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Presentation outline

- Background/Motivation

- Procedure Complexity

+ Previous Studies on Interventional CT Dose Survey
+ MGH Study
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Background/Motivation

Interventional CT has very different
characteristics from diagnostic CT:

Relatively lower image quality
Many repeated short scans
Strong metal artifact

Procedure/Site specific

The related CT dose/image quality has

not been thoroughly studied.
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Background/Motivation

- The operator determines the progress of the procedure

- High potential to utilize much higher radiation dose than
diagnostic CT scans

- For a single procedure, the total effective dose could go
above 100 mSv*.

“Leng S, Christner JA, Carlson SK, et al. Radiation dose levels for interventional CT
procedures. AJR Am J Roentgenol 2011;197(1)W97-W103
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B round/Motivation

- Itis critical to understand all the related clinical procedures
for CTGI.

« It will be ideal to have a quantitative parameter to measure
the necessary dose range or reference level.

Biggest challenge is the procedure complexity.
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How to quantify procedure complexity

A pilot study exploring the possibility of establishing guidance levels
in x-ray directed interventional procedures

Safety Reports Series

Establishing Guidance
Levels in X Ray Guided
Medical Interventional
Procedures:

A Pilot Study




Example from Fluoroscopy

COMPLEXITY INDEX FOR PERCUTANEOUS TRANSLUMINAL

CORONARY ANGIOPLASTY PROCEDURES Cahet with batoon
&
This substudy investigated the relationships between the complexity
factors of a PTCA procedurc and the obscrved technical factors such as FT
ber of cine frames and ker v product (Pyy). Multiple lineal B
regressions produced a C1 capable of predicting the level of paticnt exposure.
This index provides a tool for comparing individual practices and institutions as)  Avemetie hi f oflsted balocn
well s permitting o normalized comparison with guidance levels e P compreses
mples oT PTCA procedares were collecied Trom cardiae comres Toumme
in Chile. Italy, Spain and Uruguay. The mean patient age at all centres ranged (MM{'I
64 and 65 vears (standard deviations between 8 and 12 years). The Fiarsa;

centre. Relevant clinical data are summarized in Table 23,

https: artplace.com/services-ptca
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Complex Index for PTCA

 teported in Table

TABLE 25. FACTORS AND WEIGHTS FOR ALL PERCUTANEOLS.
TRANSLUMINAL CORONARY ANGIOPLASTY CASES

ANFTCA Mali Lesion Ol Oisl B
(457 cass) vesel  type >3moaths loruosty sienting  sienling
Mumherccees 117 161 u 5
Costlisats (mi v L] S5
i wily ) o (0w [ e ot cent
' s oam s ™ the derived C1. the whole ssmple was
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Cl more than patient size

TABLE 28. REFERENCE (GUIDANCE) LEVELS FOR SIMPLE
MEDIUM AND COMPLEX PERCUTANEOUS TRANSLUMINAL
CORONARY ANGIOPLASTY PROCEDURES EXPRESSED IN TERMS
OF FLUOROSCOPY TIME AND Py,

Reference (guidance) levels

o sonns | RS Fluoroscopy time Number of Pea
. (min) images (%)
Simple C1=1 15 1500 10
Medium 1 < Cle=2 20 1650 130
Complex C1 > 2 2 250 200

RS T
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Can we do this for Interventional CT?

Size,
Medical condition
Procedure type

Scanner model
Operating mode
Intervention tools

Experience level
Institution practice
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Key Factors

« Procedure types — Complexity/Utilization
+ Operator experience
- Patient size/condition
- Institutional practice
- Scanner models

- Scanning modes — Helical, Axial, Mix
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Utilizing available data from CT dose monitoring

CT scan parameters as surrogates?

- CTDlvol

- SSDE Dose Metric

- DLP

- Total scan length

- Number of images Utilization Metric
— Number of acquisitions
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Dose Survey Studies — Tsalafoutas, 2007

CT-Guided Interventional
Procedures without CT Fluoroscopy
Assistance: Patient Effective Dose
and Absorbed Dose Considerations

loannis A. Tsalafoutas'? OBJECTIVE. The purpose of this study was 1o determine patient effective dose (E) and
v
Virginia Tsapaki' peak absorbed dose to the skin of the patient from various CT-guided interventional procedures
Charicleia Triantopoulou’ performed without CT fluoroscopy assistance.
Akrivi Gorantonaki' MATERIALS AND METHODS. In folal, 49 interventions were retrospecively studied
John Papailiou’ 14 biopsies. 14 y ablations. 14 abscess drainages. .CT
images q ? s PACS system and an pa-

rameters of each slice. Entrance surface dose and E were estimated using the Impactscan
base and the related Monte Carlo conversion coefficiens.
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Dose Survey Studies — Tsalafoutas, 200
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Dose Survey Studies — Leng, et al 2010

Radiation Dose Levels for
Interventional CT Procedures

Shuai Leng! OBJECTIVE. The purposc of this study was to determine typical radiation dose levels to
Jodie A. Christner patients undergoing CT-guided interventional procedures.

Stephanie K. Carlson MATERIALS AND METHODS. A total of 571 paticats undergoing CT intervention-
Magan Jacobsen al procedures were included in this retrospective data analysis study. Enrolled patients un-

Thomss 1. Vriess derwent ane of five procedures: cry

cach procedure, fwo scan modes were used, either intermitient (no table increment) or helical

ynthi ugf measurements. Effective dose was calculated by multiplying dose-length product (DLP) and

ctor (K fictor) for helical mode, and using Monte Carlo organ dose cocflicicats
for intermittent mode

iblation, aspiration, biopsy, drain, or injection. With

conversion

15 ., G




Dose Survey Studies — Leng, et al 2010
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Dose Survey Studies — Kloeckner,et al 2013

vl of Radiciry 82 20
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Journal homepage: www.elsevier.com/locatalejrad
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Radiation exposure in CT-guided interventions @

Roman Kloeckner*, Daniel Pinto dos Santos?, Jens Schneider, Levent Kara®,
Christoph Dueber, Michael B. Pitton*
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Dose Survey Studies — Kloeckner,et al 2013

Table1
Numter R——— . an ot DLPs

P——— W DUfprmery CToeresimyom | DUP CTF (mGy e Tora P (i) y

Wow e ® e Ve @ Wem Mm@

EEEp— EER I w0 s | @ W am s ool
Plearoldroinage wmo om | [ W m @0 ool
Lrver iopr ws  om | A 5 sm ool
Lung/pleura biopsy 42 507 481 553 91 35 a1 508 538 662 <0001
Retroperitoneal biopsy” s 781 m 46 108 34 123 £ 781 1008 <0.001
Ieiasina by M e | s | oae w7 s = oo
fenajsprarenaopsy| 30 03 | &% A B dw m T
e e et i omm fum | e oz e 2 s wem we o0l
RFa/nwa pone: 15 276 3 04 47 153 3 Az an 567 0006
ek i g s w | m o ar | S0 W om0 o
pain biock 5w | I Mo 'uw s dd ool
fertebroplasty 167 1313 1284 1440 179 148 116 1493 1454 1666 <0.001

* 111 retroperitoneal lymphatic node biopsies, 4 pancreatic biopsies.

Diagnostic scan parameters were used for peri-interventional series
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Dose Survey Studies — Yang, et al 2018
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Dose Survey Studies — Tsapaki, et al 2019

Medical Physics [@JI(@I\NNW; CLE

Setting “Typical” Diagnostic Reference
Levels for most common Computed
Tomography guided Interventional

procedures

Virginia Tsapakl, Dimitrios Fagkrezos, Sotiria Triantopoulou, Sofia Gourtsoylanni, Niki Lama,
deia Tri 08 Maniatis
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Dose Survey Studies — Tsapaki, et al 2019

e
cpelwe | N e | 8 | oe | 8 | o | Pelmme [ g

Sy —————

pical DRLS in terms of DL for blopsy,

dra lation and nephrostomy
Typical DRLs
<1 procedure e
iopsy 990
Draiiage o)
Ablation 1380
Nephrostonmy 850

21- P, @UaRvare




MGH Study

- To perform detailed analysis of interventional CT dose
distribution at MGH.

- To explore the possibility to derive a quantitative metric to
assess procedural complexity and CT utilization using CT
dose metric as a surrogate.
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Methods - Overview

- IRB approved retrospective study.

- Dictation reports collected for CT guided interventional
cases performed at MGH from 2012 to 2017.

- CT dose data extracted using Radimetrics platform (Bayer
HealthCare, Whippany, NJ).

- Four major categories and twenty-one sub-categories
were created.

23-
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ds — Intervention Category




Methods — CT Dose Data

- CTDIvol (mGy): Volume CT Dose index
« DLP (mGycm): Dose-Length-Product

- SSDE (mGy)

- Scan Length (mm)

« Acquisition Count

Number of Images

25~ P, @UaRvare

Results — CTDIvol

2

Global CTDIvol median : 11.6 mGy
ACR DIR Abd Pel : 13 mGy

Ablation

il ACR DIR non con chest: 10 mGy

= splation
= Biopsy
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Results — Dose-Length-Product

waiiz  Global DLP median : 1043 mGycm

At ACR DIR Abd Pel : 639 mGycm
. ACR DIR Chest: 347 mGycm
* Bepsy . .
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Results — Scan Length

[S—— Global median : 842 mm
o hapraton :
B e mey 3 or more drains
i Cd Double drain 1922
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Results — Acquisition Count

Acquisition count distribution
1 Ablation ) .
8§ Dminage Global median : 9 acquisitions per case
piration
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Results — Number of Images

Memoa of kg dhuson

ﬁm’,’, Global median : 166 images per case
! *  Aspration
. Bopsy
3 or more drains
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Utilization Factor

SE subcasegory median
Utilization Factor by sean lengeh( SI) = 8719 PO
SI global median

AC subeategory median

Utilization Factor by ac (AC) =0
AC global median

NI subcategory median

Utilization Factor by mumber of imagest NI )
NI global median

Utilization Factor by SL + Uritization Factor by AC +Utilization Factor by NI
3

Overall Usilization Factor =
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Results — Complexity/Utilization Factor
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Discussion

- Single institute study

« Only helical scan CT included (did not include CT fluoroscopy
or ultrasound assisted procedures)

- DLP and CTDlval slightly depends on patient size, which has a
relatively small variation for this population

- Large variations between different procedures

- The complexity/utilization factors might be applicable to
institutes using CT fluoroscopy
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Summary

With a large number of cases analyzed and detailed
categorization of CT guided interventional procedures (CTGI),
consistent and procedure-specific dose metric distributions are
presented and quantitative complexity/utilization factors for
CTGI procedures are provided.
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Future

+ Robot/Al
- Different requirement for image quality
- More accurate/efficient procedure
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Future

Ultra-Low Radiation Dose CT Fluoroscopy for
Percutaneous Interventions: A Porcine Feasibility
Sudy
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A Meoviia, PALD + fred 1. L, Ji MDD
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