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I
maging with 99mTc-labeled dimercaptosuccinic acid
(99mTc-DMSA) has proven to be of great value in the
diagnosis and follow-up of pyelonephritis and other disor-

ders of the renal cortex (Table 1), mainly in children and to a
lesser extent in adults. In pyelonephritis, 99mTc-DMSA im-
aging shows a very high diagnostic sensitivity (.90%) (1–3).
Following intravenous administration, 99mTc-DMSA localizes
primarily in the proximal convoluted tubules of the renal
cortex, and after uptake it does not redistribute significantly.
The renal concentration of 99mTc-DMSA closely follows re-
gional renal blood flow (4).

For decades 99mTc-DMSA was widely and routinely
available in the United States. During the past few years,
however, routine U.S. availability of 99mTc-DMSA has been
significantly impaired. In contrast, 99mTc-DMSA is available
and used extensively in Europe and other countries around
the world. In 2014, DMSAwas added to the Drug Shortages
List of the U.S. Food and Drug Administration (FDA) and was
commercially unavailable thereafter. With the FDA-approved
drug remaining on backorder indefinitely, some providers
surveyed for this article suggested unfamiliarity with how
to access alternative formulations of DMSA that are available
through many nuclear pharmacies, including both com-
pounded and manufactured formulations. Some providers
have access to DMSA but have been reluctant to use less
stringently regulated compounded formulations and may
not be aware that a manufactured option is also available.
Although none of the preparations are FDA-approved ge-
neric equivalents, the FDA has maintained a temporary
importation allowance for the manufactured product. In re-
sponse to a 2012 fungal meningitis outbreak caused by con-
tamination at New England Compounding Center (Framingham,
MA) (5), the Drug Quality and Security Act (H.R. 3204)
granted the FDA more authority to regulate and monitor the
manufacturing of compounding drugs (6). In addition, multiple
state boards of pharmacy responded by enforcing United States
Pharmacopeia guidelines through inspections and/or new reg-
ulations for compounding pharmacies. Some compounding phar-
macies were shut down (7).

In March 2019, one of the authors (ZB-S) of this article
conducted a survey among national delegates of 26 European
countries participating at the European Association of
Nuclear Medicine (EANM) meeting to assess the status
of DMSA in Europe. The survey showed that the radio-
pharmaceutical is widely available and commonly used. No
shortages were reported.

The current shortage of 99mTc-DMSA in the United
States is limiting the use of this unique, highly sensitive,
and well-established imaging method. This shortage has created
a vicious circle in which many practitioners say that they no
longer perform 99mTc-DMSA scintigraphy, resulting in re-
duced demand. Other factors contributing to its reduced use
include older practice guidelines (such as that from the
American Academy of Pediatrics in 2011 [8]), lack of educa-
tion of referring physicians about its value, concern about radia-
tion exposure, and others.

The Survey

We conducted a survey among nuclear medicine practi-
tioners to explore and confirm the value of this imaging
method and the current availability of this agent in the United
States. The rationale for this survey was to confirm whether
99mTc-DMSA imaging is indeed viewed as a valuable re-
source and therefore should be available to patients in this
country in a safe and easily available formulation.

The survey examined practice setting, whether nuclear
medicine and referring practitioners believe 99mTc-DMSA
scans to be helpful, current local usage, reasons why DMSA
is unavailable, sources of DMSA, and whether their practices
would perform 99mTc-DMSA scans if DMSA were routinely
available (Table 2). The Google Forms survey was sent to the
SNMMI All Member Community via the SNMMI Connect
Communities discussion board (https://communities.snmmi.
org). Responses were tabulated.

TABLE 1
Indications for 99mTc-DMSA Imaging in Children

1. Detection of acute pyelonephritis

2. Detection of renal scarring
3. Abnormal size or contour of kidney on ultrasound

4. Measurement of split renal function

5. Congenital abnormalities

a. Antenatal or neonatal hydronephrosis
b. Horseshoe kidney, cross-fused renal ectopia

c. Solitary or ectopic kidney

d. Multicystic dysplastic kidney

e. Vesicoureteral reflux
f. Duplicated collecting system

g. Ectopic kidney

h. Renal dysplasia
6. Renal infarct

7. Segmental renal artery stenosis

8. Hypertension

9. Allergy to iodinated contrast agents
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During the 3 weeks in early 2019 when the survey was
open, we received 93 responses from 33 different states.
Ninety percent (90%) (84/93) of responses were from hospitals
(teaching, community, mixed). Ninety percent (90%) (84/
93) of responders believed 99mTc-DMSA scans to be helpful,
and 73% (68/93) stated their referring physicians felt 99mTc-
DMSA scans were helpful. However, 24% (22/93) were un-
decided or did not know about referring physician attitudes.
Forty-five percent (42/93) currently perform 99mTc-DMSA
scans, whereas 55% (51/93) do not. The reported current
sources of DMSA in this country varied from importation
from other countries to a short list of both small and large
U.S. suppliers.

Seventy (70) respondents answered the question ‘‘Would
your practice be performing DMSA scans now if DMSAwere
available?’’ Of these, 56% (49/70) stated that they would, and
30% (21/70) stated that they might perform 99mTc-DMSA scans
if the radiopharmaceutical were available (Fig. 1).

Fifty-four (54) respondents answered the question ‘‘In
the past, has your practice ever experienced a DMSA supply
interruption? If yes, please describe.’’ Of these, 63% (34/54)
reported that their practices have experienced DMSA supply
interruptions. Sixty-four respondents answered the question
‘‘Indicate the reason your practice is not currently performing
DMSA scans.’’ Of these, 38% (24/64) reported that DMSA
is temporarily unavailable, and 20% (13/64) that DMSA is per-
manently unavailable. Some (14%, 9/64) have stopped offering
this study.

Forty-two respondents answered the question ‘‘Please
describe why DMSA is unavailable to your practice.’’ Stated
reasons included: DMSA not available, 52% (22/42); never
ordered, 14% (6/42); radiologist not willing to administer
non-FDA–approved agent, 10% (4/42); and lack of reim-
bursement, 2% (1/42). Twenty percent of respondents (20%)
(19/93) shared free-text comments.

DISCUSSION

As noted previously, 99mTc-DMSA is used extensively
in Europe and other countries around the world, and we

hope that it can again become readily and reliably available
in the United States. In Europe, recommended administered
activities in children are listed on package inserts following
the recommendation of the Pediatric Task Group of the
EANM. However, the FDA does not include pediatric indi-
cations or dosages. U.S. package inserts state: ‘‘Pediatric Use:
Safety and effectiveness in children have not been established.’’
Therefore, U.S. pediatric practitioners must use 99mTc-DMSA
as an ‘‘off-label’’ indication (7) and typically refer to either
the North American Consensus Guidelines (9,10) or the EANM
Pediatric Dosage Card/Calculator to determine the appropriate
pediatric dosage (11).

In regard to radiation dose, it may be helpful to consider
that the effective dose of radiation to the patient with
99mTc-DMSA is in the range of 0.7–0.9 mSv (3). In com-
parison, abdominal CT, which is used for numerous routine
clinical indications, has an effective dose of;5.0 mSv (12).
If the usefulness of cortical scintigraphy to patient and
physician can outweigh the potential risks of what is con-
sidered a relatively small radiation dose, then appropriately
performed 99mTc-DMSA scanning should be an available di-
agnostic tool. This is particularly the case when an equivalent
or superior test for evaluation of functioning renal cortex is
not practical. For example, MR imaging is at least equally as
sensitive as 99mTc-DMSA for detection of pyelonephritis or
cortical scarring (13), but MR imaging requires general an-
esthesia or sedation in young children, must be performed at
an experienced pediatric facility, is more costly, and may
have lengthier wait times to schedule. As stated by the
SNMMI, the aim should be to perform the right test, with
‘‘the right dose, to the right patient at the right time’’ (14).

Two approaches currently exist in the workup of patients
with febrile urinary tract infection. To date, universal agree-
ment has not been reached on which approach is most
appropriate (15). One is known as the ‘‘top down’’ approach.
In this case, the recommendation is that at the time of acute
infection, a patient should undergo a 99mTc-DMSA renal scan
to determine the presence of acute pyelonephritis. If the 99mTc-
DMSA scan is normal, no further imaging investigation would
be performed. If, on the other hand, the 99mTc-DMSA scan
is abnormal, further evaluation with voiding cystourethrography

TABLE 2
99mTc-DMSA Use Survey Questions/Items

1. In what ZIP code is your primary practice?

2. Describe your practice setting.
3. Do you believe that DMSA scans are helpful?

4. Do your referring physicians believe that DMSA scans are

helpful?

5. Does your practice currently perform DMSA scans?
6. Indicate the reason your practice is not currently performing

DMSA scans.

7. Would your practice be performing DMSA scans now if DMSA
was available?

8. Who is your DMSA supplier? or Why is DMSA unavailable in

your practice?

9. Has your practice ever experienced a DMSA supply
interruption?

10. Any other comments?

FIGURE 1. Resp-
onses (n 5 70) to
the question “Would
your practice be per-
formingDMSAscans
now if DMSA were
available?” Blue 5
yes; yellow5maybe;
red 5 no.
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(VCUG) and other testing should be conducted to determine
whether vesicoureteral reflux (VUR) is present. The other
approach, known as ‘‘bottom up,’’ recommends a VCUG after
acute infection to determine whether the patient has VUR. If
the patient has VUR, then further investigations of the kidneys,
sometimes including a late (.6 months after infection) 99mTc-
DMSA scan, are conducted to determine whether permanent
renal scarring has occurred (1,2,16–24).

A detailed discussion of the advantages and limitations
of either approach is beyond the scope of this article. Suffice
it to say that in either approach 99mTc-DMSA scintigraphy
provides the physician with a sensitive method to evaluate
the functional integrity of the renal units.

CONCLUSION

The 99mTc-DMSA scan remains a highly desired, very
useful, and superior sensitivity tool in the evaluation of pyelo-
nephritis, scarring of the renal cortex, and a range of additional
clinical indications (Table 1). Unfortunately, at the present time
only non-FDA–approved DMSA formulations are available in
the United States through a scant patchwork of local suppliers.
This situation has negatively impacted practitioners’ ability to
evaluate renal cortical defects in children and adults. Whether
regional preference is for the ‘‘top down’’ or ‘‘bottom up’’
approach in evaluation of urinary tract infection, 99mTc-DMSA
imaging is a very helpful tool for diagnosis of renal cortical
abnormalities. A clear clinical need for this method has been
voiced through the results of this survey. The current problem
of lack of a reliable, safe, commercially available formulation
of DMSA in the United States should be resolved by its stake-
holders for the benefit of patients and practitioners. Perhaps an
appeal to industry, the FDA, other regulatory organizations, urolo-
gists, nephrologists, pediatricians, professional societies (such
as the Radiological Society of North America and SNMMI),
and the broader nuclear medicine community could assist in
this task.
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