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Differential Diagnosis of Pulmonary Nodules:
Efficacy of Two-Phase Enhanced Spiral CT

Kyung Joo Park, Doo Kyung Kang, Sung Chul Hwang'
Yi Hyung Lee' and Jung Ho Suh

Department of Diagnostic Radiology and 'Department of Pulmonology
and Critical Care Medicine, Ajou University School of Medicine,
Suwon, Korea

To evaluate the efficacy of two-phase enhanced spiral CT in differentiating between benign and malignant
pulmonary nodules, 31 patients with pulmonary nodules with less than 5 cm in diameter underwent spiral
CT at unenhanced, early, and late enhanced phases. Enhanced scans were carmried out 30(early phase)
and 70~ 180 sec (late phase) after intravenous injection of mixed solution of 100 mL 60% iodinated contrast
media and 60 mL normal saline in a rate of 2.5 mi/sec. The pattern, measured degree of enhancement,
and nodule-to-muscle enhancement ratio were compared between 17 benign (mean size: 2.8 cm, 15 tuber-
culomas included) and 14 malignant nodules (mean size: 3.6 cm).

The degree of enhancement of nodules was higher in the late enhanced phase than in the early phase.
The measured degree of enhancement was significantly greater in malignant nodules in the early (mean +
SD: 13.0:10.9 HU) and late (19.02-9.7 HU) enhanced phases than in benign nodules (early: 3.4+4.2
HU, late: 7.21+9.6 HU) (p<0.01 by Wilcoxon rank-sum test). Nodule-to-muscle enhancement ratio was
greater in malignant (2.1+1.2) than in benign nodules (0.5+0.7) in the late enhanced phase (p<0.01).
The enhancing pattern of nodules was more efficiently evaluated with the late enhanced images. Most
(70%) of the benign nodules showed no enhancement (23%) or thin rim enhancement in the peripheral
region (47%). Malignant nodules were enhanced in homogeneous (57%), mosaic (29%), or peripheral pattem
with thick enhancing rim (14%).

Two-phase enhanced spiral CT is efficient in evaluation of the pattem and the degree of enhancement
of pulmonary nodules and useful for noninvasive differential diagnosis. (Ajou Med J 1998; 3(2): 147 ~153)
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Fig. 1. Late phase enhanced CT image showing malignant
nodule with homogeneous enhancement. Note the location of
region of interest at the center of nodule.
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Table 1. Enhancement degree of pulmonary modules by iodinated contrast media

Parameter Benign Malignant p-value*
(n=17) (n=14)
Mean+SD#~ Mean £ SD#+
Density (HUY)
Precontrast 2651121 354+103 0.010
Early enhanced phase T 277+98 480+175 0.002
Late enhanced phase R2+156 57.3+16.3 0.000
Degree of enhancement (HUY)
Early phase 34+42 13.0+10.9 0.005
Late phase 7.2+96 19.0+9.7 0.003
Ratio of
Nodule/muscle enhancement
Early phase 09+16 21+13 0.009
Late phase 05+07 21%+12 0.000

*by Wilcoxon rank-sum test, +*SD: standard deviation. *HU: Hounsfield Unit
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Fig. 2. Distribution of enhancement in Hounsfield units(HU) in
late phase for each of benign and malignant nodules. Dotted
line indicates 13 HU as a threshold for malignancy with about
80% specificity and sensitivity.
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Fig. 3. Distribution of nodule-to-muscle enhancement ratio in
late phase for each of benign and malignant nodules. Dotted
line indicates ratio 1 as a threshold for malignancy with 82%
specificity and 78% sensitivity.

2. YL 2

okA wl oA AR zgF7} BFZ Table 29 7
13 29Z7} GAdAE 3149 ZA F 156
48%)7t z4F7ol Aoy 2x 29dFH dBelA
t FAAA 4 dl13%)te] 24F 7] flo] 24 =
Z7} GAe) 24957} J8-§ At s
dA AAL 2% 2%‘"?* g Aoll4] FHFo] 8o
@1EA M 2L UEES B soldlA e F2Y
= Brlo|ay e 294F574S Bych vhd o4 BA
€ 23 zAFAIRN BT 245 iai°wl
AR FEg. HFH E'JPOIa%(Flg 40 27+ 857%) 4
429%)A 2 gk FHdoe] 20t FHE A4

=

Table 2. Enhancement pattem of pulmonary nodules by
iodinated contrast media

Enhancement pattemn Benign Malignant
(n=17) (n=14)
Early phase
no enhancement 11(65) 4(29)
peripheral 4(23) 17
homogeneous 1( 6) 5(35)
mosaic 1( 6) 4(29)
Late phase
no enhancement 4(23) o 0
peripheral 8(47) 2(14)
homogeneous 2(12) 8(57)
mosaic 3(18) 4(29)

Numbers in parenthesis are percentages

Fig. 4. Early(left) and late(right) phase enhanced images show-
ing mosaic pattem of enhancement in malignant nodule.
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Fig. 5. Eariy(left) and late(right) phase enhanced images show-
ing peripheral enhancement in benign nodule. Note thin rim of
enhancement showing more clearly in late phase image.

Fig. 6. Late phase enhanced image showing peripheral en-
hancement and central low density in malignant nodule. Note
thickness of enhancing peripheral region. Multiple mediastinal
lymph nodes are also seen.
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