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Purpose: To describe a split-dose technique for fluorine 18 fluo-
rodeoxyglucose (FDG) positron emission tomography 
(PET)/computed tomography (CT)-guided ablation that 
permits both target localization and evaluation of treat-
ment effectiveness.

Materials and 
Methods:

Institutional review board approved the study with a 
waiver of consent. From July to December 2011, 23 pa-
tients (13 women, 10 men; mean age, 59 years; range, 
35–87 years) with 29 FDG-avid tumors (median size, 1.4 
cm; range, 0.6–4.4 cm) were targeted for ablation. The 
location of the lesion was the liver (n = 23), lung (n = 4), 
adrenal gland (n = 1), and thigh (n = 1). Radiofrequency 
ablation was performed in 17 lesions; microwave ablation, 
in six; irreversible electroporation, in five; and cryoabla-
tion, in one. The pathologic condition of the tumor was 
metastatic colorectal adenocarcinoma in 18 lesions, pri-
mary hepatocellular carcinoma in one lesion, and a va-
riety of metastatic tumors in the remaining 10 lesions. A 
total of 4 mCi (148 MBq) of FDG was administered be-
fore the procedure for localization and imaging guidance. 
At completion of the ablation, an additional 8 mCi (296 
MBq) of FDG was administered to assess ablation ade-
quacy. Results of subsequent imaging follow-up were used 
to determine if postablation imaging after the second dose 
of FDG reliably helped predict complete tumor ablation. 
Descriptive statistics were used to summarize the results.

Results: Twenty-eight of 29 (97%) ablated lesions showed no re-
sidual FDG activity after the second intraprocedural FDG 
dose. One patient with residual activity underwent imme-
diate biopsy that revealed residual viable tumor and was 
immediately re-treated. Follow-up imaging at a median of 
155 days (range, 92–257 days) after ablation showed local 
recurrences in two (7%) lesions that were originally neg-
ative at postablation PET.

Conclusion: Split-dose FDG PET/CT may be a useful tool to provide 
both guidance and endpoint evaluation, allowing an op-
portunity for repeat intervention if necessary. Further 
work is necessary to validate these concepts.
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of 12 mCi (444 MBq) was divided into a 
targeting dose of 4 mCi (148 MBq) and 
a treatment efficacy dose of 8 mCi (296 
MBq). The targeting dose of 4 mCi (148 
MBq) was chosen on the basis of the 
FDG half-life and on our previous expe-
rience with the length of time a proce-
dure takes before postablation imaging 
is performed such that approximately 
10% of the dose is left at the end of the 
procedure. This consideration is meant 
to minimize the contamination from the 
preprocedure PET scan with the post-
procedure scan.

Serum glucose levels were mea-
sured prior to the procedure. Patients 
were injected with approximately 4 
mCi (148 MBq) of FDG about 1 hour 
prior to the procedure and were al-
lowed to rest for about 1 hour prior 
to the procedure. Whenever possible, 
patients voided prior to transfer to the 
interventional PET/CT table. Imaging 
was performed with a GE Discovery 
690 time-of-flight scanner (GE Health-
care, Waukesha, Wis). For all cases, 
general anesthesia with intubation and 
paralysis for full muscle relaxation was 
used. The patient was anesthetized on 
the PET/CT scanner prior to image 
acquisition. Then a 2-minute breath-
hold PET acquisition of the organ to be 
targeted was performed at one table 

tissue at follow-up at various time pe-
riods after the ablation, although in-
flammation can confound evaluation 
at early time points (9–12). Previous 
attempts with use of FDG PET at the 
time of the ablation to assess treatment 
adequacy failed to be helpful because 
FDG administered before the ablation 
remained localized within the treated 
tumors after ablation (13,14).

The objective of our study was to 
describe a technique for PET/CT-guid-
ed ablation that permits both target 
localization and evaluation of treat-
ment effectiveness. We report our ex-
perience using a split-dose method of 
FDG PET/CT for ablation, whereby the 
standard administered diagnostic FDG 
activity dose of approximately 12 mCi 
(444 MBq) is administered in two ali-
quots: a 4-mCi (148-MBq) target dose 
administered before ablation and an 
8-mCi (296-MBq) treatment efficacy 
dose administered immediately after 
the procedure.

Materials and Methods

Patients
From July to December 2011, 23 consec-
utive patients who had undergone split-
dose FDG PET/CT-guided ablations for 
the treatment of 29 lesions were ret-
rospectively identified from an institu-
tional review board–approved, Health 
Insurance Portability and Accountabil-
ity Act–compliant prospective database. 
All patients provided informed consent 
prior to PET/CT-guided ablations. De-
mographic information was collected 
for each patient from the medical re-
cord. Patients and lesion characteristics 
are summarized in Table 1.

Imaging and Ablation Protocol
Each PET/CT-guided intervention was 
performed according to a split-dose 
protocol as follows: The standard dose 

Percutaneous tumor ablation re-
quires intraprocedural imaging 
both to guide electrode placement 

and to determine the technical effec-
tiveness and endpoint of the procedure 
(1). Placement of the ablation electrode 
is typically performed with ultrasono-
graphic (US), computed tomographic 
(CT), or magnetic resonance (MR) im-
aging guidance. However, when the ab-
lation target has the same echogenicity, 
attenuation, or signal intensity as the tis-
sue that surrounds it, the lesion may be 
better visualized on fluorine 18 fluorode-
oxyglucose (FDG) positron emission to-
mographic (PET) images. In these cases, 
investigators have fused, or registered, 
previously acquired PET scans with CT 
images obtained during the procedure 
(2). This approach is limited by chal-
lenges in accurate image registration, 
especially because procedural images 
are often obtained with the patient in 
positions and respiratory phases that 
differ substantially from prior diagnostic 
PET examinations.

Treatment effectiveness after tu-
mor ablation can be assessed by using 
immediate imaging. Such assessments 
may prompt re-intervention if the in-
tended ablation margin has not been 
achieved. Contrast material–enhanced 
CT, US, and MR imaging have all been 
used to assess and confirm ablation of 
the tumor and margin (3–8). However, 
while contrast-enhanced imaging tech-
niques can depict the morphologic and 
perfusion changes caused by ablation, 
these techniques lack the metabolic in-
formation provided with PET imaging. 
FDG PET has been demonstrated to be 
a useful tool to assess the effectiveness 
of ablation by detecting the presence 
of residual or recurrent viable tumor 

Implication for Patient Care

nn The split-dose FDG PET protocol 
may offer a method of immediate 
assessment of completeness of a 
tumor ablation procedure.

Advance in Knowledge

nn By using a split-dose method of 
fluorine 18 fluorodeoxyglucose 
(FDG) PET/CT imaging during 
tumor ablation we were able to 
successfully target the lesion and 
assess FDG activity at the end of 
the procedure, thus obtaining an 
immediate assessment of the 
completeness of ablation.
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acquisition were obtained for all pa-
tients. Exponential FDG decay curves 
were calculated for the median doses. 
The median uptake time from the first 
FDG injection to the preablation tar-
geting PET acquisition was 78 minutes 
(range, 40–143 minutes), and the me-
dian injected activity of FDG was 4.2 
mCi (155.4 MBq) (range, 3.6–4.4 mCi 
[133.2–162.8 MBq]). This time var-
ied because the time of the patient’s 
preparation and anesthesia induction 
also varied. The median uptake time 
for postablation imaging was 35 mi-
nutes (range, 30–152 minutes), and 
the median injected dose was 8.4 
mCi (310 MBq) (range, 7.6–8.8 mCi 
[281.2–325.6 MBq]). The average in-
terval between FDG injections was 261 
minutes (range, 100–450 minutes), and 
the average procedure time, defined as 
the time from the first target scan to 
the removal of the ablation device, was 
166 minutes (range, 84–315 minutes) 
(Table 2). For validation of the imag-
ing findings at the postablation PET, the 
most recently available follow-up CT, 
MR, or PET study was used to assess 
the ablation zone for recurrence.

Statistical Analysis
To estimate the sample size required to 
evaluate the split-dose method, we used 
the method described by Eng (15). The 
prestudy estimate of the recurrence 
rate was taken to be 5% based on prior 
interventional (16) and surgery (17) 
studies. The width of the expected con-
fidence interval was 20%. On the basis 
of these estimates, we predicted that 

with the initial PET dataset to confirm 
accurate needle position within the 
FDG-avid target volume. Image guid-
ance for placement of the ablation de-
vices was performed with fused PET/
CT fluoroscopy in 26 lesions. Fusion of 
US with CT/PET imaging was used to 
target the other three lesions. Fusion 
of the most recently acquired breath-
hold CT images with the PET dataset 
acquired at the beginning of the pro-
cedure was typically repeated multiple 
times during the procedure. This could 
be performed easily without the need 
for repeat PET acquisition, because the 
patient’s position was not changed and 
the patients were paralyzed. Ablation 
was then performed as per the manu-
facturer protocol for the specific abla-
tion device. If necessary, probes were 
repositioned to create overlapping abla-
tion zones to match the geometry of the 
lesion and the intended margin.

Once the tumor ablation protocol 
was complete, the patient was injected 
with a second dose of approximately 8 
mCi (296 MBq) of FDG. Thirty to 45 mi-
nutes later, while the patient remained 
under general anesthesia, repeat breath-
hold CT and PET acquisitions were per-
formed at the same table position as 
the original acquisition for one field of 
view covering the treated site. Breath-
hold contrast-enhanced CT was also 
performed after the ablation as per the 
standard protocol at our institution, and 
this dataset was also fused with the pos-
tablation PET dataset.

FDG doses and the time from 
the dose administration until image 

position with a 15.7-cm cranial-caudal 
scan range, while the patient’s vital 
signs were continuously monitored. Pa-
tients were preoxygenated with a frac-
tional inhaled oxygen concentration of 
100% to facilitate artificial suspension 
of respiration during image acquisition 
to minimize motion artifacts and allow 
better registration of PET and CT da-
tasets. Breath-hold planning CT scans 
of the same region were obtained, and 
these two datasets were fused to facil-
itate planning of the optimal electrode 
trajectory.

Placement of ablation probes was 
performed in the standard manner for 
an image-guided ablation by using con-
ventional biopsy mode CT, CT fluoros-
copy, or combined US and CT guidance. 
Breath-hold CT images of the device in 
position were obtained and were fused 

Table 1

Patient Characteristics

Characteristic Datum

Total no. of patients 23
No. of men 9 (39)
No. of women 14 (61)
Median age (y)* 60 (42–81)
No. of lesions 29
Median lesion size (cm)* 1.4 (0.6–4.4)
Lesion location
  Liver 21
  Lung 6
  Adrenal gland 1
  Thigh 1
Cancer cell type
  Colon 18 (62)
  Lung 3 (10)
  Melanoma 2 (7)
  Head and neck 2 (7)
  Pancreas 1 (3)
  Sarcoma 1 (3)
  Endometrium 1 (3)
  Hepatocellular 1 (3)
Ablation device
  Radiofrequency 17 (59)
  Microwave 6 (21)
  Irreversible electroporation 5 (17)
  Cryoablation 1 (3)

Note.—Unless otherwise indicated, data are the number 
of patients and data in parentheses are percentages.

* Data in parentheses are the range.

Table 2

Split-Dose FDG PET Parameters

Variable Datum*

Median uptake time from first FDG injection to preablation PET (min) 78 (40–143)
Median injected first FDG dose (mCi)† 4.2 (3.6–4.4)
Median uptake time for second FDG dose (min) 35 (30–152)
Median injected second FDG dose (mCi)† 8.4 (7.6–8.8)
Average interval between FDG injections (min) 261 (100–450)
Average procedure time from first scan to device removal (min) 166 (84–315)

* Data in parentheses are the range.
† To convert to megabecquerels, multiply by 37.
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lesions. One recurrence followed abla-
tion of a 4.4-cm lesion close to a ma-
jor bile duct that was ablated by using 
irreversible electroporation to reduce 
the risk of bile duct injury. The second 
recurrence followed radiofrequency ab-
lation of a caudate lobe lesion adjacent 
to the main portal vein (Fig 5).

Discussion

An important unmet challenge of im-
age-guided ablation has been the lack 
of clear indicators to the operator that 
the target lesion has been sufficiently 
ablated at the conclusion of the pro-
cedure. While surgical margins can be 
evaluated with frozen-section analysis 
of surgical specimens, this is not prac-
tical for ablation. In surgery, if the sur-
geon has not adequately resected the 
lesion, the resection can be extended 
to achieve an appropriate margin. For 
percutaneous ablation, pathologic eval-
uation of the margin is currently not 
feasible. Biopsies of the ablation zone 
could provide some real-time feed-
back regarding treatment adequacy. 

bronchodilators. Typical cases are il-
lustrated in Figures 2 and 3. Liver ma-
lignancies with significant initial FDG 
activity were ablated and showed no 
metabolic activity at postablation FDG 
PET/CT. This absence of FDG activ-
ity was confi rmed at follow-up PET 
imaging.

In one lesion, FDG uptake was seen 
at the inferior margin of the lesion after 
ablation (Fig 4). Biopsy was performed 
while the patient remained under anes-
thesia, and immediate on-site cytologic 
review suggested residual tumor, subse-
quently confirmed in the final pathologic 
diagnosis. After replacement of the ab-
lation needle, an additional ablation tar-
geted to the region of persistent FDG 
activity was immediately performed to 
ensure complete ablation, and successful 
ablation of the lesion was confirmed at 
follow-up imaging (Fig 4c). A retrospec-
tive review suggested a lack of complete 
coverage of the targeted lesion.

The median postablation follow-up 
imaging for all patients was 155 days 
(range, 92–257 days). Marginal recur-
rence was observed in two of 29 (7%) 

this study would require a minimum 
sample size of 18 ablations.

Results

All lesions were successfully visualized 
by using the initial reduced approximate 
4-mCi (148-MBq) FDG injected activity 
PET/CT acquisition. No new lesions not 
previously documented at conventional 
preprocedure cross-sectional and PET 
imaging were detected at preablation 
imaging. A median of three probe po-
sitions (range, one to six) were used 
to achieve the desired ablation size. All 
ablations were successfully completed 
according to the preprocedure plan for 
each patient. In 28 of 29 lesions, no re-
sidual PET activity was identified at the 
immediate postablation PET acquisi-
tion. Contrast-enhanced CT performed 
at the end of ablation also confirmed 
technical success.

Figure 1 shows the FDG exponen-
tial decay curve for the median values 
of the parameters: an initial FDG dose 
of 4.2 mCi (155.4 MBq), a preablation 
uptake time of 78 minutes, a proce-
dure time of 166 minutes, and a pos-
tablation dose of 8.4 mCi (310.8 MBq) 
with an uptake time of 35 minutes. 
The graph charts the radioactive de-
cay of 18F and demonstrates that the 
effective FDG activity from which the 
preablation dataset is acquired is ap-
proximately 2.57 mCi (95.09 MBq), 
whereas the effective FDG activity 
from which the postablation dataset 
is acquired is approximately 6.73 mCi 
(249.01MBq). At the time of the sec-
ond PET acquisition, the residual ac-
tivity present from the first injection is 
approximately 0.65 mCi (24.05 MBq) 
and therefore contributes minimally 
to image formation at the second time 
point. Approximately 90% of the sig-
nal for the postablation images comes 
from the postablation FDG injection 
and therefore reflects the postablation 
metabolic state of the tumor.

The only complications noted dur-
ingthe ablation procedures were three 
cases of pneumothorax that required 
chest tube placement and one pleural 
effusion treated effi ciently with a short 
course of prednisone and aggressive 

Figure 1

Figure 1:  FDG exponential decay curves for the median values of the 
parameters: an initial injection of 4.2 mCi (155.4 MBq) and a postablation dose 
of 8.4 mCi (310.8 MBq). Graph charts radioactive decay of the isotope and 
demonstrates that the effective FDG activity from which the preablation dataset 
is acquired is approximately 2.57 mCi (95.09 MBq), whereas the postablation 
activity is approximately 6.73 mCi (249.01 MBq). At second PET acquisition, the 
residual activity present from the first injection is approximately 0.65 mCi (24.05 
MBq) and therefore contributes minimally to the postablation PET images.
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Figure 2

Figure 2:   Fused FDG PET/CT images in a 60-year-old man with metastatic melanoma. A, FDG-avid liver 
metastasis in the right lobe (standardized uptake value, 18.2). B, Image immediately after microwave ablation 
shows the photopenic ablation defect. C, Image at 4-week follow-up shows good ablation result. D, Image 5 
months after abaltion shows a further decrease of the ablation zone size and no metabolic activity.

Surrogate indicators used after abla-
tion include measurement of the abla-
tion defect on postablation images and 
correlation with preprocedure images 
(18,19), as well as, identification of 
viable tissue adherent to the radiofre-
quency probe (20,21).

Use of standard imaging as a sur-
rogate marker of pathologic margin 
status following ablation is challenging 
for many reasons. Tissue at the margin 
of an ablation may not enhance well 
due to postprocedure edema, injury, 
or vasoconstriction of the local vascu-
lature but may still retain viable tumor 
cells. Conversely, normal enhancing 
tissue can appear as tumor recur-
rence. Examples of both false-negative 
and false-positive results are known 
when CT enhancement characteristics 
are used to predict ablation adequacy 
(22–24).

Comparison of postablation im-
aging with preprocedure imaging may 
also be difficult due to differences in 
organ position, patient position, and 
interval tumor growth between the pre-
procedure imaging and the procedure 
date. The use of a two-dose FDG PET/
CT as described in our study for both 
tumor targeting and evaluation of the 
effectiveness of ablation may be a step 
toward improving the effectiveness of 
ablation in the treatment of local pri-
mary and metastatic disease. This is 
different from groups who used a com-
plete FDG dose up front and looked 
for change immediately after ablation 
(14) and from other groups who used 
preprocedure fused PET to guide their 
ablation procedures (2). Both of these 

Figure 3

Figure 3:   Fused FDG PET/CT images 
in a 68-year-old man with metastatic 
colorectal cancer. A, Colorectal liver 
metastasis (standardized uptake value, 
9.8). B, Intraprocedural image with no 
metabolic activity and decreased attenua-
tion. C, Image of the same ablated area 4 
months after the ablation.
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the technical concern was for injury, was 
to an adjacent structure (bile duct) and 
one average-sized lesion was close to a 
large portal vein branch. We speculate 
that the postablation PET scans might 
have been negative in these two cases on 
the basis of residual viable cancer vol-
ume below the threshold for FDG PET 
detection. One might equate the con-
cept of a R1 resection with microscopic 
residual disease to an “A1 ablation” with 
residual disease below the threshold of 
FDG PET detection (26).

The split-dose protocol used in our 
study maximizes clinical value for the pa-
tient from the radiation exposure asso-
ciated with FDG activity. Our split-dose 
protocol (4 mCi [148 MBq] target dose, 
8 mCi [296 MBq] treatment efficacy) 
uses the same total FDG dose as a di-
agnostic PET (12 mCi [444 MBq]). The 
4-mCi (148-MBq) target dose yields suf-
ficient signal to facilitate localization and 

10 times the activity from the original 
dose by the time the postablation PET 
scan was acquired.

Cellular uptake of FDG reflects tu-
mor glucose metabolism and is an in-
dicator of viable cells. Absence of FDG 
uptake suggests absence of viable tumor 
cells (25). One lesion in our study did 
show persistent FDG avidity following 
the postablation FDG injection. We in-
terpreted this finding to indicate the per-
sistence of residual, untreated disease. 
This was confirmed with biopsy, which 
triggered immediate additional ablation 
to this area. Such immediate postproce-
dure feedback could be compared with 
intraoperative pathologic evaluation of 
the surgical margin.

Two lesions that appeared well treat-
ed at the postablation PET acquisition 
developed marginal recurrences during 
follow-up. Both lesions were in challeng-
ing locations: one large lesion, where 

techniques failed to provide evidence of 
postablation completeness.

We report on a technique of splitting 
the standard injected FDG dose to en-
able FDG PET to be used both for guid-
ance during electrode insertion and for 
endpoint assessment after ablation. This 
technique relies on the relatively short 
(110 minutes) half-life of FDG. Most of 
the activity from the smaller FDG dose 
used for targeting guidance decays by 
the time the ablation has concluded. By 
using our method, the second FDG dose 
contains about twice the activity as the 
first. Additionally, a substantial amount 
of time (mean, 244 minutes) elapses be-
tween FDG doses. Consequently, activity 
from the first (target) dose has largely 
decayed and activity from the postabla-
tion dose dominates during the acquisi-
tion of the postablation images. For the 
patients in our study, the activity from 
the second FDG dose was approximately 

Figure 4

Figure 4:   Fused FDG PET/CT images in a 65-year-old woman with metastatic colorectal cancer. A, Image prior to ablation shows liver metastasis (arrow), which 
was treated with radiofrequency ablation (not shown). B, Image at the end of ablation shows residual FDG uptake at the inferior margin of the lesion (arrow). C, 
Subsequent follow-up image demonstrates successful repeat ablation.

Figure 5

Figure 5:   Fused FDG PET/CT images in a 69-year-old woman with metastatic pancreatic cancer. A, Image prior to ablation shows liver metastasis (arrow), which 
was treated with irreversible electroporation (not shown). B, Image at the end of ablation shows the ablation zone with no metabolic activity. C, Follow-up image at 3 
months shows local tumor progression (arrow).
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conventional approaches of image inter-
pretation of follow-up contrast-enhanced 
images and PET studies correlated with 
patients’ preablation images. Future 
studies may be needed to pathologically 
validate the concept.

Finally, the limited availability of 
PET/CT units for interventional radi-
ology hinders the possibility of a wide 
spread of the technique. The benefit of 
being able to avoid a local recurrence 
with immediate re-treatment needs to 
be weighed against the extra cost of the 
technique.

In conclusion, the use of a split-dose 
technique for FDG PET guidance for 
percutaneous ablation facilitates target-
ing of FDG-avid lesions and may pro-
vide immediate confirmation of treat-
ment effectiveness. Further studies are 
warranted to assess the full impact and 
usefulness of this technique.
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should lead to a two-thirds reduction in 
operator dose compared with standard 
FDG dosing regimens.

There were several limitations to our 
study. One potential limitation of this 
technique might arise from decreased 
perfusion surrounding the ablation zone 
due to edema. This can be demonstrated 
at conventional imaging as an area of 
reduced enhancement at CT (30). This 
area of reduced perfusion may contain 
potentially viable tumor cells, but may 
not be sufficiently perfused for accurate 
visualization with standard intravascular 
contrast agents. We were concerned 
that this phenomenon might impair de-
livery of FDG to the region and cause 
false-negative FDG uptake. There is evi-
dence from neuroimaging, however, that 
PET tracers are not affected in the same 
way that conventional blood pool agents 
are in this regard. In high-grade gliomas 
treated with antiangiogenic agents such 
as bevacizumab, contrast-enhanced MR 
images may show reduced enhancement 
suggesting tumor response; in contrast, 
uptake of PET tracers by viable tumor 
can still be visualized (31). The com-
bination of prolonged uptake time and 
small molecule size may facilitate the 
diffusion of FDG through even poorly 
perfused tissue. A second limitation was 
the shorter-than-standard uptake time 
prior to PET imaging after the second 
FDG dose. The standard uptake time 
after FDG injection at our institution is 
approximately 60 minutes for diagnostic 
PET imaging. In our cases, the uptake 
time after the second FDG dose was 
limited to 30–45 minutes. We adopted 
this shorter uptake time to balance the 
potential benefits to the patient of ob-
taining the postablation PET images 
with the potential risks associated with 
longer anesthesia times. We also found 
support for shorter uptake times in 
prior guidelines from the Society of Nu-
clear Medicine and other evidence of 
variable practice in this regard (32,33). 
In the future, a better understanding of 
the importance of uptake time for in-
terventional cases needs to be studied. 
Another limitation of our study was the 
lack of pathologic confirmation of com-
plete ablation for most patients. Com-
plete ablation was judged on the basis of 

targeting of the lesion, even though the 
images are noisier than typical diagnos-
tic images. However, since all patients 
had preprocedural diagnostic PET/CT 
scans, decreased target-to-background 
ratio was still sufficient to permit lo-
calization and guidance. Fusion of the 
low-dose PET with CT further facilitates 
accurate lesion identification. This ap-
proach is in keeping with the principles 
of patient radiation dose optimization 
during other interventional radiologic 
procedures (27), where greater noise is 
tolerated for interventional imaging than 
for diagnostic imaging. When the sec-
ond injection of FDG is administered, 
minimal residual activity remains from 
the initial low activity injection due to 
the relatively short half-life of the tracer. 
At the time of postprocedure imag-
ing, the activity from the second injec-
tion exceeds residual activity from the 
first dose by an estimated factor of 10. 
Therefore, images generated from the 
second acquisition almost exclusively 
represent signal from the second FDG 
injection and portray the metabolic state 
of the treatment zone. The technique of 
sequential, differential dosing is well es-
tablished for other nuclear medicine ap-
plications such as cardiac stress testing 
using technetium 99m-labeled perfusion 
agents (28).

The use of the split-dose technique 
also reduces the radiation exposure for 
the operator and staff during the pro-
cedure. We have previously measured 
radiation exposure to staff from PET-
guided procedures using a full 12-mCi 
(444-MBq) activity dose and found 
the operator’s dose to be in the range 
of 1–2 mrem (.01–.02 mSv), which is 
at a very acceptable level considering 
the annual dose limit of 5000 mrem (5 
mSv) (29). With this split-dose tech-
nique, the operator and staff are typ-
ically in close proximity to the patient 
for extended periods of time only after 
the initial 4-mCi (148-MBq) injection. 
Once the procedure is completed and 
the second dose of 8-mCi (296-MBq) 
has been administered, it is uncom-
mon for the operator to be in the room 
near the patient unless the findings of 
the postprocedure scan prompt further 
treatment. Accordingly, this technique 
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