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Abstract

INTRODUCTION: HIV/AIDS is a global health problem, with Sub-Saharan Africa the most
affected. “Neuro-AIDS” refers to the extensive neuropathological manifestations of the
disease. Neuroimaging of the HIV-infected individual plays a fundamental role in their
work-up. Limited resources, however, drive the development of imaging protocols based
on clinical signs. ‘Confusion” may or may not represent a significant presenting sign and
needs to be investigated, as it is the basis of referral of a significant number of patients

for CT scanning.

AIM: To determine the frequency of positive findings of head CT in HIV-infected adults
presenting with confusion with/without associated neurology, and correlate them with
the degree of immunosuppression, presence of CSF abnormality and their ARV therapy

status.

METHOD: CT brain scans of adult patients, who were HIV-positive and presented with
confusion in Johannesburg, Gauteng, were retrospectively reviewed. The neurological

status, CD4 counts, LP results and their ARV therapy status were documented.

RESULTS: 30% of our HIV-infected patients presented with confusion. There were 156
patients who were included. CT scans were abnormal in 81%. We found that ‘associated
neurology’ was a weak predictor for abnormal CT, making it a poor screening tool. A
positive LP was predictive of infection (p=0.04 for focal infection, p=0.03 for infected
surface collection) and infarction (p<0.01) on CT. CD4 count, LP results and ARV therapy

were found to be abnormal in the majority of patients.



CONCLUSIONS: CT was abnormal in the majority of HIV-infected patients presenting with
confusion. Neurology was an unreliable clinical indicator. A positive LP was a good
predictor for CT evidence of infection and infarction. The clinical parameters such as CD4
counts, LP results and ARV therapy, were abnormal in the majority of patients. If any of
these parameters are abnormal in a patient with a normal CT, we believe this should

motivate for further imaging with MRI.
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1. Introduction

1.1 Motivation and rationale for this study

Human Immunodeficiency Virus (HIV) and Acquired Immunodeficiency Syndrome (AIDS)
remain the greatest epidemics in the modern world, with the highest number of people
living with AIDS in Sub-Saharan Africa (1). Whilst Southern Africa is home to less than 2%
of the world’s inhabitants, as many as 30% of these individuals are living with HIV/AIDS
(2). Since its recognition in 1981 (2), it has become one of the fastest growing viruses

known to mankind.

According to Statistics South Africa, in 2010 approximately 5.24million people inhabiting
South Africa (3) and 60 million worldwide (4) were HIV-infected. There are an estimated
400 000 AIDS deaths per annum in South Africa alone (5), with nearly 25 million
individuals worldwide having already succumbed to the virus (4). In comparison, a paltry
920 000 people were estimated to be receiving anti-retroviral (ARV) therapy in South
Africa in 2009 (3). The virus affects both urban and rural communities, with a higher
number of infected females than males. It is estimated that the average life expectancy in
Sub-Saharan Africa has decreased from 55-60 years of age in the 1980’s to less than 40
years old as a result of the HIV epidemic (1). This has obvious adverse effects on South

Africa’s developing economy.

The virus poses a multifaceted challenge to radiologists. The term ‘NeuroAIDS’ has been
coined to describe the vast number of HIV-infected individuals experiencing neurological

sequelae of the disease (6). Clinical features suggestive of neurological contamination



include headache, meningism, an altered mental status, implying change in consciousness
or cognition (referred to in this report as “confusion”), visual or speech disturbance and
motor, sensory or cranial nerve deficits (referred to in this report as “neurology”) (7). 90%
of infected patients will have central nervous system (CNS) involvement, and
approximately 10% of AIDS patients will have neurological sequelae at initial presentation
(8). CNS complaints in HIV-infected patients represent approximately 20% of all visits to
the emergency department (9). Following pulmonary disease, neurological manifestation
is the next most common clinical complaint in AIDS (7). Consequently, imaging of the
neurological system has come to play a fundamental role in the multidisciplinary

management of the HIV/AIDS patient (10).

There are three main groups of neuropathological manifestations of HIV/AIDS: (11, 12)
a) Opportunistic infections
b) Neoplasms and

c) HIV-associated lesions

As a consequence of this, neuroradiology has become an essential part of the initial
workup of these patients (12). The available neuroimaging literature highlights viral
opportunistic infections such as cytomegalovirus (CMV), bacteria, such as tuberculosis,
parasites like toxoplasmosis and fungal infections, specifically cyptococcosis and
aspergillosis. Lymphoma is the most common CNS neoplasm. HIV-associated lesions
consists primarily of HIV-Associated Dementia (HAD)/AIDS Dementia Complex (ADC)
(11,12). In the conference, ‘Assessment of NeuroAIDS in Africa’ (June 2004) in Malawi,

stroke, toxoplasmosis, cryptococcal meningitis, neurosyphillis, cerebral malaria and



tuberculosis were highlighted as the leading causes of HIV-associated neurological disease

in Africa (1).

Much is known about the penetration of the virus into the central nervous system. HIV
has been found to enter the blood brain barrier (BBB) early on via infected cells, primarily
microglia and macrophages (2, 12). The ‘Trojan Horse’ theory, involving predominately
monocyte and macrophage infiltration is the principle route of CNS infection (2). HIV has

been found in the brain as soon as 15 days after initial infection (12).

There are a variety of imaging modalities at our disposal to assist us in detecting,
diagnosing and treating the HIV positive patient (12). Most accessible would be computed
tomography (CT) and magnetic resonance imaging (MRI). Single positron emission
computed tomography (SPECT) and positron emission tomography (PET) are also of
assistance (11) but are less accessible. Newer modalities such as magnetic resonance
spectroscopy (MRS), functional MRI (fMRI), diffusion tensor imaging (DTI) and perfusion
MRI (pMRI) are under investigation (13) with regard to their usefulness in the diagnosis
and treatment of HIV. A suitable neuro-imaging modality to follow the pattern of the
virus in the neurological system and to act as a more accurate substitute to viral load

markers in monitoring its progress (13) is desirable.

MRI has been proven superior to CT when it comes to detecting neuropathology in
HIV/AIDS, because of its enhanced contrast resolution (14). It has been found to be more
sensitive than CT in the diagnosis of most brain parenchymal manifestations of the

disease, particularly white matter disease (11, 15). FLAIR (fluid-attenuated inversion



recovery sequence) is particularly adept at delineating periventricular and subcortical
pathology (12). MR Spectroscopy has shown increased levels of NAA (N-acetylaspartate)
and MI (myoinositol) suggesting diffuse brain involvement (12). However, in the early
stages of the disease, even MRI and CT may prove indefinite (15). CT is the most readily
available cross-sectional imaging modality, is easy to use and is comparatively cheap (16).
Compared to MRI, it is better suited to imaging the agitated and unstable patient because
of its speed (17) and in the acute setting, it is sufficient to direct initial management of
the HIV infected patient. It is also an important screening tool to determine if lumbar
puncture may be performed (7). Specifically in the South African urban setting, most
secondary referral institutions have CT scanners at their after-hours disposal, whereas
MRI resources are severely limited (18). Specifically in the public sector in Johannesburg,
MRI facilities are available only at select tertiary referral institutions and only for
emergencies for after hours periods, due to human resource restrictions. The current
waiting time at the Charlotte Maxeke Johannesburg Academic Hospital, for example, is 4
months for outpatient scans. This is compounded by a large patient volume from referral

centres, as well as limited staff members trained in MRI.

Davenport et al demonstrated the CT and MRI findings of a variety of neuropathological
manifestations of HIV (11). Atrophy and white matter changes may be observed, solid and
rim enhancing lesions with oedema, meningeal enhancement, vascular bleeds and
infarcts and evidence of raised intracranial pressure (ICP) can be diagnosed on CT (11). CT
has proven superior in detecting calcification in healing or chronic tuberculomas (11). CT,
for example, may demonstrate a rim enhancing lesion suggestive of an abscess, but a

combination of MRI and MRS can further distinguish a tuberculous abscess and a



pyogenic one (12). MRI can be performed thereafter if CT proves ambiguous (16) or
negative, but is unrealistic in the South African emergency after hours setting (7). With
regards to AIDS Dementia Complex, both CT and MRI are relatively insensitive. CT
demonstrates global atrophy and/or demyelination, whilst MRI is more sensitive to the
white matter changes (11). But, more often than not, the clinical features are expressed
before any imaging findings (11). Functional imaging, such as fMRI and FDG (F-18
fluorodeoxyglucose)-PET can demonstrate increased metabolism in areas of the brain
early on the disease, generally before symptom manifestation (15,18). Using Thallium-201
brain SPECT in the AIDS patient can be of assistance in distinguishing lymphoma from
toxoplasmosis (12). FDG-PET, on the other hand, can help distinguish focal infections and

lymphoma (12).

Thus the dilemma: In a resource limited environment such as South Africa, is there real
value of using CT as a first line neuroimaging modality in the HIV-infected patient? In
1999, Rothman et al proposed a new set of indications for urgent head CT in the HIV-
infected individual presenting to the emergency department (9). He proposed that
emergency physicians have a low threshold for requesting neuroimaging in HIV-positive
patients (9). This, in part, can be attributed to the fact that the compromised immune
system in HIV/AIDS may mask clinical features normally associated with similar conditions
in patients with intact immune systems (17). Five clinical criteria were suggested by
Rothman, namely new onset seizures, depressed or altered orientation (or confusion), a
headache that had changed in quality or one that was prolonged (>3 days) or a focal
neurological deficit, which warranted immediate neuroimaging (9). Their aim was to

identify HIV-infected individuals requiring acute intervention, whilst attempting to restrict



the number of urgent head CT’s in the emergency department (9). In 2001, a study
published in the Southern African Journal of HIV Medicine stated that the majority of
literature on HIV/AIDS medicine available to clinicians was in fact from Europe or
America, despite Southern Africa being the epicentre of the virus (19). They also
advocated CT brain scans in HIV-positive patients presenting with meningitis or
encephalitis, as they were more at risk for asymptomatic focal brain lesions (19).
Toxoplasmosis, pyogenic abscess and tuberculoma were found to be the most frequent
causes of intracranial mass lesions in a study done on HIV-infected individuals in KwaZulu
Natal (19). This was corroborated by a prospective study by M Modi et al in Soweto,
Johannesburg, who established neurocysticercosis as a cause for cystic HIV-associated
focal brain lesions, and toxoplasmosis and tuberculosis for solid HIV-associated focal brain
lesions (20). This study found that rarer causes are primary CNS lymphoma and PML (20).
These studies further advocate the need for both a high index of suspicion in the HIV-
infected patient presenting with neurology, and consequently a low threshold for

investigation.

Stedman’s medical dictionary defines confusion as a “mental state in which reactions to
environmental stimuli are inappropriate because the subject is bewildered, perplexed or
disorientated”. Medline plus defines confusion as being “a disturbance of consciousness
characterised by the inability to engage in a logical orderly thought process”. According to
Wikipedia, when “pathological, it is associated with a loss of orientation to person, time
and place accompanied by disturbance of memory”. This is directly comparable to

Rothman’s criteria (9).



The HIV virus is lymphotropic and neurotropic, and swiftly crosses the BBB (7, 19).
Therefore, patients afflicted with the disease are susceptible to developing an altered
mental status (confusion) (17). In 2010, Ho et al suggested numerous reasons for this
presenting complaint. The virus itself, a vulnerable immune system, associated systemic
illness and psychiatric conditions as well as, the combined effects of treatment regimes
such as Immune Reconstitution Inflammatory Syndrome (IRIS) were highlighted (17). In
the local South African setting of Gauteng, requests to image the HIV-infected patient
presenting with a disordered level of consciousness or confusion are frequent. The
possible differential diagnoses are vast. Rothman et al found that diminished orientation
to person, time or place (or confusion) in the HIV-infected individual has the greatest

association with a new focal finding on neuroimaging (9).

Several studies have demonstrated that the level of immunosuppression is directly
correlated to a neurological condition but also to the clinical manifestation of the patient
(17, 19). The Centre for Disease Control (CDC) emphasizes the role of CD4 in determining

the clinical stage of HIV (21). Table 1.1 summarises these CDC findings.



Table 1.1: Correlation of infective agent CD4 count and clinical findings in HIV

infected individuals (17)

i . CD4 count ..
Opportunistic Infection (ceIIs/mm?‘) Clinical Features
HIV-associated Dementia <200 Cognitive, b(_ahawoural :?md
mental slowing (confusion)

s Headache, altered mental status
Meningitis (cryptococcal, TB, . .
syphilitic, lymphomatous, bacterial) <200 (confusion), or complications

P » YmPp ’ thereof

Toxoplasmosis <200 Altered.mental‘ status
(confusion), seizure

Drug ingestion <200 Pepends on type of drug
ingested

Metabolic encephalopathies <200 Renal or hepatic fa|Iu.re.:,
electrolyte abnormalities

. Slowly progressive focal deficit or
P CNS L h <2
rimary CNS Lymphoma 00 cognitive dysfunction (confusion)
Progressive multifocal -
<2 Focal deficit I

leukoencephalopathy 00 ocal deficit (neurology)
Cognitive impairment

CMV ventriculoencephalitis <100 (confusion) with brainstem
abnormalities

Brain abscess (bacterial or fungal) <100 Progressive focal cerebral deficit
(neurology) +/- headache

Tuberculoma <100 Progressive focal cerebral deficit
(neurology)

Angioinvasive fungi (aspergillus) <50 Associated sinus infection




Ho et al also acknowledged that an HIV-positive patient presenting with a CD4 count of
<200cell/mm?was at the greatest risk of developing CNS opportunistic infections, primary
CNS lymphoma and HIV-associated dementia, despite being on Highly Active
Antiretroviral Therapy (HAART) (17). Comparatively, patients with higher CD4 counts
(>200ce||s/mm3) and an altered mental status were more likely to have cerebrovascular
disease (17). For these reasons Graham et al also suggested limiting head CTs in infected
patients to those with a CD4 <200cell/mm? presenting with CNS symptomatology (21).
Patients with higher CD4 counts (>200cells/mm?) would benefit more from MRI as an
initial imaging modality rather than CT, as the yield of positive findings on CT were low
(21). The impact of CD4 counts on the CT finding has also not been evaluated in the local
setting. Graham et al documented early stage HIV as a CD4 of =500 cells/pL (equivalent to
500cells/mm?®) where patients were relatively asymptomatic (21). Middle stage disease
ranged from 200-499 cells/uL with myalgia, fatigue and headaches. Late stage disease
(<200 cells/uL) and advanced AIDS (<50 cells/uL) had significant AIDS defining illnesses
(21). For our purposes, we re-categorised the CD4 counts as the majority of our cohort

had CD4 counts below 200 cells/mm?.

In the evaluation of the HIV-infected individual presenting with an altered mental status,
a lumbar puncture (LP) is recommended (17). The question of performing lumbar
puncture prior to neuroimaging is a controversial one. Evidence of a space-occupying
lesion, haemorrhage, hydrocephalus or raised intracranial pressure often contraindicates
an LP (7,9, 17) making a case for performing CT early on. A documented difficulty in the
interpretation of cerebrosoinal fluid (CSF) results in HIV-infected patients is the elevated

proteins (>100mg/dL) and an associated lymphocytic pleocytosis (>50/mm?) associated



with the disease (17). Important aspects of the LP analysis include the opening pressures,

and protein, glucose, cell counts and cultures (17).

Ho et al reported specific CSF findings in selected HIV CNS disorders (17) summarised in

table 1.2.

Table 1.2: Correlation of selected CNS disorders and lumbar puncture results

(17).
CNS Disorder CSF findings
PML “Mprotein, normal glucose, mild lymphocytic

pleocytosis

HIV-associated dementia

Normal opening pressure, normal//*protein, normal
glucose, mild lymphocytic pleocytosis

Primary CNS Lymphoma

M protein, normal glucose, lymphocytic pleocytosis

Cerebral toxoplasmosis

“Mprotein, normal glucose, lymphocytic/monocytic
pleocytosis

Cryptococcal meningitis

“Mopening pressure, normal/*protein,
normal/{ glucose, lymphocytic pleocytosis

TB Meningitis

Mopening pressure, P protein, J glucose, lymphocytic
pleocytosis

Syphilitic meningitis

Normal/“ N opening pressure, M protein,
normal/{ glucose, lymphocytic pleocytosis

CMV ventriculoencephalitis

“Mprotein, normal/J glucose, polymorphonuclear
pleocytosis
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With the advent of highly active antiretroviral therapy (HAART), the incidence of
neurological disease, particularly CNS opportunistic infections has significantly decreased
(22). The spectrum of neurological disease in developed countries prior to the availability
of ARV therapy parallels the current profile seen in developing countries due to the
relative deficiency of antiretrovirals (22). Research and follow-up is difficult in the
developing world because of poverty and poor infrastructure, social stigma, limited
access to drugs and refrigeration, and cultural and political issues (1). Whilst large-scale
treatment programs have been introduced, it is unlikely that everyone in need will be
helped (23). As such, rationing of ARV therapy occurs. This again will impact the disease

profile, more specifically the CNS complications manifested.

The possibility for neuropathological manifestations in the HIV-infected patient is vast.
With escalating pressure to conserve resources in the South African setting, the goal is to
use available clinical information to limit unwarranted CT scans and to motivate for
possible MRI scanning where necessary. To this end we attempt to establish a
relationship between the CT findings in an HIV-infected individual presenting with
confusion, their presenting neurological complaint, CD4 count, LP CSF results and ARV

therapy.
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1.2 Aims and objectives

1.2.1 Aim

To determine the frequency of positive findings of head CT in HIV-infected adults
presenting with confusion with/without associated neurology, to categorise these and
correlate them with the degree of immunosuppression, presence of CSF abnormality and

their ARV therapy status.

1.2.2 Objectives

1. To determine the number of abnormal brain CTs in HIV-infected adults presenting
with confusion, and to categorise those with/without associated neurology

2. To categorise the CT findings and compare with those who presented with
associated neurology and those who did not

3. To correlate the degree of immunosuppression using CD4 categories with the CT
findings

4. To compare those patients on ARV therapy to those not on ARV’s with regards to
the CT finding

5. To compare LP CSF results with the CT findings.

12



2. Materials and Methods

2.1 Study Design
This was a retrospective, quantitative descriptive study of head CT reports, laboratory

data and available clinical treatment information.

2.2 Study Setting
A secondary referral centre (Helen Joseph Hospital) CT scan department in Johannesburg,

South Africa. This facility had a Philips Brilliance 16 slice MDCT, Eindhoven, Netherlands.

2.3 Study Sample
The reports of adults undergoing brain CT scans at Helen Joseph Hospital for a 12-month
period (01/01/2010 to 31/12/2010) were reviewed, as were the CD4 and CSF results, as

well as the ARV treatment recorded.

2.4 Inclusion Criteria

All HIV-infected adults (> 13 years), as indicated on head CT request form were
considered. Only patients with a primary complaint of confusion documented on the CT
request form were included in the study, whether or not accompanied by a history of

other neurological findings, CSF results and ARV therapy information.
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2.5 Exclusion Criteria

Patients were excluded if their HIV status was not confirmed on laboratory records.

2.6 Measurements

A retrospective analysis of all head CT reports meeting the inclusion criteria was
performed. The on-site NHLS laboratory was used to confirm the HIV status and to obtain
the CD4 results. Patients who had available CSF results were considered additionally as a
sub-group. Another subcategory of patients with available antiretroviral therapy
information was also considered. This information was obtained from the ARV Clinic,
Thembalethu, at Helen Joseph Hospital. CT findings were recorded from the final CT scan
reports with the aid of a tick sheet (appendix B). Figure 2.1 shows examples of some of
the pathology recorded.

Immunosuppression was categorised according to table 2.1

Table 2.1: Categories defining degree of immunosuppression according to CD4

count

CD 4 Count (cells/mm?) Category
>200 1

101- 200 2

50 - 100 3

<50 4

14



A: Rim-enhancing lesion with surrounding oedema

B: Infarct involving the left MCA territory

C: Global atrophy

D: Infected surface collections

E: Significant basal meningeal enhancement complicated by
obstructive hydrocephalus and right temporal lobe infarct,
indicating TB

F: Subarachnoid haemorrhage

Figure 2.1 Documented CT abnormalities in HIV-infected patients presenting

with confusion
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The subgroup of patients who had undergone lumbar puncture was categorised as

positive or negative, based on the finding of any abnormal cells, using table 2.2 as a guide

(24).

Table 2.2. Summary of typical LP CSF findings

CSF Findings Normal Bacterial Viral TB

Cells 0-5 >1000 <1000 25-500
Polymorphs 0 Predominate | Early +/- increased
Lymphocytes 5 Late Predominate | Increased
Glucose 60-80 Decreased Normal Decreased
CSF : Plasma Glucose ratio | 66% <40% Normal Decreased
Protein 5-40 Increased +/- increased | Increased
Culture Negative Positive Negative +TB

Patients were also categorised into whether they had or did not have associated

neurological signs from the request card. Neurology included cranial nerve deficits,

hemiplegia/hemiparesis, tremor, abnormal gait and abnormal pupils. Patients were

categorised if they were or were not initiated onto ARV therapy based on the clinical

information available. The CD4 category, the presence or absence of associated

neurology, a positive or negative LP result, and if the patient is currently on ARV therapy

was compared and correlated to the CT findings.

16




2.7 Limitations of study

There is no MRI facility at Helen Joseph Hospital. Patients requiring MRI are transferred to
outlying tertiary centres. As such, we could not access MRI scans if they were done. As
this was a retrospective study, some patient data was not be available because of

inaccurate records, or insufficient information available on the request form.

2.8 Methods of Analysis

Data analysis was carried out using SAS (SAS Institute Inc., SAS Software version 9.3 for
Windows, Cary, NC, USA : SAS Institute Inc. (2002-2010). A 95% confidence interval was
used throughout, unless otherwise specified. Tests for significant relationships were
carried out using Pearson’s X test at the 95% confidence interval. Fisher’s exact test was
used in the case of 2x2 tables, or where the requirements for Pearson’s X’ test could not
be met. The strength of the associations was determined by Cramer’s V (the Phi
coefficient was used in the case of 2x2 tables). The absolute values of these Phi

coefficients were interpreted as follows:-

0.50 and above high/strong association
0.30to 0.40 moderate association
0.10to0 0.29 weak association
Below 0.10 little if any association.
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3. Results

In the one-year period (01/01/2010 to 31/12/2010), 2495 CT scans of the brain were
performed at the Helen Joseph Hospital Radiology department. Of these 524 were for
patients who were HIV-infected (21%). Those presenting with associated confusion
numbered 156/ 524 (30%). This was our inclusion group. These confused patients were
subcategorised into those with concomitant neurological features (66/156; 42%) - ‘neuro’
group - and those without neurological symptoms (90/156; 58%) - ‘non-neuro’ group.
The median age in the study group was 37 years (IQR 31-46 yrs.). The mean age was 39.2
years with a SD of 12.3 years. There was no significant difference between the mean ages
for the neurology and non-neurology groups (t-test with pooled variances: p=0.60). The
male: female distributions, as well as the ages of the included patients are summarized in

Table 3.1 under the specific categories.

Table 3.1: Demographics of the overall group and sub-groups.

Overall ‘Non Neuro’ ‘Neuro’
Number (%) of Number (%) of Number (%) of
patients patients patients
156 90 66
Male 88 (56%) 57 (36%) 31 (20%)
Gender
Female 68 (44%) 33 (21%) 35 (23%)
Median 37 years 39 years 38 years
Mean 39 years 39 years 38 years
Age Min age | 15 years 15 years 19 years
Max age | 100 years 100 years 67 years
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Information on antiretroviral therapy was available in 106 /156 patients (68%). Therefore,
ARV treatment status for 32% of the patients in the study was unknown. The proportion
of missing data did not differ significantly between the neurology groups (test for
binomial proportions, p=0.27). The ARV therapy information available is summarized in

Table 3.2 below.

Table 3.2: Antiretroviral therapy information and status for overall and

subgroups.
Overall ‘Non-Neuro’ ‘Neuro’
Antiretroviral
Therapy Number (%) of Nur_‘nber (%) of Number (%) of
patients patients patients
156 90 66
ARV results 106 (68%) 58 (64%) 48 (62%)
available
ARV therapy 73/106 (69%) 42/58 (72%) 31/48 (65%)
Not on ARV 0 0 0
therapy 33/106 (31%) 16/58 (28%) 17/48 (35%)

For the 106 patients whose ARV treatment status was known, there was no significant

association between ARV treatment status and presentation with additional neurology;

“neuro group” (p=0.41). There was no significant association between being on ARV

treatment at the time of the CT scan and the overall presence of CT findings (p=0.81).

CT scans were found to be abnormal in 127/156 patients (81%) — in the ‘non neuro’

subgroup 70/90 (78%) were abnormal and 57/66 (86%) were abnormal in the ‘neuro’
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subgroup. The abnormal intracranial CT findings are summarized in Table 3.3 for the

overall, ‘non-neuro’ and ‘neuro’ groups.

Table 3.3: Intracranial abnormalities on CT for the ‘overall’, ‘non neuro’ and

‘neuro’ subgroups.

Overall ‘Non-Neuro’ ‘Neuro’

CT Finding Number of Number of Number of
patients (%) patients (%) patients (%)
n=156 n =90 n =66

Intracranial CT o o 0

Abnormality 127 (81%) 70 (78%) 57 (86%)

*NAD 29 (19%) 20 (22%) 9 (14%)

White Matter Disease | 21 (13%) 11 (12%) 10 (15%)

Infection focal 30 (19%) 15 (17%) 15 (23%)

Infection surface

) 13 (8%) 6 (7%) 7 (11%)
collection

Vascular bleed 5 (3%) 2 (2%) 3 (5%)

Vascular infarct 31 (20%) 19 (21%) 12 (18%)

Focal mass 7 (4%) 4 (4%) 3(5%)

Atrophy 73 (47%) 42 (47%) 31 (47%)

Hydrocephalus 13 (8%) 7 (8%) 6 (9%)

Other 14 (9%) 8 (9%) 6 (9%)

* NAD = no abnormality detected.
(More than one abnormality was possible per patient accounting for the numbers not

adding up to the totals.)
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We defined the CT scan as the gold standard for determining the sensitivity and specificity

of the neurological examination as a test (i.e. ‘neuro’ vs. ‘non neuro’ groups). The results

are summarized in Table 3.4 below.

Table 3.4: The sensitivity and specificity of the neurological (‘Neuro’ vs. ‘non-

neuro’) examination in predicting the presence of CT findings

95% 95%

CT finding Sensitivity Fonfidence Specificity Fonfidence
interval for interval for
sensitivity specificity

Overall 0.49 0.36-0.54 0.69 0.49-0.85

White matter disease 0.48 0.26-0.70 0.59 0.50-0.67

Infection focal 0.50 0.31-0.69 0.60 0.50-0.68

Infection surface collection | 0.54 0.25-0.81 0.59 0.50-0.67

Vascular bleed 0.60 0.15-0.95 0.58 0.50-0.66

Vascular infarct 0.39 0.22-0.58 0.57 0.48-0.66

Neoplasm mass 0.43 0.10-0.82 0.58 0.49-0.66

Atrophy 0.42 0.31-0.54 0.57 0.46-0.68

Hydrocephalus 0.46 0.19-0.75 0.58 0.50-0.66

The degree of immunosuppression, as quantified by the individual’s CD4 count, was

available in 125/156 patients (80%). The CD4 counts ranged from 1 to 587 cells/mm? for

the overall group, with a mean of 119.5 cells/mm?(SD= 136). The median CD4 count in

the study group was 59 cells/mm? (IQR 23-160). For the patients in the ‘non-neuro’
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subgroup the CD4 count range extended from 1 to 587 cell/mm?3, with a mean of 117.2
cells/mm?®. The ‘neuro’ subgroup CD4 counts ranged from 3 to 573 cell/mm?3, with a mean
of 122.6 cells/mm>.

The frequency distribution of CD4 counts is illustrated in figure 3.1 below.

Distribution of CD4
20

Number of Patients

B

0 30 60 90 120 150 180 210 240 270 300 330 360 390 420 450 480 510 540 570 600
CD4
Figure 3.1: Frequency distribution of patients according to CD4 cells/mm?3

counts for the ‘overall’ group

Since the distribution of CD4 counts was so positively skewed, further analysis was
conducted using CD4 categories, and we tested the association between CD4 counts and
neurology group in terms of CD4 categories rather than absolute count, shown in Table

3.5 below.
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Table 3.5: Number of patients with CT abnormality according to CD4 category and clinical group.

Overall

‘Non-Neuro’

‘Neuro’

Number of patients with available

CD4 counts (%)

Number of patients with available

CD4 counts (%)

Number of patients with available

CD4 counts (%)

CD4 Category 4 3 2 1 4 3 2 1 4 3 2 1
Number of 56/125 | 26/125 | 15/125 | 28/125 | 33/73 14/73 10/73 16/73 23/52 12/52 5/52 12/52
patients 45% 21% 12% 22% 45% 19% 14% 22% 44% 23% 10% 23%
47/56 | 23/26 | 14/15 | 20/28 | 28/33 | 11/14 | 9/10 10/16 | 19/23 |12/12 |5/5 10/12
CT Abnormality
84% 88% 93% 71% 85% 79% 90% 62.5% | 83% 100% 100% | 83%
9/56 3/26 1/15 8/28 5/33 3/14 1/10 6/16 4/23 0/12 0/5 2/12
*NAD
16% 12% 7% 29% 15% 21% 10% 37.5% | 17% 0% 0% 17%

* NAD = no abnormality detected
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The CD4 count for 80% of the patients in the study was known. The proportion of missing

data did not differ significantly between the ‘non-neuro’ and ‘neuro’ groups (test for

binomial proportions, p=0.72).

The p-values for the tests of association between the CT findings and the CD4 categories

for the overall, ‘neuro’ and ‘non-neuro’ groups are shown in table 3.6 below.

Table 3.6: P-values of statistical significance of CD4 category correlation with

CT finding

CT finding Overall ‘Non-Neuro’ ‘Neuro’
Overall presence of

0.29 0.39 0.52
abnormality
White matter disease 0.81 0.22 0.06
Infection focal 0.06 0.03 0.69
Infection surface

0.14 0.24 0.59
collection
Vascular bleed 0.73 0.55 0.23
Vascular infarct 0.25 0.62 0.04
Neoplasm mass 0.20 0.42 0.20
Atrophy 0.03 0.32 0.04
Hydrocephalus 0.55 0.72 0.74
Other 0.41 0.62 0.39
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There was a significant, but weak association between the presence of atrophy and CD4

category for the overall data set (Fisher’s exact test: p=0.03; Phi coefficient = 0.27): a

higher proportion of patients in CD4 category 3 (CD4 — 50-100) had atrophy in the

‘Overall’ group - demonstrated in Figure 3.2 below.
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Figure 3.2: Presence of atrophy according to CD4 categories for the ‘overall’

group
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There was a statistically significant but moderate association between atrophy and CD4
category for the neuro group (Fisher’s exact test: p=0.04; Phi coefficient=0.41): a higher
proportion of patients with category 2 and 4 disease displayed atrophy than those with

CD4 categories of 1 or 3 in the ‘Neurology’ group, shown in Figure 3.3.
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Figure 3.3: Presence of atrophy according to CD4 category in the ‘neuro’ group
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There was a statistically significant (p value) and moderate association (Phi coefficient)
between vascular infarct and CD4 category for the ‘neuro’ group (Fisher’s exact test:
p=0.04; Phi coefficient=0.38): a lower proportion of patients with category 4 disease
displayed vascular infarcts than those with category 3 disease for the ‘Neuro’ group,

illustrated in Figure 3.4 below.

100

M No Vascular Infarct M Vascular Infarct

% of patients

4 3 CD4 category 2 1

Figure 3.4: Presence of infarcts according to CD4 category for the ‘neuro’ group.
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There was a statistically significant and moderate association between ‘infection focal’
and CD4 category for the ‘non-neuro’ group (Fisher’s exact test: p=0.03; Phi
coefficient=0.33): a higher proportion of patients with category 2 and 3 disease had this
finding compared to those in the other disease stages in the ‘Non-neuro’ group of

patients, demonstrated in Figure 3.5 below.
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Figure 3.5: Presence of focal infection according to CD4 category in the ‘non-

neuro’ group



Of the 156 patients in the study, 138 had documented lumbar puncture CSF results (88%).

The LP results are summarized according to subgroups in table 3.7 below.

Table 3.7: Summary of lumbar puncture CSF results according to clinical

groups

Lumbar Puncture

Findings

Overall

‘Non-Neuro’

‘Neuro’

Number (%) of

patients

number (%) of

patients

number (%) of

patients

Total available

135/156 (87%)

80/90 (89%)

55/66 (83%)

Positive

85/135 (63%)

48/80 (60%)

37/55 (67%)

Negative

50/135 (37%)

32/80 (40%)

18/55 (33%)
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The p-values for the tests of association between CT findings and the LP findings for all

groups are summarized in table 3.8 below.

Table 3.8: P-values of statistical significance correlating a positive CSF puncture

result with a range of CT findings.

CT finding Overall ‘Non-Neuro’ ‘Neuro’
Overall 0.17 0.10 1.00
White matter disease 0.62 0.75 1.00
Infection focal 0.04 0.22 0.18
Infection surface collection 0.03 0.08 0.65
Vascular bleed 0.55 1.00 0.33
Vascular infarct <0.01 0.03 0.02
Neoplasm mass 1.00 1.00 1.00
Atrophy 0.38 0.82 0.39
Hydrocephalus 0.09 0.04 1.00
Other 0.10 0.21 0.32
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There was a statistically significant but weak association between ‘infection focal’ and LP

finding for the overall data set (Fisher’s exact test: p=0.04; Phi coefficient=0.18): a higher

proportion of those with a positive LP CSF finding also had focal infection, compared to

those with a negative LP finding in the Overall group. This is illustrated in Figure 3.6

below.
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Figure 3.6: Presence of focal infection according to LP positivity in the Overall

group.
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There was a statistically significant but weak association between ‘infection surface

collection’ and LP for the overall group (Fisher’s exact test: p=0.03; Phi coefficient=0.19):

a higher proportion with a positive LP had ‘infection surface collection’, than those with a

negative LP. This is shown in Figure 3.7 below.
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Figure 3.7: Presence of ‘infection surface collection’ by LP result in the overall

group

32



There was a statistically significant but weak association between vascular infarct and LP

CSF finding for the Overall data set (Fisher’s exact test: p<0.01; Phi coefficient=0.27): a

higher proportion of those with a positive LP CSF finding also had vascular infarct,

compared to those with a negative LP CSF finding in the overall group. This is represented

in Figure 3.8 below.
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Figure 3.8: Presence of ‘vascular infarcts’ by LP result for the ‘overall’ category.
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There was a statistically significant moderate association between ‘vascular infarct’ and

positive LP CSF finding for the ‘neuro’ group (Fisher’s exact test: p=0.02; Phi

coefficient=0.31): all 9 cases of vascular infarct in the ‘neuro’ group were associated with

a positive LP finding, as shown in Figure 3.9 below.
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Figure 3.9: Presence of vascular infarcts by LP result in the ‘neuro group’
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There was a statistically significant but weak association between vascular infarct and
positive LP finding for the ‘Non-neuro’ group (Fisher’s exact test: p=0.02; Phi
coefficient=0.27): a higher proportion of those with a positive LP result had vascular
infarcts, compared to those with a negative LP result in the ‘Non-neuro’ group,

demonstrated in Figure 3.10 below.
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Figure 3.10: Presence of ‘vascular infarct’ by LP results in the ‘non-neuro’ group
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There was a statistically significant but weak association between hydrocephalus on CT
and abnormal LP CSF finding for the ‘non-neuro’ group (Fisher’s exact test: p=0.04; Phi
coefficient=0.25): all 7 cases of hydrocephalus in this group were associated with a

positive LP CSF finding for the ‘Non-neuro’ group, shown in Figure 3.11 below.
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Figure 3.11: Presence of hydrocephalus by LP result in the ‘non-neuro’ group



There were 20 HIV-infected patients in total who presented without associated
neurology, in whom the CT brain was normal (NAD). Their associated clinical findings are

summarised in table 3.9 below.

This group of patients was evaluated individually by cross-referencing with the clinical
information: the CD4 category (high (>200cells/mm3) = 1; low (<200cells/mm3) = 2, 3, 4),
the LP CSF result and ARV therapy status. We determined that 14 of the 20 (70%) patients

listed showed an abnormality in either one or more of the clinical/laboratory parameters.

37



Table 3.9: Summary of data for ‘non neuro’ patients who also had normal CT

scans
CDh4 Cbh4
Age | Gender CD:;::lls/ category | category ARV LP
High Low

41 F 283 1 - -
32 M 43 4 NEG
38 M 131 2 POS
44 M 41 4 NEG
37 F 245 1 POS
52 M 400 1 - -
39 M 340 1 NEG
28 F - NEG
21 F 334 1 POS
33 F 11 4 NEG
27 M 41 4 NEG
40 M - NEG
33 F 252 1 POS
32 M 13 4 - -
35 F 5 4 NEG
41 M 68 3 POS
35 M 79 3 POS
52 M - NEG
30 M - NEG
44 F 68 3 POS

Key: NEG = negative; POS = positive; Y =yes; N =no
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4. Discussion

4.1 Aim

The aim of this study was to formulate a general framework or management protocol to
guide the appropriate use of CT brain in patients who are HIV-infected in countries with
limited resources. To this end, we had hoped to use clinical and laboratory data to
support or dispute the urgent need for a CT scan in these patients, specifically those
presenting with confusion. Our fundamental question was: “What is the value of CT brain
scans in patients who are HIV-infected, presenting with a history of confusion, with or
without associated neurology?” To determine the answer we aimed to predict, using the
clinical and laboratory parameters mentioned, when the CTB would yield a positive
finding. In doing so, we might be able to stop performing unnecessary CT scans, in an
already resource constrained environment. Alternatively, in a scenario where neurology

was present but CT scan is negative, resource allocation may be better redirected to MRI.

4.2 Facilities

CT facilities in the major centres in South Africa are run continually and are, as such,
susceptible to extrinsic wear and tear and overuse. This becomes a significant drain on
resources. In Johannesburg alone, 4 major referral hospitals, Charlotte Maxeke
Johannesburg Academic Hospital, Chris Hani Baragwanath Hospital, Helen Joseph Hospital
and Rahima Moosa Mother and Child Hospital serve an estimated 3.24 million people. In
addition to the overwhelming trauma that presents to South African hospitals, patients

with HIV/AIDS put these institutions under further strain. Sub-Saharan Africa has the
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largest number of people living with AIDS (1), and over 5 million of them live in South
Africa (5). The rate of infection is the highest in Sub-Saharan Africa (22).

We performed 2495 brain CT scans at our institution during the study period and 21% of
these patients were HIV-infected. Our results show that confusion as a presenting feature
makes up 30% of requests in HIV-infected patients. 58% of the patients in our study group
had no associated neurological findings. The majority (69%) of the patients in our cohort
were already on anti-retroviral therapy, suggesting that resources may be even more

stretched where anti-retroviral treatment is less available.

4.3 Demographics

The age distribution of our study cohort was expected. The mean age of our patients was
39 years, with only 5 patients over the age of 65 years. This is comparable to the study by
Rothman et al, in which 53.6% of their study population fell into the 35-44 year age group
(9). This population group should be the greatest contributor to our economy and socio-
economic development. Instead, the medical burden of this population group

paradoxically impacts negatively on the economy.

4.4 CT and Neurology

Tso et al demonstrated that 55% of HIV-infected patients presenting to the Emergency
Department had an altered mental status (7). In comparison 30% of HIV-infected patients
presenting for CT in our institution had confusion. Of these 42% (66/156) had associated

neurology.
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The literature indicates that patients who are HIV-infected, confused and have associated
neurology have a high chance of having an abnormal head CT (7,9). Tso showed that 25%
of their patients who were HIV-infected, confused and had associated neurology had a
focal lesion on CT (7). Rothman demonstrated that an HIV-infected patient with
depressed/altered orientation (or confusion) had a 39 times greater relative risk of having
a new focal finding on CT (9). In comparison, we found that CT scans were abnormal in
81% of our overall group of patients, and in 86% of patients with additional neurology. In
their review article, Ho et al. support these findings (17).

In the 14% of our patients with associated neurology who had a normal CT scans, MRI
may have demonstrated neuroimaging findings not visible on CT (e.g. acute infarction or
infection). The sensitivity and specificity of using ‘associated neurology’ as a predictor of
an abnormal CT, was weak. Neurology was found to be only moderately specific (69%)
and poorly sensitive (49%) in predicting an abnormal CT (or any individual CT finding),

making it a poor screening tool in HIV-infected patients with confusion.

4.5 CT and No Neurology

We demonstrated abnormal CT scans in 78% of our group of HIV-infected patients who
did not have neurology. There were 22% of patients presenting with confusion and no
neurological signs that had a normal CT. In these patients CT may not have been indicated
or MRI may have demonstrated pathology that CT was not able to identify. This is an
additional area where clinical parameters may play a role in dictating imaging choices,
and motivate for MRI. When we used additional clinical patient parameters, 14 of the 20
(70%) patients with no neurology and a normal CT may have warranted further imaging

with MRI, based on the following risks singly or in combination:
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¢ Alow CD4 count

* Not being on ARV therapy

e A positive LP
We think this supports the recommendations of Tso et al, who emphasized the need for a
recent CD4 count and viral load, composition and duration of ARV therapy, a lumbar
puncture and an adequate history as key components in the workup of the HIV-infected
patient presenting with an altered mental status (7). These items should form integral
parts of the request cards for CT scanning to allow radiologists to motivate for further

imaging with MRI in the event of a normal CT.

4.6 CT and LP

In our setting, any confused patient, whether HIV-infected or not, undergoes a lumbar
puncture as part of their workup. This is because of the large HIV-infected population
living in Sub-Saharan Africa, and because TB is endemic here (two-thirds of TB positive
cases in Kwa-Zulu Natal South Africa are HIV positive)(20). There was a statistically
significant but weak association between a focal infective process on CT and a positive LP,
as well as for an infected surface collection on CT and a positive LP, for the Overall group.
This shows the relevance of clinical parameters predicting CNS infections in HIV-infected
patients. The weakness of the association could be attributed to the fact that the
radiological manifestations of the LP findings are not always present at the time of scan,
or that the patient has already received first dose of antibiotics.

A statistically significant correlation between a vascular infarct on CT and a positive LP

was demonstrated in all groups. This association was weak in the Overall and Non-
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neurology groups, but moderate in the Neurology group. HIV infection is associated with
cerebrovascular disease, most likely attributable to immune suppression (9). Offiah et al
demonstrated that certain CNS infections, specifically TB and neurosyphillis, cause
endarteritis or vasculitides, which result in ischaemic infarcts (25). Other causes of stroke
in HIV-infected patients include cardiac sources of emboli (e.g. from HIV-associated
cardiomyopathy), haematological causes (such as disseminated intravascular
coagulation), drug misuse or cerebral venous thrombosis (19). A negative LP is unlikely to
deter imaging in patients with visible neurology, for example in the form a hemiplegia. A
positive LP should therefore motivate for further imaging (in the form of MRI) of the brain
to search for pathology such as stroke even in patients without neurology and those with

normal CT.

4.7 CT and CD4 Count

It has been well documented that the degree of immunosuppression is an accurate
predictor of certain opportunistic diseases, and that with more advanced HIV-infection
and a lower CD4 count, the likelihood of presenting with these opportunistic infections
rises (17). Furthermore, Graham et al stated that there was an increased risk of demising
of an AIDS related illness within 2 years, in patients with CD4 counts <50cells/mm? (21).
Our patients’ CT findings were randomly distributed amongst all CD4 categories.
However, the average CD4 count of our overall group was 119cells/mm?>. It has been
reported that CD4 counts below 200cells/mm? are more associated with opportunistic
infections (17). This is relevant to us, as our patient population represents a random
group of patients over a 1 year period, indicating that CD4 counts in our population were

generally lower than in other populations previously studied. Rothman et al documented
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in their study, that 50% of the HIV patients who had neurological complaints and were
scanned, had CD4 counts <50 cells/mm? (9) compared to 45% in our study.

Tso et al found atrophy in approximately a third of their patients (7). Whilst they did not
correlate it to the CD4 count, they noted that atrophy was most likely a harbinger of
additional neurological diseases (7). We demonstrated a statistically significant
association between atrophy and Category 3 (CD4 50-100cells/mm?) patients and in the
Overall group and between atrophy and Category 2 (101-200cells/mm?) and Category 4
(<50cells/mm?) disease in Neurology group.

A statistically significant association was demonstrated between CD4 Category 3 (101-
200cell/mm?) and vascular infarcts in the neurology group. Rothman et al demonstrated
vascular pathology in patients in a higher CD4 category (>200cell/mm?) (9).

A statistically significant and moderate association between Category 2 (101-
200ce||s/mm3) and 3 (51—100ce||s/mm3) patients and focal infection was demonstrated in
the non-neurology group. This is again comparable to previously mentioned studies,
indicating opportunistic infections are more rife in the <200cells/mm?* CD4 category (17).
Of note, no focal infections were demonstrated in the Category 1 patients, who had CD4

counts of >200cells/mm?.
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4.8 CT and ARV Therapy

Traditionally, initiation onto antiretroviral therapy helps to slow down the progress of the
disease. The immune system is boosted, helping to maintain the CD4 count at a higher
degree for a longer period of time. Thus, ideally the patient on ARV therapy would be less
susceptible to CNS opportunistic infections (22). In our study cohort, only 69% of our
study population had been initiated onto antiretroviral therapy. Despite reports in the
literature that patients on ARV therapy were less likely to develop opportunistic
infections (22), we found no statistical significance between patients on ARV therapy and
those not on treatment with regard to the presence of any particular CT abnormality.
Despite two-thirds of our patients being on ARV’s, the CD4 counts were not at levels
where their immunity may be considered to have been reconstituted, substantiating a
lack of IRIS findings. The overall low mean CD4 counts account for the relatively high

frequency of atrophy and infection.

4.9 Table of Comparison

Table 4.1 below compares both similarities and differences between our study and two
others, “Cranial Computed Tomography in the Emergency Department Evaluation of HIV-
Infected patients with Neurologic Complaints” by EL Tso et al [7], and “A Decision
Guideline for Emergency Department Utilization of Non Contrast Head Computed

Tomography in HIV-Infected Patients” by RE Rothman et al [9].
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Table 4.1: Comparison between our study and other related studies

Our Study Tso et al [7] Rothman et al [9]
Sample Size 156 146 110
HIV Status Known positive Known or suspected clinically Known positive

Inclusion Criteria

Confusion (+/- Neurology)

Neurology (complaint)

Neurology (new / changed)

Study Design and
Methods

Retrospective comparison of CT
scans to clinical criteria to establish
correlation

Prospective study using clinical
parameters to determine if CT
required

Prospective study using clinical
parameters to determine if CT
required

Correlated CD4 counts and LP

Documented CD4 counts, but no

Other Laboratory Data results to the CT finding Nil else correlations

Confusion 100% 33% 30%

CT Planning Post-contrast (+/- Pre) Pre and post-contrast Pre-contrast only

Normal CT 19% 29% 48.2%

Atrophy on CT 47% 33% 27.3%

Focal Intracranial Lesion 23% 38% 24.5%

LP Abnormality 63% 24% Not done

Egi/cr‘;‘;fgt <200 78% . 78.2%

Criticism Retrospective study Not all patients proven HIV+ Only pre-contrast CT done
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In comparison to the studies by Tso and Rothman who showed normal CT in about one
third to one half of HIV infected patients with neurology, we demonstrated normal scans
in only about one fifth of patients. Our study initially intended to demonstrate the
wastefulness of CT imaging in confused HIV infected patients. It was designed to
investigate if clinical and laboratory data (presence of neurology, CD4 counts, LP CSF and
ARV therapy) could predict whether CT scanning would be positive thereby preserving
wasted CT resources. CT was successful in demonstrating abnormalities in the majority of
patients, and would therefore, make a good triage tool. CT had a high yield of
abnormalities. Depending on resources, it can then be used either routinely, or can be
motivated for depending on clinical parameters like CD4 and LP results. It is important to
note, however, that our population group represents a majority of patients with CD4
counts less than 200cells/mm? (78%) and positive lumbar punctures (63%). By definition
therefore, the majority of our study population were at risk of CNS abnormality. With
these overwhelming positive clinical parameters, we should expect the CT scans to
demonstrate pathology in HIV-infected, confused patients.

The management of an HIV-infected patient has become a significant burden in the
emergency department (7). Because the differential diagnosis for these patients with CNS
complaints such as confusion is so vast, neuroimaging diagnosis is necessary (7). In
keeping with the emergency medicine and AIDS literature (7) we recommend CT highly
for these purposes.

Rothman et al proposed a list of clinical criteria as considered indications for brain
imaging: decreased or altered orientation (i.e. confusion), new seizure and headache
(which is prolonged or different in quality). These clinical parameters accurately predicted

100% of focal new findings on CT in their study (9). Restricting the use of CT to patients
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who met the above criteria would have resulted in a 37% reduction in CT usage in their
study. They did not however take additional clinical and laboratory information such as

CD4, LP and ARV therapy into consideration, as in our research.

4.10 Current Applications

Because of the significant proportion of positive CT abnormalities demonstrated in our
study, we recommend that HIV-infected patients with confusion warrant imaging, and
that negative clinical and laboratory parameters cannot be used to predict whether the
CT brain scan will be normal. We do recommend using clinical and laboratory parameters

for motivating for MRl in patients with normal CT, pending further research.

4.11 Limitations of this study

The most significant shortcoming of our work is the retrospective nature of the study. The
experience of the examining physician as well as the variety and experience of reporting
radiologist was therefore not standardised, which may result in significant
interpretational variances in clinical findings and CT reports. In addition, the ability of the
physician to determine the presence of neurological signs in a confused patient is limited.
Rothman advocates imaging every HIV-infected patient with a neurological sign or
symptom because subtle clinical presentations may belie significant intracranial
pathology (9). The immune suppression in HIV-infected patients may mask important
signs which physicians attribute to significant disease (17).

Another shortfall is the lack of suitable record keeping, specifically for CD4 counts, LP CSF

results and antiretroviral therapy information, where numerous patients were lost for
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those calculations. We recorded the presence of ‘neurology’ based on the CT referral card
and not on review of clinical features listed in the patient notes. This may well have
distorted the perception of prevalence and influence of clinical signs on the CT findings.
The fundamental challenge facing the emergency physician managing these complex
patients in the emergency department is establishing the clinical criteria necessitating
immediate neuroimaging vs. those that can wait until post admission or on an
outpatient basis (9). The significance of individual CT findings was not considered in our
study, but some CT findings such as atrophy do not have any immediate impact on
management, whilst CT demonstration of an acute surface haemorrhage, acute infarction
or an abscess may prompt urgent treatment. We also did not categorize urgent from non-
urgent requests.

Other neuroimaging studies, which were reviewed as a background to this project,
document the vast neurological manifestations of HIV/AIDS. Few are original research
studies with clinical and/or laboratory data as a predictive tool in determining the
possible neuropathological diagnoses.

We also do not know how many asymptomatic HIV-infected patients in our population

would yield a neuroimaging abnormality.

4.12 Further Research

A prospective study comparing the individual CT and MRI findings in the HIV-infected
patient is warranted. These findings should then be correlated with clinical and laboratory
predictors of intracranial pathology. Better standardization of the referring physician and

reporting radiologist, perhaps with the aid of a tick sheet should also be considered.
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5. Conclusion
CT was found to be abnormal in the vast majority of HIV-infected patients presenting with
confusion, whether or not they had associated neurology, showing that clinical triage was

unreliable.

Laboratory parameters overall were not adequate predictors of CT abnormality, except
for a positive lumbar puncture which correlated significantly with infection and infarction.
This would, therefore, be a good predictor for facilities without access to CT. In centres
where CT is available, scanning prior to LP is advocated, not only to identify

contraindications to LP, but also because CT findings may be altered as a result of LP.

50



Appendix A: Ethics Clearance Certificate

UNIVERSITY OF THE WITWATERSRAND, JOHANNESBURG
Division of the uty Regi Research

HUMAN RESEARCH ETHICS COMMITTEE (MEDICAL)
R14/49 Dr Tanusha Sewchuran

CLEARANCE CERTIFICATE Mili114

PROJECT Brain Computed Tomography Findings in
HIV-Infected Adults Presenting with Impaired
Mental Status: Determining the Value of

CT in a Resource Constrained Environment

INVESTIGATORS Dr Tanusha Sewchuran.

DEPARTMENT Department of Diagnostic Radiology

DATE CONSIDERED 25/11/2011

M1111140DECISION OF THE COMMITTEE* Approved unconditionally

Unless otherwise specified this ethical clearance is valid for 5 vears and may be renewed upon
application.

ATE 25/11/2011 CHAIRP N .

*Guidelines for written ‘informed consent’ attached where applicable
cc:  Supervisor : Prof S Andronikou

DECLARATION OF INVESTIGATOR(S)

To be completed in duplicate and ONE COPY returned to the Secretary at Room 10004, 10th Floor,
Senate House, University.

I/We fully understand the conditions under which | am/we are authorized to carry out the abovementioned

research and I/we guarantee to ensure compliance with these conditions. Should any departure to be
contemplated from the research procedure as approved I/we undertake to resubmit the protocol to the
Committce. | agree i a Ix

PLEASE QUOTE THE PROTOCOL NUMBER IN ALL ENQUIRIES...

51



Appendix B: Data Collection Sheet

DIAGNOSIS

CT sign

PATIENT

Ch4

VL

Infection:

Facal

Infection:

Surface collection

Vascular:

Bleed

Vascular:

Infarct

Neoplasm:

Mass

Neoplasm:

Meningeal

Ventriculomegaly:

Atrophy

Ventriculomegaly:

Hydrocephalus

2

52




6. References

1. Robertson K, Kopinsky K, Mielke J, Appiah K, Hall C, Price R et al Assessment of
neuroAIDS in Africa. Journal of NeuroVirology. 2005; 11(1):7-16.

2. De Almeida SM, Letendre S, Ellis R. Human Immunodeficiency Virus and the
Central Nervous System. BJID. 2006; 10(1):41-50.

3. ‘Statistical release PO302 Mid-year population estimates 2010. 'Statistics South

Africa' 2010. <http://www.statssa.gov.za/publications/P0302/P03022010.pdf>

[Accessed 16 Aug 2011].
4. Xia C, luo D, Yu X, Jiang S, Liu S. HIV-associated Dementia in the era of highly active
antiretroviral therapy (HAART). Microbes and Infection. 2011;13:419-425.

5. ‘Summary of HIV statistics for South Africa.’<http://www.health-

e.org.za/uploaded/c0b24898135d6363351d590125ba7a6b.pdf> [Accessed 16 Aug

2011].

6. Joska JA, Hoare J, Stein DJ, Flisher AJ. The Neurobiology of HIV
Dementia:Implications for practice in South Africa. African Journal of Psychiatry.
2011; 14:17-22.

7. Tso EL, Todd WC, Groleau GA, Hooper FJ. Cranial computed tomography in
emergency department evaluation of HIV-infected patients with Neurological

complaints. Annals of Emergency Medicine. 1993;22(7):70-77.

8. Minja F, Lieberman G. Neuroradiology of AIDS (unpublished lecture notes).
Lecture given September 2002.

<http://eradiology.bidmc.harvard.edu/Learninglab/central/frank.pdf> [Accessed

16 Aug 2011]

53



10.

11.

12.

13.

14.

15.

16.

17.

18.

Rothman RE, Keyl PM, McArthur JC, Beauchamp NJ, Danyluk T, Kelen GD. A
decision guideline for emergency department utilization of noncontrast head
computed tomography in HIV-infected patients. Academic Emergency Medicine.
1999;6(10):1010-1019.

Walot |, Miller BL, Chang L, Mehringer MC. Neuroimaging Findings in Patients with
AIDS. Clinical Infectious Diseases. 1996; 22:906-919.

Davenport C, Dillon WP, Sze G. Neuroradiology of the immunosuppressed state.
Radiol.Clin.North Am. 1992; 30(3):611-37.

Thurnher MM, Donovan Post MJ. Neuroimaging in the Brain in HIV-1-Infected
Patients. Neuroimaging Clinics of North America. 2008; 18:93-117.

Tucker KA, Robertson KR, Lin W, Smith K, An H, Chen Y, Aylward SR, Hall CD.
Neuroimaging in Human Immunodefiency Virus. Journal of Neuroimmunology.
2004; 157:153-162.

Ramsey RG, Geremia GK. CNS Complications of IDS: CT and MR Findings.American
Journal of Roentgenology AJR. 1998; 151:449-454,

Kramer EL, Sanger JJ. Brain imaging in acquired immunodeficiency syndrome
dementia complex. Seminars in Nuclear Medicine. 1990; 20(4):353-63.
Hongsakul K, Laothamatas J. Computer Tomographic Findings of the Brain in HIV-
Patients at Ramathibodi Hospital. ] Med Assoc Thai 2008; 91(6):895-907.

Ho EL, Jay CA. Altered mental status in HIV-infected pateints. Emerg Med Clin
North America. 2010;28(2):311-323.

Boska MD, Mosley RL, Nawab M, Nelson JA, Zelivyanskaya, Poluektova L et al.

Advances in neuroimaging for HIV-1 associated neurological dysfunction: clues to

54



19.

20.

21.

22.

23.

24,

25.

the diagnosis, pathogenesis and therapeutic monitoring. CurrHIVRes. 2004; 2(1):
61-78.

Connor M, Mochan A, Modi G, Modi M. Neurological manifestations of HIV
infection in adults - An overview. South African Journal of HIV Medicine. 2001;
12:43-48.

Modi M, Mochan A, Modi G. Management of HIV-associated focal brain lesions in
developing countries. Q) Med Oxford Journals. 2004; 97:413-421

Graham Il CB, Wippold Il FJ, Pilgram KT, Fisher EJ, Smoker WRK. Screening CT of
the brain determined by CD4 count in HIV-positive patients presenting with
headache. American Journal of Neuroradiology. 2000;21:451-454,

Dean D, Berger JR. Neuro-AIDS in the Developing World. Neurology. 2012; 78: 499-
500

Rosen S, Sanne |, Collier A, Simon JL. Rationing Antiretroviral Therapy for HIV/AIDS
in Africa : Choices and Consequences. PloS Medicine. 2005; 2(11):1098-1104.
Prendergast H. ‘FERNE/MEMC IV Brain Iliness and Injury Course : Lumbar Puncture
Interpretation.” 2007.

<http://www.uic.edu/com/ferne/pptpdf/memc 2007/ferne memc 2007 brainco

urse prendergast lp interpretation 091707 finalcd gray.pdf> [Accessed 16 Aug

2011]
Offiah CE, Turnbull IW. The Imaging Appearances of Intracranial CNS Infections in

Adult HIV and AIDS Patients. Clinical Radiology. 2006; 61:393-401.

55



