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Abstract Although the number of computed tomography(CT) is increasing every year, it is insufficient to establish appro-
priate workload calculation standards of radiologic technologist to provide optimal medical services to patients, such as
patient safety management and infection management. The purpose of this study is to present guidelines for calculating
the appropriate workload of radiologic technologist by analyzing the work flow of CT procedures and the time required
for CT examination in major hospitals. As for the study subjects and methods, the appropriate process for each step of
CT examination was investigated to systematically present the process and time required for the actual examination, and
the CT procedure time of 104,105 adult patients and 465 pediatric patients under the age of 6 were analyzed. For the
time required, data according to the use of contrast medium, procedure type, and adult/child were collected and
compared, The test time of CT examination using contrast medium took about 13 minutes when one radiologic technolo-
gist worked and about 9 minutes when two radiologic technologists worked. The time required for the procedures were
statistically significant depending on the presence or absence of contrast medium, multi-phase procedure, and patient age
(considering pediatric patients). As a result, in order to thoroughly perform patient safety and infection management, the
appropriate workload increased by about 40% when there were two radiologic technologists, The limit workload was an
average of 32 people per day with one radiologic technologist per 15 minutes, and 48 people per day with two radio-
logic technologist per 10 minutes. This is a marginal workload, and in the case of procedures that require more time to
acquire radiographic images, the interval between reservations should be widened,
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Table 1. Classification for data collection of CT examination time

Category

Classification

Anatomical parts
Contrast enhancement phase
Contrast enhancement
Patients

Interventional procedure

Head & Neck, Chest, Abdomen, Extremity, Spine, Cardiac CT

Single, Multi-phase

With CM injection, Without CM injection
Adult( > 7 years), Pediatric( { 7 years)

Biopsy, RFA

*Note: RFA: Radio-frequency Ablation, CM: Contrast Medium
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Hand hygiene

Hand hygiene

Hand hygiene —

Hand hygiene —

Hand hygiene

Explain consent form &
Perform pre-treatment

Patient identification

CT exam"Scanning

Explanation, Positioning

Contrast injection, image
verification, et al

Coil removal, post-
treatment explanation

Check the injectors,
Clean the table

4 End of examination y

Patient arrival

Reception

Examination

Change clothes

No

with contrast
agent

Patient identification

Hand hygiene

CT exam

Scanning

Explanation, Positioning

Image verification, et al

. Hand hygiene

Fig. 1. Flowchart of CT examination with/without contrast medium injection

Table 2, Time required for contrast injection CT examination according to specific steps

h 4

Clean the table

Hand hygiene

o Number of Rad Tech (N) 1 2
Examination Work
or ) ’
Procedure o Main Sub Main
classification
Guide patient Guide patient
- pre-treatment and IV verification | 60 |- pre-treatment and IV verification | 60
Before - water use and undress guide - water use and undress guide
Examination | Call patient & check patient 30 Call patient & check patient 30
information information
Hand hygiene 30 |Hand hygiene 30 |Hand hygiene -
Ent tient informati
Explain procedure & breathing Explain procedure & breathing nf?r pa ien frformation on
. . equipmen
d d
I%ui N ¢ positioni 30 |guide 0 Confirm EMR prescription
atient positionin,
po 8 Confirm clinical manifestation
Hand hygiene 30 |Hand hygiene 30
Injector preparation Injector preparation
. contrast agent filling & air check| 50 | contrast agent filling & air check | 50 | Equipment Control
During Coilin Coilin: - W/L Query & Scannin:
Examination s s v s
Equipment Control 100
- W/L Query & Scanning EMR Check
- check prescription and clinical
EMR Check 180 manifestation
- check prescription and clinical
manifestation
Hand hygiene 30
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o Number of Rad Tech (N) 1 2
Examination Work
Procedure oree Main Sub Main
classification
Administration of contrast medium . o
. . . . ) Check patient and injector
Check patient and injector 90 | Administration of contrast medium | 60 ) . -
. . . Post-scan & image confirmation
Post-scan & image confirmation
Enter contrast medium and
consumable material
Hand hygiene 30 |Hand hygiene 30 | Conducting a computerization -
During Confirmation of image
Examination transmission
Enter contrast medium and
consumable material
EMR computerization 30
Confirmation of image
transmission
Hand hygiene 30 |Hand hygiene 30
Patient Care .
Patient Care
- Remove IV
After - 80 |- Remove IV 40
- Post procedure description and - . o
Examination . L - Post procedure description and guide administration department
guide administration dept
Room & Table clean up 60 |Room & Table clean up 30
Total Seconds 760 520
Examination
Time Minutes 12,7 8.7
), AA A7 AR BERHARE 7|62 60—-90%= A A Q] B 1|20l 4 QA7 Table 49 LER
H3hoict Aot BE e HANYE 5¢] Brain CT[with contrast

2. CT 4Ate ALA|Zt
D A4 B0 T A AZE B}

HAAL F-9l= 57K -(Head & Neck), §5-(Chest), H5-
(Abdomen), Z12=(Spine), A} & 5}A|(Upper & Lower extremity)
B2 2GA AR 5ol mE HA] HAF A8 A7 Table 39|

R,

1) £
7R RGN ZAAE AMEEIA ke 0 AT
EAL tf23} Ut} Brain, Facial bone, OMU, Head

3D, Temporal bone, PNS CT — A<=, 5,9494; H4 A9
AIZE 1T £ 68 ESE 2PAE ARS8 HAPE T
EXo t}23} It} Brain, Facial bone, PNS, Neck
(Larynx, Salivary gland 33}, Orbit, Brain angiography,
Neck angiography — 74>, 3,5097; H+ AQA|7E 25
T 7 2GA AR ol whE R A HAE 284

7He FAF SR ot Zpo|7) UATHX0.05)(Table 3).

medium injection] vs, Brain CT[without contrast medium
injection]) 72| 24 FAR cTo] Ao} ulkaiA $ol

ToTT
o Aolg mairt

@) F+

FE H9I014 2GS AGIA e 78 AN 5
Ao th2a} At Chest low dose, Chest, HRCT
(Highresolution CT): A%, 9,8674; B A8 A7k 19 £
S ek, 2GS ABIRE 0 A B e
Z49kt}h Chest, Chest + Abdomen (2 code), Chest *
Pulmonary Thromboembolism(PTE), PTE + DVT (Deep
vein thrombosis) CT: 74, 10,3214; B &~Q A7k 25
£ 58 g8 9] wak 2G| AL of ol nhE AR
= SAHCE FofRt Aot AUATHZX0.05)(Table 3),
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Table 3, Classification of CT duration time according to different body parts with contrast enhancement or without contrast

enhancement (unit = minutes)

Duration Time (minutes)

Body Parts With contrast medium  The number of total Without contrast The number of total
L o L-value
injection exams (N) medium injection exams (N)
Head & Neck 25+ 7 3509 17+6 5949 0.05
Chest 25 t5 10321 19 £ 5 9867 0.05
Abdomen 33 £ 10 203066 19 +5 2222 0.05
Spine N/A N/A 20 £ 6 982 N/A
Upper & Lower 33+ 11 271 20 +5 747 (0.0

Extremity

*Note: N/A = Not applicable

Table 4, Total CT duration time according to specific examinations with contrast enhancement or without contrast enhancement

in Head & Neck CT

Without contrast medium injection

With contrast medium injection

The number of total Duration time

The number of total Duration time

Examination ) Examination .
exams (N) (minutes) exams (N) (minutes)
Brain CT 4655 17 £6 Brain CT 110 2=+ 3
Facial bone, OMU, 803 546 Facial b(')ne, PNS, 308 2%+ 9
Head, PNS CT Orbit CT

Temporal bone CT 257 2+3 Neck CT 1873 27 +7
Brain' & Neck 1218 2%t 5

Angiography

Table 5, Total CT duration time according to specific examinations with contrast enhancement or without contrast enhancemer

in Chest CT
Without contrast medium injection With contrast medium injection
o The number of total Duration time L The number of total Duration time
Examination ) Examination !
exams (N) (minutes) exams (N) (minutes)
Chest low dose CT 3862 17 + 8 Chest CT 7644 24 + 6
Chest CT 2307 20 £ 5 PTE, Chest + PTE 506 26 £5
HRCT 398 20+ 3 Chest + Abdomen 2171 26+ 6

Ao theat Z9lt) Abdomen, Abdomen & Pelvis, Urinary
stone, Lipiodol CT: A4, 2,22274; B AQA7F 19 £
5%: B ZAE AMehE 2 AW 51 e
1} ZHQFt}t Abdomen, Abdomen & Pelvis, Abdomen &
Pelvis Dynamic (i.e., Liver & Pelvis FAAF™E 25 ¥
o] A ¢ % 2 phase & 3 phase AAP, Stomach,
Kidney, Adrenal, Urography, Colon CT: 74, 20,366
s Bt 29 A7 33 £ 108 EH B9 T3k A AF
& 5ol W2 HA L. AR FAH R Fogt 2tolrt

AT A0,.05)(Table 3).,

B HARE tE 5909 th2A 2957 Al TRSRE phase
AAE 4=85}7] wj&o] Single—phase@} Multi—phase
of T AAF AZHE A A0 BASHeThTable 6).
Single—phase CT®2} Multi—phase CT Alo]ofl= 9F 30%2]
A2 QA7Fe] 27} T18]al Urinary track £9] Multi—phase
CTE} H|aL A] 50%9] 428 AIXF S7F7F Helom, SA A S
&2 oI5t 2to]7} UAUTHA0.05)(Table 6), 12]al 3L
AE AGHAL oHEAS olgste] AR AW
Stomach CT%} Colon CT HE3F ot 3580] Ho{71A &8
Azo] A A HaIs 4 A
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Table 6, Classification of CT duration time according to different contrast enhancement phases

Contrast enhancement Duration time The number of
) p-value
phase (minutes) total exams (N)
Single-phase CT' 26 £6 12759 0.05
Multi-phase CT? 34 + 8 4341 (1 vs 2) (0,05
Multi-phase & Urinary track’ 40 £ 11 1286 (2 vs 3)
Stomach CT 366 636
Colon CT 37+6 49

*Note: An independent sample t-test was performed between the two groups (i.e., 1 vs 2, and 2 vs 3).

(4) 5 & A5

23 gl A shA] Ffloll A=
ArEE] FA=t th& ZSkth C-spine, T-spine,
L—spine, Whole spine CT 5 A4, 7T114; Hat &2 A7
20 £ 64 FE3E, 2PAIE ARSI 92 S Fi(Pelvic
cavity) 2] 9 AAFEL oh23} 29It} Pelvic cavity, Hip
OT: 7he, 27170 Bk 2R 20 + 28 415 2500
A 2B AR S R0 AARE che Bl
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28ARE 20 £ 58 ERE 2PAE ANk 8 AAPE
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Lower extremity angiography CT: A4, 27174; B 424
AIZE, 33 £ 1142 o714 48] CT AR Al 294576k
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E42 th&3 23Ut} Coronary angiography,
Pulmonary vein, Heart, Coronary angiography + Aorta
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*ECG gating ot AL mRA|E o= A7 F9] 24 diE
o) ARAAEH 2GS AFESIE BOGE ALgelA] o
T8 gAet 542 o AUtk Aorta angiography,
Aortic dissection CT: A<=, 44174; H AQ A7 30 =
61 “EKG gating ¢t sh= AR 919 Al AARES] Aol
FAHCE FOlgt ZpolE HTHX0.05)(Table 7).
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Table 7, Classification of CT duration time of cardiac CT and interventional procedure

Duration time The number of
Exam Study (minutes) total exams (N) prvale
CACS! 23+ 8 57 (0.05
Cardiac CACT (+ Aorta)’ 41 £ 12 890 (1vs2)  0.05
Aorta angiography’ 30 £ 6 441 (2 vs 3)

Lung Biopsy 40
Interventional study Bone Biopsy 50
RFA 00

*Note: CACS: Coronary Artery Calcium Scoring, CACT: Coronary Artery CT, Aorta angiography: No ECG gaitng examination, RFA:

Radiofrequency Ablation, An independent sample t-test was performed between the two groups (ie., 1 vs 2, and 2 vs 3).
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Table 8, Classification of CT duration time according to patient age (unit: minutes)

With contrast medium injection

Without contrast medium injection

Exams Adult Pediatric(<6) pvalue Adult Pediatric(<6) p-value
Head & Neck 25+ 7 67 £ 26 0.05 17 £ 6 55 + 28 0.05
Chest 24 6 61 £ 24 0.05 19 £5 52 =25 0.05
Abdomen 26 £ 6 61 £ 25 €0.05 19 £ 5 N/A N/A
2) 3] Aol wWE HAF AlZEe] | F7t gk CT HAR] 2G4 72H8 e, & 98 9 A o
Sofl Pat 7]3o0] ZatEloll14,15], Shakel TR ALY

7 64 olah o T 465) dlolEl} 49l or A}
AREL HRE ffsl EAEITE 1 F 2G4 AR HlolE
7} & 2897 7)1 ZIAE ALBHR] RS AAPT 17674012
o, Ao 4elst o fate] FAL Al L A] A
ROIEAR, F3, B BE SAROR Fol Aolt 1t
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