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Perspective

Renal Disease and Toxicities: Issues for HIV Care Providers

The prevalence of renal disease is increasing in the HIV-infected popula-
tion, likely reflecting increases in renal disease in the general population
due to hypertension and diabetes, clustering of HIV cases in black
Americans (who have a higher frequency of renal risk factors), and toxici-
ties of antiretroviral and other drugs taken by HIV-infected patients.
Screening for renal function and regular follow up are recommended for
all HIV-infected individuals starting at the time of HIV diagnosis. Elements
of screening include quantitative risk-factor assessment and screening
tests, such as urine protein quantitation and estimation of creatinine clear-
ance and glomerular filtration rate. Diagnosis of renal dysfunction includes
consideration of causative factors common in the general population as
well as HIV-specific factors. This article summarizes a presentation on renal
impairment in HIV disease made by Derek M. Fine, MD, at the 9th Annual
Ryan White CARE Act Clinical Update in Washington, DC, in August 2006.
The original presentation is available as a Webcast at www.iasusa.org.

The prevalence of kidney disease is
increasing in the US HIV-infected pop-
ulation, even though the incidence of
end stage renal disease (ESRD)
attributed to HIV-associated nephropa-
thy (HIVAN) has remained constant
since the mid-1990s. Although the
incidence of ESRD attributed to AIDS
nephropathy—which may or may not
represent HIVAN—reached a plateau
after 1996, there is little information
about the incidence of earlier stages of
HIVAN in the potent antiretroviral ther-
apy era. It is currently estimated that
renal function is abnormal in up to
30 % of HIV-infected patients (Gupta et
al, Clin Infect Dis, 2005), and abnor-
mal renal function is an independent
predictor of mortality in this popula-
tion (Szczech et al, Clin Infect Dis,
2004). Renal dysfunction, unless in
advanced stages, is usually asymp-
tomatic. Since it poses serious risks,
including risks of drug toxicities, HIV-
infected patients should have renal
function assessed at the time of HIV
diagnosis and at regular intervals
thereafter, depending on renal func-
tion and risk factors.

Dr Fine is an Assistant Professor of
Medicine in the Division of Nephrology at
The Johns Hopkins University School of
Medicine in Baltimore, Maryland.

Risk Factors

Risk factors for kidney disease in the
HIV-infected population include hyper-
tension, diabetes, black race and other
genetic factors, family history, and hep-
atitis C virus infection, which are also
risk factors in the general population,
as well as HIV-specific factors such as
lower CD4 + cell count and higher HIV
viral load. There have been marked
increases in rates of ESRD due to
hypertension and diabetes in the gen-
eral population over the past 20 years.
These causes now account for 70% or
more of ESRD, and these increases are
likely occurring in the HIV-infected
population. Part of the increase in
renal disease in the HIV-infected popu-
lation is also likely associated with
clustering of HIV cases in black
Americans and the high frequency of

hypertension and diabetes in this
racial group. Centers for Disease
Control and Prevention (CDC) data
from 2003 indicate that 48% of US
AIDS cases are in black individuals,
who constitute only 13% of the US
population. Black Americans are 1.8
times as likely to have diabetes as age-
adjusted white Americans, and it has
been estimated that more than 30% of
black individuals aged 18 years and
older have hypertension.

Hypertension, which is estimated to
be present in 12% to 21 % of the HIV-
infected population, is an independent
risk factor for mortality in patients begin-
ning antiretroviral therapy. Independent
risk factors for mortality include mea-
sures of renal function (elevated serum
creatinine, proteinuria) and hyperten-
sion in HIV-infected women (Table 1;
Szczech et al, Clin Infect Dis, 2004).
Some antiretroviral therapies may
increase risk of hypertension, and thus
risk of renal dysfunction, in HIV-infected
patients (Crane et al, AIDS, 2006).

Assessment

The Infectious Diseases Society of
America (IDSA) guidelines for screening
for renal disease in HIV-infected patients
are summarized in Figure 1 (Gupta et al,
Clin Infect Dis, 2005). Risk-factor assess-
ment and screening should begin at the
first provider contact at which HIV infec-
tion is documented. History of nephro-
toxic-medication use should include ask-

Table 1. Multivariable Independent Predictors of Mortality After Initiation of Antiretroviral

Therapy in Women

Variable as Predictor of Death Hazard Ratio (95% Cl) P-value
Proteinuria (presence vs. absence) 2.21(1.33-3.67) .002
History of hypertension 2.25(1.37-3.68) .001
CD4+ count (per 100 cells/uL decrease) 1.36 (1.15-1.60) .0003
Hepatitis C virus infection 2.13(1.34-3.39) .001
Albumin level (per 1 mg/dL decrease) 2.04 (1.26-3.29) .004
Prior history of AIDS-defining illness 1.81(1.09-3.01) .02

Adapted with permission from Szczech et al, Clin Infect Dis, 2004. Cl indicates confidence

interval.
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Renal Disease and Toxicities

Kidney Disease Risk: Qualitative Assessment

Race

Family history of kidney disease
CD4+ cell count

Plasma HIV-1 RNA level

Nephrotoxic medication use (history)
Comorbidities

Diabetes mellitus
Hypertension
Hepatitis C virus coinfection

Screening Studies at Initial HIV Documentation:

Urine analysis (for proteinuria)

Serum creatinine (estimate Clcr or GFR using appropriate formula)

Abnormal Values

Grade > 1% proteinuria
by dipstick

Clcr or GFR <60 mL/min/
1.73 m?2

No Abnormal Values
[

Evaluate proteinuria further
with spot urine protein:
creatinine ratio

Factors

With Kidney Disease Risk

Rescreen annually

Without Kidney Disease Risk
Factors
Follow clinically

Perform renal ultrasound
Consider referral to nephrolo-
gist for further evaluation

and potential biopsy

At-risk Groups Include:
African Americans

Reassess based on signs/symptoms
Reassess per clinical events

Patients with diabetes, hypertension, or hepatitis C coinfection

Patients with CD4+ cell counts <200 cells/pL

Patients with HIV RNA levels >4000 copies/mL

Figure 1. Infectious Diseases Society of America (IDSA) guidelines: Screening Algorithm for
HIV-related Renal Diseases. Clcr indicates creatinine clearance; GFR, glomerular filtration
rate. Adapted with permission from Gupta et al, Clin Infect Dis, 2005.

ing if the patient is using over-the-
counter nonsteroidal anti-inflammatory
drugs (NSAIDs). These are frequently
omitted from consideration in terms of
risk for renal dysfunction. The IDSA
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1+ or higher on dipstick and an esti-
mated GFR below 60 mL/min/1.73 m?
are the abnormal thresholds that should
prompt additional work-up.

Serum creatinine measurement alone
does not provide sufficient information
on renal function. The left section of
Figure 2 shows that a substantial pro-
portion of individuals with abnormal
renal function based on measured actu-
al inulin clearance (GFR) has serum cre-
atinine levels that would be considered
within the normal range. There is not a
good correlation between change in
serum creatinine and change in GFR.

The Cockroft-Gault formula and the
Modified Diet in Renal Disease (MDRD)
formula are used to calculate GFR from
serum creatinine, but it is important to
note that neither is perfect. The Cockroft-
Gault formula has the advantage of
including body weight as a variable,
which accounts for the significant weight
changes that can occur in HIV-infected
patients and patients with renal disease.
The MDRD formula, which does not
include body weight, has been widely
adopted in the 4-variable form. The
middle and right sections of Figure 2
show the correlations between creatinine
clearance predicted by the Cockroft-Gault
equation and GFR predicted by the
MDRD formula and actual GFR. The cor-
respondence between predicted and
actual values is fairly tight at GFR below
60 mL/min/1.73 m2. Both equations can
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Figure 2. Left: relationship of serum creatinine level and inulin clearance rate (mL/min/1.73m?2) estimated by using the Cockroft-Gault (C-G)
equation; middle: correlation of creatinine (cr) clearance rate (mL/min/1.73m?) predicted by C-G equation with measured glomerular filtra-
tion rate (GFR; mL/min/1.73m2); and right: correlation of GFR predicted by the 6-variable (cr, blood urea nitrogen, age, race, sex, albumin)
Modified Diet in Renal Disease (MDRD) equation with measured GFR. Left section adapted with permission from Johnson et al,
Comprehensive Clinical Nephrology, 2000. Middle and right sections adapted with permission from Levey et al, Ann Intern Med, 1999.
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Table 2. Differential Diagnosis of Acute Renal Failure in HIV Disease

HIV-related Causes

HIV-associated nephropathy

Thrombotic microangiopathy

Membranoproliferative glomerulonephritis
(MPGN)

Immune complex glomerulonephritis
(MPGN or lupus-like)

Medication
Indinavir, tenofovir, sulfadiazine, pentami-
dine, sulfamethoxazole, and trimethoprim

Other Causes

Usual causes in general population:
pre-renal, etc.

Acute interstitial nephritis: multiple
medication exposures

Hepatitis B virus- and hepatitis C virus-
related disease

Rhabdomyolysis: statins and
protease inhibitors

be used to provide a “ballpark” estimate
of GFR, although the MDRD is consid-
ered the more accurate of the two.
Neither formula, however, has been vali-
dated in the HIV population.
Determination of urine protein via
dipstick, as recommended in current
guidelines, is unreliable. In 52 HIV-
infected patients in The Johns Hopkins
HIV Nephrology Clinic with proteinuria
of 500 to 1000 mg, dipstick results
were “none” or “trace” in 19%, and
within each dipstick grade there was a
wide variation of amount of protein
(unpublished data). The newer auto-
mated dipsticks are highly sensitive,
resulting in a large proportion of false-
positives among grade 1+ results. The
24-hour urine collection is the gold
standard for measuring protein but is
highly impractical, since a large num-
ber of patients will not complete the
test. A practical and reliable method
for quantitation of urine protein in ini-
tial work-up is the random urine pro-
tein:creatinine ratio, which divides
protein concentration by creatinine
concentration in a random urine sam-
ple. This method has shown a good cor-
relation with 24-hour protein measure-
ment. Although it may be inconvenient
or too expensive to use this method at
every contact, it is very useful for pro-
viding an initial quantitative assess-
ment that will more accurately reflect
whether or not the patient has renal dys-
function and requires further work-up.

Diagnoses

Differential diagnosis of acute renal
failure in HIV-infected patients includes
HIV-related conditions (eg, HIVAN and
drug-related renal failure) and other
conditions that may affect HIV-infected

and noninfected individuals (see Table
2). After consideration of non-HIV-relat-
ed causes, HIVAN should be ruled out
first, due to its poor prognosis if untreat-
ed. Drug-related problems that have
occurred with some frequency in the
HIV-infected population include acute
tubular necrosis and tubular disorders
(eg, with tenofovir), acute interstitial
nephritis (eg, with trimethoprim/sul-
famethoxazole, indinavir, or a variety
of other drugs), and crystalluria or
renal stones (eg, with indinavir, acy-
clovir, sulfadiazine). There should also
be heightened suspicion for hepatitis C
virus-related membranoproliferative
glomerulonephritis and rhabdomyoly-
sis in HIV-infected patients.

HIVAN

HIVAN must be diagnosed when pre-
sent, given its extremely rapid progres-
sion to ESRD over the course of weeks
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to months. HIVAN occurs almost exclu-
sively in patients of African descent.
Patients have a rapidly rising creatinine
level, proteinuria that is usually in the
nephrotic range (>3 ¢g), and, almost
invariably, a detectable viral load.
Definitive diagnosis can be made only
by biopsy. Although biopsy carries
some risk, the benefit of immediate
diagnosis of HIVAN (and ruling out the
numerous other diseases that may be
present) outweighs such risk.
Antiretroviral therapy can treat and
prevent HIVAN, and should be imme-
diately initiated in patients with HIV
infection and HIVAN. A 12-year study
in a Johns Hopkins HIV clinic cohort
showed that rates of presumed HIVAN
(based on clinical diagnosis) among
HIV-infected patients without AIDS
were 0% in those on highly active
antiretroviral therapy, 5.0% in those
receiving only nucleoside reverse tran-
scriptase inhibitor (nRTI) therapy, and
2.6 % in those receiving no antiretrovi-
ral treatment. In patients with AIDS,
rates were 6.8% in those receiving
antiretroviral therapy, 14.4% in those
receiving nRTI therapy, and 26.3% in
those receiving no antiretroviral treat-
ment (P<.001 for trend; Lucas, AIDS,
2004). Among 56 patients with HIVAN
followed up in The Johns Hopkins HIV
Nephrology Clinic, 20 were on dialysis
within 1 month of diagnosis; dialysis-
free survival was significantly pro-
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No ARV (n=10)
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Figure 3. Dialysis-free survival estimate in patients with HIV-associated nephropathy in The
Johns Hopkins Nephrology HIV Cohort according to treatment with antiretroviral therapy
(ARV). Adapted with permission from Atta et al, Nephrol Dial Transplant, 2006.
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longed among the remaining 26 who
received antiretroviral therapy com-
pared with the 10 who did not (with
the 1 patient in the latter group who
did not require dialysis disappearing
from treatment with a creatinine of 6
mg/dL; see Figure 3; Atta et al,
Nephrol Dial Transplant, 2006).

Other treatments that may be
attempted include glucocorticoids
(Eustace et al, Kidney Int, 2000; Smith
et al, Am J Med, 1996) and angiotensin
converting enzyme (ACE) inhibitors
(Kimmel et al, Am J Kidney Dis, 1996;
Wei et al, Kidney Int, 2003) or
angiotensin-II receptor blockers (ARBs),
though none of these treatments have
been tested in a randomized clinical
trial. Due to the aggressive nature of
HIVAN, initiation of such potentially
useful agents should be considered in
all cases if tolerated by the patient.

Tenofovir-associated Renal Dysfunction

Tenofovir is closely related to adefovir,
a known nephrotoxic agent that was
removed from the HIV treatment mar-
ket due to its causing acute renal fail-
ure and Fanconi syndrome; this toxici-
ty has not been observed with adefovir
at currently-used hepatitis B treatment
doses. No significant nephrotoxicity
with tenofovir was reported in clinical
trials of the agent, although a small but
statistically significant decline in GFR
was observed in patients receiving
tenofovir over 48 weeks in an observa-
tional cohort (Gallant et al, Clin Infect
Dis, 2005). In this study, a greater than
50% reduction in creatinine clearance
occurred in 4.4 % of patients receiving
tenofovir compared with 1.9% of
those receiving other nRTIs, and a
decline of 25% to 50% occurred in
13.4% and 10.8%, respectively. These
data suggest that some patients may be
experiencing significant renal impair-
ment on tenofovir.

The drug is secreted by the renal
tubule but is also filtered freely through
the glomerulus. It is likely that renal
impairment from other causes (whether
pre-existing chronic kidney disease or
new acute renal failure) results in
reduced clearance of tenofovir, with
the elevated tenofovir levels then con-

Renal Disease and Toxicities

tributing to renal dysfunction. Table 3
shows independent risk factors for
renal impairment from a CDC analysis
of 9535 antiretroviral therapy-experi-
enced patients with 17,357 person-
years of follow up. Tenofovir use com-
pared with use of other antiretroviral
drugs was associated with a statistical-
ly significant 1.6-fold greater risk for
renal impairment (Heffelfinger, 13th
CROI, 20006)

There have been several case
reports of renal toxicity, including
Fanconi syndrome, associated with
tenofovir. Fanconi syndrome is a loss
of proximal tubular function that
results in failure to reabsorb elec-
trolytes and nutrients (eg, glucose,
bicarbonate, phosphates, uric acid,
potassium, sodium, amino acids), with
subsequent elimination of these com-
pounds in the urine. The syndrome is
defined by a hypokalemic, metabolic
acidosis with hypophosphatemia and
glucosuria, however, the presence of
any combination of these features can
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occur when the proximal tubule is
affected. The underlying risk factors
cannot be determined on the basis of
these reports; however, in some of
these cases, there was an acute event
leading to renal failure that did not
resolve until tenofovir was discontin-
ued. In a report of 27 cases of teno-
fovir-associated renal dysfunction,
mean baseline creatinine was 0.9
mg/dL, peak creatinine was 3.9 mg/dL
(P<.05), and post-discontinuation cre-
atinine was 1.2 mg/dL (P <.05), with
creatinine returning to baseline levels
in 22 (81 %) of patients. Proteinuria
was present in 6 (35%) of 17 patients
assessed. Fanconi syndrome was diag-
nosed in 16 (59 %) of the patients, and
2 (7%) required dialysis (Zimmerman,
Clin Infect Dis, 2006).

A summary of 25 reported cases of
Fanconi syndrome in patients receiving
tenofovir indicates that patients had a
mean age of 45.5-years old (range,
34-60-years old) and mean time to
diagnosis from the initiation of teno-

Table 3. Independent Risk Factors for Acute Renal Failure in 9535 Antiretroviral Therapy-
experienced Patients with 17,357 Person-years of Follow-up

|— 0Odds Ratio (95% Confidence Interval) for Renal Impairment —]

Any Mild Moderate Severe
(GFR <90 (GFR 60-89 (GFR 30-59 (GFR 0-29
vs > 90) vs > 90) vs > 90) vs > 90)
CD4+ Count
(Cells/pL): Vs 350
(Referent)
<50 1.5(1.3-1.7) 1.3(1.1-1.5) 3.0 (2.2-4.1) 3.5(2.1-5.9)
50-199 1.3(1.2-1.5) 1.3(1.2-1.4) 1.7 (1.4-2.2) 2.2 (1.4-3.4)
200-349 1.1(1.1-1.2) 1.1(1.0-1.2) 1.2 (0.9-1.5) 1.5(1.0-2.4)
Hemoglobin
(Mg/dL): Vs 10.5
(Referent)
<8.0 4.7 (3.9-5.7) 2.4 (1.9-3.0) 13.8(10.1-18.8) 75.6 (47.5-120.3)
8.0-10.4 1.7 (1.5-1.9) 1.3(1.2-1.5) 3.8(2.9-4.9) 14.6 (9.3-22.9)
Diabetes
Yes vs no 1.3(1.1-1.5) 1.2 (1.0-1.4) 1.5(1.1-2.0) 1.9(1.2-3.0)
(referent)
Hypertension
Yes vs no 1.5(1.4-1.7) 1.4 (1.3-1.6) 2.6(2.1-3.2) 3.6 (2.5-5.0)
(referent)
Antiretroviral
Therapy
Prescribed 1.6 (1.4-1.7) 1.6 (1.4-1.7) 1.5(1.2-1.9) 1.5(1.0-2.2)
Tenofovir vs
other
(referent)

Glomular filtration rate (GFR) in mL/min/1.73 mZ2. Adapted with permission from Heffelfinger

et al, 13th CROI, 2006.
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fovir therapy of 9.6 months (range, 1-
25 months). Concurrent antiretroviral
drug use included ritonavir in 18 patients
(72 %), lopinavir in 15 (60 %), lamivudine
in 11 (44 %), and abacavir in 11 (44%). As
would be expected in a proximal tubule
disorder in which glucose and phos-
phate are not being reabsorbed and are
wasted in the urine, hypophosphatemia
was found in 20 (100%) of 20 patients
and glycosuria was found in 12 (89%)
of 13. Urine protein was 1.7 mg/g crea-
tinine in 14 patients. Two (8%) were
diagnosed with diabetes insipidus.
Tenofovir levels were elevated in
patients in whom such levels were mea-
sured. Both the electrolyte abnormali-
ties and glycosuria resolved with dis-
continuation of tenofovir treatment.
Biopsies showed proximal acute tubular
necrosis with no glomerular, vascular, or
interstitial changes.

It appears likely that most patients
experiencing tenofovir nephrotoxicity
have some degree of renal impairment
to begin with, or experience acute renal
failure due to another cause that results
in, and is exacerbated by, tenofovir tox-
icity. Nonetheless, the data indicate that
patients receiving tenofovir should be
monitored for renal function fairly
closely, and the need for initial screen-
ing and monitoring of renal function in
all patients should be emphasized. The
IDSA guidelines suggest biannual mon-
itoring in patients receiving tenofovir.

Acute Interstitial Nephritis

For many years, the model of drug-
related interstitial nephritis was that of
methicillin-related interstitial nephritis,
characterized by eosinophilia, pyuria,
hematuria, and extrarenal symptoms
including flank pain and rash.
Although cases of drug-related intersti-
tial nephritis may include many of
these symptoms, it may also be pre-
sent in the absence of these findings,
and patients may have no symptoms
other than a high or rising creatinine
level. Acute interstitial nephritis should
be considered in cases in which creati-
nine level is increasing after the intro-
duction or reintroduction of any drug
treatment in the absence of any other
explanation for the renal dysfunction.

Diagnosis, if not apparent by clinical
criteria, is made by biopsy, and early
diagnosis is crucial for avoiding tubu-
lointerstitial fibrosis and permanent
renal insufficiency. The putative culprit
medication should be withdrawn
immediately. Corticosteroid treatment
should be considered if renal function
does not improve within 7 to 10 days.

Conclusions

Dr Fine concluded with his personal rec-
ommendations regarding screening for
renal impairment in HIV-infected
patients: (1) Initial screening of patients
should include urine protein quantifica-
tion by spot-urine protein:creatinine
ratio, rather than dipstick. The threshold
for nephrologist referral on this test
should be estimated proteinuria of
above 500 mg (although one could con-
sider a lower cut-off at 300 mg, the
upper limit of normal). (2) Patients with
no abnormal findings at baseline, who
are nevertheless at high risk due to other
factors (eg, CD4+ cell count below
200/pL, plasma HIV RNA level above
4000 copies/mL, diabetes, hepatitis C
virus infection), should undergo screen-
ing every 6 months rather than annual-
ly. (3) Monitoring for renal function and
urinary abnormalities should occur
every 3 months, rather than every 6
months, in patients receiving tenofovir.
In addition to the recommendation
for renal-function screening and follow
up in all HIV-infected patients, certain
elements of the IDSA guidelines need to
be stressed. In patients with evidence of
chronic kidney disease, blood pressure
should be controlled to 125/75 mmHg.
In those with proteinuria, initial use of
ACE inhibitors or ARBs is preferred
based on evidence of benefit in other
proteinuric diseases. Diagnosis of HIVAN
is crucial, and patients with HIVAN
should have antiretroviral therapy start-
ed at confirmed diagnosis. Insufficient
improvement with antiretroviral treat-
ment warrants consideration of treat-
ment with ACE inhibitors, ARBs, and
prednisone (although, as stated earlier,
the aggressive nature of this entity may
support early initiation of both these
agents). In patients with renal impair-
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ment, dose-reduction is warranted for
antiretroviral drugs that are primarily
renally excreted. Likewise, in hemodialy-
sis patients, attention must be given to
providing additional post-dialysis doses
of antiretroviral drugs that are readily
removed in dialysis.

Presented in August 2006. First draft prepared
from transcripts by Matthew Steger. Reviewed
and edited by Dr Fine in December 2006.

Financial Disclosure: Dr Fine has received
honoraria for lectures from Amgen and
GlaxoSmithKline. He served as a consultant
to GlaxoSmithKline.
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specific to the needs of the

regional HIV specialists
These activities have been approved for
AMA PRA Category 1 Credit”

Office: (415) 544-9400
Fax: (415) 544-9402

E-mail:
info2007"at” iasusa “dot” org

International AIDS Society-USA

New York, New York
Wednesday, March 14, 2007
New York Marriott Marquis
Chairs: Gerald H. Friedland, MD
Paul A. Volberding, MD

Los Angeles, California
Wednesday, March 28, 2007
Renaissance Hollywood

Chairs: Ronald T. Mitsuyasu, MD
Constance A. Benson, MD

Atlanta, Georgia
Friday, April 27, 2007
Westin Peachtree Plaza

Chairs: Michael S. Saag, MD

Jeffrey L. Lennox, MD

Chicago, lllinois
Monday, May 7, 2007
Marriott Chicago Downtown
Chairs: John P. Phair, MD
Harold A. Kessler, MD

Washington, DC
Wednesday, May 23, 2007
JW Marriott on Pennsylvania

Chairs: Henry Masur, MD

Michael S. Saag, MD

San Francisco, California
Thursday, May 31, 2007
Grand Hyatt San Francisco

Chairs: Robert T. Schooley, MD
Stephen E. Follanshee, MD

REGISTRATION IS OPEN Register online at Www.iasusd.org Register early at the reduced registration fee.
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