
renovascular hypertension have been published and include the
following:

. Abruptor severehypertension.

. Hypertensionresistantto medicaltherapy.

. Abdominalor flankbruits.

. Unexplainedazotemia.

. Worseningrenalfunctionduringtherapywith ACEIs.

. Grade3 or 4 hypertensiveretinopathy.

. Occlusivediseasein othervascularbeds.

. Onsetof hypertensionbeforeage30or afterage55.

PARTIV:PROCEDURE
A. Patient Preparation

The patient should be well hydrated before testing. If
an oral ACEI is used, the patient should drink only
water and should not eat a solid meal within 4 hr of the
study. One suggested protocol is 7 ml water/kg body
weight 30â€”60mm before the study. Hydration should
continue between studies if two studies are performed
on the same day. An intravenous line should be placed
for normal saline infusion in high-risk patients and for
those receiving intravenous enalaprilat (see Section
IV.C, Precautions, below). Ideally, ACEIs should be
withheld for 2â€”5days (depending on half-life) before
the study. Captopril and enalapril/lisinopril probably
should be withheld for 48 hr and 96 hr, respectively.
Some patients will present for the test on a therapeutic
ACEI. In such a patient, it is reasonable to give the
ACEI and perform captopril or enalaprilat renography,
although the referring physician should understand that
there may be a slight loss of sensitivity.

Chronic administration of diuretics may also de
crease the sensitivity of the procedure, and chronic
diuretic administration should be stopped several days
before the study, ifpossible. In a well-hydrated patient,
however, chronic diuretic administration probably will
not affect test results. The effect of other hypertensive
medications on ACEI renography is not completely
understood, but it appears small. If hypertension is
severe, it is not necessary to discontinue all antihyper
tensive medications before the procedure.

B. Information Pertinent to Performing the Procedure
Relevant history, physical findings, patient medica

Key Words: renovascular hypertension, procedure guideline
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PARTI: PURPOSE
The purpose of this guideline is to assist nuclear medicine

practitioners in recommending, performing, interpreting and
reporting the results of renal procedures for diagnosis of
renovascular hypertension.

PART II:BACKGROUND INFORMATION AND
DEFINITIONS

Renovascular hypertension is estimated to affect PVoâ€”3%of
the unselected hypertension population and up to lS%â€”3O%of
patients referred to a subspecialty center because of refractory
hypertension. Clinical features should indicate which patients
have moderate or high risk of renovascular hypertension. Clues
include abrupt or severe hypertension, hypertension resistant to
medical therapy, bruits in the abdomen or flank, unexplained
azotemia or worsening renal function during therapy with
angiotensin-converting enzyme inhibitors (ACEIs). It is impor
tant to distinguish between renovascular hypertension and
stenosis of the renal artery. Stenosis of the renal artery is
common in nonhypertensive elderly persons and is an associ
ated but nonetiologic finding in a number of hypertensive
patients. Renovascular hypertension is defined as an elevated
blood pressure caused by renal hypoperfusion, usually due to
anatomic stenosis of the renal artery and activation of the
renin-angiotensin system. The goals of a screening test are to
detect those patients who have renal artery stenosis as the cause
of hypertension and, to predict curability of hypertension
following intervention.

PART III: COMMON INDICATiONS
The test is most cost-effective if used primarily in patients

who have moderate to high risk of renovascular hypertension.
Clinical features associated with moderate to high risk of

For correspondence or reprints contact: Wendy J.M. Smith, Director of Health Care
Polk@y,Society of Nuclear Med,cine, 1850 Samuel Morse Dr., Reston, â€˜/A20190-5316,
orbye-mwlatwsmfth@snm.org.

Note: 1@JI26SNM-approved procedureguidelines are available on the Society's home
page. We encourage you to downloadthese documents via the Internetat www.
snm.org. If you would like information on the development of this guideline@ to order
a compendium of all 26 procedure guidelines for $20.00, contact Marie Davis, Society
of NuclearMedicine,at (703)708-9000,ext 250,orbye-mailat mdavis@snm.org.
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Organrece@ngAdministered
actMty the largest radiationdoses Effectivedose@MBq

mGymSvRadiopharrnaceutical
(mQ) (rad)(rem)@Tc@DWAt

37-370 0.0650.0063Bladder
wail(1â€”10)

(024)(0.023)@Tc@MAG3*
37â€”370 0.110.0073Bladder
wall(1â€”10)

(0.41)(0.027)*per

MBq(permCi).tICAP
53,page188.*ICRP,
62, page17.tions,

when ACEIs were stopped, patient's serum cre- raphy should be done on the first day. If the ACEI
atinine and patient's resting blood pressure while sitting renogram is normal, the chance that the patienthasand

standing. . renovascular hypertension is low, and there is no needtoC.
Precautions have the patient return on the second day for abaselineACEIs

can cause significant hypotension. Therefore, study. When the study result is abnormal, specificitycanblood
pressure and pulse should be monitored and be improved by obtaining a baselinestudy.recorded

before administration and at least every 10â€”15 When the i-day protocol is performed,baselinemm
thereafter. An intravenous line should be estab- renography should be performed first with only 37 MBq

lished in high-risk patients (e.g., history of carotid (1 mCi) of 9@Tc-DTPA or @Tc-MAG3.The admin
disease, stroke, transient ischemic attack, angina and istered activity for the ACE! renogram should be200â€”recent

myocardial infarction) and in patients who re- 400 MBq (5â€”10mCi) to overwhelm any counts fromtheceive
intravenous enalaprilat. A patient should not be baselinestudy.sent

home unless his or her standing blood pressure is at Instrumentation, Positioning and Timing ofImages:least
70% of baseline and he or she is asymptomatic The study should be acquired with the gammacamerawhen
standing. facing the lower back of the supine patient. A large

D. Radiopharmaceuticals (See Tables 1 and 2.) field-of-view camera is preferred so that the heart,
The optimal radiopharmaceutical remains to be de- kidneys and bladder can all be included in the field of

termined. However, @Tc-mercaptoacetylthglycine view. If only two organs can be imaged, the kidney and
(MAG3) and 99mTcdiethylenethaminepen@cetic acid bladder should be visualized. For @Tcagents and
(DTPA) are most commonly used. Radioiodinated hip- 123-orthoiodohippurate (OIH), a low-energy or high
puran has also been used. Technetium-99m-MAG3 is resolution, all-purpose collimator should be used. Ma
preferred over 9@Tc-DTPA in patients with elevated trix resolution is preferably 128 X 128, although 64Xcreatinine

because of its higher extraction. 64 is acceptable. When a dynamic flow study is ob
E. Image Acquisition tamed, the time per frame should be 1â€”3sec for thefirstStudy

Protocol: Both I-day and 2-day protocols are 60 sec and 10â€”30sec per frame for the remainder oftheacceptable.
If there is a relatively low likelihood of study. The total acquisition time should be 20â€”30mm.renovascular

disease, the 2-day protocol is preferred Patients should void before beginning the study, andaover
the 1-day protocol. The i-day protocol requires postvoid image isrecommended.that

the patient remain in the department for a longer F.Interventionstime,
but the entire study is completed in I day. Although captopril has been most widely used, cap

When the 2-day protocol is performed, ACE! renog- topril and enalaprilat are both acceptable forACE!TABLE

2Radiation
Doelmetry for Children w@i Notmal Renal Function*(5.y@J)Organ

recalvingAdministered
actMty the largest radiation @j@t Effective@j@tMBq/kg

mGymSvAadiopharmaceutical
(mCi/kg) (red)(rem)@Tc-DTPA

3.7 0.0860.012Bladder
wall(0.1)

(0.32)(0.044)@â€˜Tc-MAG3
3.7 0.180.015Bladder
wall(0.1)

(0.67)(0.055)Treves

ST, Pediatric Nuclear Medicine, 2nd ad., New Yoric Springer-Verlag;1995.tper
MBq (permCi).

TABLE I
RadiatiOn Dosimetry for Adults with Normal Renal Function
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renography. The recommended dose of captopril is
25â€”50mg by mouth. Crushing the tablets and dissolving
them in 150â€”250 ml water may enhance absorption.
Unless the patient has delayed gastric emptying or poor
absorption from the gastrointestinal tract, 25 mg is
sufficient. Patients should not eat a solid meal within
4 hr of the study, as food in the gastrointestinal tract
decreases captopril absorption. Radiopharmaceutical ad
ministration should be delayed for at least 60 mm after
captopril administration, as peak blood levels occur
approximately 60 mm after oral ingestion. Enalaprilat
(Vasotec) can also be used, with 40 ug/kg administered
intravenously over 3â€”5mm. A total dose of 2.5 mg
should not be exceeded. Because the radiopharmaceuti
cal can be given I 5 mm after enalaprilat administration,
procedure time is shorter and potential problems with
gastrointestinal tract absorption are also avoided. It is
recommended that the radiopharmaceutical not be ad
ministered until at least 15 mm after intravenous enala
prilat administration.

Option: Administration of furosemide with captopril or
enalaprilat is not considered to be an essential component
ofACEI renography. Since furosemide is a loop diuretic, it
can wash the radiopharmaceutical out of the calyces and
pelvis and improve evaluation of cortical retention of
tubular agents MAG3 and OIH. It also can cause volume
depletion and increase the risk of hypotension.

G. Processing
Background subtraction is recommended using a

ring, elliptical or perirenal region of interest (ROl). The
renal uptake of MAG3 and OIH should be measured in
each kidney in the 1â€”2-or 1â€”2.5-mm interval after
injection of the radiopharmaceutical. After 2.5 mm a
portion of these tracers may have already left the renal
ROI, thus leading to incorrect estimates of relative
function. The relative renal uptake of DTPA should be
measured from 2â€”3mm postinjection. Renogram curves
should be generated from ROIs that are selectively
assigned to the renal cortices or the whole kidney.
Exclusion of the pelvis and calyces is important if there
is retention of activity in these structures. The time to
maximum activity (Tmax) should be determined. A 20
mm/peak mm (20 mm/maximum) activity ratio should
be calculated for MAG3 and OIH. Measurement of
renal parenchymal transit time is recommended using a
parenchymal ROI if the software algorithm is available.

H. Interpretation/Reporting
The most specific diagnostic criterion for renovascu

lar hypertension is an ACEI-induced change in the
renogram. Overall, ACE! renography has a sensitivity
and specificity of about 90% for diagnosis of renal
artery stenosis. Most importantly, ACEI-induced reno
graphic findings ofrenovascular hypertension indicate a
high probability that blood pressure will be reduced
after intervention.

The post-test probability for disease cannot be deter
mined solely based on the test results. The test results
must be combined with the pretest probability. In the
discussion of probability that follows, a pretest proba
bility of lO%â€”30%is assumed for high-risk patients in
whom ACEI renography should be performed. When
this test is performed in lower-risk patients, the post-test
probability will be lesser than the numbers cited below.
Test results should be interpreted as consistent with
high, low or intermediate probability of disease.

Low Probability: Normal findings on ACE! renogra
phy indicate a low probability (<10%) for renovascular
hypertension. Abnormal baseline findings that improve
after ACE inhibition also indicate low probability for
renovascular hypertension.

Intermediate Probability: Patients with intermediate
probability of disease have abnormal baseline findings
but the renogram is unchanged after ACE inhibition.
This group includes some azotemic patients and hyper
tensive patients who have a small, poorly functioning
kidney. The sensitivity of abnormal baseline findings
that are unchanged after ACE inhibition is quite high
(>90%), but the specificity is poor, probably in the
range of 50%â€”75%.

High Probability: The probability is considered high
(>90%) when marked change of the renogram curve
occurs after ACE inhibition compared to baseline find
ings. For DTPA, this change can be quantitated by
measuring the change in relative function or absolute
individual kidney function. For tubular agents, the change
can be best quantitated by a change in the 20 mm/peak
count ratio or a prolongation of the Tmax. In subjects
with normal renal function and in the absence of pelvic
or caliceal retention, a normal 20 mm/peak ratio for
OIH or MAG3 is <0.3. A 0.15 change (i.e., 0.3â€”0.45)
after ACE inhibition usually is considered to be signif
icant. A 0. 1â€”0.15 change is considered to be borderline.

General Interpretive Criteria:

. A normal ACE! renogram indicates a low proba
bility (< 10%) of renovascular hypertension.

. Criteria associated with renovascular hyperten
sion include worsening of the renogram curve,
reduction in relative uptake, prolongation of the
renal and parenchymal transit time, increase in
the 20 mm/peak ratio and prolongation of the

Tmax@
. A small,poorlyfunctioningkidney(<30% up

take with a Tmax 2 mm) that shows no change
after ACE! renography and bilateral symmetri
cal change (cortical retention with tubular agents
and decrease of DTPA uptake) are indicative of
intermediate probability for renovascular hyper
tension.

Spec@flc Interpretive Criteria for MAG3 and OIH:
Unilateral parenchymal retention after ACE! admini
stration is the most important criterion for MAG3 and
OIH and represents high probability (>90%) for
renovascular hypertension. This can be measured by
a change in the 20 mm/peak ratio of 0. 15 or greater,
a significantly prolonged transit time or a change in
the renogram grade (Fig. 1). It also can be detected as
a delay in the excretion of the tracer into the renal
pelvis >2 mm after ACEI administration or an
increase in the Tmax of at least 2 mm or 40%. A
change in relative uptake of MAG3 or 0tH >10%
after ACE! administration is uncommon, but it rep
resents a high probability for renovascular hyperten
sion when present.

Spec@fIcInterpretive Criteriafor DTPA: Reduction
in relative uptake greater than 10% after ACE!
administration indicates high probability for renovas
cular hypertension; S%â€”9%indicates intermediate
response. High probability is also associated with a
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B. The following sources of error should be discussed: (1)
retained activity within the collecting system and (2)
RO! selection, hepatic uptake of MAG3. The location
of the right kidney background RO! may significantly
affect the calculated relative uptake in patients with
severely impaired renal function.

C. The reference test or â€œgoldstandardâ€•in future studies
should be the outcome, the response to successful
revascularization, not angiographic evidence of renal
artery stenosis. Future studies also need to clearly
define patient subgroups and the results of ACE!
administration in these subgroups, (e.g., azotemic ver
sus nonazotemic patients; results in patients taking
diuretics, beta-blockers and ACEIs versus patients not
taking these medications; and results in patients with
normal baseline studies versus results in patients with
abnormal baseline studies). The utility of 1â€”3-sec
dynamic images in detection of renovascular hyperten
sion is uncertain. Further information is needed corre
lating bilateral symmetrical changes in the renogram
curve with angiography and with results of revascular
ization. Additional studies are needed in patients with
solitary kidneys or renal transplants. Additional data
are needed regarding the effect of chronic drug admin
istration (diuretics, beta-blockers, ACEIs) on test sen
sitivity and specificity; regarding the utility of ACE!
renography in assessing functional significance of ste
nosis of the least-affected kidney in patients with
bilateral renal artery stenosis; on the effects of salt
loading and the state of hydration; and on better
characterization of the baseline abnormality in patients
in whom the abnormal baseline does not change after
ACEI administration.
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10% decrease in calculated glomerular filtration rate
of the ipsilateral kidney after ACE! administration.
Marked unilateral parenchymal retention after ACE!
administration compared to baseline study also rep
resents high probability for renovascular hyperten
sion.

I. Quality Control
Gamma camera and image displays as described in the

Society of Nuclear Medicine Procedure Guideline for
General Imaging. Images should be reviewed in a
dynamic format to evaluate for presence of patient
motion.

J. Sources of Error
Existing clinical and renographic results must be

interpreted with some caution because the protocols are
complex and the diagnostic criteria are not well stan
dardized.

PART V: DISCLAIMER
The Society of Nuclear Medicine has written and approved

guidelines to promote the cost-effective use of high-quality
nuclear medicine procedures. These generic recommendations
cannot be applied to all patients in all practice settings. The
guidelines should not be deemed inclusive of all proper proce
dures or exclusive of other procedures reasonably directed to
obtaining the same results. The spectrum of patients seen in a
specialized practice setting may be quite different than the
spectrum ofpatients seen in a more general practice setting. The
appropriateness of a procedure will depend in part on the
prevalence of disease in the patient population. In addition, the
resources available to care for patients may vary greatly from
one medical facility to another. For these reasons, guidelines
cannot be rigidly applied.

Advances in medicine occur at a rapid rate. The date of a
guideline should always be considered in determining its
current applicability.

PART VI: ISSUES REQUIRING FURThER
CLARIFiCATiON

A. It would be useful to know how high a patient's serum
creatinine can be without significantly compromising
test accuracy.
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region ofthe body (e.g., probable lung carcinoma, evaluation of
hilar lymph node involvement).

Dynamic Tomographic Images: Consist of multiple se
quential three-dimensional images in a limited field. This type
of acquisition often is used when quantitation of regional
metabolic rates is needed.

Whole-Body Tomographic Images: Usually performed to
survey the entire body to search for areas of abnormal FDG
accumulation.

Attenuation Correction: The method for correcting emis
sion photon attenuation by either:

Transmission Imaging: A set of corresponding images
are acquired with an external source of radiation. Typically,
these images are acquired with PET.

Mathematical Attenuation Correction: Typically used in
brain imaging, where an estimated attenuation correction based
on the emission data may be used instead of actually acquiring
transmission data.

PART III: COMMON INDICATIONS
A. Differentiation of benign from malignant lesions

(2,3,6, 7).
B. Staging of malignant disease (7,10,11).
C. Grading of malignant brain lesions (2,3).
D. Differentiation of recurrent malignant disease from ther

apy-induced changes (4,9,12).
E. Monitoring response to therapy for breast cancer (13).

PART IV: PROCEDURE
A. Patient Preparation

1.Prearrival
Patients fast for at least 4 hr to diminish physiologic

Key Words tumor imaging; fluorodeoxyglucose; PET; procedure
guideline; positron imaging
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PART I: PURPOSE
The purpose of this guideline is to assist nuclear medicine

practitioners in recommending, performing, interpreting and
reporting the results of 18-fluoro-2-deoxyglucose (FDG) imag
ing in the evaluation of patients with suspected malignant
disease, for staging malignant disease or for monitoring ther

apy.

PART II: BACKGROUND INFORMATION AND
DEF1N@ONS

There is a growing body of evidence for the use of FDG in
differentiating malignant from benign disease, staging and
grading malignant disease, differentiating recurrent disease
from therapy-induced changes and monitoring response to
therapy.

Depending on the clinical question and type of equipment
available, the FDG imaging procedure may include the follow
ing:

Limited-Field Tomographic Images: Usually performed
when critical abnormalities are likely to be localized in a known

For correspondence or reprints, contact: Wendy J.M. Smith, Director of Health Care
Policy, Society of Nuclear Medicine, 1850 Samuel Morse Dr., Reston, VA20190-5316,
orby e-mailatvnmith@snm.org.
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