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Abstract

Objective: To explore the prediction of the perforation site of digestive tract based on multi-slice spi-
ral CT (MSCT) imaging features combined with clinical nomographic model. Methods: We make ret-
rospective analysis of the clinical data and MSCT images of 267 patients with surgically proven per-
foration of digestive tract. Screen the influencing factors for predicting the location of perforation of
digestive tract, build a nomographic model and evaluate the predictive power of the model. Results:
The perforation of upper digestive tract (stomach and duodenum) has been confirmed by surgery in
182 cases, including one case of foreign body perforation and 181 cases of ulcer perforation. What's
more, the author has offered 85 cases of lower digestive tract perforation (jejunum, ileum, cecum,
colon and rectum), 22 cases of foreign body perforation (fish bones, jujube nucleus, etc.) and 8 cases
of perforation caused by hernia incarceration. Additionally, the author has also observed the intra-
peritoneal and extraperitoneal free gas, therefore, the author has localized thickening of gastroin-
testinal wall, interruption of continuity of gastrointestinal wall, peritonitis, foreign body sign as well
as signs of intestinal obstruction. As a result, four independent influential factors have been screened
out: subdiaphragmatic free gas in the subphrenic space, free gas around stomach and duodenum, for-
eign body crossing the intestine and associated with bowel obstruction. At the same time, a scoring
model has been constructed by nomographic model. That is to say, a C-index of nomographic model =
0.830, Bootstrap self-sampling internal verification and correction C-index = 0.661. Conclusion: The
nomographic model based on subdiaphragmatic free gas in the subphrenic space, free gas around
stomach and duodenum, foreign body crossing the intestine and associated with bowel obstruction
has certain value in predicting the location of the perforation site of digestive tract.
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Table 1. Relationship between perforation sites and age

1. FELAMISFRIIXFR

ZEFLER AT (R Z 18 P{H
b IE L 73 (61~78.5)
-4.477 <0.001
N fIE % AL 60 (45.75~74)

Table 2. Relationship between the perforation site and the size of the perforation confirmed by surgery
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ZEFLEAL ZEFLK /M em) VAL P14
by AE 2 FL 0.8 (0.5~1.0)
-1.046 0.296
N fIE % AL 0.8 (0.5~2.0)

Table 3. Relationship between abdominal pain duration and age
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3.2. MSCT &{F& LLB:
3.2.1. MSCT SAKEHELL 3

HEIE AR RBE A B R IR R RTTTREI R NMUBRRE . B+ 4RI B THEms5a . B ms5A

T BEEANREX . . @) BEBVREL) . B REEES by, R FWIE.
PAREBELAE R (P < 0.05), W% 4.
Table 4. Comparison of MSCT imaging features affecting the perforation site
4. FMEFFLEAIA MSCT SRHFELLE
MSCT #G5F1E FiHLIE D = 182) TVHAIE®N = 85) GHE ) P 1A
s /PR S e B A
BIIEEESI R (/) 62/120 20/65 3.023 0.082
&~ (CH/70) 153/29 36/49 48.751 <0.001
ek El (R 0) 71111 25/60 2318 0.128
JFFT 1A B (F5/E) 129/53 25/60 40.815 <0.001
NRBERE(H/E) 119/63 18/67 45.325 <0.001
B+ AL 125/57 17/68 55.148 <0.001
T+ 45 B 5598 (6 1E) 2/180 9/76 13.208 0.001
WL 3R (A 1E) 2/180 14/71 24.302 <0.001
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2% [8] i Ji Bl (/) 1/181 15/70 30.066 <0.001
JEIE N i RIEIX (5 /75) 1/181 26/59 57.516 <0.001
RS (/) 0/182 8/77 17.659 <0.001

I 22 Jl | (/) 0/182 2/83 4315 0.101
WIECH/IT) 0/182 20/65 46.291 <0.001

B B R R AR SE JE ( /6) 110/72 61/24 3.227 0.072
R AR (R (/) 103/79 37/48 3.965 0.046
H B SR W (/70) 11/171 19/66 15.452 <0.001
PR (F1/7E) 102/80 69/16 15.853 <0.001
FYMECE/T) 2/180 22/63 43.502 <0.001
JAREBRAE (B /70) 6/176 20/65 26.985 <0.001
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SKHH LASSO [BIA5%f PR 3R 7 i b 22 S Gent 2 s SRR bR g AT #E— 2B ik, WAk 5, 25 R BRI
I B SR TG T (OR = 1.619, 95%CT: —0.032~0.995, P = 0.066). &+ 481 & FEl(OR = 2.317, 95%CI:
0.203~1.477, P = 0.010) J2 ##)ME(OR = 0.555, 95%CI: —1.072~0.105, P = 0.017). JZFEFHAE % (OR = 0.394,
95%Cl: —1.374~—0.488, P < 0.001)2& Tl AL 18 27 FLI AL (AT 5o (R 2, LR 5] AL 1] 1~3 . AR FE ik
AR ST S K] KA 2 Nomogram PR, LI 4, 32 FIFLA D0 BEAG S0 0 U A A 5 2 e (2 = 1,928, H
HHEA 8, P=0.983>0.05), HFKH Bootstrap H AL P EBISUFBIAL BTN, R AAEHIE, 12k
£ 70%, HHUEHE 30%, C-index =0.830, #IE C-index = 0.661.

Table 5. LASSO regression analysis results
# 5. LASSO [ElJIANHEER

A LSAES OR 18 95%CI P1H

IS AR 15 A

&~ 1.619 -0.032~0.995 0.046

= =1 770 2317 0.203~1.477 0.010
R 25 Ji7 551 0.825 —0.987~0.601 0.634

7 [E] o 0.556 -1.355~0.180 0.133
JE s A o ZR R IX 0.509 —1.737~0.385 0.212
i 0.021 —445.758~438.075 0.986
FEYIE 0.555 -1.072~—0.105 0.017
JERERRAE 0.394 —1.374~—0.488 <0.001
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28 WIE 7, Brier ¥F4A 0.137, 95%Cl: 0.7485~0.8476, HEHGME A 0.8015, REEN 41.18%, FiFEEH
98.35%, IZAEMZ TN 0.831, MiREHHL THEA A 0.832,

Figure 1. Male, 40 years old, perforation of the anterior wall of the stomach. (a) Shows free gas under the diaphragm (black
arrow); (b) Shows free small bubbles near the anterior wall of the stomach (white arrow)
E 1. 5, 405, BEHEIEZT. () RRETHFESSEES); (O)EBMHEIEES LTS/ SIBaE)

Figure 2. Male, 59 years old, perforation of the small intestine, with signs of intestinal obstruction (black arrow) and foreign
body (white arrow)

E 2. 5%, 59%, NAZFFL, WEAERERGESD). FUMEEE

Figure 3. Female, 45 years old, perforation of the small intestine, with a foreign body traversing the small intestine, and small
bubbles around the rupture (white arrow)
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Figure 4. Linear graph model of gastrointestinal perforation sites
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Figure 5. ROC curve of training set and validation set
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Figure 6. Calibration curve of the linear scoring model for gastrointestinal perforation sites
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Figure 7 Decision curve of the linear scoring model for gastrointestinal perforation sites
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Table 6. Comparison of performance between single image feature model and clinical nomographic model
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AP 0.624 0.182 0.757 98.9% 25.9%

J s BAAE 5 0.601 0.195 0.734 96.7% 23.5%
A= 0.830 0.137 0.8015 41.18% 98.35%
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