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The purpose of this study was to evaluate PET using '®F-FDG
for gynecologic lesions with continuous bladder irrigation to
eliminate artifacts from the 8F-FDG activity in the bladder.
Methods: Forty-one patients were studied. They had 23 cervi-
cal uterine lesions (15 cases of cancer, 5 recurrences, 3 nonre-
currences); 8 cases of uterine corpus cancer, including 2 recur-
rences; and 10 ovarian masses (6 malignant, 4 nonmalignant).
All cases of cancer were histologically proven; however, 2 cases
of nonrecurrent uterine cervical carcinomas were diagnosed by
clinical course. Continuous bladder irrigation was performed
35-55 min after intravenous administration of 185-370 MBq
18F-FDG, and an emission scan was obtained 40-55 min after
intravenous administration. Standardized uptake value (SUV)
was used to estimate the degree of '8F-FDG uptake quantita-
tively. Results: After bladder irrigation, the '8F-FDG activity in
the urinary tract was eliminated in 33 patients, so that detection
of tumor '8F-FDG accumulation was easy. Two patients showed
residual activity in the urinary bladder, and 6 patients showed
activity in the ureter. An artifact was seen in 1 patient with
residual activity in the urinary bladder caused by insufficient
irrigation. However, these residual activities had no influence on
detecting '8F-FDG accumulation in tumor. The mean (=SD) of
SUVs of malignant lesions was 6.04 = 3.22, that of nonmalig-
nant lesions was 1.71 = 1.12, and the difference was significant
(P = 0.0002). SUVs of all malignant lesions were greater than
2.0, and SUVs of all nonmalignant lesions, except the 1 case of
ovarian fibroma, were less than 2.0. Conclusion: '8F-FDG PET
with continuous bladder irrigation is useful for eliminating '8F-
FDG activity in the bladder and for differentiating between ma-
lignant and nonmalignant uterine or ovarian masses.
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For the diagnosis of malignant tumors, PET usifig-
FDG is a useful nuclear medicine imaging tool. FDG is a
glucose analog marked byF while being taken up by
viable cells and is phosphorylated by intracellular hexoki-
nase (1). FDG-6 phosphate undergoes no further metabo-
lism and is accumulated in cells as FDG-6 phosphate. Glu-
cose metabolism and hexokinase activity are known to be
increased in malignant cellg)( 18F-FDG thus accumulates

in malignant tumors, an#F-FDG PET can assess glucose
metabolic activity in tumors noninvasivelil-4). The use-
fulness oft®F-FDG PET has been reported for the diagnosis
of various kinds of tumors (5), and standardized uptake
value (SUV) was used for the quantitative analysis®%#f
FDG PET.

The high8F-FDG activity in urine creates an annoying
artifact in the diagnosis of pelvic lesions. HigkF-FDG
activity in the urinary bladder is especially a problem,
because gynecologic tumors usually exist adjacent to the
urinary bladder.’8F-FDG PET is therefore seldom per
formed for gynecologic tumors, and there have been only a
few reports on such use &fF-FDG PET (6-12).

The purpose of this study was to evaluate the usefulness
of ¥F-FDG PET with continuous urinary bladder irrigation
to eliminate the artifact from the urinary bladder in patients
with gynecologic lesions. The optimal SUV cutoff to clin-
ically distinguish malignant from nonmalignant lesions was
also investigated.

MATERIALS AND METHODS

From August 1997 to March 2000, we studied 41 women (age
range, 26—84 y; mean age, 55.6 y) who were suspected to have
gynecologic tumors because of clinical findings or the findings of
several imaging modalities. All patients underwent MRI of the
pelvis with a 1.5-T MRI system an¥fF-FDG PET before treat
ment.

Of the 34 cases of malignancy, 12 were recurrent. The 22
nonrecurrent malignancies comprised 15 cases of uterine cervical
carcinoma, 6 of uterine corpus carcinoma, and 1 of ovarian serous
cystadenocarcinoma. The 12 recurrent malignancies comprised 5
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cases of uterine cervical carcinoma, 2 of uterine corpus carcinoma,
and 5 of ovarian cancer. Seven patients had benign disease, con-
sisting of 2 benign ovarian tumors (1 fibroma and 1 dermoid cyst),
2 cases of postoperative endometrial adenocarcinoma of the ovary,
and 3 cases of nonrecurrent uterine cervical carcinoma (all were
postoperative uterine cervical carcinoma with no recurrent tumors
in the pelvic region). In all cases of recurrent or nonrecurrent
carcinoma, at least 6 mo had passed after surgery and chemother-
apy or radiotherapy. Thirty-nine cases were proven histologically,
but 2 cases of nonrecurrent uterine cervical carcinoma were diag-
nosed through the clinical course.

1BE-FDG was produced with a superconducting cyclotron
(NKK-Oxford, Tokyo, Japan) and synthesis system (NKK, Tokyo,
Japan). A Headtome IV, model SET-1400W-10 (Shimadzu Corp.,
Kyoto, Japan), which has 4 detector rings providing 7 contiguous
dices at 13-mm intervals, was used for the PET studies. The
effective spatial resolution was 14 mm in full width at half max-
imum.

1BF-FDG PET was performed as follows. A Foley balloon
catheter (14 or 16 French) (Hitachi Medical Corp., Tokyo, Japan)
connected to aurine collection bag (JM S Corp., Tokyo, Japan) was
first placed in the urinary bladder before the transmission scan.
After performing the transmission scan for 10 min with a %8Ge/
88Ga ring source for attenuation correction, we intravenously in-
jected 185-370 MBq 8F-FDG into the patients, who had been
fasting for at least 4 h. Emission scanning was performed with
continuous urinary bladder irrigation at between 40 and 55 min
after intravenous injection. Continuous urinary bladder irrigation
was performed manually using prewarmed physiologic saline so-
Iution contained in disposable syringes, beginning 5 min before the
start of the emission scan and continuing until the end of the scan.
Each disposable syringe contained 50 mL of physiologic saline
solution and was used only once; the total amount of saline used
was up to about 2 L. The patients were not given any diuretics. The
BF-FDG PET images were reconstructed using filtered back-
projection.

We investigated the 18F-FDG PET images quantitatively. For
the quantitative analysis, regions of interest (circles 6 mm in
diameter) were placed in the areas of highest 8F-FDG accumula
tion among suspected mass lesions, as determined by referring to
the MR images, and mean SUVs were determined as follows:
SUV = tissue concentration (MBg/g)/injected activity (MBQq) per
body weight (9).

SUVs were not corrected for partial-volume effects. The non-
parametric Mann—Whitney U test was used to analyze data. A
2-tailed P value of less than 0.05 was considered significant.

RESULTS

No patients complained of pain during the urinary blad-
der irrigation. In 33 cases, the 8F-FDG activity in the
urinary tract was eliminated (Table 1) and the 8F-FDG
accumulation in the tumor was clearly seen. A typical case
of uterine cervical carcinoma (patient 15) isshown in Figure
1. No patients had hydroureter or hydronephrosis, but re-
sidual radionuclide activity in the urinary system was noted
in 8 patients, 2 of whom showed activity in the urinary
bladder and 6 in the ureter (Table 1). In only 1 patient
(patient 33), there was an intense artifact in the urinary
bladder because of residual activity (Fig. 2A). In this pa-
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tient, we failed to sufficiently irrigate the bladder because
the balloon catheter did not work well. In the other patient
with activity in the urinary bladder, the activity was low, but
the reason for its presence was not clear. In these 2 patients,
the dice level of the 8F-FDG accumulation in the tumor
was not the same as the slice level of the residua activity in
the urinary bladder; these residua activities therefore had
no effect on detecting 8F-FDG accumulation in the tumor.
In the 6 patients with residual activity in the ureter, it was
sometimes difficult to differentiate the residual activity from
1BE-FDG uptake by lymph node metastases or the primary
lesion. In 1 patient with residual activity in the ureter,
shown in Figure 2B (patient 24), the residua activity was
also difficult to differentiate using axial images alone but
was easy to differentiate by referring to MR images or by
reconstructing coronal 8F-FDG PET images (Fig. 2C).

The SUVs for al patients were between 0.26 and 13.58
(Table 1), and the distribution of SUV's is shown in Figure
3. The SUVs for patients with malignancy were between
2.09 and 13.48, with amean (+SD) of 6.04 = 3.22, and the
SUVsfor patients with nonmalignant disease were between
0.26 and 2.93, with a mean of 1.71 = 1.12. There was a
significant difference between malignant and nonmalignant
cases (P = 0.0002). For differentiating between malignant
and nonmalignant lesions, the SUV cutoff at which the
highest accuracy was obtained was 2.0. When this cutoff
value was used, sensitivity, specificity, positive predictive
value, negative predictive value, and accuracy were 100%,
86%, 97%, 100%, and 98%, respectively. There was only 1
case of false-positivity at the 2.0 cutoff value; this case (of
ovarian fibroma, in patient 39) is shown in Figure 4. One
case of nonrecurrent uterine cervical carcinoma (patient 21)
showed a low SUV of 0.26 because of the presence of a
cystic mass lesion with a thin wall.

The distribution of SUVs for each gynecologic mass is
shown in Figure 5. No significant difference was found
between the SUV s for uterine cervical cancer and those for
uterine corpus cancer. The SUVs for recurrent uterine cer-
vical carcinoma showed a tendency to be low, whereas the
SUVs for recurrent uterine corpus carcinoma showed a
tendency to be high. However, there were only 2 cases of
recurrent uterine corpus carcinoma. The presence of a sig-
nificant difference in SUVs between cases of primary ovar-
ian cancer and cases of benign ovarian tumor could not be
determined because of the small numbers of patients in-
volved.

DISCUSSION

Eliminating high 18F-FDG activity in the urinary tract is
important in the diagnosis of pelvic tumors using ¥F-FDG
PET. Several previous studies reported the usefulness of
irrigation in the 8F-FDG PET diagnosis of locally recurrent
rectal cancer (13,14). However, to our knowledge, only a
few studies have evaluated the usefulness of combining
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TABLE 1

Details on All 41 Patients

Residual '8F-FDG

Patient activity
no. Disease Mass lesion Tissue SuUvV Bladder Ureter
1 UCer Primary lesion SCC 2.09 - -
2 UCer Primary lesion SCC 3.41 - +
3 UCer Primary lesion SCC 4.35 - —
4 UCer Primary lesion SCC 4.35 - -
5 UCer Primary lesion SCC 4.82 - -
6 UCer Primary lesion SCC 5.96 - —
7 UCer Primary lesion SCC 6.56 - +
8 UCer Primary lesion SCC 7.19 - -
9 UCer Primary lesion SCC 7.56 - +
10 UCer Primary lesion SCC 7.97 - -
11 UCer Primary lesion SCC 8.15 - -
12 UCer Primary lesion SCC 10.83 -
13 UCer Primary lesion SCC 11.00 - -
14 UCer Primary lesion SCC 11.53 - -
15 UCer Primary lesion SCC 13.58 - +
16 RUCer Local recurrence SCC 2.14 - -
17 RUCer Local recurrence Clear cell adenocarcinoma 2.14 - -
18 RUCer Local recurrence SCC 2.29 - -
19 RUCer Local recurrence SCC 2.83 - -
20 RUCer Local recurrence SCC 3.10 - -
21 NRUCer Pelvic cavity Diagnosed by clinical course 0.26 - -
22 NRUCer Local lesion Diagnosed by clinical course 1.69 - -
23 NRUCer Local lesion No malignancy 1.95 + -
24 UCor Primary lesion Adenocarcinoma 2.64 - +
25 UCor Primary lesion Endometrioid adenocarcinoma 2.74 - -
26 UCor Primary lesion Adenocarcinoma 4.77 - -
27 UCor Primary lesion Endometrioid adenocarcinoma 4.93 - —
28 UCor Primary lesion Adenocarcinoma 7.50 - -
29 UCor Primary lesion Endometrioid adenocarcinoma 10.06 - -
30 RUCor Local recurrence Metastatic adenocarcinoma 7.60 - -
31 RUCor Local recurrence Endometrioid adenocarcinoma 11.20 - -
32 oC Primary lesion Serous cystadenocarcinoma 6.36 - -
33 ROC Remaining ovary Yolk sac tumor recurrence 2.60 + -
34 ROC Lymph node Endometrioid adenocarcinoma 5.84 - -
35 ROC Lymph node Mucinous cystadenocarcinoma 8.55 - -
36 ROC Lymph node Mucinous cystadenocarcinoma 3.53 - -
37 ROC Lymph node Clear cell carcinoma 5.11 - -
38 BO Primary lesion Dermoid cyst 1.37 - +
39 BO Primary lesion Fibroma 3.93 - —
40 BO Remaining ovary No malignancy 1.17 - -
41 BO Remaining ovary No malignancy 1.63 - -

UCer = uterine cervical carcinoma; SCC = squamous cell carcinoma; RUCer = recurrent uterine cervical carcinoma; NRUCer =
nonrecurrent uterine cervical carcinoma; UCor = uterine corpus carcinoma; RUCor = recurrent uterine corpus carcinoma; OC = ovarian
cancer; ROC = recurrent ovarian cancer; BO = benign ovarian tumor or no malignancy.

1BE-FDG PET with bladder irrigation for the diagnosis of
primary gynecologic tumors (7,8,15,16).

It was previously reported that water loading and intra-
venous diuretic administration could decrease retention of
1BE-FDG in the urinary tract (11) and that diuretic admin-
istration with placement of a catheter in the bladder was
effective in eliminating image artifacts originating from the
urinary tract (17). Sugawara et a. reported that the acqui-
sition of postvoid images immediately after urination de-
creased the artifact due to 8F-FDG accumulation in the

urinary bladder, resulting in a satisfactory diagnostic ability
with 100% sengitivity (6). Although these methods de-
creased the artifact due to residua 8F-FDG in the urinary
bladder, more than a little 8F-FDG still remained in the
urinary bladder. Because gynecologic tumors often exist
next to the urinary bladder and sometimes invade it, differ-
entiation of residual 8F-FDG in the urinary bladder from
1BE-FDG accumulation in the primary tumor can be difficult.
In comparison with the use of filtered backprojection for the
reconstruction of 18F-FDG PET images, ordered-subsets
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FIGURE 1. Typical case of malignant cervical cancer (patient
15). Patient was 83-y-old woman who consulted our hospital
because of chief complaint of abnormal genital bleeding. (A)
MRI revealed mass measuring 3 cm in diameter in cervical
region of uterus. (B) '®F-FDG PET images showed marked '8F-
FDG accumulation (SUV = 13.58) in region identical to that of
mass detected by MRI. Although MRI showed urinary bladder at
level similar to that of mass, ®F-FDG in urinary bladder was
eliminated by bladder irrigation, which facilitated evaluation of
PET images. Diagnosis of squamous cell carcinoma was estab-
lished on basis of biopsy results.

expectation maximization (OS-EM) has been shown to im-
prove image quality (18). Reconstruction performed with
OS-EM may reduce the artifact caused by high 8F-FDG
activity in the urinary bladder. However, even the use of this
technique may not always make it easy to differentiate the
residua activity from tumor 8F-FDG accumulation.

As shown by our results, the 8F-FDG activity in the
urinary system was eliminated in most instances, making
the decision on whether there was 8F-FDG accumulation in
tumor easy. In the 8 patients with residua activity in the
urinary tract, including the 1 patient in whom the artifact
was caused by high residual activity, as shown in Figure 2A,
it was easy to differentiate residual activity from 8F-FDG
accumulation in tumor. Therefore, the residual 8F-FDG
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FIGURE 2. (A) Strong artifact caused by residual '8F-FDG
activity in urinary bladder because of insufficient bladder irriga-
tion (patient 33). Detection of tumor ®F-FDG accumulation was
easy because slice level of tumor ®F-FDG accumulation was
not same as slice level of artifact. (B) Residual '8F-FDG detected
in left and right ureters after bladder irrigation (patient 24). One
cannot easily differentiate '®F-FDG accumulation in ureter from
that in metastatic lymph node by these axial images alone. (C)
Reconstruction of coronal images facilitates diagnosis of 18F-
FDG accumulation in ureters.

THE JourRNAL OF NucLEAR MEDICINE ¢ Vol. 44 « No. 3 « March 2003


http://jnm.snmjournals.org/

Downloaded from jnm.snmjournals.org by on March 14, 2017. For personal use only.

SuvV p<0.0001
15 —
°
10 o o
o
%
R
%
5 ofio
1
°
2.0 % 5
0 : $
Malignant Not Malignant
(34 cases) (7 cases)

FIGURE 3. Distribution of SUVs for malignant and nonmalig-
nant cases. Significant difference existed between SUVs for
malignant cases and those for nonmalignant cases. SUV cutoff
of 2.0 was optimal for differentiating malignant cases from
nonmalignant cases, but there was still only 1 false-positive
case of ovarian fibroma.

activity in the urinary tract had no influence on diagnosisin
this study. Some disadvantages are thought to accompany
the use of urinary bladder irrigation, such as increased pain
during balloon catheter insertion, pain during urinary blad-
der irrigation, and increased radiation exposure to the tech-
nician performing the irrigation. However, no patients com-
plained of pain during bladder irrigation in this study.
Bladder irrigation is therefore thought to be a useful tool in
diagnosing gynecologic tumors with 8F-FDG PET.

SUV's were aso used to evaluate the usefulness of 18F-
FDG PET in distinguishing malignant from benign gyneco-
logic lesions. When the presence or absence of malignancy
was evaluated using an SUV cutoff of 2.0, the highest
diagnostic accuracy obtained was 98%. To our knowledge,
most previous gynecologic studies have evaluated the ac-
curacy of various procedures only for visual diagnosis of
gynecologic tumors (7,9,10,12). A study of ovarian cancer
reported by Hubner et al. and a study of uterine cervica
cancer reported by Sugawaraet a. are the only studies using
guantitative analysis of SUV of which we are aware (6,8).
Sugawara et al. reported that all uterine cervical cancer
patients they examined had amean SUV higher than 2.0 (6),
whereas Hubner et al. reported that the accuracy of 18F-FDG

GyNecoLoaic 8F-FDG PET wiTH IRRIGATION * Koyama et al.

PET was 77% when they established an SUV cutoff of 3.0
to differentiate malignant ovarian cancer from benign tu-
mors (8). Indeed, this study was limited because of the
heterogeneity of the patientsincluded, but an SUV cutoff of
2.0 had been suggested by the findings of other studies.
When this cutoff value was used, only 1 patient, with an
ovarian fibroma and an SUV of 3.93, was evaluated as a
false-positive case. Ovarian fibroma consists of fiber cells,
fibroblasts, and surrounding collagenous interstitium. Be-
cause 18F-FDG was reported to accumulate in fibroblasts
(19), increased 8F-FDG accumulation was thought to be

FIGURE 4. Patient was 43-y-old woman who consulted our
hospital because of chief complaint of large palpable intrapelvic
tumor (patient 39). MRI showed huge mass in front of sacrum
and on right side of uterus. On basis of its location, mass was
considered to be ovarian tumor. (A) This mass generally showed
low intensity on T1- and T2-weighted images, suggesting that it
contained fibrous components. However, high-intensity area
was shown inside mass on T2-weighted image. MRI failed to
differentiate whether mass was malignant or benign. (B) '8F-
FDG PET showed heterogeneous '8F-FDG accumulation
(SUV = 3.93) in this mass lesion, but high 8F-FDG accumulation
was not seen in area of strong T2 signal. On basis of these
findings, malignancy could not be excluded. After surgical treat-
ment, mass was histologically diagnosed as fibroma. This case
was the only false-positive case evaluated by SUV.
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FIGURE 5. Distribution of SUVs for each gynecologic tumor.
SUVs for all malignant lesions were greater than 2.0. No signif-
icant difference existed between SUVs for uterine cervical car-
cinomas and those for uterine corpus carcinomas. BO = benign
ovarian tumor or no malignancy; NRUCer = nonrecurrent uter-
ine cervical carcinoma; OC = ovarian cancer; ROC = recurrent
ovarian cancer; RUCer = recurrent uterine cervical carcinoma;
RUCor = recurrent uterine corpus carcinoma; UCer = uterine
cervical carcinoma; UCor = uterine corpus carcinoma.

observed in the patient with benign ovarian fibroma. There
were no significant differences in SUV between patients
with uterine cervical cancer and those with uterine corpus
cancer, but the SUV tended to be lower in patients with
recurrent uterine cervical cancer than in those with recurrent
uterine corpus cancer. That finding was probably, but not
with certainty, related to their proliferation activity of tu-
mors.

In the examination of gynecologic tumors—and espe-
cialy in the diagnosis of malignant primary uterine cervical
carcinoma and uterine corpus carcinoma—internal exami-
nation, smear testing, and MRI are useful. Thus, the clinical
significance of the addition of 8F-FDG PET may be limited.
Besides us, Sugawaraet al. and Umesaki et al. demonstrated
the usefulness of 8F-FDG PET for diagnosing recurrent
uterine cervical carcinoma (6,15,16) and Kubik-Huch et al.
reported that 8F-FDG PET was useful for diagnosing re-
current ovarian cancer (9). For these recurrent gynecologic
tumors that are considered to be difficult to diagnose by
other modalities, the addition of 8F-FDG PET may be
useful.

CONCLUSION

When combined with continuous urinary bladder irriga-
tion to avoid the artifact of intense 8F-FDG activity in the
urinary system, 8F-FDG PET is a valuable diagnostic tool
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for detecting primary or recurrent gynecologic tumors and
for differentiating malignant from nonmalignant lesions.
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