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SA-CME LEARNING OBJECTIVES

After completing this journal-based SA-
CME activity, participants will be able to:

m Discuss the widening spectrum of
HIV-related thoracic diseases in an aging
population in the ART era.

m List the important clinical findings of
these HIV-related diseases.

m Describe the imaging appearances of
the less traditional HIV-related thoracic
diseases.

See www.rsna.orgleducation/search/RG.
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The human immunodeficiency virus (HIV) and acquired immuno-
deficiency syndrome (AIDS) pandemic has entered its 4th decade.
Since the introduction of combination antiretroviral therapy (ART)
in 1996, the number of AIDS-related deaths has plateaued world-
wide. Today, owing to the effectiveness of ART, the HIV-infected
population is aging and HIV infection has become a chronic ill-
ness. Non-AIDS comorbidities are increasing, and the spectrum of
HIV-related thoracic diseases is evolving. In developed countries,
bacterial pneumonia has become more common than Preumocystis
pneumonia. Its imaging appearance depends on the responsible
organism, most commonly Streptococcus pneumoniae. Mycobacterium
tuberculosis continues to be a major threat. Its imaging patterns vary
depending on CD4 count. Primary lung cancer and Hodgkin lym-
phoma are two important non—AIDS-defining malignancies that
are increasingly encountered at chest imaging. Human herpesvirus
8, also known as Kaposi sarcoma-associated herpesvirus (KSHYV),
is strongly linked to HIV-related diseases, including Kaposi sarco-
ma, multicentric Castleman disease, KSHV inflammatory cytokine
syndrome, and primary effusion lymphoma. Immune reconstitu-
tion inflammatory syndrome is a direct complication of ART whose
manifestations vary with the underlying disease. Given the high rate
of smoking among HIV-infected patients, chronic obstructive pul-
monary disease is another important cause of morbidity and mor-
tality. A high degree of suspicion is required for the early diagnosis
of pulmonary arterial hypertension and lymphocytic interstitial
pneumonia, given their nonspecific manifestations. Finally, multi-
locular thymic cyst manifests as a cystic anterior mediastinal mass.
Recognition of the clinical and radiologic manifestations of these
less traditional HIV-related diseases can expedite diagnosis and
treatment in the ART era.
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Introduction
Considered the modern-day plague at the turn of the 21st century,
the human immunodeficiency virus (HIV) and acquired immuno-
deficiency syndrome (AIDS) pandemic has entered its 4th decade.
AIDS-related illnesses had claimed approximately 25 million lives
worldwide by 2006 (1). At the end of 2009, an estimated 33.3 mil-
lion people were living with HIV (2).

HIV was present in central Africa as early as 1959 and likely origi-
nated with cross-species transmission of the simian immunodefi-
ciency virus from chimpanzees (3). In 1981, the Centers for Disease
Control reported five cases of Prneumocystis jirovecii pneumonia in
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Los Angeles, announcing the pandemic (4). In
1982, the first imaging report described the ra-
diographic findings of Preumocystis pneumonia in
a previously healthy man with concurrent Kaposi
sarcoma and Cryprococcus infection, making radi-
ologists aware of the new immunodeficiency syn-
drome (5). In 1981, the hallmark of AIDS, a low
CD4 count, was recognized (6), and in 1983, the
retrovirus responsible for AIDS, initially termed
human T=cell lymphotropic (leukemia) virus—III
(HTLV-III) and later named HIV, was isolated
and identified (7). In 1987, the U.S. Food and
Drug Administration approved azidothymidine
as the first medication for the treatment of AIDS,
followed by many other antiviral drugs in subse-
quent years. From this time up until 1995, AIDS
was the leading cause of death among Americans
25-44 years of age (8). Finally, in 1996, combi-
nation antiretroviral therapy (ART) delivered a
breakthrough in treatment.

Once regarded as a death sentence, HIV
infection can now be effectively managed with
ART. Today, more people are “living with” than
are “dying from” HIV. The incidence of new
HIV infections has declined, and the number
of AIDS-related deaths in adults and children
worldwide has plateaued (2). Although more
people were living with HIV in 2009 than in
2001 (33.3 million versus 28.6 million), the
number of AIDS-related deaths (1.8 million an-
nually) was the same. AIDS-related deaths de-
clined 19% between 2004 and 2009 (2). Glob-
ally, an estimated 14.4 million life-years have
been gained since 1996 with the availability of
ART (2). The dramatic reduction in HIV-related
deaths is clearly associated with ART (9).

With the effectiveness of ART, the HIV-
infected population is now aging. By 2015, over
one-half of the 1.5 million people living with
HIV in the United States will be over 50 years
of age (10). At the same time, the incidences of
the classic AIDS-defining conditions are declin-
ing (11). However, even with ART, the health
and life expectancy of HIV-infected patients are
not normal (11). HIV-infected patients have
a chronic inflammatory state that appears to
accelerate the aging process (12), and they can
suffer non-AIDS comorbidities associated with
HIV, ART, and aging, which contribute to mor-
tality. Non—AIDS-defining diseases account for
nearly two-thirds of intensive care unit admis-
sions of HIV-infected patients, with respiratory
failure and pulmonary diseases being the most
common (13).The respiratory system is one of
the most frequently affected organ systems in
HIV-infected patients (14).

ART has turned HIV infection into a complex
chronic illness and has changed the spectrum of
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HIV-related thoracic diseases. Traditional dis-
eases, such as Prneumocystis pneumonia, can still
be seen in chronic HIV infection, even in the
ART era, due to noncompliance, ineffectiveness
of medication, or lack of access to medication.

In this article, we describe the clinical and ra-
diologic findings of a wide variety of HIV-related
thoracic diseases, including bacterial pneumonia;
malignancies such as lung cancer, Hodgkin lym-
phoma, and virus-induced neoplasms; immune
reconstitution inflammatory syndrome (IRIS);
chronic obstructive pulmonary disease (COPD);
pulmonary hypertension; interstitial pneumonia;
and multilocular thymic cyst (MTC). We also
revisit the importance and describe the clinical
and radiologic findings of coinfection with Myco-
bacterium tuberculosis, which remains a serious—
perhaps worse—threat to people living with HIV
compared with the pre-ART era.

Bacterial Pneumonia
Infections remain the predominant cause of
respiratory disease in HIV (14).The rate of
bacterial pneumonia in HIV-infected patients
has dropped considerably since the introduction
of ART (15). However, this decline was not as
dramatic as the overall decline in opportunistic
pneumonia in the ART era (16). ART has thus
transformed the epidemiology of pulmonary in-
fections, particularly in developed countries, and
bacterial pneumonia has become more common
than Preumocystis pneumonia (14,16).

Bacterial pneumonia is 10-25 times more
common in HIV-infected patients than in the
general population (14,17). Recurrent bacterial
pneumonia is an AIDS-defining disease (14).

A variety of HIV-induced immune abnormali-
ties increase the risk of infection, particularly by
encapsulated bacteria (18). Cigarette smoking
and use of injected drugs increase the risk. Bacte-
rial pneumonia can occur at any CD4 count, but
the risk increases as the count decreases (14).
The median CD4 count in patients with bacterial
pneumonia is 200 cells/pL (14).

Clinical features of bacterial pneumonia in
HIV-infected patients are similar to those in
non—HIV-infected patients (cough, fever, chills,
pleuritic chest pain, and dyspnea), but the infec-
tion may progress more rapidly, and bacteremia
can occur more frequently (14,17,18). Bacterial
pneumonia is rarely asymptomatic if there are
radiographic abnormalities (18).

Streprococcus pneumoniae is the most common
cause of community-acquired pneumonia in both
HIV-infected patients and the general population
(Fig 1) (14), but pneumococcal septicemia is 100
times more common in HIV-infected patients
(18). Haemophilus influenzae is the second most
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Figure 1. Streprococcus pneumonia in a 42-year-old
man with HIV infection who had been receiving ART
for 6 months. He had a CD4 count of 400 cells/pLL
and a 5-day history of fever, chills, and cough produc-
tive of purulent sputum. Frontal chest radiograph (a)
and axial computed tomographic (CT) image (b) show
consolidation in the left lower lobe. Sputum culture
grew S pneumoniae.

common cause, followed by Staphylococcus aureus
(14). S aureus infection is associated with intrave-
nous drug use and can cause tricuspid endocar-
ditis with septic pulmonary emboli. Methicillin-
resistant S aureus (MRSA) pneumonia should be
considered, particularly given its growing preva-
lence in both community and healthcare settings.
S aureus and Pseudomonas aeruginosa are
the main pathogens causing nosocomial bacte-
rial pneumonia in HIV-infected patients (19),
although infection by P aeruginosa has declined in
the ART era (14). Legionella infection, although
uncommon, has been reported to have a 40-fold
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Figure 2. Rhodococcus pneumonia in a 37-year-old
man with HIV infection who was not receiving ART
(CD4 count = 0). The patient presented with a 10-day
history of fever, chills, and hemoptysis. Similar symp-
toms had been occurring intermittently for a year, and
tuberculosis was suspected. Chest radiograph shows
left apical lung consolidation with possible cavitation.
Sputum culture grew R equi.

higher incidence in AIDS patients (14). Rhodo-
coccus equi, a much less common pathogen, is an
acid-fast coccobacillus that can manifest in pa-
tients with advanced HIV disease as an indolent
course of fever, cough, and dyspnea accompanied
by consolidation or cavitary masses, typically in
the upper lobes and sometimes resembling tuber-
culosis (Fig 2) (14,18). Nocardia asteroides, which
is partially acid fast, is also uncommon, particu-
larly because of trimethoprim-sulfamethoxazole
(TMP-SMX) prophylaxis for Preumocystis pneu-
monia, but the incidence is still 140 times greater
in HIV-infected patients than in the general pop-
ulation (14,18). Radiographic findings include
single or multiple nodules that cavitate more
often in patients with AIDS; lobar or multilobar
consolidation, often with upper lobe involve-
ment; and, less commonly, pleural involvement
from direct extension, pleural effusion, or pleural
thickening (14,18,20). Pulmonary nocardiosis
can also extend into the chest wall (20). Myco-
plasma pneumoniae and Chlamydia pneumoniae are
other rarely encountered pathogens (14).

In general, the imaging features of bacterial
pneumonia in HIV-infected patients are similar
to those in non—HIV-infected patients, typically
consisting of unilateral segmental or lobar con-
solidation (Fig 1) (14). However, almost one-half
of bacterial pneumonias have a pattern other
than focal consolidation (18). In HIV-infected
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patients, there is a greater likelihood of bilateral
and multifocal reticulonodular patterns. Bacterial
pneumonia is the most likely cause of pulmonary
nodules in HIV-infected patients (18). More than
one-half of H influenzae infections manifest with
bilateral interstitial opacities, mimicking Preumo-
cystis pneumonia (14). S aureus and P aeruginosa
infection may cause cavitary nodules or consoli-
dation that resembles mycobacterial or fungal
infection (14,18). S aureus infection predisposes
to empyema (18). CT helps diagnose the compli-
cations of empyema or abscess.

Mycobacterium tuberculosis
Despite the availability of ART and the plateau-
ing of mortality rates for HIV infection, M tu-
berculosis remains a major threat to HIV-infected
patients. It accounted for approximately 380,000
deaths among HIV-infected patients in 2009 and
22% of HIV-related deaths in 2010 (2). The risk
of developing tuberculosis is 50 times higher for
an HIV-infected patient than for the average per-
son (21). Moreover, drug-resistant tuberculosis is
more common among HIV-infected patients than
non—HIV-infected patients (2).

The imaging patterns of tuberculosis in HIV-
infected patients vary depending on CD4 count.
Above 200 cells/pL, a reactivation tuberculosis
pattern predominates, with classic findings of
upper lung consolidation and multiple nod-
ules, which may cavitate (Fig 3) (21,22). En-
dobronchial spread of tuberculosis manifests
as centrilobular nodules in a “tree-in-bud”
configuration (Fig 4) (21,22). At a CD4 count
of 50-200 cells/pL, reactivation tuberculosis
resembles primary tuberculosis at imaging and
can manifest as mediastinal lymphadenopathy
with rim enhancement and low-attenuation
central necrosis (Fig 5a, 5b) (21,22). A miliary
pattern of tuberculosis can also be seen at this
stage of HIV infection (Fig 5¢) (21,22). Below
50 cells/pL, findings are not specific and include
diffuse consolidation, ground-glass opacities,
and pleural effusion.

Malignancies
HIV and AIDS predispose to certain malignan-
cies notably, Kaposi sarcoma and non-Hodgkin
lymphoma, whose incidences have declined in
the ART era. Conversely, the number of cases of
non—-AIDS-defining malignancies has increased,
with a threefold increase in 2001-2005 compared
with 1991-1995 (23-25). This rise reflects more
than the longer survival of HIV-infected patients,
and HIV infection appears to be an independent
risk factor. Primary lung cancer and Hodgkin
lymphoma are two important non—AIDS-defining
malignancies that have become more common
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Figure 3. Scarring from reactivation tuberculosis in
a patient with HIV infection. Chest radiograph shows
scarring and volume loss caused by reactivation tuber-
culosis in the right upper lobe.

Figure 4. Reactivation tuberculosis in a 43-year-old
man with a 2-month history of weakness, recurrent
fever, night sweats, decreased appetite, weight loss,
and nonproductive cough. He had a CD4 count of 34
cells/pL and was diagnosed with HIV infection. Chest
CT image shows extensive centrilobular nodules in a
tree-in-bud configuration, reflecting the endobronchial
spread of tuberculosis. Additional findings included
mediastinal lymphadenopathy (not shown). Sputum
culture grew M ruberculosis, with reactivation of latent
tuberculosis that was attributed to the low CD4 count.

in HIV-infected patients. An additional group of
intrathoracic neoplasms related to specific con-
current viral superinfections in the HIV-infected
population are discussed separately under “Hu-
man Herpesvirus 8-related Diseases.”

Primary Lung Cancer
Among the non—AIDS-defining malignan-
cies, lung cancer is the most prevalent and a
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Figure 6. Adenocarcinoma in a 52-year-old man
with HIV infection who was receiving ART. The pa-
tient presented with dyspnea and had a CD4 count of

287 cells/pL. CT image shows mild emphysema and
an irregular peripheral nodule in the left upper lobe.
Biopsy demonstrated lung adenocarcinoma.

chief cause of cancer mortality in HIV-infected
patients (24,25). Cigarette smoking is the
principal risk factor for lung cancer, and the
60%—-80% smoking rate in HIV-infected patients
in the United States is two to three times higher
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Figure 5. Primary-pattern tuberculosis in a
46-year-old man with a recent diagnosis of HIV
infection and a CD4 count of 166 cells/pL. The
patient presented with a history of several months
duration of generalized weakness, night sweats, and
weight loss. (a) Chest radiograph shows right para-
tracheal and hilar lymphadenopathy. (b) Chest CT
image helps confirm lymphadenopathy with central
necrosis and shows compression of the superior
vena cava. (¢) Maximum intensity projection CT
image more clearly depicts miliary lung nodules.
Pulmonary tuberculosis was diagnosed with a spu-
tum M ruberculosis DNA probe.

Figure 7. Squamous cell carcinoma in a 58-year-old
man with HIV infection (CD4 count = 319 cells/.L)
who was receiving ART. The patient had a 40-pack-year
smoking history and presented with fatigue and dyspnea
on exertion. CT image shows a central mass with pe-
ripheral enhancement and central necrosis. Biopsy dem-
onstrated squamous cell carcinoma of the lung.

than in the general U.S. population (26,27).
However, even after statistical adjustment for
smoking and other demographic factors, lung
cancer incidence remains higher in HIV-infected
patients than in the general population (27-30).
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Figure 8. Hodgkin lymphoma in a 46-year-old man with
HIV infection who presented with recurrent fever, chills,
generalized body aches, cough, loose stools, axillary lymph-
adenopathy, and pancytopenia. He had been receiving ART
for 4 months, during which time his CD4 count increased
from 43 cells/wL (nadir) to 144 cells/pL. (a, b) CT im-
ages show axillary (a) and mediastinal (b) lymphadenopa-
thy. There was also hilar, mesenteric, and retroperitoneal
lymphadenopathy. (¢) CT image shows extranodal findings
including hepatosplenomegaly and small hypoattenuating
areas in the spleen. Axillary lymph node biopsy demon-
strated nodular sclerosing Hodgkin lymphoma.

Thus, HIV infection is an independent risk fac-
tor for lung cancer (28-30), but the mechanism
is unclear. Proposed causes include (@) chronic
inflammation, such as from recurrent lung infec-
tion, and (b) immunosuppression, given that
immunosuppressed organ transplant recipients
also have a high rate of lung cancer (27). No
clear relationship has been established between
lung cancer rates and CD4 count, viral load, or
use of ART (29).

HIV-infected patients are younger than non—
HIV-infected patients at the time of diagnosis of
lung cancer (27,31), and their cancers are most
often stage III or IV (30), with a poor progno-
sis. The distribution of histologic subtypes is
similar to that for non—-HIV-infected patients,
with adenocarcinoma being the most common
(Fig 6), followed by squamous cell carcinoma
(Fig 7) and small cell carcinoma (30). Imag-
ing findings are the same in both HIV-infected
and non—-HIV-infected patient groups, although
advanced-stage disease may be more common
and the lesions tend to be more peripheral in the
former group (32). Peripheral upper lobe lesions
are more commonly found in patients who have
had tuberculosis or Prneumocystis pneumonia,
whereas central masses are more common in
patients without prior lung infections (32).
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Hodgkin Lymphoma
The incidence of Hodgkin lymphoma, which
is strongly linked to Epstein-Barr virus (EBV)
infection, has increased substantially in the ART
era (23-25,33,34). Its incidence is up to 14 times
higher in HIV-infected patients than in the general
population (23). EBV is found in one-half of cases
of Hodgkin lymphoma in the general population,
but in virtually all cases of Hodgkin lymphoma in
HIV-infected patients (34). The risk for Hodgkin
lymphoma is highest in HIV-infected patients with
moderate immunosuppression, although the risk
decreases with decreasing CD4 count (33,34).
In one study, the risk for Hodgkin lymphoma
was highest at CD4 counts between 225 and 249
cells/pLL and lower at counts less than 200 cells/pLL
(33). ART-induced improvement in CD4 counts
from severe to moderate immunosuppression
correlates with an increased incidence of Hodg-
kin lymphoma (33). It has been postulated that
stimulation of B lymphocytes after the initiation of
ART in patients with latent EBV infection pro-
motes Hodgkin lymphoma (23,34). Although the
incidence of Hodgkin lymphoma has increased
in the ART era, treatment outcomes and survival
rates have improved (34,35).

Hodgkin lymphoma in HIV-infected patients
manifests with typical systemic symptoms of fever,



RadioGraphics

RG ¢ Volume 34 Number 4

Figure 9. Kaposi sarcoma in a 48-year-old man with
a history of over a decade of HIV infection. The pa-
tient, who had a CD4 count of 50 cells/pL, was receiv-
ing ART and presented with acute respiratory distress
after 3 weeks of cough and dyspnea. CT image dem-
onstrates flame-shaped peribronchovascular consolida-
tion caused by Kaposi sarcoma. A high level of plasma
HHV-8 DNA was detected.

night sweats, and weight loss and is accompanied
by lymphadenopathy, typically in the mediastinum
(Fig 8a, 8b) (36,37). Lung involvement is unusual,
especially when it is unaccompanied by mediasti-
nal or hilar lymphadenopathy; when it does occur,
masses or masslike consolidation are the most
common finding, and one-half of lesions have air
bronchograms (36). Other findings include lung
nodules, pleural masses, and pleural effusions
(36). Most patients with AIDS have extranodal
lesions (Fig 8c) (37).

Human Herpes-
virus 8-related Diseases

Kaposi Sarcoma

Kaposi sarcoma is the most common AIDS-
defining malignancy worldwide (2). It is briefly
discussed in this article because of its associa-
tion with human herpesvirus 8 (HHV-8), also
known as Kaposi sarcoma—associated herpesvi-
rus (KSHYV). Risk factors for Kaposi sarcoma
include a CD4 count of less than 200 cells/pLL
and an elevated HHV-8 antibody titer (38).
ART has drastically reduced the incidence of
Kaposi sarcoma by restoring CD4 count, but
its morbidity and mortality rates remain high
(38). Many patients with established Kaposi
sarcoma respond to ART and enter remission,
but some progress or relapse (38). The classic
imaging feature of pulmonary Kaposi sarcoma is
peribronchovascular consolidation with flame-
shaped hilar radiation (Fig 9), and poorly de-
fined lung nodules are common (39). Other CT
findings include interlobular septal thickening,
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patchy ground-glass opacities, fissural nodular-
ity with distortion, and pleural effusion, which is
often bilateral and small (39).

Multicentric Castleman Disease

In the setting of HIV infection, multicentric
Castleman disease (MCD) is a less well-known
HHV-8-related disease. Unlike Kaposi sar-
coma, HIV-related MCD has actually become
more prevalent in the ART era (40). Castleman
disease is a lymphoproliferative disorder with
two main histologic types (hyaline-vascular

and plasma cell), a unicentric or multicentric
distribution, and involvement of multiple nodal
stations and organs (41). In MCD, the plasma
cell type predominates (41). In HIV-infected pa-
tients, nearly 100% of MCD is associated with
HHV-8, which can be detected at node biopsies
(41,42). Most HIV-infected patients with MCD
have a CD4 count of over 200 cells/pnL (40).

HIV-infected patients with MCD experi-
ence relapsing constitutional symptoms of fever,
malaise, and weight loss that can fluctuate over
days (43,44). Respiratory symptoms, pleural ef-
fusion, ascites, peripheral edema, hepatospleno-
megaly, and diffuse lymphadenopathy can occur
(40,41,43). Laboratory abnormalities include
hypoalbuminemia, hyponatremia, high interleu-
kin-6 and C-reactive protein levels, and cytope-
nia with coagulopathy due to hemophagocytic
syndrome (41,43). High levels of HHV-8 DNA
in the peripheral blood correlate with symptoms
and may drop to undetectable levels between
“attacks” (42), suggesting that active HHV-8
viral replication is central in MCD pathogenesis
(42,43). Concurrent malignancies, particularly
Kaposi sarcoma and lymphoma, may accom-
pany MCD (41). Overall, the prognosis is poor
and the mortality rate is high.

Imaging features of MCD during acute flare-
ups include ill-defined centrilobular nodules,
interlobular septal thickening, peribronchovas-
cular thickening, mediastinal widening, and
small pleural effusions (44). Hilar, mediastinal,
and axillary lymphadenopathy are common, and
lymphadenopathy may enhance with intrave-
nous injection of contrast material (Fig 10) (45).
Ground-glass opacities, consolidation, and bron-
chiectasis are less common CT findings (45).
Hepatosplenomegaly, ascites, diffuse lymphade-
nopathy, and thickening of the retroperitoneal
fascia may also occur (46).

KSHV Inflammatory Cytokine Syndrome
A novel inflammatory syndrome associated with
concurrent HIV and HHV-8 (ie, KSHYV) infec-
tions was described in 2010 and given the name
KSHYV inflammatory cytokine syndrome (KICS)
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Figure 10. MCD in the same patient as in Figure 9,
who presented with recurrent fever, chills, and bulky
cervical, axillary, and inguinal lymphadenopathy. CT
image shows diffuse, moderately enhancing axillary
and mediastinal lymphadenopathy (arrows). A diag-
nosis of MCD was made with biopsy of an inguinal
lymph node, with the patient having a CD4 count of
438 cells/pL at the time of diagnosis.

(47).This syndrome shares many of the features
of MCD but is different pathologically. As with
MCD, blood levels of interleukin-6 and HHV-8
are elevated, and hypoalbuminemia and hypona-
tremia are common. Symptoms are similar and
include fever, night sweats, fatigue, and cachexia,
reflecting heightened systemic inflammation.
Lymphadenopathy, pleural effusion, and hepa-
tosplenomegaly may also occur (Fig 11) (47).
Ultimately, tissue or lymph node biopsy fails to
demonstrate MCD. The differential diagnosis
includes MCD and sepsis, and therefore tissue or
lymph node biopsy is required (47).

Primary Effusion Lymphoma

Primary effusion lymphoma is an even rarer
condition associated with HHV-8, which is pres-
ent in all cases (48). Primary effusion lymphoma
is a subgroup of B-cell lymphoma that occurs in
advanced HIV disease and AIDS. It manifests

as malignant pleural, peritoneal, or pericardial
effusion in the absence of nodal disease or solid
tumor nodules (49). Symptoms are caused by the
effusion, which is the only imaging finding.

Immune Reconstitution
Inflammatory Syndrome

Pathophysiologic Features

Up to 30% of patients receiving ART can ex-
perience worse symptoms as their CD4 count
increases, despite having no progression of
HIV disease and no new secondary infection
(50). This paradoxic exacerbation of symptoms
reflects the clinical unveiling or exacerbation of
opportunistic infection or some other inflam-
matory disorder despite ongoing treatment (51)

radiographics.rsna.org

Figure 11. KICS in a 38-year-old man with HIV in-
fection and a CD4 count of 506 cells/pL. The patient,
who was not receiving ART, presented with a 2-day
history of high fever, tachycardia, and altered menta-
tion, as well as thrombocytopenia, hyponatremia, and
hemophagocytosis. (a) CT image shows lymphade-
nopathy in the neck (arrows). (b) CT image shows
lymphadenopathy in the axillae (arrows), along with
bilateral pleural effusion. Enlargement of the mesen-
teric lymph nodes (not shown) was also noted. Plasma
contained 15 million copies per milliliter of HHV-8 (ie,
KSHYV) and low amounts of reactivated EBV. Biopsy
of a cervical node showed atypical reactive hyperplasia
with scattered HHV-8—positive cells, leading to the
diagnosis of KICS. The patient’s condition improved
with dexamethasone and cyclosporine treatment.

and is known as IRIS. IRIS can also occur when
non-AIDS immunodeficiencies are treated (50).
The mechanism of IRIS depends on the
responsible pathogen or antigenic stimulus (52).
With therapy, the HIV load decreases and the
CD4 count increases, which can initiate a de-
layed hypersensitivity reaction (eg, to tuberculo-
sis) (52). On the other hand, the development of
IRIS associated with herpesvirus infection may
largely reflect dysregulation of CD8 T cells (52).
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Infections or Systemic Diseases in HIV-infected
Patients That May Lead to IRIS

Mycobacterial infection
M tuberculosis
MAC

Fungal infection
Cryptococcus species
P jirovecii
Histoplasma capsulatum

Viral infection
Cytomegalovirus
Hepatitis B, C
Herpes simplex virus

Progressive multifocal
leukoencephalopathy
Other

Sarcoidosis

Malignancies
Kaposi sarcoma
Lymphoma

Autoimmune

Polymyositis

Systemic lupus erythematosus

Rheumatoid arthritis

Graves disease

Note.—Reprinted, with permission, from reference

17. MAC = M avium complex.

Risk Factors

Risk factors for IRIS include advanced HIV
infection and very low CD4 count. Other factors
include the presence of concurrent disseminated
opportunistic infection, inflammatory disorder,
or antigenic load; a greater degree of immune
recovery as indicated by a very rapid initial de-
crease in HIV titer; possible genetic factors; and
a short interval between (a) the start of treat-
ment for concurrent infection or disease besides
HIV, and (&) the initiation of ART, particularly
in patients who have never previously received
ART (53).

Clinical and Radiologic Manifestations
Many underlying infections or systemic diseases
can lead to IRIS (Table) (52). Clinical and ra-
diologic manifestations vary with these underly-
ing diseases. Tuberculosis-IRIS is the most com-
mon form of IRIS worldwide (52,54), consisting
of either paradoxic exacerbation or unmasking
of latent tuberculosis, causing fever, recurrent
tuberculosis symptoms, and lymphadenopa-

thy within the first 2 months of ART. Imaging
findings include lymphadenopathy (sometimes
suppurative) and miliary nodules (Fig 12) (55).
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b,

Figure 12. Tuberculosis-IRIS in a 45-year-old
woman with HIV infection. The patient had a CD4
count of 26 cells/pwL (nadir), a peak viral load of 3.8
million/pL, and known pyrazinamide-resistant tuber-
culosis. (a) CT image obtained prior to the initiation
of ART shows right supraclavicular lymphadenopathy
(arrow). After the initiation of ART and concurrent
antituberculosis therapy, the lymphadenopathy de-
creased. As a result of ART, the patient’s CD4 count
rose to 107 cells/pL, with an undetectable viral load.
(b) CT image obtained after 2-3 months of ART and
antituberculosis therapy shows worsened right supra-
clavicular lymphadenitis with drainage and necrosis
(arrow). A diagnosis of tuberculosis-IRIS was made.
The patient’s symptoms were managed with ibu-
profen, and ART and antituberculosis therapy were
continued. The lymphadenopathy resolved completely
after 3 months.

Cavitation, pleural effusion, and worsening con-
solidation may also occur (Fig 13) (55).

IRIS associated with MAC is common,
particularly in regions with a lower prevalence
of tuberculosis (52,54). MAC-IRIS typically
unmasks the initially asymptomatic and undi-
agnosed underlying MAC infection, causing
fever, cough, night sweats, dyspnea, hemoptysis,
occasional weight loss, and painful suppurative
lymphadenitis in the neck, chest, and abdo-
men within the first 3 months of ART (52,56).
Imaging shows regional or disseminated lymph-
adenopathy, often with central necrosis (Fig 14)
(56). Pulmonary findings include consolida-
tion and centrilobular nodules that are at times
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RadioGraphics

Figure 13. Tuberculosis-IRIS in a patient with HIV infection. (a) Initial chest radiograph
shows consolidation caused by tuberculosis. (b) Radiograph obtained after the initiation of ART
while the patient was receiving antituberculosis therapy shows worsening of the consolidation, a
finding that reflects tuberculosis-IRIS. (Fig 13 courtesy of Laurence Huang, MD, University of
California—San Francisco.)
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Figure 15. Pneumocystis pneumonia—IRIS in an HIV-infected 30-year-old man with a CD4 count
of 100 cells/p.L. (a) Chest radiograph shows Preumocystis pneumonia, mostly on the left side. Clini-
cal improvement was seen within 2 weeks of the initiation of treatment for this condition, and ART
was initiated; within 5 days, however, dyspnea, cough, and hypoxia increased. (b) Follow-up chest
radiograph shows worsening of lung consolidation, a finding that was attributed to Preumocystis

pneumonia—IRIS.

masslike (56,57). Extrapulmonary findings in-
clude ascites, splenomegaly, and low-attenuation
splenic lesions (57).

Pneumocystis pneumonia is a well-known op-
portunistic infection. Part of its pathophysiologic
makeup is the result of the strong inflammatory
response it elicits (54). Preumocystis IRIS occurs
within days to weeks of the initiation of ART as
the exaggerated CD4 inflammatory response
causes severe lung injury, even as the infection
resolves (54). Pneumocystis IRIS manifests in
the same way as Pneumocystis pneumonia, with
dyspnea, dry cough, and profound hypoxia (54).
Patchy or diffuse ground-glass opacities are typi-
cally seen at radiography (Fig 15) (54). Cavitat-
ing and noncavitating granulomatous nodules
and organizing pneumonia rarely develop, mani-
festing as bilateral peripheral or peribronchial
consolidation and nodules (58,59).

Sarcoidosis is a CD4 cell-mediated granuloma-
tous inflammatory disorder (54). Although rare, its
incidence appears to be increased in HIV-infected

patients who receive ART (52). The development
or recurrence of sarcoidosis can occur months

to years after the initiation of ART, usually with

a substantial drop in HIV viral load and a rise in
CD4 count (52,60). In fact, most patients have

a CD4 count of greater than 200 cells/pL (52).
Thus, sarcoidosis is considered a possible form of
IRIS. About one-half of patients with sarcoidosis-
IRIS experience nonspecific constitutional and
respiratory symptoms (52). Imaging findings are
the same as those in non—HIV-infected patients
and typically consist of perilymphatic nodules with
or without hilar or mediastinal lymphadenopathy
(Fig 16) (52,54,60).

Diagnosis

IRIS is a diagnosis of exclusion, so that a high
degree of suspicion is required (52). Worsening
of an underlying known infection must always be
considered, due to factors such as malabsorption
of medications, noncompliance with treatment,
drug resistance (as in drug-resistant tuberculosis),

< Figure 14. MAC-IRIS in a 42-year-old woman with HIV infection who had received treatment for disseminated

MAC for 4 months. (a) Chest radiograph obtained 2 months prior to the initiation of ART shows mild diffuse

lung disease caused by edema. The patient’s CD4 count was undetectable, with a viral load of 11,600 copies/mL.
After less than 1 month of ART, the patient presented with fever and nonproductive cough, at which time her CD4
count was 34 cells/pL, with a viral load of less than 30 copies/mL. (b) Chest radiograph shows new hilar and me-
diastinal lymphadenopathy and increased diffuse lung disease. (¢, d) CT images obtained while the patient was re-
ceiving ART help confirm mediastinal lymphadenopathy with central necrosis (¢) and hilar lymphadenopathy (d).
Once infection was excluded, the diagnosis of IRIS was made, ART and treatment for MAC were continued, and
the patient was given ibuprofen to control the symptoms of IRIS.
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Figure 16. Sarcoidosis-IRIS in a 43-year-old patient
with HIV infection who presented with cough and fa-
tigue. The patient had a remote history of sarcoidosis
and had been receiving ART for nearly a decade. CT
image shows worsening mediastinal lymphadenopathy.

secondary infection, or treatment complications
(52). For the diagnosis of IRIS to be made, the
patient’s condition must improve when ART is
initiated and then become worse, and viral load
should decrease as the CD4 count increases.

Management and Prognosis

IRIS can cause substantial morbidity, but the
mortality rate is low (54). Patients require close
monitoring. Unless IRIS is life threatening, as
with involvement of the central nervous system,
ART is usually continued and underlying infec-
tion or other disease is treated (52). In addition,
early initiation of ART in patients with opportu-
nistic infections improves outcome despite the
increased risk of IRIS (54). The role of cortico-
steroids and other anti-inflammatory drugs is
unclear, and corticosteroids are usually reserved
for the most serious cases (52).

Chronic Obstruc-

tive Pulmonary Disease
Given the increased rate of smoking among HIV-
infected patients, COPD and other smoking-
related diseases have become important causes
of morbidity and mortality in the aging HIV-
infected population (26). Other risk behaviors,
such as use of injected and inhalational drugs,
also damage the lungs (26). Pulmonary infections
such as bacterial pneumonia and pulmonary
colonization by P jirovecii contribute to the patho-
genesis of COPD (61,62). However, although
the prevalence of opportunistic infections such as
Pneumocystis pneumonia has decreased markedly
in the ART era, the prevalence of HIV-related
COPD appears to be increasing.

HIV may be an independent risk factor for
COPD, particularly for emphysema (63). HIV-
infected patients have a higher prevalence of
emphysema than do non-HIV-infected patients
matched for age, pulmonary infections, and
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Figure 17. COPD and Streprococcus pneumonia in a
53-year-old man with HIV infection. The patient had
been receiving ART for 7 months and was on home
oxygen for COPD. He presented with a 2-week history
of left chest pain, cough, and malaise, and had a CD4
count of 424 cells/pL. (a) Chest radiograph demon-
strates emphysema and left upper lobe consolidation.
(b) CT image helps confirm pneumonia superimposed
on severe centrilobular emphysema. Bronchoalveolar
lavage revealed a-hemolytic streptococci.

smoking history (64). Nonsmoking HIV-infected
patients have higher rates of emphysema than do
nonsmoking non—-HIV-infected patients (64). The
pathogenesis of COPD in HIV infection remains
unclear and likely involves multiple pathways, in-
cluding immunologic, apoptotic, proteolytic, and
oxidative stress mechanisms (65-67). In addition,
HIV infection is associated with lymphocytic
alveolitis, in which CD8 lymphocytes in the lungs
produce inflammatory cytokines that lead to tis-
sue destruction and emphysema (62,64).
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Figure 18. PAH in a 41-year-old man with long-
standing HIV infection who had been receiving ART
for 7 years. The patient presented with a 4-day history
of dyspnea, nonproductive cough, pedal edema, and fa-
tigue, and had a CD4 count of 452 cells/pL. (a) Chest
radiograph shows enlarged central pulmonary arteries.
(b) CT image shows the main pulmonary artery with a
diameter of 36 mm and a pulmonary artery—aorta ratio
of 1.3, findings that are consistent with PAH.

The role of ART in COPD is unclear. Some
studies suggest that ART increases the risk of
COPD, whereas others suggest that it lowers the
risk (62—-64).

COPD symptoms and pulmonary function
testing are the same as for non—-HIV-infected
patients. CT findings are also typical and include
hyperinflation, air trapping, parenchymal destruc-
tion, bullae, cysts, and, occasionally, pneumotho-
rax (Fig 17) (68).

Pulmonary Arterial Hypertension
Pulmonary arterial hypertension (PAH) is
defined as a mean pulmonary arterial pressure
greater than 25 mm Hg at rest, with a normal
pulmonary wedge pressure of 15 mm Hg or less
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at right heart catheterization (69,70). PAH is
diagnosed at histopathologic analysis or right
heart catheterization in one of every 200 HIV-
infected patients (0.5%), an approximately
25-fold increase compared with the general
population, and its prevalence has not decreased
in the ART era (70,71). About 35%-66% of
HIV-infected patients have systolic pulmonary
arterial pressures of over 30 mm Hg at echocar-
diography, and an elevated systolic pulmonary
arterial pressure is associated with impaired
pulmonary function (72).

HIV-related PAH is more common in men
than in women, with an average patient age of
35-41 years (70,71). No definite relationship be-
tween PAH and CD4 count has been established
(71,72). PAH can develop at any stage of HIV
infection but may increase at a CD4 count of less
than 200 cells/pLL (70,72). There is no clear cor-
relation between PAH and ART (71,72).

The laboratory and histopathologic features of
HIV-related PAH are similar to those of primary
PAH (71). The pathogenesis of PAH may involve
the chronic inflammatory state accompanying
HIV infection. In addition, the HIV envelope
protein, glycoprotein gp-120, stimulates produc-
tion of endothelin-1, which promotes vasocon-
striction and proliferation of smooth muscle and
endothelial cells in pulmonary vessels (69,73).
Genetic predisposition and stimulation of other
inflammatory markers, cytokines, and growth
factors have also been implicated (69,71-73).

Patients are often asymptomatic in the early
course of PAH (73,74). Exertional dyspnea
is typically the first and principal symptom
(73,74). Other symptoms include fatigue, weak-
ness, and exercise intolerance (74). Angina and
syncope reflect impaired cardiac output (73,74).
Eventually, dyspnea at rest and right heart fail-
ure develop (74).

A high degree of suspicion is required to
diagnose early PAH. Chest radiographs may
be normal in asymptomatic patients. On radio-
graphs and CT images, findings of PAH in-
clude enlarged central pulmonary arteries with
rapid or abrupt tapering of peripheral branches
(“pruning”) (Fig 18a) (74). Associated findings
include cardiomegaly with dilatation of the right
heart chambers in particular (71,74). Additional
findings of PAH at CT include a main pulmo-
nary artery diameter of 29 mm or more at the
level of its bifurcation and a pulmonary artery—
aorta ratio of over 1 (Fig 18b) (73,74). CT is
also useful in detecting other causes of dys-
pnea or PAH. Doppler echocardiography is the
usual noninvasive test for PAH, but right heart
catheterization is more accurate and remains the
standard of reference (74).

Teaching
Point
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Figure 19. LIP in a 35-year-old woman who presented with fever, dyspnea, and
cough. The patient’s CD4 count was 328 cells/LL, and a diagnosis of HIV infec-
tion was made. (a) CT image shows diffuse, ill-defined centrilobular nodules, which
did not respond to antibiotic treatment. ART was initiated, but similar symptoms
and radiographic abnormalities persisted for over 10 years. Bronchoalveolar lavage
revealed 78% lymphocytes with a decreased CD4-CD8 ratio. Transbronchial biopsy
was nondiagnostic. (b) CT image obtained 10 years after the initial examination (cf
a) shows lung cysts. A presumptive diagnosis of LIP was made based on the combi-
nation of clinical, laboratory, and radiologic findings.

b.

Figure 20. MTC in a patient with HIV infection. Axial (a) and coronal (b) T2-weighted MR images dem-
onstrate a hyperintense MTC with septations in the superior mediastinum. (Courtesy of Daniel Ocazionez,
MD, University of Washington, Seattle, and Carlos Restrepo, MD, University of Texas Health Science Cen-

ter at San Antonio.)

Lymphocytic Interstitial Pneumonia
Lymphocytic interstitial pneumonia (LIP) is an
AIDS-defining illness in children under 13 years
of age (75) but is less common in HIV-infected
adults. It is associated with EBV (36), and HIV-
infected adults with LIP have higher levels of
EBYV antibodies than do those without LIP (75).
LIP can occur at any stage of HIV infection but
usually occurs when the CD4 count is normal
(76). Patients typically have nonspecific respira-
tory or constitutional symptoms (eg, exertional
dyspnea, nonproductive cough, and fever) but can
be asymptomatic. The clinical course is variable,
ranging from spontaneous resolution to respira-
tory failure. The diagnosis of LIP is usually made
at transbronchial or open lung biopsy (76). His-

topathologic analysis demonstrates interstitial in-

flammatory infiltration by T lymphocytes, plasma
cells, and histiocytes (36,76). LIP may respond to
the administration of ART alone (75,76).

Imaging findings include basal reticulation,
ground-glass opacities, ill-defined centrilobu-
lar and subpleural nodules, thin-walled cysts,
peribronchovascular interstitial thickening, and
interlobular septal thickening (Fig 19a) (36,75).
Cysts may result from bronchiolar obstruction
by lymphocytic infiltrates with postobstructive
ectasia (Fig 19b) (75). Although its imaging
features are nonspecific, LIP can be suspected
when the relevant findings persist despite antibi-
otic treatment and wax and wane with a chronic,
indolent course (75).
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Multilocular Thymic Cyst
HIV stimulates the proliferation of CD8T
lymphocytes, causing a set of diseases known as
diffuse infiltrative lymphocytosis syndrome (75).
These disease entities include LIP in the lungs,
lymphoepithelial cysts in the salivary glands, and
MTGC:s in the thymus (75). These entities are
mostly benign, with malignant transformation
occurring only rarely (75,77).

Most HIV-infected patients with MTCs are
children (77). Histologically, MTCs resemble
lymphoepithelial cysts in the parotid glands
(77). HIV-related MTCs have also been docu-
mented in patients with LIP and parotid gland
enlargement (78). MTCs may manifest as ante-
rior mediastinal masses with cystic or soft-tissue
attenuation at CT and high signal intensity at
T2-weighted MR imaging, with septations and a
multilocular configuration (Fig 20) (77,78).

Conclusion
Since HIV and AIDS emerged 30 years ago,
the introduction of ART has transformed the
demographics of HIV-infected patients and the
spectrum of thoracic diseases. HIV infection is
now a chronic illness. Complications from aging
and chronic inflammation have emerged and
have increased in frequency. These comorbidi-
ties include a multitude of thoracic diseases,
of which the most important are bacterial
pneumonia; malignancies such as lung cancer,
Hodgkin lymphoma, and HHV-8-related neo-
plasms; IRIS; COPD; pulmonary hypertension;
interstitial pneumonia; and MTC. Familiarity
with the manifestations of these less traditional
HIV-related diseases can expedite diagnosis and
treatment.
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Page 896
Streprococcus pneumoniae is the most common cause of community-acquired pneumonia in both HIV-
infected patients and the general population.

Page 898

The imaging patterns of tuberculosis in HIV-infected patients vary depending on CD4 count. Above
200 cells/pL, a reactivation tuberculosis pattern predominates, with classic findings of upper lung
consolidation and multiple nodules, which may cavitate. Endobronchial spread of tuberculosis mani-
fests as centrilobular nodules in a “tree-in-bud” configuration. At a CD4 count of 50-200 cells/pL,
reactivation tuberculosis resembles primary tuberculosis at imaging and can manifest as mediastinal
lymphadenopathy with rim enhancement and low-attenuation central necrosis. A miliary pattern of
tuberculosis can also be seen at this stage of HIV infection. Below 50 cells/pL, findings are not specific
and include diffuse consolidation, ground-glass opacities, and pleural effusion.

Pages 901

A novel inflammatory syndrome associated with concurrent HIV and HHV-8 (ie, KSHYV) infections was
described in 2010 and given the name KSHV inflammatory cytokine syndrome (KICS) . This syndrome
shares many of the features of MCD but is different pathologically. As with MCD, blood levels of inter-
leukin-6 and HHV-8 are elevated, and hypoalbuminemia and hyponatremia are common.

Page 902

Up to 30% of patients receiving ART can experience worse symptoms as their CD4 count increases,
despite having no progression of HIV disease and no new secondary infection. This paradoxic exacer-
bation of symptoms reflects the clinical unveiling or exacerbation of opportunistic infection or some
other inflammatory disorder despite ongoing treatment and is known as IRIS. IRIS can also occur
when non-AIDS immunodeficiencies are treated.
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A high degree of suspicion is required to diagnose early PAH. Chest radiographs may be normal in
asymptomatic patients. On radiographs and CT images, findings of PAH include enlarged central pul-
monary arteries with rapid or abrupt tapering of peripheral branches (“pruning”) . Associated findings
include cardiomegaly with dilatation of the right heart chambers in particular. Additional findings of
PAH at CT include a main pulmonary artery diameter of 29 mm or more at the level of its bifurcation
and a pulmonary artery—aorta ratio of over 1. CT is also useful in detecting other causes of dyspnea or
PAH. Doppler echocardiography is the usual noninvasive test for PAH, but right heart catheterization
is more accurate and remains the standard of reference.



