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ABSTRACT This study aims to investigate the radiation dose of emergency abdominal-pelvic CT examinations
and explore the relationship between different requisition item settings and radiation dose in two centers. Patients
who underwent emergency abdominal-pelvic CT for clinical diagnosis in two centers in August 2025 were
retrospectively screened. Ten patients' examination requisition forms and radiation dose sheets were randomly
selected daily for evaluation. The requisition items in TR center included upper abdomen, upper-abdomen plus lower
abdomen, lower-abdomen plus pelvis, and upper-abdomen plus lower-abdomen plus pelvis. The requisition items in
RJ center included upper-abdomen plus lower abdomen, and upper-abdomen plus lower-abdomen plus pelvis. One
radiologist retrieved the automatically calculated volume CT dose index (CTDI, ) and dose-length product (DLP)
from the scanning workstation, and calculated the size-specific dose estimate (SSDE) and effective dose (ED) based
on effective diameter. Radiation doses were compared between different centers and requisition-form items. A total
of 295 patients in TR center and 302 patients in RJ center were enrolled. The median age was 47.0 years and
48.0 years, respectively, with males accounting for 48.5% and 56.0%, respectively. Significant differences in

CTDI,,,, DLP, SSDE, and ED were observed among groups with different abdominal CT scan ranges (all p< 0.05),

vol>

and these metrics increased gradually as the scan range expanded. The scanning protocols involving the pelvic cavity

yielded markedly higher dose levels. The DLP and ED values were the highest in the
upper-abdomen-plus-lower-abdomen-plus-pelvis group; the CTDI, and SSDE reached peak values in the
lower-abdomen-plus-pelvis group, whereas the upper-abdomen-only group presented the lowest values for all dose
indicators. In TR center, diagnostic reports recommended extended scan ranges in only 4 examinations. More
detailed requisition-item settings enable clinicians to flexibly choose more targeted scan ranges for emergency
abdominal-pelvic CT, so as to reduce unnecessary patient radiation exposure.

KEYWORDS X-ray computed tomography, Emergency medicine, Radiation dose, Quality improvement
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Fig.1 Schematic diagram of scanning range (The scanning range of the upper abdomen includes the diaphragm top to the lower
edge of the liver and spleen; The scanning range of the lower abdomen includes the upper poles of both kidneys to the anterior
superior iliac spines on both sides; The scanning range of the pelvic region includes the anterior superior iliac spines on both sides to
the pelvic floor)

2 WEJFROREE e, 219, 0 | 2" SS2 WE 0 CT 4 DU i) AR 413 25 P V\JB&FPIEHF'EE’J CT EIG#EAT
B E. BO4ERX (region of interest, RODEHUR &2 7 55 [ BN IH , 37453 ROI - F 44 CTE (CT, , ) FIHIAR (A, )
Fig.2 Schematic diagram of measurement method (Female, 21 years old, underwent abdominal and pelvic CT scan due to
"abdominal pain for 1 day". During measurement, data is measured on the CT image of the middle layer within the scanning volume
range. Select the region of interest (ROI) to cover the patient's cross-section as much as possible, and obtain the average CT value
(CTROI) and area (AROI) of the ROI)
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Table 1 Basic condition of patients

A S (n=597) UL TR (n=295)  HLRJ (n=1302) Statistic ~ p value
Variable Total Center TR Center RJ gt p1a
oI 48.00 47.00 48.00 7=-0.89 0.373
Agelyear (33.00, 67.00) (33.00, 68.00) (33.00, 67.00)

B, 1/ % - <0.001
Type, n

Philips Incisive CT 21 (3.52) 0 (0.00) 21 (6.95)

uCT530 9 (1.51) 9 (3.05) 0 (0.00)

uCT760 286 (47.91) 286 (96.95) 0 (0.00)

uCT768 281 (47.07) 0 (0.00) 281 (93.05)

PE51, n / % Gender =335  0.067
7 Female 312 (52.26) 143 (48.47) 169 (55.96)

% Male 285 (47.74) 152 (51.53) 133 (44.04)

P 1/ % ¥=189.53 <0.001
Scanning location

-5 Upper abdomen 16 (2.68) 16 (5.42) 0 (0.00)

g+ R I EE Upper abdomen + 63 (10.55) 24 (8.14) 39 (12.91)

lower abdomen

R R+ S Upper 393 (65.83) 130 (44.07) 263 (87.09)

abdomen + lower abdomen + pelvic

T 125 (20.94) 125 (42.37) 0 (0.00)

Lower abdomen + pelvic

Br=,n/% ¥=85.71 <0.001
Department

P&} Internal medicine 235 (39.36) 83 (28.14) 152 (50.33)

HAth Other 22 (3.69) 19 (6.44) 3(0.99)

= Emergency room 70 (11.73) 14 (4.75) 56 (18.54)

4hE} Surgery 270 (45.23) 179 (60.68) 91 (30.13)

T Z, 2R RAR R o2, RIS s —, A KR AR 6

Note: Z, mann-Whitney test; ¥ chi-square test; —, fisher's exact test.
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Table 2 Emergency abdominal and pelvic CT reference scan parameters

Variable BA FH0 TR HULRI it pla
A Total (n = 597) Center TR (n=295) Center RJ (n=302)  Statistic  p value
EHE, Kvp 120.00 120.00 120.00 Z=NaN

(120.00, 120.00)

(120.00, 120.00)

(120.00, 120.00)

B HI, mAS, n/ % - <0.001
120 286 (47.91) 286 (96.95) 0 (0.00)

142 21(3.52) 0 (0.00) 21(6.95)

150 281 (47.07) 0 (0.00) 281 (93.05)

170 9 (1.51) 9 (3.05) 0 (0.00)

LI A B SRS, 1/ % $=21.26 <0.001
Automatic modulation strategy for

tube current

H 3] Automatic 576 (96.48) 295 (100.00) 281 (93.05)

CareDose4D 21(3.52) 0 (0.00) 21 (6.95)

WREE, 1 / % Pitch, n/ % - <0.001
0.953 21(3.52) 0 (0.00) 21 (6.95)

0.9875 567 (94.97) 286 (96.95) 281 (93.05)

1.075 9 (1.51) 9 (3.05) 0 (0.00)

EE/ mm, n/ % =741  0.006
Collimation / mm, n / %

22 9 (1.51) 9 (3.05) 0 (0.00)

40 588 (98.49) 286 (96.95) 302 (100.00)

BB, n/ % ¥?=21.26 <0.001
Reconstruction algorithm

iDOSE3 21(3.52) 0 (0.00) 21 (6.95)

KARL 3D 4 576 (96.48) 295 (100.00) 281 (93.05)

FARASE /em, L 51.00 52.00 49.00 Z=-4.07 <0.001

Scanning length, L (45.00, 53.00)

(48.00, 53.00)

(43.00, 53.00)

VE o2, RITRIEE s —, B8 SRAG A I8 5 Z, 2 - By JE AR 5 o

Note: ¥, Chi-square test; —, fisher's exact test; Z, mann-whitney test.
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5IEHE + @sd e gt E2R% (p=0.009), 5 I
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S ERY RS CTDI KT R T e 5 B B ek .

R+ T+ BEHE R =AM,
%20 DLP /KPR 5 m (35 p<0.001) . RIEHS
+ B HBROKF B T Ra EEAH s g
B+ FREEAL (¥p<0.001), 5 EIEHE + FREH
+ AN ERBEARIFE L (p<0.00D). EJE
o+ N E S AR K A T Al BRI (p=
0.008), RELT FEHE + S FIEE + T8
B+ A4l (p<0.001. p<0.001). FHEHAS T
NG + A2 EJEES + NI K + BE
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0.038+ p=0.007). EHGHE + T B4 B AAKF &
Tl FEEA (p=0.038), HWFELT FIEH + &
A (p<0.00D), 5288+ ZEHKZERBELS
B EMACE (p=0.005). EREHE + FREEE + Ak
HE LEHMAML E R E2E (p=0.007), 5 L&
o+ TIEEA R ZE R B A S EE L (p=0.005),
A Z AT IR + ZE 4 (p<0.001D) . FEEH
O B K, BB R 2 1) A S B
F B Kbk iy, TR B s 7 s B i A 5 ek Y
R AR R ) SRR R —

B+ TR+ BEA SR =AML,

%4 ED /KPR ETE R (33p<0.001). THEHE +
T L BEAR KT 3 T Al B RS B
+ FIEE4 (¥)p<0.001), 5 LHEHES + FHEH + &
S 2R BAGREE X (p<0.001). EJEHE +
AR BB AR K T gl B (p=0.008) ,
BEART IS + @45 FAEE + TS + &
E4H (p<0.001. p<0.001). EREHALE T HEHEE +
s EREES + TR LA + s AL,
R AREA S EE L (p<0.001. p=0.008. p<
0.001). #ifiR, HMEE Y &S ED KT
Thm 28 E EMX, REfEmuEmy K
SHEEAERERANEEZEWINNZORE G
3. B3,

Hol TRIFAT IR A, A 1] EREE. 21491
R E T ISR 1R R R R A IS R
W KEHERE (B4,

#3 BERE

Table 3 Radiation dose in patients

ZH ISRl R
Parameter Total (n=597) Upper abdo-

men (n = 16)

IR IEE BRI TR
Upper abdomen #{+7% 1% Upper

+ lower abdo-

NEHREE St pfME
Lower abdo- Statistic p value

abdomen + low- men + pelvic

men (n =63) er abdomen + (n=125)
pelvic (n =393)
HRCT iR % 14.35 12.87 13.87 14.32 15.64 2= <0.001
CTDI / mGy (13.64,15.57) (11.52,13.81)  (13.24,14.91)  (13.82,15.20)  (13.85,16.80)  40.01"
A E I DLP 732.18 (626.78, 402.73 (360.59, 491.07 (439.40, 761.28 (699.53, 719.16 (618.28, ¥*= <0.001
/ mGy-cm 812.97) 468.10) 543.62) 833.32) 831.88) 188.34"
AR S PEFEPEAE 33.80(32.16,  31.30(29.02, 32.89 (31.46, 33.71 (3220,  36.14 (33.67, = <0.001
SSDE / mGy 35.25) 32.82) 33.74) 34.90) 38.05) 82.01"
%7 E ED / mSv 10.98 (9.40,  6.04 (5.41,7.02) 7.37 (6.59,8.15) 11.42 (10.49, 10.79 (9.27, = <0.001
12.19) 12.50) 12.48) 188.34"
FAHERAL, n/ % - <0.001"
Scanning location, n
g 16 (2.68) 16 (100.00) 0 (0.00) 0 (0.00) 0 (0.00)
Upper abdomen
R TR 63 (10.55) 0 (0.00) 63 (100.00) 0 (0.00) 0 (0.00)
Upper abdomen +
Lower abdomen
R ISR 393 (65.83) 0 (0.00) 0 (0.00) 393 (100.00) 0 (0.00)
Upper abdomen +
Lower abdomen + Pelvic
TR 125 (20.94) 0 (0.00) 0 (0.00) 0 (0.00) 125 (100.00)

Lower abdomen + Pelvic

7E :#, Kruskal-wails 756 s —, 9% A5 2K RS RS 567 5 %, 54U p (L o

Note: #, Kruskal-waills test; —, fisher's exact test; *, simulated p-value.
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Fig.3 Distribution characteristics of emergency CT scan sites in center TR and RJ

4 W BT E R A R () B AL itk 65 %, IR VT RV EIEE CT R A RIS SR &S
T (7o), @UCT IR+ CT ks & HE S W IR R 454 s 54 CT TFHRIESS A R R E 4545 (b) 858 B, 2ok, 36 &, I“ 4k
JIR 2 R4 % L IR+ IS CT R AT s A L SBEAA I FE M HEL P 101 5 #02 th (i 2k, AR B CT R A 78 o R 5 J 2 T RE
SONBPER R AR ; ()88 C, 518,76 %5, I “HE IR 1 2”852 T IR+ 580 CT R e s A DL 15 BEIY J5 A Jo] Bt L 5 A K i
S0, VRS CT R A VAl B A5 00 5 J5 48 B UE SO B e
Fig.4 Diagnosis report recommends expanding the scope of examination for cases: (a) patient A, female, 65 years old, underwent
upper abdominal CT examination due to "fever for 1 day"; discovery of dilation of the right renal pelvis and ureter (arrow), it is
recommended to perform a CT scan of the lower abdomen and pelvic region to investigate urinary tract stones; later, a CT scan
confirmed the presence of a right ureteral stone; (b) patient B, female, 36 years old, underwent upper and lower abdominal CT
examination due to "right upper abdominal pain for 2 days"; Suspected thickening of the appendix with exudation from the ileocecal
area (arrow), it is recommended to perform a pelvic CT scan to fully display the appendix; After surgery, it was confirmed to be
acute appendicitis; (c) patient C, male, 76 years old, underwent a CT scan of the lower abdomen and pelvis due to "urinary
obstruction for 1 day"; thickening of the stomach wall accompanied by enlargement of surrounding lymph nodes (arrow) is found,
and it is recommended to perform upper abdominal CT examination to evaluate the condition of the stomach; Later confirmed by
endoscopy as gastric cancer
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KPS 2SR CT R BRI E Hhig 2% H BCE RSB : — T O LA 7T
24  CTREGEESEFEGTIENFM SRR IR M AL A 4 R (R4 &
K. FEPWEE TR, M. mARE. AR
W TS E 1) B AR & (8] ) IZIK IR 5 R 8 < ‘ o BN
- . B KA IR A I A, CT B AR e v 2 Hou
PR FUE RIS D2, CTRARE .
RIS R L (p1d>0.05).
R4 B IR A 3RS RS R
Table 4 The effect of automatic modulation strategy of tube current on radiation dose
FEZH BRI RiY) B3 R 4 R 5
Dose Model 1 Model 2 Model 3 Model 4 Model 5
parameter
CTDI 1.02€0.81~1.29) 0.98(0.76~1.27) 0.96(0.74~1.24) 1.03€0.77~1.38) 1.02€0.77~1.36)
p=0.866 p=0.892 p=0.866 p=0.833 p=0.892
DLP 1.00(1.00~1.00) 1.00(1.00~1.00) 1.00(1.00~1.00) 1.00€0.99~1.00) 1.00€0.99~1.00)
p=0.847 p=0.667 p=0.501 p=0.057 p=0.058
SSDE 1.00€0.85~1.17) 0.98(0.84~1.15) 0.96(0.82~1.13) 1.09€0.88~1.34) 1.08(0.88~1.33)
p=0.965 p=0.835 p=0.657 p=0.444 p=0.470
ED 0.98(0.83~1.17) 0.96(0.81~1.15) 0.94(0.78~1.13) 0.76€0.57~1.01) 0.76(0.57~1.01)
p=0.847 p=0.667 p=0.501 p=0.057 p=0.058
R5 FHEIANENFIEREE
Table 5 Effect of tube current on radiation dose
FESH B 1 2Ll 3 il 4 R 5
Dose Model 1 Model 2 Model 3 Model 4 Model 5
parameter
CTDI 2.15(1.43~3.24) 2.20(1.42~3.41) 2.5000.98 ~6.41) 2.66(0.92~7.69) 4.71€0.81~27.39)
p <0.001 p <0.001 p=0.056 p=0.071 p =0.084
DLP 1.01(1.01~1.01D 1.01(1.01 ~1.01) 1.00(1.0 0~1.01) 1.00€0.99 ~1.02) 1.01€0.99 ~1.02)
p =0.004 p =0.005 p=0.284 p =0.458 p=0.472
SSDE 1.49 (1.21~1.82) 1.48 (1.20 ~ 1.82) 1.52 (0.96 ~2.41) 1.52 (0.93 ~2.50) 1.74 (0.89 ~ 3.41)
»<0.001 p <0.001 p=0.076 p =0.096 p=0.103
ED 1.54 (1.15~2.06) 1.53 (1.14 ~ 2.06) 1.24 (0.84 ~ 1.83) 1.39 (0.58 ~3.30) 1.44 (0.54 ~ 3.85)
p =0.004 p =0.005 p=0.284 p =0.458 p=0.472
o6 WRFEXIFESR AR
Table 6 Effect of pitch on radiation dose
FIEZH ey L EitY) A3 iR 4 R 5
Dose Model 1 Model 2 Model 3 Model 4 Model 5
parameter
CTDI 2.15(1.43 ~3.24) 2.20(1.42~3.41) 2.50 (0.98 ~ 6.41) 2.66 (0.92 ~ 7.69) 4.71 (0.81 ~ 27.39)
p <0.001 »<0.001 p=0.056 p=0.071 p=0.084
DLP 1.01¢1.01 ~ 1.0 1.01(1.01 ~ 1.0 1.00(1.00~1.01) 1.00€0.99 ~1.02) 1.01€0.99 ~1.02)
p=0.004 p=0.005 p=0.284 p=0.458 p=0.472
SSDE 1.49 (1.21 ~ 1.82) 1.48 (1.20 ~ 1.82) 1.52 (0.96 ~ 2.41) 1.52 (0.93 ~2.50) 1.74 (0.89 ~ 3.41)
p <0.001 »<0.001 p=0.076 p =0.096 p=0.103
ED 1.54 (1.15 ~ 2.06) 1.53 (1.14 ~ 2.06) 1.24 (0.84 ~ 1.83) 1.39 (0.58 ~ 3.30) 1.44 (0.54 ~ 3.85)
p=0.004 p=0.005 p=0.284 p=0.458 p=0.472
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Table 7 Effects of collimation on radiation dose

FEZH BRI R 2 B3 iR 4 R 5
Dose Model 1 Model 2 Model 3 Model 4 Model 5
parameter
CTDI 0.47 (0.31 ~0.70) 0.45 (0.29 ~ 0.70) 0.40 (0.16 ~ 1.02) 0.38 (0.13 ~ 1.09) 0.21 (0.04 ~ 1.23)
<0.001 p<0.001 p=0.056 p=0.071 p=0.084
DLP 0.99 (0.99 ~ 0.99) 0.99 (0.99 ~ 0.99) 1.00 (0.99 ~ 1.00) 1.00 (0.98 ~ 1.01) 0.99 (0.98 ~ 1.01)
p=0.004 p=0.005 p=0.284 p=0.458 p=0.472
SSDE 0.67 (0.55 ~ 0.83) 0.68 (0.55 ~ 0.83) 0.66 (0.42 ~ 1.04) 0.66 (0.40 ~ 1.08) 0.57 (0.29 ~ 1.12)
»<0.001 p<0.001 p=0.076 p=0.096 p=0.103
ED 0.65 (0.49 ~ 0.87) 0.65 (0.49 ~ 0.88) 0.81 (0.55~1.19) 0.72 (0.30 ~ 1.71) 0.70 (0.26 ~ 1.87)
p=0.004 p=0.005 p=0.284 p=0.458 p=0.472
®8 ERFUWEHFEKEN
Table 8 Effects of Reconstruction Algorithms on Radiation Dose
MESH BRI L Eity) 13 R4 s
Dose Model 1 Model 2 Model 3 Model 4 Model 5
parameter
CTDI 0.98 (0.77 ~ 1.24) 1.02 (0.79 ~ 1.32) 1.04 (0.81 ~ 1.35) 0.97 (0.72 ~ 1.30) 0.98 (0.74 ~ 1.31)
p=0.866 p=0.892 p=0.742 p=0.833 p=0.892
DLP 1.00(1.00 ~1.00) 1.00(1.00 ~1.00) 1.00(1.00 ~1.00) 1.00€0.99 ~1.01) 1.00(1.00 ~1.01)
p=0.847 p=0.667 p=0.501 p=0.057 p=0.058
SSDE 1.00 (0.86 ~ 1.17) 1.02 (0.87 ~ 1.19) 1.04 (0.88 ~ 1.22) 0.92 (0.75 ~ 1.14) 0.93 (0.75 ~ 1.14)
p=0.965 p=0.835 p=0.657 p=0.444 p=0.470
ED 1.02€0.86 ~1.20) 1.04(0.87 ~1.24) 1.07(0.88 ~1.28) 1.32€0.99 ~1.76) 1.32€0.99 ~1.75)

p=0.847

p=0.667

p=0.501

p=0.057

p=0.058

VAR 1, OREAT A A 2, TR BRI k) s AT 3, TR AR AR S MR K AR S B 4, T RS MR AR

B B 5, Y REAERS R A BB 3 L AR IR 1]

Note: Model 1, no adjustments; Model 2, adjust age and gender; Model 3, adjust age, gender, and department; Model 4, adjust age,
gender, department, and scanning location; Model 5, adjust age, gender, department, scanning location, time.
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Recommended clinical billing pathways for common acute abdominal diseases

IGIRZIL / PREE 2
Clinical manifestations/

suspected diagnosis

HEERRE
Recommended

scanning range

oG ) A

Avoid excessive

VR EEARYE

Remarks/main basis

scanning

A b SR SE IRAE B RS T =
RUQ abdominal pain, Murphy's sign
(+), elevated bile enzymes

R YA B RS e
4¢ Upper abdominal pain, elevated
blood amylase, known chronic
pancreatitis

AN S b  BEAL B R R

RLQ abdominal pain, rebound pain,

suspected appendicitis

JE R AL R

LLQ abdominal pain, constipation,
elderly patients

SRiE A NS T WA R A A
Diffuse abdominal pain, no clear tender

point, fever

AR PR B 50075 S UM SR R 45
Gross hematuria, renal colic, suspected

urinary tract stones

BRI A7 J5 BB CZEA0 s i AL BA 0O
Clear abdominal pain after trauma

(car accident, falling from a height)

s
Upper abdomen

s
Upper abdomen

NIEEA R
I3 2. X 450D

Lower abdomen+
pelvic (including
appendix area)

N IEERA A
Lower abdomen+
pelvic
R T IR
ZE % Upper abdo-
men-+lower abdo-
men-+pelvic
T CT
D

Lower abdomen+
pelvic
LT S
% Upper abdo-

men-+lower abdo-

AR+

Lower abdomen+pelvic

AR+

Lower abdomen+pelvic

SEADUIEL AR P I 28 ¢

Suspected biliary disease, cholecystitis

SRl S E AR R ¢

Suspected acute/chronic pancreatitis

EREER i 1B ot ] S e

Upper abdomen Included the ileocecal area and appendix

oY1 3 FEERRE R A E R

Upper abdomen Suspected diverticulitis and colorectal
lesions

— ] 2 R4 B R, ML 15
Consider plain scan or enhanced scan,
depending on the condition

RS CERAR LRAE PRI, Je

JR) Upper abdomen (un- Flat scan is sufficient, no need for

less there are symptoms ~ enhancement

of upper abdomen)

— AR A ML AT 3 24 R 45

According to the mechanism of trauma,

the scope can be appropriately limited

men-+pelvic and narrowed down
NI A AR SR (AR FPIEE R EREER HMEEA B-HCG 26
ZM) Lower abdominal pain, pelvic Lower abdomen+  Upper abdomen Pay attention to combining - HCG and
pain, suspected gynecological pelvic other examinations
emergency (women of childbearing age)
3 Hig % SN =, KER. AHWN. EA. FE
%ﬂﬁﬁﬂ R %X%N\%ﬁﬁﬁ\ﬁ
4 1% Al oA I/‘— ) _ o
e e, WERL Kk S RIRAER:
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, ik 7> AN 1> \':’\/:"o == NN — NN o
- BHRE. AREN ey e g mpam. ShresaE. £

WEVERE 7O 45 & KRR BE VS, 2 — 2D VP4l 4 B9 11
OGRS 7Se oy S ER 5 e e 497 VRS SE 2 B it /o)

PRI R LA 75 AT REE NI 12 U

R TBAER K I AR GRSl R
AR IR X EERB R

FEk. BERK.

R AT

HBh. BTAE A B IA B ATl SR AR
Frd M

SE R
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