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Abstract HIV infection results in profound alterations of

immunologic function that render the patient severely

immunocompromised, and susceptible to malignancies and

opportunistic infections. Three AIDS-defining malignan-

cies include Kaposi’s sarcoma (KS), non-Hodgkin’s lym-

phoma (NHL) and invasive cervical cancer. In AIDS

patients, KS is often aggressive and multifocal, with vis-

ceral involvement and widespread cutaneous and nodal

spread; NHL is always high grade and often widely dis-

seminated at the time of diagnosis with frequent involve-

ment of extranodal sites; cervical cancer is invasive and has

greater likelihood of progression and metastasis. Although

there are very sparse systemic data available in the litera-

ture, limited studies has shown that FDG PET-CT is a

valuable imaging technique in the diagnosis, staging,

restaging and monitoring therapeutic response in these

malignancies. In addition, a unique application of FDG

PET/CT is the differentiation of cerebral lesions between

lymphoma and toxoplasmosis in AIDS patients, which

cannot be reliably achieved with either CT or MRI. HIV-

associated opportunistic infections may involve different

pathogens and multiple tissues, organs or systems. Some

preliminary observations have revealed a promising role of

FDG PET-CT in the diagnosis and identification of these

infections such as tuberculosis, fever of unknown origin,

pneumocystis pneumonia and candidiasis. However, it

should be stressed that FDG PET-CT alone has no role in

identifying the pathology of abnormalities. FDG PET-CT,

at best, can localize the sites of abnormalities and impact

on patient’s management in clinical decision making.
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Introduction

Acquired immunodeficiency syndrome (AIDS) is a dis-

order of cell-mediated immunity that causes certain

multiple characteristic malignancies and opportunistic

infections, which result from infection with human

immunodeficiency virus (HIV). More than 1.1 million

people are living with HIV in the USA, and more than

56,000 Americans become infected with HIV each year

[1]. HIV primarily infects and kills helper T lymphocytes.

Although most patients are asymptomatic for years, the

process of viral infection, replication and T-helper cell

destruction remains active throughout the course of the

disease. Ultimately, HIV infection results in profound

alterations of immunologic function that render the

patient severely immunocompromised and susceptible to

malignancies and opportunistic infections [2, 3]. Man-

agement of AIDS has undergone a transformation with

the introduction of a variety of antiretroviral agents, in

particular the highly active antiretroviral treatment

(HAART), which uses a range of these agents together.

These treatment regimens have resulted in prolongation of

life. On the other hand, extended life expectancy is

associated with increased incidence of malignancies or

opportunistic infections.
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Positron emission tomography (PET) with fluorine-18

fluorodeoxyglucose (FDG) is a quantitative imaging tech-

nique that visualizes biochemical and physiological pro-

cesses in vivo. Combined PET and computed tomography

(CT) scanning provides better disease localization and

attenuation correction. Today, PET/CT has been wisely

used for a variety of malignancies and is also under clinical

trials for infections. But in radiology literature, there are

very sparse systemic data regarding the applications of

FDG PET/CT for AIDS-related disease. This article

reviews and illustrates the role of FDG PET-CT in the most

common AIDS-associated malignancies and infections.

Kaposi’s sarcoma

Kaposi’s sarcoma (KS) is the most common AIDS-defining

tumor, seen in approximately 15–20% of cases [4, 5]. The

lifetime prevalence may be as high as 50% among homo-

sexual male AIDS patients [6, 7].

KS lesions are characterized histologically by neoan-

giogenesis and proliferating spindle-shaped cells admixed

with an inflammatory infiltrate of lymphocytes, plasma

cells and macrophages [8]. Multiple factors likely con-

tribute to the development of KS. Infections with human

herpes virus-8 (HHV8) has been detected in all forms of

KS and deemed the causative agent of both AIDS-defining

and non-AIDS related KS [9]. In addition, the HIV virus

itself may play a direct role in KS tumorigenesis [10].

Infections with HHV and HIV cause the activation of

numerous preexistent and virus-specific signal transduction

pathways [11].

In patients with AIDS, KS is often aggressive and

multifocal, with visceral involvement and widespread

cutaneous and nodal spread. Common sites of involvement

by KS include skin, lymph nodes, gastrointestinal tract,

oral cavity, lung, liver and spleen. Visceral dissemination is

present at the time of diagnosis in more than 50% of cases

[12]. Gastrointestinal involvement has been reported in

40% of cases at initial diagnosis and up to 80% at autopsy

[13]. KS in the oral cavity occurs in 33% of cases [13].

Almost no organ is spared from the involvement with KS.

Diagnosis of cutaneous lesions of KS is usually made by

direct biopsy. Multiple imaging modalities are used for

evaluation of non-cutaneous lesions, such as CT, MRI and

scintigraphy with sequential thallium and gallium. AIDS-

related KS is frequently disseminated or involves multiple

organs, particularly the oral cavity, pulmonary system and

gastrointestinal tract, and visceral lesions can be asymp-

tomatic. The role of CT or MRI is significantly limited with

its focal, regional imaging rather than whole-body inves-

tigation. One of the significant advantages of FDG PET/CT

is its routine whole-body acquisition, which is ideal for

systemic disease such as KS. In the radiology literature,

there were a few case reports about applications of FDG

PET/CT for AIDS-defining KS, which all suggested that

FDG PET-CT was effective in detecting clinically occult

KS lesions that were difficult to diagnose with traditional

imaging techniques in more advanced stages of KS

[14–18].

There is the overlap in FDG positive nodal lesions

between AIDS-defining KS and lymphadenopathy syn-

drome. FDG avidity in lymph nodes should be interpreted

with caution because it may also be caused by HIV viremia

in the absence of HAART [19]. Lymphadenopathy sec-

ondary to only HIV viremia is often mild. Bulky nodal

enlargement is often suggestive of a neoplastic process.

However, without biopsy, it is impossible to distinguish

adenopathy in KS from that in lymphoma.

Figures 1 and 2 illustrate cutaneous and non-cutaneous

lesions of KS.

Lymphoma

Lymphoma is the second most common malignant neo-

plasm in AIDS patients. Non-Hodgkin’s lymphoma (NHL)

is the AIDS-defining condition in approximately 3% of

patients. The risk of developing lymphoma is about 60

times greater in patients with AIDS than in the general

population, and it increases 1–2% each year after devel-

opment of AIDS or symptomatic HIV infection [20].

Systemic NHL generally occurs late in the course of HIV

infection, when the CD4 count has fallen to less than

200 cells/mm3. In all lymphomas, diffuse large B-cell

lymphoma (DLBCL) and Burkitt’s lymphoma represent the

overwhelming majority ([90%) of patients [8, 21]. Primary

central nervous system lymphoma (PCNSL) represents a

distinct extranodal presentation of DLBCL in AIDS

patients, usually of the immunoblastic type and associated

with severe immunosuppression and a poor prognosis.

PCNSL is typically confined to the craniospinal axis

without systemic involvement [22].

The pathogenesis of AIDS-related NHL is unclear.

Mutation in oncogenes or tumor suppressor genes, and

continuous release of various growth factor and cytokines

induced by HIV or EB-virus infection are considered to

lead to the development of B-cell proliferation [23]. AIDS-

defining NHLs are always high grade, aggressive and often

widely disseminated at the time of diagnosis with frequent

involvement of extranodal sites. The response to treatment

is also poor, with unfavorable prognosis [20]. In AIDS-

associated lymphoma, treatment of lymphoma is compli-

cated with pre-existing immunodeficiency disease.

Patient’s immune status such as CD4 count and treatment

history for AIDS are more important predictors of clinical

Ann Nucl Med (2011) 25:536–546 537

123



outcome than the features associated with lymphoma such

as stage, lactic dehydrogenase concentration, etc. [7, 24].

Clinical trials have demonstrated a better outcome with

chemotherapy for AIDS-associated lymphoma since the

introduction of HAART [24].

FDG PET is widely used for initial staging, restaging

and monitoring of therapeutic response in lymphoma.

There is a substantial body of evidence that shows the

accuracy of staging with FDG PET/CT. There is promising

data to suggest that the result of early restaging with PET is

an important prognostic factor in terms of predicting final

response; PET can detect recurrent disease before clinical

symptoms or signs, laboratory results or CT imaging have

been able to detect relapse [25, 26]. Although there is very

scant literature regarding the specific role of FDG PET/CT

in AIDS-defining lymphoma, it is believed that PET/CT is

a choice of imaging technique during the course of the

lymphomatous disease in AIDS patients, same as in non-

HIV patients. A study in 13 AIDS-related Burkitt’s lym-

phoma found that FDG PET/CT provided accurate initial

staging with detection of more lesions compared to con-

ventional workup; it was useful to monitor treatment

response, as regression of initial disease could be observed

early and it had prognostic value, as a negative scan was

always associated with a favorable outcome [27]. Another

report in a seven patient series also suggested that PET/CT

accurately detected lymphoma in patients with HIV

infection, and had been used confidently as a management

tool in the patient group [28].

Regarding the lymphadenopathy, the differentiation

between lymphoma and HIV viremia-related lymph nodes

can be difficult. Some pitfalls are helpful for interpretation.

The lymphadenopathy in lymphoma is usually bulky,

conglomerate and significantly enlarged with intense FDG

uptake, but lymph nodes secondary to viremia are typically

slightly enlarged and mild FDG avid [29]. However,

practically there is no cutoff of the size or standardized

uptake value (SUV) which can be reliably used to differ-

entiate a benign from malignant lymphadenopathy. The

locations of the lymph nodes may be also different between

two entities. The viremia-induced lymphadenopathy is

more superficially distributed, such as in the neck, axilla or

inguinal region. In contrast, large retroperitoneal or mes-

enteric nodes are more likely suggestive of lymphoma. The

finally, identification of extranodal lesions such as in the

liver or spleen is most likely consistent with lymphoma.

Figures 3, 4 and 5 illustrate three AIDS-defining diffuse

large B-cell lymphomas in the different locations.

Fig. 1 Skin KS in a 45-year-old man with AIDS. Transaxial images

of FDG PET-CT demonstrate a skin lesion with moderate uptake

(SUV 3.8) in the left medial thigh (arrows). Skin lesion of KS is

usually popular, and less frequently plaque-like. FDG uptake is often

mild to moderate mainly due to small size

Fig. 2 Soft palate KS in a 57-year-old man with AIDS. Transaxial images of FDG PET-CT show intense uptake (SUV 8.0) in the soft palate

(arrows). KS lesion in the month is usually macular rather than a well-marginated discrete mass
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A unique application of FDG PET/CT is differentiation

of cerebral lesions and identification of PCNSL in AIDS

patients. PCNSL is the second most common cerebral mass

lesion in AIDS patient. On CT, lymphomatous lesion often

demonstrates central necrosis and ring enhancement. On

MRI, lymphoma is generally seen as a hypointense lesion

on T1-weighted images and isointense or hyperintense on

T2-weighted sequences. However, neither CT nor MRI can

reliably distinguish between PCNSL and cerebral toxo-

plasmosis, the most common cause of focal cerebral lesions

in AIDS patients. FDG PET/CT has been used for this

differentiation with excellent results [29–34]. The FDG

uptake within the lesion was compared to that of the con-

tralateral brain area using qualitative visual interpretation

and/or semiquantitative SUV, and SUV ratio could be

calculated between the lesion and normal contralateral

brain area. All studies demonstrated significantly increased

FDG uptake in the lymphomas and decreased uptake in

nonmalignant diseases such as toxoplasmosis or tubercu-

losis, with no overlap of the SUVs. In all case series, FDG

PET correctly characterized the brain lesions and therefore

guided the clinical management of the patients. High focal

FDG uptake of a brain lesion in AIDS patient most likely

represents a malignant process, which should be biopsied

for confirmation rather than treated presumptively as

infection [35].

Figure 6 illustrates an AIDS-defining PCNSL.

Invasive cervical cancer

Invasive cervical cancer was included as an AIDS-defining

malignancy in 1993, and there is good epidemiological

evidence that the precursor lesions, cervical intraepithelial

neoplasm (CIN) and squamous intraepithelial lesion (SIL)

also occur more frequently in women with AIDS [36].

Fig. 3 Gastric NHL in a 30-year-old woman with AIDS. Transaxial

images of FDG PET-CT show diffuse thickening with intense uptake

(SUV 12) in the gastric wall (arrows). Lymphomatous infiltration of

the gastric wall produces morphologic appearances as diffuse

infiltrative, ulcerative, or nodular thickening on endoscopic exami-

nation or CT imaging

Fig. 4 Parotid NHL in a 49-year-old man with AIDS. Transaxial images of FDG PET-CT show a large mass with intense uptake (SUV 13) in the

right parotid gland (arrows). Parotid is the most frequently involved salivary gland in NHL
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Human papilloma virus (HPV) has a central role in the

pathogenesis of both CIN and invasive cervical cancer. HIV

is associated with not only a higher prevalence of HPV in

the cervix, but also a higher prevalence of CIN/SIL and

greater likelihood of lesion progression [7]. Unlike the other

AIDS-defining malignancies, there was no impact of HA-

ART on the incidence of cervical cancer in a large Swiss

HIV cohort study [37]. Both preinvasive disease and inva-

sive cervical cancer have been reported to have a much

poorer outcome in HIV-infected women than in the general

population [38, 39]. In a South Africa-based study, HIV-

infected women presented with cervical cancer at a younger

age and poorer histological differentiation of the tumors,

but same disease stage as non-HIV infected women [40].

The role of FDG PET/CT in cervical cancer has been

well established. FDG PET/CT demonstrates abnormal

cervical uptake in virtually all patients with cervical cancer

(Fig. 7), and the current state-of-the-art PET software

allows for the three-dimensional volumetric analysis of the

tumor, which has been shown to be of more prognostic

significance than clinical stage of disease [41, 42]. For

locally advanced untreated cervical cancer, FDG PET/CT

is more sensitive than CT in detecting metastatic lymph

node deposits in the pelvic, para-aortic and supraclavicular

regions [43], which is of utmost importance in determi-

nation of radiation field and management of patient. In

patients receiving irradiation, PET/CT can be utilized to

outline the irradiation targets for the FDG-avid lesions

[44, 45].

Fig. 5 NHL in a 50-year-old man with AIDS and progression of

lymphadenopathy. Maximum intensity projection imaging of the

whole-body FDG PET shows extensive bulky mediastinal and

retroperitoneal nodes with intense uptake (SUV 20). Biopsy of

mediastinal nodes suggested NHL. Large, conglomerate FDG avid

nodal lesions are often indicative of a neoplastic rather than

infectious/inflammatory process

Fig. 6 Cerebral NHL in a 30-year-old man with AIDS. Transaxial

images of FDG PET-CT show a 2.0-cm lesion with intense uptake

(SUV 8.0) and photopenic center in the right frontal lobe (arrows).

Pathology from craniotomy suggested NHL. FDG uptake is usually

higher in NHL than that in gliomas or metastatic lesion. Benign brain

lesion such as toxoplasmosis or TB often has no abnormally increased

uptake
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Non-AIDS-defining malignancies

Individuals with HIV infection are at higher risk for the

development of a wide variety of non-AIDS-defining

cancers (NADCs) [46–48]. Several studies have docu-

mented an increased incidence of NADCs [46, 47]. NADC

has emerged as an important cause of morbidity and

mortality in AIDS patients. The development of NADC

appears to be multifactorial.

Some common NADCs include Hodgkin’s lymphoma,

anal cancer, lung cancer, breast cancer, hepatocellular

carcinoma, conjunctival cancer, prostate cancer, urinary

cancer and plasma cell neoplasia. The role of FDG PET/CT

in these NADCs is similar to that in non-HIV infected

patients.

AIDS-related opportunistic infection

AIDS patients are vulnerable to a variety of opportunistic

infections. The spectrum of HIV-associated opportunistic

infections is broad and includes bacterial, mycobacterial,

fungal, viral and parasitic pathogens. The infections may

involve different or multiple tissues, organs or systems.

Some preliminary studies have revealed a promising role of

FDG PET-CT in the diagnosis and identification of HIV-

associated infection and inflammation [49–54]. In HIV-

infected patients, FDG PET has also shown that HIV-1

infection progresses by distinct anatomical steps, with

involvement of the upper torso preceding involvement of

the lower part of the body, and the degree of FDG uptake is

related to viral load [35]. FDG uptake by the lymph nodes

was found to be inversely related to CD4 count [52].

Tuberculosis

About one-third of HIV-infected persons are estimated to

also be infected with mycobacterium tuberculosis (TB)

[55, 56]. In HIV and TB co-infections, it is of cardinal

importance to identify the patients correctly to start anti-TB

treatment and, most importantly, to delay HAART, because

it is common for patients with low CD4 counts and TB

coinfection, who are treated with antiretroviral treatment,

to develop immune reconstitution inflammatory syndrome

(IRIS) and frequently die because of this condition [57].

However, diagnosis of active TB disease in HIV-

infected persons is difficult, because patients with HIV-

associated TB have fewer bacilli in their sputum than do

HIV-uninfected patients with pulmonary TB [55]. In

addition, HIV infection compromises the validity and

effectiveness of chest radiography in the diagnosis of

pulmonary TB. The presentation of TB in the HIV-infected

patient is different from that observed in the HIV-negative

patient: apical predominance is less pronounced, while

consolidation and cavitations are less prevalent [50]. On

FDG PET-CT, active pulmonary and extra-pulmonary TB

always demonstrate increased uptake (Fig. 8). It is difficult

to differentiate between a malignancy, HIV infection and

TB, based on the intensity of FDG uptake only. Although

some studies reported that double-phase FDG PET was

helpful for differentiation between inflammation and

malignancy, a study in HIV-infected children suggested

that FDG PET scanning was unable to discriminate reliably

between malignant and inflammatory pathology [58]. In

most cases, diagnosis of TB is based on correlation of all

information including CT appearance, FDG PET pattern,

sputum and brachial washing stain and culture.

Detection of extra-pulmonary TB with or without con-

current lung involvement is usually difficult because of

nonspecific symptoms. FDG PET-CT can help in the

diagnosis with a single whole-body imaging (Fig. 9).

A study revealed that FDG PET-CT correctly diagnosed

presence or absence of active extra-pulmonary TB in all

patients [59]. But in the presence of FDG avid abnormality,

PET-CT cannot reliably differentiate an inflammatory

process such as TB from neoplasm such as lymphoma.

Monitoring the efficacy of anti-TB treatment may be

difficult based on symptoms and/or radiographic imaging.

FDG PET-CT can quantitate the intensity of uptake, which

provides information about metabolic alteration and allows

Fig. 7 Invasive cervical cancer in a 44-year-old woman with AIDS. Transaxial images of FDG PET-CT show a large bulky endocervical mass

with intense uptake (SUV 15). There is parametrial and upper vaginal extension
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monitoring the activity of the disease [60]. Published report

indicated the effectiveness of FDG PET-CT in the assess-

ment of the state of disease activity in tuberculosis spon-

dylitis and quantitative measurement of therapeutic

response to anti-TB treatment [61].

Fever of unknown origin (FUO)

One of the most common symptoms resulted from a wide

variety of opportunistic infections in AIDS patients is FUO

without any localizing features. Although there were a few

studies regarding application of FDG PET-CT in the

workup of FUO in non-HIV infected patient population

[62–65], the data on FDG PET-CT for FUO in AIDS

patients are limited to only three reports. Santiago et al.

[53] found a 76.4% sensitivity of FDG PET in identifying a

lesion in 47 febrile AIDS patients. O’Doherty et al.

investigated the usefulness of FDG PET in 57 HIV-positive

patients with FUO and/or weight loss. The FDG PET was

abnormal in 29 patients and the underlying diseases were

malignancies and infections [29]. Castaigne et al. [66]

reported that in 10 patients suffering from HIV-associated

FUO, FDG PET-CT correctly diagnosed TB in 6 patients

and neoplasm in 3 patients. In the series, FDG PET-CT

directly suggested sites for biopsy in 6 cases. All these

retrospective studies suggested that FDG PET-CT is

helpful for diagnosis or exclusion of a focal pathologic

etiology of HIV-associated FUO. Adding the CT anatomic

landmarks to the PET findings allows easy localization for

biopsy if histopathological diagnosis is needed. Figure 10

illustrates fungal pericarditis in an AIDS patient.

Pneumocystis pneumonia

The lungs are a principal target of HIV-associated oppor-

tunistic infections. Pneumocystis carinii pneumonia (PCP)

remains one of the most frequent AIDS-defining infections

in the USA, although its overall incidence is declining [67].

Approximately, 90–95% of cases of PCP occur in persons

whose CD4 cell count is below 200 cells/mm3. The clinical

diagnosis of PCP is complicated by the nonspecific signs

and symptoms of PCP and because pneumocystis is an

intractable organism that currently cannot be isolated or

sustained in culture [68]. The gold standard is microscopic

Fig. 9 Extra-pulmonary TB in a 56-year-old man with AIDS.

Transaxial images of FDG PET-CT show intense uptake (SUV 8.2)

in the anterior abdominal wall of the epigastric region, involving the

rectus abdominis muscle and 6–7th costal cartilages (arrows). Biopsy

with fine needle aspiration suggested TB infection

Fig. 8 Pulmonary TB in a 52-year-old man with AIDS and persistent cough. Transaxial images of FDG PET-CT show a 2.0-cm cavitary nodule

with mild uptake (SUV 2.8) in the left lower lobe (arrows). Sputum stain and culture were positive for acid fast bacilli
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examination of stained bronchoalveolar lavage fluid or

induced sputum. On chest radiography, classic PCP pre-

sents with bilateral, symmetric reticular or granular opac-

ities [69] (Fig. 11). Less frequently, PCP may present with

unilateral or asymmetric opacities. Traditionally, gallium

scintigraphy is used to diagnose and monitor PCP, which

often demonstrates diffuse pulmonary uptake. Published

case reports suggested that FDG PET-CT might be pre-

ferred to gallium scintigraphy for PCP diagnosis and

monitoring, due to its better resolution, higher target to

background uptake, faster imaging time and lower radia-

tion dose [70, 71].

Candidiasis

Oropharyngeal and/or esophageal candidiasis occur com-

monly and recur frequently. Oral candidiasis, the most

common diagnosis and one of the earliest manifestations,

affects more than 80% of AIDS patients and can be diag-

nosed by direct examination followed by histological evi-

dence with biopsy [72, 73]. Patients with esophageal

candidiasis usually complain of dysphagia and/or chest

pain. FDG PET is very helpful for the diagnosis of

esophagitis, even though it cannot identify the specific

pathogen. Since there is minimal physiologic uptake in the

esophagus, diffusely increased esophageal uptake is most

likely suggestive of an inflammation/infection (Fig. 12).

Osteomyelitis and soft tissue abscess

Like in non-HIV infected patients, FDG PET-CT is a

valuable tool for evaluation of osteomyelitis and soft tissue

infection. For osteomyelitis, especially chronic osteomy-

elitis, FDG PET-CT is superior to MRI, more sensitive and

specific than bone and white blood cell scintigraphy [74].

Conclusion

HIV infection results in profound alterations of immuno-

logic function that render the patient severely immuno-

compromised and susceptible to malignancies and

opportunistic infections. There are three AIDS-defining

malignancies: KS, NHL and invasive cervical cancer. In

AIDS patients, KS is often aggressive and multifocal, with

visceral involvement and widespread cutaneous and nodal

spread; NHL is always high grade and often widely dis-

seminated at the time of diagnosis with frequent involve-

ment of extranodal sites; cervical cancer is invasive and has

greater likelihood of progression and metastasis. FDG

Fig. 10 Pericarditis in a 18-year-old man with AIDS and FUO. Transaxial FDG PET-CT show moderate pericardial effusion with mild uptake

(SUV 2.3) (arrows). Subsequent blood culture was positive for fungi. The pericardial effusion resolved after anti-fungal therapy

Fig. 11 PCP in a 58-year-old man with AIDS and cough. Transaxial

images of FDG PET-CT show patchy areas of ground-glass opacities

and consolidations with mild uptake in bilateral lungs, greater on the

right (arrows). There is also interlobular septal thickening on the CT.

Subsequent bronchial alveolar lavage cytology with Giemsa stain

confirmed pneumocystis carinii organism
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PET-CT has been shown to be a valuable imaging tech-

nique in the diagnosis, staging, restaging and monitoring

therapeutic response for these malignancies. In addition, a

unique application of FDG PET/CT is differentiation of

cerebral lesions and identification of lymphoma in AIDS

patients. The spectrum of HIV-associated opportunistic

infections is broad and may involve different or multiple

tissues, organs or systems. Some preliminary studies have

revealed a promising role of whole-body FDG PET-CT in

the diagnosis and identification of HIV-associated infec-

tions, such as TB, FUO, pneumocystis pneumonia and

candidiasis. However, it should be stressed that FDG PET-

CT alone has no role in identifying the pathology of

abnormalities. FDG PET-CT, at best, can localize the sites

of abnormalities and impact on patient’s management in

the clinical decision making.
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