulmonary embolism)

N Y Y Y By O B

Normal

Sinus tachycardia (>100 beats per min.)

S$1-Q3-T3
Tall R-waves in

Tall, peaked P-waves in lead

lead V1

Right axis deviation
Right bundle branch block

Non-specific T wave changes

Not done

Doppler ultrasound findings

Doppler ultrasound done

[JYes [INo

Date (DD/MM/YYYY). __ _ /  _/
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Site

1 Arm [l Leg

] Right side '] Leftside '] Both sides

[J  Proximal veins [J Distal veins [J Popliteal veins
Findings

'] Thrombus

[J Decreased compressibility
[] Decreased/absent blood flow

CT Pulmonary Angiogram findings

CT done 1Yes [INo
Date (DD/MM/YYYY): [/  /

Site
[J Rightlung 0 Leftlung [J Both lungs
[0 Proximal branches [ Distal branches

Findings
[0 Thrombus

[J Filling defect
] Other pulmonary infiltrates

Other diagnosis less likely than PE OYes [No
Other diagnosis more likely than DVT OYes [INo
Well’s score for Pulmonary Embolus:

Well’s score for Deep Vein Thrombosis:
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