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Abstract We conducted a retrospective analysis of 221

subjects with 256 suspected gastrointestinal lesions from

2007 to 2015 to explore the detecting efficiency of dual-

time-point fluorine-18 fludeoxyglucose (18F-FDG) positron

emission tomography/computed tomography (PET/CT)

and pathology examination. The abdominal delayed PET/

CT was performed within 45 min of the conventional scan.

The change in maximum standardized uptake value

(DSUVmax) and morphological features of the suspected

lesions between the conventional and dual-time-point PET/

CT were compared. The sensitivity, specificity, positive

predictive value, and negative predictive value (NPV) of

conventional PET/CT were 81.6% (84/103), 56.2% (86/

153), 55.6% (84/151), and 81.9% (86/105), respectively.

Those of dual-time-point PET/CT were 94.1% (97/103),

78.4% (120/153), 74.6% (97/130), and 95.2% (120/126),

respectively. There was a significant difference between

the conventional and dual-time-point PET/CT (P\ 0.005).

The SUVearly and the %DSUVmax could not present more

information in differential diagnoses, but the rate of tumors

with increased SUVdelay accounted for 79.6% (82/103) and

more than that of nonneoplastic lesions (15.5%, 29/187)

(x2 = 115.5, P\ 0.01). Therefore, the dual-time-point

18F-FDG PET/CT had a higher sensitivity and NPV than

the conventional PET/CT to detect gastrointestinal tumors.

The constant morphology and increased SUVdelay help to

detect the tumors and adding delayed imaging on the

locality will be an effective method when we accidentally

find a suspected gastrointestinal tumor on the conventional

PET/CT images.
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1 Introduction

18F-FDG PET/CT had a superior advantage in detecting

gastrointestinal tumors over other conventional imaging

examinations, including gastrointestinal imaging (GI),

computed tomography (CT), and magnetic resonance

imaging (MRI) [1, 2]. Although 18F-FDG PET/CT imaging

was sensitive to the detection of hypermetabolic gastroin-

testinal tumors, the factors affecting tumor detection were

substantial, such as gastrointestinal physiologic uptake of

FDG, gastric emptying and contraction, gastrointestinal

peristalsis, breathing exercises, and the gastrointestinal

contents, which were often considered as suspected lesions

[1, 3]. Many scholars have conducted various studies in

order to reduce the adverse effects of those factors and

increase the detecting efficiency of gastrointestinal tumors

with 18F-FDG PET/CT, and the dual-time-point 18F-FDG

PET/CT was one of them [3–7]. The dual-time-point PET

scanning was used very early on to differentially diagnose

benign and malignant lesions of many organs [8–10]; in

particular, PET/CT has played an important role. Studies,

such as Miyake’s study, showed that this technique was
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useful for differentiating physiologic uptake from patho-

logical uptake [11]; almost all of the studies were focused

on the DSUVmax rather than the morphological change

[3, 11, 12]. We paid attention to both the morphological

change and the DSUVmax to explore the detecting effi-

ciency of gastrointestinal tumors with dual-time-point

PET/CT imaging. In this study, we retrospectively ana-

lyzed 221 subjects with 256 gastrointestinal suspected

lesions that had dual-time-point 18F-FDG PET/CT imaging

from 2007 to 2015 to assess the clinical value of the dual-

time-point imaging.

2 Experimental

2.1 Subjects

We retrospectively collected 221 subjects who had both

PET/CT imaging and pathological data (79 women and 142

men, aged 59.1 ± 12.9 years old) from 2007 to 2015.

There were 256 suspected gastrointestinal lesions found in

their baseline (conventional) PET/CT imaging, including

40 suspected gastric lesions, 61 suspected small intestinal

lesions, and 155 suspected colorectal lesions, and the

delayed imaging was subsequently carried out on the same

sections where the suspected lesions were located (within

2 h).

The suspected lesions were defined as gastric bowel wall

thickening, mass, or nodule in the CT images, and/or an

increased focal radioactive area in the PET images. All of

the subjects accidentally found the suspected gastroin-

testinal lesions on their PET/CT images for other purposes

or their conventional PET/CT imaging for gastrointestinal

lesions did not clearly show the tumors. The subjects who

showed a clear and definite gastrointestinal mass or wall

thickening in the baseline imaging were excluded from this

study for their determined diagnosis as tumors.

2.2 PET/CT procedures

All of the subjects underwent dual-time-point imaging

on a PET/CT scanner (Discovery STE, GE, USA) after an

intravenous injection of 18F-FDG (Shanghai Ansheng

Kexing Pharmaceutical Co., Ltd., radioactive and chemical

purity C95%). The images were analyzed and post-pro-

cessed on the workstation (Xeleris 6.0 and AW 4.3, GE,

USA).

All of the subjects fasted for at least 6 h, and their blood

glucose levels were \8.3 mmol/l. Then, they were intra-

venously administrated 18F-FDG (4.44–5.55 MBq/kg),

followed by resting for approximately 60 min before the

PET/CT examination. During the resting period, they drank

500–750 ml of water and urinated, and they were asked to

drink another 250 ml of water immediately before scan-

ning. Subjects were asked to be in the supine position with

their arms naturally on the side of their bodies and eupnea

during the PET and CT acquisitions. Whole-body PET data

were obtained in three-dimensional (3-D) mode, which

used CT data for attenuation correction with the scan range

from the upper thigh to the skull vertex (a total of 6–8

sections, acquired 2 min/section). CT acquisition was

performed with the tube voltage of 140 kV, the tube cur-

rent of 160 mA, the collimation of 16 9 1.25 mm, and the

pitch of 1.375. The CT images were reconstructed with the

slice thickness of 3.75 mm.

Delayed imaging followed two modes: (A) For sus-

pected gastric lesions, subjects continued to fast and wait

for 45 min (about 2 h since intravenous injection), and then

they drank 250–500 ml of water just before the delayed-

phase upper abdominal imaging; and (B) for suspected

intestinal lesions, subjects waited for about 45 min and

were allowed to eat or drink or defecate freely before the

delayed-phase abdominal local PET/CT scan. Their arms

were raised above their heads during the delayed scans.

2.3 Image analysis

These subjects and their suspected lesions were chosen

by the resident, and the diagnosis based on the PET/CT

imaging was made by two nuclear medicine doctors with

8 years of experience with coming to a consensus about

abdominal PET/CTs. The image reading procedure

follows:

First, the doctors read the baseline PET/CT images and

distinguished them as positive or negative for gastrointesti-

nal tumors, including cancer, adenoma, lymphoma, or other

tumors. The criteria of suspected gastrointestinal tumors in

the baseline PET/CT imaging were: (1) single or multiple

nodular or massive high-radioactive regions in the PET

images; or (2) local gastric or intestinal wall thickening or

dense lumen, but they were not sure if they were peristalsis

artifacts, feces, or lesions on the CT images. This step was in

accordance with conventional PET/CT imaging.

Second, the doctors read the baseline and delayed PET/

CT images and distinguished them as positive or negative.

The observation of the delayed PET/CT images was mainly

for the morphologic change and SUVmax relative to the

baseline suspected signs. The positive PET signs referred

to the constant high-radioactive areas on the focal images,

with unchanged or increased SUVmax. The negative PET

signs referred to the high-radioactive areas that were dis-

torted or disappeared with decreased SUVmax. The positive

CT signs referred to unchanged gastrointestinal wall

thickening or dense lumen without the image artifacts. The

negative CT signs referred to the suspected signs obviously
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deformed and shifted, or findings without wall thickening

or dense lumen.

The suspected baseline lesions with one or both of the

positive PET and CT signs were classified as the positive

group of conventional or dual-time-point PET/CT,

respectively. The others were classified as the negative

group.

All of the aforementioned image readings were com-

pared to the pathological results. The pathological results

were retrieved based on endoscopic biopsies in the month

after the dual-time-point PET/CT imaging.

2.4 Statistics

The McNemar test, Kappa test, and Chi-square test were

used to evaluate the efficiency of detecting gastrointestinal

tumors with the conventional and the dual-time-point PET/

CT imaging. Using the pathological results as the refer-

ence, the diagnostic accuracy of the image reading was

calculated, including sensitivity, specificity, PPV, and

NPV. Student’s t test (for %DSUV) and Chi-square test

(for rate of increased SUVdelay) were used to determine the

statistical significance between the tumors and nonneo-

plastic lesions, and between the cancer and adenoma.

%DSUV = (SUVdelay - SUVearly)/SUVearly * 100%.

The statistical analysis was performed using SPSS19.0

(IBM, USA). P\ 0.05 was considered to be statistically

significant.

3 Results

3.1 Pathology comparison

There were 256 suspected gastrointestinal lesions in 221

subjects that were pathologically diagnosed, and 103

(40.2%) suspected lesions were confirmed as tumors, while

the others (59.8%) were confirmed as inflammation or

normal. The data for the pathological diagnoses are listed

in Table 1.

The determination of the tumors and the nonneoplastic

lesions based on the diagnostic criteria of Sect. 2.3

between the dual-time-point and conventional PET/CT is

shown in Table 2.

The McNemar test: x2 = 5.06 and P\ 0.05, and the

Kappa test: K = 0.3811, V(K) = 64.9561 9 10-3,

U = 1.4953, and P[ 0.05, which meant the two methods

were inconsistent.

The diagnostic accuracy is shown in Table 3 using

pathologic results as the reference.

For conventional PET/CT, the sensitivity, specificity,

PPV, and NPV were 81.6% (84/103), 56.2% (86/153),

55.6% (84/151), and 81.9% (86/105); and for dual-time-

point PET/CT, the results were 94.1% (97/103), 78.4%

(120/153), 74.6% (97/130), and 95.2% (120/126), respec-

tively. The Chi-square test of the accuracy from the 2

groups of images with positive lesions was x2 = 10.9857

and P\ 0.005, which meant that the difference of the

diagnoses were statistically significant and the diagnosis

from the dual-time-point PET/CT imaging had the higher

accuracy and NPV.

3.2 SUV comparison

As shown in Table 4 and 5, the SUVbaseline of tumors

was higher than that of the nonneoplastic lesions and the

increased SUVdelay of tumors was higher than that of

nonneoplastic lesions. But the %DSUVmax did not show a

significant difference between the tumors and the non-

neoplastic lesions with an increased SUVdelay. While

SUVearly, the rate and the %DSUVmax did not show a sta-

tistical difference between the malignant tumor (MT) and

the benign tumor groups.

Table 1 The pathological results of the included 256 suspected

gastrointestinal lesions of 221 subjects (unit: lesions)

Organs Tumorous types Case numbers

Stomach Cancer 17

Lymphoma 1

Inflammation 17

Negative 5

Small intestine Cancer 4

Adenoma 2

Inflammation 6

Negative 49

Colorectum Cancer 32

Adenoma 47

Inflammation 25

Negative 51

Table 2 The finding difference between dual-time-point and con-

ventional PET/CT based on the diagnostic criteria of Sect. 2.3 (unit:

lesions)

Conventional PET/CT

Positive Negative

Dual-time-point PET/CT

Positive 101 29

Negative 50 76
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4 Discussion

18F-FDG PET/CT is sensitive to the detection of gas-

trointestinal tumors, and we often incidentally find gas-

trointestinal tumors or suspected lesions in our daily work;

however, the physiological FDG uptake, peristalsis, and

contents of the gastrointestinal tract easily produce artifacts

that may confuse or cover up lesions and decrease the

efficiency of detecting tumors. The gastrointestinal physi-

ological FDG uptake commonly manifests the sheet, strip,

or multiple segmental high-radioactive areas on PET

images and has no gastrointestinal wall thickening and

mass on CT images. If there was a local lump-like high-

radioactive area on PET images that was suspected to be

focal gastrointestinal wall thickening, lumps, nodules,

luminal stenosis, and serosal infiltration, it would be

diagnosed as a tumor or a suspected lesion (Figs. 1, 2, 3).

As for conventional PET/CT imaging, these suspected

lesions were often judged on the basis of the conventional

imaging signs and by a doctor’s experience to a great

extent.

In order to reduce the interference of the physiological

gastrointestinal FDG uptake and gastrointestinal wall arti-

facts to improve the detecting efficiency, scholars carried

out some explorations; for example, using positive contrast

agent (1–2% meglumine diatrizoate solution) or negative

contrast agent (2.5% mannitol diluent), or even a retention

enema to induce gastrointestinal cavity expansion [4, 5];

using drugs to reduce gastrointestinal peristalsis [6]; and

using a foaming agent to dilate the stomach and colon [7]

were somewhat effective, but they were not easily done

and were not appropriate for every patient, especially the

old and infirm.

In our study, we only added delayed imaging to the

subjects whose conventional PET/CT images were found to

have the suspected gastrointestinal tumors. The dual-time-

point PET/CT imaging provided favorable results to judge

the suspected gastrointestinal lesions by focusing on both

the morphological and the SUVmax changes. Gastroin-

testinal peristalsis always brought us image artifacts in the

conventional PET/CT examinations, but it could be used to

distinguish the gastrointestinal tumors from the nonneo-

plastic lesions based on the dual-time-point PET/CT

imaging because the neoplasms retained their shape

(Fig. 1), while the nonneoplastic lesions or artifacts were

distorted or moved on the delayed CT images, and the

synchronous changes appeared on the PET images with the

SUVmax increased or decreased (Figs. 2, 3). Then, we

analyzed the morphological changes of the gastrointestinal

lesions to determine whether tumors existed. Conventional

PET/CT imaging diagnosis was made by high-FDG-uptake

lesions on the PET images and the mass effect on the CT

images according to the doctor’s experience. However, the

diagnosis on the dual-time-point PET/CT imaging was

Table 3 The comparison of

PET/CT diagnosis and

pathology (unit: lesions)

Pathology positive (103) Pathology negative (153)

Conventional PET/CT positive 84 (81.6%) 67 (43.8%)

Conventional PET/CT negative 19 (18.4%) 86 (56.2%)

Dual-time-point PET/CT positive 97 (94.2%) 33 (21.6%)

Dual-time-point PET/CT negative 6 (5.8%) 120 (78.4%)

Table 4 The comparison of increased SUVdelay between tumors and nonneoplastic lesions (unit: lesions)

Tumors (103) Nonneoplastic lesions (153) Statistical value

SUVearly 7.3 ± 4.6 (2.1–21.8) 5.3 ± 2.6 (2.0–19.4) F = 57.505, P\ 0.01

The number and rate of increased SUVdelay 82 (79.6%, 82/103) 24 (15.7%, 24/153) x2 = 115.5, P\ 0.01

%DSUVmax of increased SUVdelay 27.1 ± 21.9% 28.0 ± 23.2% F = 0.678, P = 0.412

Table 5 The comparison of increased SUVdelay between MTs and adenomas (unit: lesions)

MTs (55) Adenomas (48) Statistical value

SUVearly 7.1 ± 4.9 7.5 ± 3.9 F = 3.252, P = 0.074

The number and rate of increased SUVdelay 45 (81.8%, 45/55) 37 (77.7%, 37/48) x2 = 0.997, P[ 0.50

%DSUVmax of increased SUVdelay 26.9 ± 20.9% 27.2 ± 23.5% F = 0.574, P = 0.451
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made on the basis of more objective morphological chan-

ges and DSUVmax, which should ensure a more steady and

reliable diagnosis for the suspected gastrointestinal lesions.

The different levels of accuracy of these suspected lesions

with the conventional and the dual-time-point PET/CT,

respectively, are shown in Tables 2 and 3. Compared to

conventional PET/CT imaging, the sensitivity, specificity,

PPV, and NPV of the dual-time-point PET/CT were 94.1%

(97/103), 78.4% (120/153), 74.6% (97/130), and 95.2%

(120/126), respectively, and they are also higher than the

results of Weston’s study, which were determined from

conventional PET/CT imaging [13]. With dual-time-point

PET/CT imaging, almost all of the tumors were detected

and the negative lesions would be determined to be mostly

be normal or as a result of inflammation. In addition, there

were a few tumors that were too small to display abnormal

signs and they were lost by dual-time-point PET/CT

[13, 14].

The SUVearly is a important index to reveal the tumors

or other lesions, and the tumorous SUVearly was often

Fig. 1 A 53-year-old woman with abdominal discomfort for

5 months. The purpose of PET/CT imaging was to screen for tumors.

The early PET/CT imaging revealed a nodular high-radioactive area

(SUVearly = 7.8) in the colonic hepatic flexure and the corresponding

colon with seemingly irregular wall thickening having the

interference of feces on CT images (a, b). The delayed PET/CT

imaging displaying clearly the shape and SUVmax of lesion

unchanged (SUVdelay = 7.8) (c, d). Both of the conventional and

dual-time-point PET/CT conclusions were positive and finally

confirmed as colonic carcinoma by colonoscopy biopsy and pathology

Fig. 2 A 42-year-old woman

with abdominal discomfort and

irregular menstruation about

4 months. The early PET/CT

images demonstrating the high

FDG uptake and the suspected

thickening of ileocecus

(SUVmax = 5.2) (a, b). The
delayed images showing the

ileocecal cavity had expanded,

the colonal wall was soft

without thickening, and the area

of high FDG uptake was fusing

with the liquid of ileocecal

cavity (SUVmax = 5.1) (c, d).
The conventional PET/CT

diagnosed as positive and the

dual-time-point PET/CT

diagnosed as negative. The

colonoscopy suggested no

tumor there
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higher than the nonneoplastic SUVearly, but the SUVearly

cannot be applied mechanically to judge the tumors and

nonneoplastic lesions because the numerical values were so

overlapped (2.1–21.8 for tumors and 2.0–19.4 for non-

neoplastic lesions) in spite of the statistical difference

(P\ 0.01) (Table 4). The %DSUVmax of the delayed PET/

CT imaging was often used to differentiate the benign and

malignant tumors by many scholars, and some studies

considered that if the %DSUVmax increased to 10% or

more than 30%, it would support malignant lesions and the

decreased SUVmax would support the benign lesions

[12, 15–17], but the intestinal physiological FDG uptake

could also increase significantly from the early to the

delayed phase [3]. In our study, the %DSUVmax of lesions

with increased SUVdelay was 26.9% to 28.0% (Tables 4, 5).

There was no statistical difference between the tumors and

the nonneoplastic lesions (P = 0.412) as well as between

the MTs and adenomas (P = 0.451). This meant that there

were a lot of overlapping results and there was no level of

difference among the MTs, the benign tumors, and the

nonneoplastic lesions with increased SUVdelay, so there

also was a limited value in judging the properties of the

gastrointestinal lesions. However, the rate of tumors with

increased SUVdelay (79.6%, 82/103) was significantly

higher than that of the nonneoplastic lesions (15.5%,

29/187) (x2 = 115.5, P\ 0.01), which would help us to

confirm the existence of gastrointestinal tumors and

improve the detection rate, and also tell us which lesions

with decreased SUVdelay would be mostly nonneoplastic

lesions. With the rate of adenoma with increased SUVdelay

(37/48, 77.7%) being similar to that of the MTs (81.8%,

45/55) (x2 = 0.997, P[ 0.50), it may mean there is a

similar mechanism between the adenoma and the adeno-

carcinoma and it supports the high cancerated rate of

intestinal adenoma.

In our study, we operated the dual-time-point PET/CT

scan without special bowel preparation (except for the

conventional fast and drinking water) and we detected the

tumors up to 94.1% (97/103) and excluded about half of the

suspected lesions (49.2%, 126/256) with the high NPV

(95.2%). In our daily work, we believe that only the

stomach cavity needs to be expanded and that the intestines

may not need to be expanded for two reasons: first, because

of the low morbidity of the small intestinal and the bad

effect of filling the colonic lumen without cleaning, and

second, the dual-time-point PET/CT could distinguish most

of the gastrointestinal peristalsis artifacts and the impact of

feces. Some scholars actually think that the intestinal

preparation may have increased physiological FDG uptake

and influenced the conventional effect [18, 19], and the use

of meglumine diatrizoate or mannitol diluent may spur

some elderly patients who are prone to diarrhea, and the

situation may even appear in the process of scanning.

Drinking water could expand the stomach adequately,

hydrate the body, speed up the excretion of FDG, and

reduce the radioactive background of the body, so the delay

Fig. 3 A 62-year-old man with edema of lower limbs about

2 months, and CA125, CA199, and CEA above normal. The early

PET/CT showing a focal high FDG uptake and the local disorder

small intestinal structure in the left upper abdominal (a). The early

MIP displaying the nodular increased FDG uptake (arrow in b) lies in
the left upper abdominal and ileocecal. The delayed imaging

revealing the increased FDG uptake disappeared (c, d). The

conventional PET/CT diagnosed as positive in the jejunum and

negative in the ileocecus, while the dual-time-point PET/CT

diagnosed as negative in both the jejunum and the ileocecus. There

was confirmed as no lesion in jejunum and ileocecus by small

intestinal and colonal endoscopy
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in imaging is a simple, convenient, and safe additional

measures.

Even with the high sensitivity and NPV in our study,

there were still six false negative lesions (4.8%, 6/126),

including early flat gastric lymphoma, early gastric cancer,

rectal cancer, and small colonic adenomatous polyps; of

course the rate may gradually rise as there is a longer

duration of follow-up. Because some of the lesions were so

small and early stage or of some pathologic types (gastric

signet ring cell carcinoma) and had low FDG uptake, it

increased the difficulty in checking them out and caused

them to be missed on the PET/CT images. Therefore,

gastrointestinal endoscope checking may become an

important supplemental method for suspected lesions on

PET/CT images, and it could easily be used to obtain the

biopsy pathology of positive lesions [20]. With the help of

the endoscope, the duty of PET/CT in determining whether

lesions exist or not is more important than distinguishing

the pathological type.

Adding a delay to PET/CT imaging to observe the

DSUV and morphological changes of the gastrointestinal

suspected lesions means we pay low inputs of time and

labor to simultaneously obtain high outputs of imaging

diagnoses. We will help more patients get the appropriate

examination and treatment in time with the high outputs,

reduce the need for some other imaging scans, and save the

false-positive crowd from unnecessary stress.

5 Conclusion

The dual-time-point 18F-FDG PET/CT imaging had a

higher sensitivity and NPV than conventional PET/CT

imaging in detecting gastrointestinal tumors. The constant

morphology and increased SUVdelay were helpful in

detecting tumors, while the SUVearly and %DSUVmax were

of limited value in differentiating them for the overlapped

SUVearly and the proximate %DSUVmax between the

tumors and the nonneoplastic lesions. Dual-time-point 18F-

FDG PET/CT imaging, as a kind of effective means of

detecting gastrointestinal tumors, has the unique advantage

of sensitivity, accuracy, convenience, safety, noninvasive-

ness, and comprehensive evaluation in detecting gastroin-

testinal tumors. It will be an advisable choice to add a delay

to PET/CT imaging when we occasionally find a suspected

gastrointestinal lesion on conventional PET/CT images.
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