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Abstract: [Objective] To analyze the causes of misdiagnosing benign lung nodules as high-risk nodules by
artificial intelligence (AI). [Methods ] Imaging and pathological findings of 88 patients, who underwent biopsy
or surgical treatment within 1 month after pulmonary nodules detected, were retrospectively analyzed. The
pulmonary nodules on chest plain CT scan were evaluated by Al and radiologist physicians. Using pathologi-
cal results as gold standard the diagnostic accuracy of both methods for pulmonary nodules was assessed, and
the causes of misdiagnosing benign nodules as malignant by Al were analyzed. [ Results ] The pathological re-
sults confirmed 59 malignant nodules and 29 benign nodules. The misdiagnosis rate of benign nodules was
82.8% (24/29) in Al method and 41.4% (12/29) in the manual method (McNemar ¥* test P<0.001). When be-
nign nodules showed spiculation sign, lobulation sign, vascular convergence sign, bronchial truncation sign,
vacuole sign and pleural traction sign, the misdiagnosis rate in the Al group was higher than that in the man-
ual group (88.2% vs 64.7% , 100.0% vs 66.7% , 100.0% vs 80.0% , 100.0% vs 66.7% , 90.0% vs 60.0%).
When the nodule showing benign trending signs such as calcification and fat density, the misdiagnosis rate in
the Al group was also higher than that in the manual group (80.0% vs 20.0%, 100.0% vs 0). [ Conclusion] Al
has some limitations in the evaluation of pulmonary nodules, particularly it has high misdiagnosis rate for be-
nign nodules, indicating that Al needs to further improve its algorithm to reduce the probability of misdiagnosis.
Subject words: artificial intelligence; lung nodules; misdiagnosis; computed tomography
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Table 1 Diagnostic results of benign and malignant nodules in artificial and
AI cohorts[n(%)]

T R 44 1), B 8

Pathological Manual Al McNemar
ﬁﬂ s Jﬁ’fﬁ MR 2 Wﬂ , 7 N4l B i diagnosis N Correct False Correct False Sappe X
PRSI R RS R 3 Malignant 59  55(93.2) 4(6.8) 57(96.6) 2(3.4) 0.651 0.500
T A AL 4538 Wi 1 #0055 1l Benign 29 17(58.6) 12(41.4) 5(17.2) 24(82.8) 0.256 <0.001

Total 38 72(81.8) 16(18.2) 62(70.5) 26(29.5) 0.570 0.013
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Note : Al : artificial intelligence

Table 2 Diagnostic efficacy of two diagnostic methods for benign and
malignant solitary pulmonary nodule( % )

Diagnostic efficacy Manual Artificial intelligence
Accuracy 81.2 70.5
Sensitivity 93.2 96.6
Specificity 58.6 17.2
Misdiagnosis rate of benign nodules 41.4 82.8
Misdiagnosis rate of malignant nodules 6.8 34

Notes:A,B: Chest CT in axial and coronal positions showed a high-density nodule in the upper
lobe of the right lung, measuring about 29.4 mmx21.6 mm,with visible lobulation sign and burr
sign, partial bronchial invasion and obstruction,and thickening of the adjacent pleura pulling. arti-
ficial intelligence and manual were diagnosed as high-risk nodule. Pathological biopsy confirmed
as lung adenocarcinoma

Figure 1 CT images of a 60 years old male

Notes: A : Chest CT showed a solid nodule in the posterior basal segment of the lower lobe of the
right lung,16 mmx10 mm in size,with a clear boundary and connected to the broad base of the
pleura. B:No nodules were seen at the same location 2 months ago. The artificial intelligence
identified high-risk nodule and the manual diagnosis low-risk nodule. After admission,CT-guided
puncture biopsy of pulmonary nodule confirmed as inflammatory nodule

Figure 2 CT images of a 59 years old male
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(22/29), Al EATHIRZHE
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Notes: A, B :artificial intelligence identified a nodule in the upper lobe of the left lung (long ar-
row) as high-risk nodule,but the patient’s lungs were scattered with nodules of different sizes and

had blurred boundaries(short arrows),and combined with the whole lungs,it was artificially judged
as inflammatory nodule. Pathological confirmed as an inflammatory nodule

Figure 3 CT images of a 44 years old male
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Table 3 CT signs distribution of benign nodules misdiagnosed between two

groups[n(%) ]

MAEERAE STVEBBIE 2 Index

N(pathological Al misdiagnosis Manual misdiagnosis

. R diagnosis) (n=24) (n=12)
i SRR SFAE LRI AT 2K Density of solitary pulmonary nodule
WY E T ATY1(88.2% vs  Solid 22 18(81.8) 8(36.4)
64.7% .1000% vs 66.7% . 1000% vs Pure ground glass 1 0 0
800% .1000% vs 66.7% 90.0% vs .Mlxed ground glass 6 6(100.0) 4(66.7)
Diameter(mm)”
60.0%). M4 P AL E g 4 0 0
JUi7 %85 J3E 32 S A 1) T R 45 T 1Y 8~15 13 12(92.3) 6(50.0)
SN ATARERUBTA =15 12 12(1000) 6(500)
T 4H.(800% vs 200% .1000% vs 0) Morphological characteristics
Sharpness of border 23 18(78.3) 10(43.5)
(Table 3). Burr sign 17 15 (88.2) 11 (64.7)
Lobulation sign 12 12(100.0) 8(66.7)
3 ‘-‘-J- -io/k\. Vascular cluster sign 10 10(100.0) 8(66.7)
Bronchial truncation sign 1(100.0) 0
Vacuole sign 3 3(100.0) 2(66.7)
Bl 7 I R 1 7 2 AL R 40 Pleural pulling sign 10 9(90.0) 6(60.0)
O IEE IR P 1S3 Caleification 5 4(80.0) 1(20.0)
Fat density 3 3(100.0) 0

R A5 CT S b il 45715 1Y

Notes : * :represents the diameter of the pulmonary nodules,and half of the sum of the maximum long
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diameter and short diameter of the cross section;Al:artificial intelligence
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