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Effective Radiologic Doses and Lifetime Attributable Risks
in Patients with Trauma Critical Pathway Activation

Wonhyo Lee, M.D., Taeyoung Kong, M.D., Seunghwan Kim, M.D., Je Sung You, M.D.,
Yoo Seok Park, M.D., Jae Gil Lee, M.D.%, Sung Phil Chung, M.D.

Department of Emergency Medicine, Yonsei University College of Medicine, Seoul, Korea
Division of Surgical Critical Care & Trauma, Department of Surgery, Yonsei University College of Medicine, Seoul, Korea

Purpose: This study was performed to calculate and analyze the effective radiation doses from computed
tomography (CT) and radiologic intervention in patients in the emergency department (ED) with trauma critical
pathway (CP) activation and further to estimate the lifetime attributable risks (LARs) for the incidence of and
mortality from cancers induced by the radiation dose.

Methods: Through a retrospective electrical chart review of 104 injured patients who trauma critical pathway
were activated from November 2012 to March 2013, we calculated effective radiologic doses by taking the prod-
uct of the dose-linear product of the scan and the conversion coefficient. After a determination of the image
results, we divided the patients into two groups, negative or positive, and calculated the effective dose for each
group. With these results, we estimated the LARs for the incidence of and the mortality from cancers by using
the table in the Biologic Effects of Ionizing Radiation (BEIR)-VII report.

Results: A total of 76 patients were enrolled. The mean age was 49.0+ 8.5 years. The mean injury severity
score (ISS) was 12.7+8.4. The cumulative effective dose (CED) for individual patients varied from 2.8 mSv to
238.8 mSv, and the mean was 47.6+39.9 mSv. The CED in patients with an ISS>16(63.2 +26.6 mSv) was high-
er than that of patients whose 1SS<16(33.5 +23.1 mSv) (p<0.001). The CED in patients who were treated with
surgery or intervention(69.0 +45.2 mSv) was higher than that of patients who were treated conservatively(33.6
+22.4 mSv) (p<0.001). The LARs for cancer incidence and mortality were 328.5+308.6 and 189.0+159.3 per
100,000 people, respectively.

Conclusion: The CED and the LAR for trauma CP-activated patients in the ED were significant, so efforts
should be made to decrease the effective dose received by severely injured patients.
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2= 634,844 019 o o] F FFYFEA= 16,691
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Az 19804 ol 447t 3604 o] Al =gl ot 1998| o=
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Table 1. Alerting criteriafor the trauma Critical Pathway

SO E WU Qg A 271 24417t F4F 40.2 mSv
o] =g a4 (Cumulative Effective Dose, CED)<
5]‘933@ Sharma 5(6) 5\—/\”4E7ﬂﬂ—r injury severi—
scale, ISS) 156~25% 9| 55 tAo= 637 A%
£ AR 43t 23.3 mSv7HA| AEH o7 AFpstltt
Huskeiet, %5ﬂ”§}1}4 7d%- Kim 5(1)< 9t =
) P s o= o dAtolA F A7
7t 5ere] AR asgke] 106 mSvetal ®Ei1skglth Tien
S(12)2 A7 ﬁ](dosmleter)e o|- 83l Level I &AHAlE 2
2 A-tollAl 22,7 mSve| FAFEAFS B
kgl o °] Trﬁ’ﬂ‘%ké HRO 2 vl AR o)
%](National Council on Radiation Protection and
Measurements, NCRP) 14 1159] 2L o] &slo]
oF2 10%H3 B 1907, A 4.4, o149 A
ek 41,47, WEY 13,392 714 oF APGES] Aol A
913 = (lifetime attributable risk, LAR)S ®13}5ic},
=M= & 5(13)0] TF YA 27] 24417t A
Aol 68.8 mSveEtal EAst oL ofA7kA] o] 2 QI
oF A 9 APEO] Ao ALSIFEE Hagh A2 itk o
2ha] AREE oWl AFE B8l SaelEAlE Wt &
SR CT HA A S &l o3t FAfalds =
ARSRaL, o] F Higo & of WY 9l AR Ao A&
£ Yotz gt

rln

Il e & &

2012L4 1195¥E 201349 397HA] A& P9 tiehg¢
oAl st YeAE 5 oA I=AA
(Trauma CP, Critical Pathway)o] 2/d3t= 1A gt 184
o[ ¢l gAE tAe = shgith, et MR XX &

Mechanism
Any motor vehicle at high speed (>60 km/h)
Ejection or rollover or death of vehicle occupants
Pedestrian struck by moving vehicle
Bicycle accident >20 km/h impact
Fal >3 m
Motorcycle accident with separation from vehicle
Crushing injury in head, neck, chest, abdomen and pelvis
Clinical suspicion

Flail chest, Penetrating Torso injury, Definite hemo/pneumothorax

Open skull fracture, Limb paralysis (spinal cord injury)

Pelvic bone fracture, Amputation wrist/ankle, Upper elbow& knee Penetrating injury

Penetrating head & neck injury
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&4 71A, AR ZEA S (injury severity score,
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At Aot A2 HEs v e R A Be o
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Tomography Dose Index, CTDD2] A70 Zojof tfst &
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bl o 7] o A AN 5 91 3] (International
Commission on Radiological Protection, ICRP)oIA ¥
J—OI'L HIA 5 Folo] Faxs(effective dose, mSv)
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(69.7%)°1Q1Th, B RTS= 7.1+1.5%3, F+t ISS= 12.7
+8.4%lch 1SS7F 153 o8kl #Al= 5178(67.1%)0] ATt
&4 71Ae WAL 44 (57.9%) 2.2 7 wekon
o] 207 (26.3%)°] 2 tHTable 2).

2. CT & &xlig d=

i el A AlgE CT 2 SAlee] & Ao 3564
ojlen, 1819 Bt 4.7+£3.119] HAE Al ©]
% CT7} 34371(96.3%) 2= 1919 4.5+2.8719] CT7} Al
3ok SERAEAA ARE CT &4 199 3.6+
Lexeolglen, dd & AlRE dee 0.9+2.27001300.
‘ﬂ%bﬁih ¥ CT7} 1077(30.1%) 2% 7V wetod, 1

ARE e X CTE 71.1%2] Bt A= Qich CT
4 FR&ollA g At U Aee
om ARA 9 7]et CT7F 96.0%8 7MY &&

How A3 CTE 18.9%9 7H W& o4 Ans an
Z}7ke] FHAfol A U 4 At

(Table 4).
ettt

3. rElME

iz E gF =
2 2.8 mSvi-E Zd 238.8 mS

Table 2. Basdline characteristics

A7 AT 47.6+39.9 mSvS
Qct o] & %ﬁ«li*ﬂﬂ

S OR ER-F0 CT7F 777 A= i th(Table 3). €4 Age, mean + SD* 49.0+85
= /\]6‘-‘5] CTe Wlxt BXR_Zul OT7} 75%2] At A Gender, n (%)
Male 53 (69.7)
Female 23(30.3)
Trauma CP Hospital stay, days (mean+ SD) 9.7+£16.3
activation Mechanism, n (%)
(N=104) Motor vehicle accident 44 (57.9)
Pedestrian 24 (31.6)
Age<18 Motorcycle 3(39
(N=3) Driver 9(118)
Passenger 5( 6.6)
No CT or Bicycle 3( 39)
Intervention (N=2) Falling 20 (26.3)
Outside CT done Stab wound 9(118)
(N=15) Others 3(39
RTS', mean+SD 71+15
On admission ISS*, mean+ SD 127+84
(N=4) ISS< 15 n (%) 51 (67.1)
mean + SD 9.7+6.7
ISS> 16 n (%) 25(32.9)
Study Included mean + SD 188184
(N=76) * SD: standard deviation
" RTS: Revised Trauma Score
Fig. 1. Flow chart " ISS: Injury Severity Score
Table 3. Numbers of Radiologic studies
Numbers per patient Peatients done
Study Category Numbers (mean + SD) n (%)
CT
Brain/Temporal 107 14+17 54 (71.1)
C-spine/Neck 53 0.7+05 53 (69.7)
Facial/Orbital 29 0.4+05 27(35.3)
Chest/Aorta 52 0.7+0.6 48 (63.2)
Abdomen-Pelvis 77 1.0+08 57 (75.0)
Extremity/Others 25 0.3+0.7 24 (31.6)
Intervention 13 02405 10(13.2)

* SD: Standard deviation
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Table 5. Positive findings of radiologic studies

Aee 37.9+22.3 mSvE A
7% st 1SS 157 ol &

Findings n (%) A FAREAT 79,
Brain/Temporal bone: 107 e 1,—_?‘%@@%&% At 33.5223.1 mviiL, 156 163
Subarachnoid hemorrhage 31(29.0) oIgel ¥As 63.2+26.6 mSVE S ASe AR
Subdural hemorrhage 28 (26.2) Aol ] #9kth(p<0.001). 4 Et ZAee A8 v
Intracerebral hemorrhage 23(21.5) o] A AT Bat 69.0+45.2 mSvO R Al
Epidural hemorrhage 5( 4.7) A ok BA}o] A -H AT 33.6+422.4 mSvELH Ut
Skull fracture 27 (25.2) (p<0.001), #9148 Hat FaAHFS ¥ CT7F 1.7+£0.5 mSv
Facial fracture 10( 93 2 7 Holon EX-_Zuk CT7} 28.6+13.3 mSvE 7}
Preumocephalus LOO9 o wotrh(Table ), B4} 9 4 AT Rl A B2
C-spine/Neck:: 53 FAGANGE 3454359 mSvelen, vhHo] &4 Az
ine/rib fracture 5(94 = =
:Fr)ain lesion/others 32 5.7; A B AR A 13118 mS v,
Other spine lesions 2(38)
Eocial/Onhita - 29 4. 9 WA U Aol Mol H&lEE
Facial/Orbital fracture 13 (44.8) ) ) B
Skull Fracture 5(17_2) ;ﬂ ?__]' BEIR-VII 51—-1—/\1 oﬂ’ﬂ Xﬂ*]?.. o}tg}li 7:“/?_]_'?__]' %1'
Brain hemorrhage 4(13.8) A Aol AL9IEEE 109 328.5+308.60]3
Chest/Aorta: 52 tq, Z‘Jﬁ‘— 8‘:501]/\-] *h:H 1,852‘:501311_’]'. E@ /‘]'Uo]' }\cHOH ‘_H
Bony fracture 26 (50.0) SF9EmE 10718 2 189.04159.3' 17 2t 82019
Pneumothorax 10(19.2) o} o] & 24 AE Uehd A fadske] ogk o
Hemothorax 12(23.1) A A A& 2k 10vhy o 95.6+132.2% W
Lung contusion 6 (11.5) 54.0172.00]9lom, A ATE vehd Aare SEA
Cung/horex laosraton 2 29 ol olat o w3 A A4 SIBEL 22 10w
Others 2( 38 233.0+289.6%, 135.1+151.9 °] 1 tHTable 6).
Abdomen-Pelvis: 77 _
Liver/Spleen/Renal injury, hemoperitoneum 25 (32.5) V. 2
Pelvic bone fracture 25 (32.5)
Spine fracture 13(16.9) QgL WE e B A9 A2 $A} o5
Other fracture 5( 6.5) AAZA Q] J&FL v|Ztt, Clarke 5(22)2 B8 E4 gl
Others 5(65) gt o Aol A 2HH A @7} 38 A AW v vich AYE
Bowe/Peritoneal injury 3(39) o] 19%4 7HeiTHE Aake Ikt ol eEle
Extremity/Others: 25 A WE AT AR FRAe] ZREWA, CTS FAE
Lower Extremityfracture 12 (48.0) o] 2g4o] Z2E It} B8] CT:, e ATheTuc
e piae WA A B9l aEel ke AuHe AR 9
Others 4(16.0) AgAke] Rekol glolA] Ezo] Hojgiet (23) shAlt CTS}
Radiologic intervention : 13 sAe o9 dAe o8 Be 7L dled, ol A4
Intragbdominal/pelvic bleeding 6 (46.2) of atnl8-ol Sal, SRk 2ol °]E°§ olet A A
Intracranial bleeding 3(15.4) 0] ofgh 9l 22f &4 7hsAdo] ek, (24) EI AT
] WA AL o] Foj Rt AHE‘OIEP. AR AL
Table 6. Lifetime attributable risk* of cancer incidence and mortality
Total Cancer incidence Cancer incidence of negative study Cancer incidence of positive study
328.5+308.6 95.6+132.2 233.0+289.6
Total Cancer mortality Cancer mortality of negative study Cancer mortality of positive study
189.0+159.3 54.0+72.0 135.1+151.9

* |ncidence/mortality of all cancer per 100,000 population
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