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= OVERVIEW
m = WHY FLUOROSCOPY
FLUOROSCOPY SYSTEMS —

= |IMAGE RECEPTORS

= IMAGE QUALITY
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FLUOROSCOPY

Fluoroscopy is an imaging technique that uses
x-rays to create moving images of internal
structures of the body in real-time.

8
| FLuoroscoPy [N RADIOGRAPHY |
Dynamic Static
Continuous or Pulsed exposure Short exposure
Lower mA Higher mA
Al ClEEIERIC[PUEEEOE Mainly for diagnostic purposes
procedures
9
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|___FLUoRoscOPY [N RADIOGRAPHY |
- o
e

user controls image receptor user controls x-ray tube

iy
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= OVERVIEW

m = WHY FLUOROSCOPY
FLUOROSCOPY SYSTEMS —

= |IMAGE RECEPTORS
= |MAGE QUALITY

12

Fluoroscopy is a powerful tool that allows us to see moving images of the
inside of the body in real-time.

* Observe movement of organs and systems &
* Identify functional problems

* Precise instrument placement (stents/ catheters)
¢ Real-time feedback (surgery)

¢ Immediate assessment & Instant feedback
* Potentially eliminating the need for further exams

13
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e

/ & SAVE TIME
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| cHapTERONE |
FLUOROSCOPY SYSTEMS :

TYPES & COMPONENTS
IMAGE RECEPTORS
= IMAGE QUALITY
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= OVERVIEW
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FLUOROSCOPY SYSTEMS —

= |IMAGE RECEPTORS

= IMAGE QUALITY
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SYSTEM
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EVERY FLUOROSCOPY SYSTEM INCLUDES A
LIST OF ESSENTIAL COMPONENTS
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VIDEO CAMERA/ F
CCD MONITOR
IMAGE RECEPTOR I>
I
|
ANTI-SCATTER 17
GRID
A e —
COLLIMATOR
X-RAY TUBE CONTROL UNIT
20
VIDEO CAMERA/ F
CCD : MONITOR
IMAGE RECEPTOR I>
I
|
ANTI-SCATTER 7
GRID
A e —
COLLIMATOR
X-RAY TUBE CONTROL UNIT
WE’LL DISCUSS THOSE A BIT LATER
21
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VIDEO CAMERA/ r
MONITOR

CCD

IMAGE RECEPTOR

g‘
—

=

X-RAY TUBE CONTROL UNIT
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X-RAY BEAM
DIRECTION

24

HORIZONTAL
MOVEMENT
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VERTICAL
MOVEMENT
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30

31

www.hamaddarwish.com 15



KBR Part 1: Fluoroscopy (1/3) January 25

WHOLE-SYSTEM
TILT

32

’
=

TRENDELENBURG
POSITION
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STANDING
POSITION
34
IMAGE RECEPTOR MONITOR r
N
|
A e —
X-RAY TUBE CONTROL UNIT
ESSENTIAL SYSTEM COMPONENTS
35
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va

38
OPERATOR
CONTROLS
N
STANDING
LEAD SKIRT PLANFORM
O\‘“I | l
FOOT SWITCH
=
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40

THE CONFIGURATION AND ARRANGEMENT OF
THE ESSENTIAL SYSTEM COMPONENTS
DETERMINES THE TYPE OF THE FLUOROSCOPY
SYSMTEM AND ITS CLINICAL USE

41

www.hamaddarwish.com 20



KBR Part 1: Fluoroscopy (1/3)

January 25

—

IMAGE
INTENSIFIER

CONVENTIONAL FLUOROSCOPY SYSTEM

42
FLAT-PANEL
DETECTOR (FPD)
I
DIGITAL FPD FLUOROSCOPY SYSTEM
43
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PEDIATRIC (REMOTE-CONTROLED) FLUOROSCOPY SYSTEM

44
'7 OPERATOR
X-RAYTUBE CONTROLS
FLAT-PANEL
DETECTOR (FPD)
4\ A —
.1
|
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L

46

X-RAY BEAM
DIRECTION

47

www.hamaddarwish.com

23



KBR Part 1: Fluoroscopy (1/3) January 25

4 IMAGE RECEPTOR

C - ARM CONFIGURATION FLUOROSCOPY SYSTEM

48
t ALLOWS ORBITAL MOVEMENT
( ’ “AROUND THE SUBJECT”
t B—
49

www.hamaddarwish.com 24



KBR Part 1: Fluoroscopy (1/3)

January 25

I =e=|)

50
C - ARM VARIATONS: INTERVENTIONAL SUITE
C-ARM CAN BE EITHER S
CEILING OR FLOOR MOUNTED
51
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C - ARM VARIATONS: MOBILE UNIT

=

\I

AN

52
TYPES OF FLUOROSCOPY SUMMARY
| CONVENTIONAL [N INTERVENTIONAL |
- =
—_—
= Generally used for diagnostics = Generally used for procedures
= Lower radiation doses = Higherradiation doses
= Found in Radiology Dept. = Found in Radiology Dept. and other
facilities like Cath Lab and OT.
53

www.hamaddarwish.com

26



KBR Part 1: Fluoroscopy (1/3)

January 25

=

= Can have Image Intensifier (ll) or Flat-
Panel Detector (FPD)

= Tube can be under-couch (typical) or
over-couch (remote-operated)

TYPES OF FLUOROSCOPY SUMMARY

| CONVENTIONAL [ INTERVENTIONAL |

=

= Can have Image Intensifier (ll) or Flat-
Panel Detector (FPD)

= Can be fixed like an Interventional
Suite (floor or ceiling mounted) or can
be mobile for use in OT.

54

=

COMPONENTS OF FLUOROSCOPY SUMMARY

X-Ray tube and Generator
Collimator

Anti-Scatter Grid

Image Receptor (Il or FPD)
Video Camera/ CCD
Monitor

Patient Couch

Control Panel

Computer

55
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= OVERVIEW
m = WHY FLUOROSCOPY
FLUOROSCOPY SYSTEMS —

= |IMAGE RECEPTORS

= IMAGE QUALITY
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= OVERVIEW
m = WHY FLUOROSCOPY
= TYPES & COMPONENTS
FLUOROSCOPY SYSTEMS T
= IMAGE QUALITY
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Conventional older technology,
but still in use today.

Largely replaced Image Intensifiers,
in most modern machines

58

KEY CHARACTERISTICS

TECHNOLOGY
A vacuum tube containing a fluorescent input screen,
photocathode, electron optics, and output screen.

IMAGE FORMATION
X-rays are converted to light, then to electrons, amplified, and
converted back to light.

ADVANTAGES
Mature technology with a long history and relatively lower cost
compared to FPDs.

DISADVANTAGES

e  Bulkier and heavier than FPDs.

* Image distortion, especially at the periphery.

¢ Lower detective quantum efficiency (DQE) leading to
higher dose requirements.

¢ Limited dynamic range.

59
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60
OUTPUT PHOSPHOR
VIDEO CAMEA OR CCD ANODE (+)
FOCUSING ELECTRODES (-) VACCUM HOUSING
=
PHOTOCATHODE (-) INPUT PHOSPHOR
61
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Zinc cadmium sulfide

Cesium iodide (Csl)

IMAGE INTENSIFIERS KEY COMPONENTS

62
CAMERA / CCD CAPTURES AND IMAGE AND
SENDS IT FOR DISPLAY
OUTPUT PHOSPHOR CONVERTS ELECTRON
BEAM TO LIGHT PHOTONS
ANODE ATTRACTS AND ACCELERATES THE
ELECTRON BEAM
FOCUSING ELECTRODES FOCUS AND
COMPRESS THE ELECTRON BEAM
PHOTOCATHODE CONVERTS LIGHT
PHOTONS TO ELECTRONS
INPUT PHOSPHOR CONVERTS INCIDENT
X-RAY PHOTONS TO LIGHT PHOTONS
X-RAY
63
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X-RAY

IMAGE INTENSIFIERS INCREASE IMAGE BRIGHTNESS DURING
FLUOROSCOPY THROUGH TWO PROCESSES

FLUX GAIN:
The increase in the number of light photons at the output phosphor compared to
the input phosphor due to acceleration of the electron beam.

Number of photons at output phosphor : Number of photons at input phosphor

MINIFICATION GAIN:
The increase in image brightness due to its concentration at the output phosphor
compared to the input phosphor.

Input phosphor diameter 2/ Output phosphor diameter 2

TOTAL BRIGHTNESS GAIN = FLUX GAIN X MINIFICATION GAIN

64

IMAGE INTENSIFIERS FIELD-OF-VIEW ADJUSTMENT (ZOOM)

Making the field of view smaller equals zooming-in or magnifying the
subject; however, this is not digital zoom (it is not free!)

— -

LARGE FOV SMALL FOV
* High minification gain * low minification gain
* High image distortion (why?) * low image distortion (why?)
* Low radiation dose * high radiation dose

Magnification affects radiation dose because of the exposure

compensation made by Automatic Brightness Control (ABC) system

65
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Y
— e . — e .
Conventional older technology, Largely replaced Image Intensifiers,
but still in use today. in most modern machines

66

KEY CHARACTERISTICS

TECHNOLOGY
A solid-state device using an array of photodiodes to _

directly or indirectly convert X-rays into electrical charges.

IMAGE FORMATION

X-rays are either directly converted to electrical charges or

indirectly converted through a scintillator that emits light, which

is then detected by photodiodes. ——

ADVANTAGES

» Compact, lightweight, and larger field of view (Square FOV)
» Higher DQE, resulting in lower dose requirements.

* Wider dynamic range, capturing more image detail.

* Noimage distortion.

» Superiorimage quality with higher spatial resolution.

DISADVANTAGES
Higher initial cost compared to image intensifiers and relatively
more sensitive to damage from rough handling.

67
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IN-DIRECT CONVERSION FPD

DIRECT CONVERSION FPD

68
IN-DIRECT CONVERSION FPD DIRECT CONVERSION FPD
TET ARRAY TFT ARRAY
PHOTODIODE LAYER
PHOTOCONDUCTOR
SCINTILLATOR LAYER
CESIUM IODIDE (Csl) or AMORPHOUS SILICON
GADOLINIUM OXYSULFIDE (GOS) (a-Si)
69
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IN-DIRECT CONVERSION FPD DIRECT CONVERSION FPD

TFT ARRAY TFT ARRAY
PHOTODIODE LAYER

SCINTILLATOR LAYER

PHOTOCONDUCTOR

AMORPHOUS SELENIUM
(a-Se)

70
MATRIX OF
THIN-FILM TRANSISTORS
IN-DIRECT CONVERSION FPD DIRECT CONVERSION FPD
TFT ARRAY TFT ARRAY
PHOTODIODE LAYER
PHOTOCONDUCTOR

SCINTILLATOR LAYER

71

www.hamaddarwish.com 35



KBR Part 1: Fluoroscopy (1/3) January 25

TFT ARRAY CAPTURES ELECTRICAL SIGNAL
AND SENDS IT FOR ANALOG-TO-DIGITAL
CONVERTER (ADC)

IN-DIRECT CONVERSION FPD

TFT ARRAY
PHOTODIODE CONVERTS LIGHT PHOTONS
PHOTODIODE LAYER TO ELECTRICAL SIGNAL

SCINTILLATOR LAYER

SCINTILLATOR CONVERTS INCIDENT
X-RAY PHOTONS TO LIGHT PHOTONS

X-RAY

72

TFT ARRAY CAPTURES ELECTRICAL SIGNAL

AND SENDS IT FOR ANALOG-TO-DIGITAL
CONVERTER (ADC)
DIRECT CONVERSION FPD
TFT ARRAY
PHOTOCONDUCTOR
PHOTOCONDUCTOR CONVERTS INCIDENT
X-RAY PHOTONS DIRECTLY TO ELECTRICAL
SIGNAL
X-RAY

73

www.hamaddarwish.com 36



KBR Part 1: Fluoroscopy (1/3) January 25

FPDs USE ONLY 2 (DIRECT FPD) OR 3 (IN-DIRECT FPD) ENERGY CONVERSIONS
THIS EQUATES TO HIGHER DQE & BETTER IMAGE QUALITY

EEEEEEN

=.....= DETECTOR SURFACE: MADE UP OF A MATRIX OF DETECTOR ELEMENTS (DELs)
|

|

[ 171 [ 11 n NO. OF DELs (MATRIX SIZE) n SPATIALRESOLUTION
EEEEEEE

74

CAPTURE AREA: SURFACE OF DEL

FILL FACTOR: % OF DEL DEVOTED TO CAPTURE AREA

PITCH: DISTANCE FROM CENTER OF DEL TO CENTER OF NEXT DEL IN A MATRIX
75
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TYPES OF IMAGE RECEPTORS SUMMARY

| MacE INTENSIFIER (1) [ _FLAT PANEL DETECTOR (FPD) |
= =
—

Mature technology with a long history and * Compact, lightweight, and larger field of
relatively lower cost compared to FPDs. view (Square FOV)
* Higher DQE, resulting in lower dose
DISADVANTAGES requirements.
*  Bulkier and heavier than FPDs. * Wider dynamic range, capturing more
* Image distortion, especially at the image detail.
periphery. * Noimage distortion.
* Lower detective quantum efficiency * Superior image quality with higher spatial
(DQE) leading to higher dose resolution.
requirements.
* Limited dynamic range.

76

FLUOROSCOPY

77
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RECORDING SYSTEMS ENABLE US , ,

78
RECORDING SYSTEMS IN FLUOROSCOPIC SYSTEMS WITH
+ CAMERA (VIDICON): LOWER SPATIAL RESOLUTION AND MORE
CAMERA OR CCD SENSOR
BLOOMING / LAG
+ CCD SENSOR: HIGHER SPATIAL RESOLUTION AND LESS
P BLOOMING / LAG
THE CAMERA OR CCD CONVERTS LIGHT FROM THE OUTPUT
PHOSPHOR TO ELECTRICAL SIGNAL. THE ELECTRICAL SIGNAL IS
SENT TO AN ADC THEN TO A COMPUTER FOR PROCESSING AND
DISPLAY
LIGHT ELECTRICAL SIGNAL DIGITAL SIGNAL PROCESSING / DISPLAY
79
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RECORDING SYSTEMS IN FLUOROSCOPIC SYSTEMS WITH
NO ADDITIONAL DEVICES OR CONVERSIONS ARE REQUIRED:
THIS MAKES FLUOROSCOPY SYSTEMS WITH FPD MORE EFFICIENT
— AND LESS SUSCEPTIBLE TO IMAGE ARTIFACTS.
THE ELECTRICAL SIGNAL FROM THE FPD IS SENT TO AN ADC
THEN TO A COMPUTER FOR PROCESSING AND DISPLAY
ELECTRICAL SIGNAL DIGITAL SIGNAL PROCESSING / DISPLAY
80
| cHapTERONE |
FLUOROSCOPY SYSTEMS e RS
81
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= OVERVIEW

m = WHY FLUOROSCOPY
FLUOROSCOPY SYSTEMS —

= |IMAGE RECEPTORS

= IMAGE QUALITY

82
—mnce quaury S Rapiationpose
@ 1)
GENERALLY IMPROVING IMAGE QUALITY IS NOT FREE.
IT COMES AT THE COST OF RADIATION DOSE.
83
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IMAGE DETAIL / STRUCTURAL SHARPNESS / SMALLEST VIEWABLE
STRUCTURES

VISIBLE DIFFERENCE IN BRIGHTNESS BETWEEN TWO ADJACENT
STRUCTURES

IMAGE DENSITY GENERAL IMAGE DARKNESS OR BRIGHTNESS

MISREPRESENTATION OF THE SIZE OR SHAPE OF OBJECTS

IMAGE ARTIFACTS UNWANTED FEATURES OF IMPERFECTIONS APPEARING IN THE IMAGE

84
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A smaller focal spot on the X-ray tube reduces geometric blur — but at the
cost of increased tube heat

Focal Spot Size

Decreasing the distance between the patient and the image receptor

Object-Image-Distance minimizes maghnification and blur.

Increasing the distance between the X-ray source and the image receptor

Source-| mage-DlSta nce can improve resolution - but often at the cost of increased dose.

Flat panel detectors with smaller pixel size offer better spatial resolution

Image Receptor than image intensifiers.

Motion Patient or equipment motion blur can significantly degrade resolution.

Scatter Radiation Scatter radiation blurs the image, so using grids and collimation helps.

87
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KV Using the appropriate kVp for the body part and exam ensures adequate
Y penetration and differentiation of tissues.

Scatter reduces contrast by adding a "fog" to the image. Grids,

Scatter Radiation collimation, and air gaps help.

FPDs generally offer better contrast resolution due to their wider dynamic

Image Receptor i,

Image Pl’ocessing Digital image processing techniques can enhance contrast.

Contrast media enhances subject contrast and improves image contrast
as aresult

Contrast Media

88
USING GRIDS IN FLUOROSCOPY
| CONVENTIONAL [ INTERVENTIONAL |

- =

= .

—

LINEAR GRID CROSSED GRID

89
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GRIDS IMPROVE QUALITY BY

INCIDENT PHOTONS

SCATTERED PHOTONS LEAD STRIPS

RADIOLUCENT MATERIAL

GRIDS IMPROVE IMAGE CONTRAST BUT REDUCE IMAGE DENSITY
. INCREASING EXPOSURE IS REQUIRE TO COMPENSATE .

NOT RECOMMENDED

90
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KV Higher kVp increases the energy of X-rays, making them more penetrating
Y and resulting in higher image density — at the cost of lower contrast res.

mA controls the number of X-ray photons produced, and higher mA
results in a higher image density. — at the cost of radiation dose

Longer exposure time allows more X-rays to reach the detector, increasing

Exposure Time or Pulse Width image density — at the cost of radiation dose and potential motion blur

Adding contrast media increases incident photon absorption and reduces
image density

Contrast Media

Larger or denser subjects increase incident photon and reduce image

Subject Size density

>

USING AUTOMATIC BRIGHTNESS CONTROL (ABC)

93
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ABC ADJUSTS EXPOSURE FACTORS TO COMPENSATE FOR:

= VARIATIONS IN ATTENUATION DUE TO THICKNESS / DENSITY OR CONTRAST MEDIA
= VARIATIONS IN DISTANCE

The ABC adjusts the exposure (kVp & mA) to compensate for changing the position of the image receptor
ove the patient (or the patient position on the table) or for changing the Object-Image-Distance OID

94
ABC USES A TO ADJUST THE EXPOSURE IN

P 1

1 v

- ——

: —_— The ABC attempts to maintain a constant

: image intensity using the signal from the

1 w image receptor as a guide to adjust

: : (increase or decrease the exposure)

| =

1 A

1 1

[ —— d

CORRECT CENTERING AND COLLIMATION ARE BOTH ESSENTIAL

95
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96

MANY CAUSED BY THE

Vignetting: decrease image brightness around the edges
Pincushioning: image appears curved or bent inwards toward the center
S-shape distortion: image appears curved or bent

Blooming: image white-out (intense over-exposure)

Veiling glare: a type of blooming that shows up as contrast-reducing haze

OF THE INPUT-PHOSPHOR AND PHOTO-CATHODE

97
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Reduced image quality near the edges Image appear curved inwards Image appear curved of bent

Image white-out Contrast reducing haze

98

Image appear curved of bent

Caused by external magnetic fields or
beam mis-angulation

Reduced image quality near the edges Image appear curved inwards
- Caused by curved input-phosphor and
Caused by curved input-phosphor il TR fHEE

Can be corrected with image processing or
reducing OID

Can be corrected with image processing

Can be corrected with image processing

Lag:
delay in response time of the Il to
changes in beam intensity

High energy photons striking input- Caused by scattering of x-ray, light, or
phosphor electrons inside Il

Can be corrected with grids and

Can be corrected frame averaging

Image Noise:
grainy image appearance

Can be corrected with better positioning /
centering and collimation

collimation

Can be corrected with increasing exposure

99
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SPOT IMAGING /

100
| SPOTIMAGING [ LASTIMAGE HOLD (LIH) |
A static fluorograph made during a A stillimage captured during a
fluoroscopic examination to record fluoroscopic examination without
the subject impacting patient dose

AN ADDITIONAL SEPARATE EXPOSURE A SCREEN-SHOT OF THE FLUORO IMAGE

HIGHER IMAGE QUALITY

HIGHER EXPOSURE (DOSE!) NO ADDITIONAL DOSE

-
. ¥
% Y SCREENSHOT
EXPOSURE

101
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(bl ]
FLUOROSCOPY SYSTEMS

CHAPTER
COMPLETED

102
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