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ABSTRACT GRS

Simultaneus dualoreast diffuse opical tomography (DOT) using our first Fla. 3: Study responses
generation imager design has been shown to achieve high diagnostic sensltity X . 9. 3: Study resps Fig. 4: Schematic of different classes of * The study protocol got approved by the Insttutional Review Board at
and specificty (>95%). A new DOT system has been developed that supports Fig. 1: Instrumentation responses State University of New York Downstate Medical Center (protocol # 04-

examination of additional features of the tumor phenotype and their interactions.
Improvements include ability to accommodate a wide range of breast sizes,
measures in the seated position, and application of precise articulation maneuvers.
that document spatial variations in Young's modulus and concurrent hemodynaric.
responses. Preliminary clinical studies document that a wealth of discriminatory.
features can be identified that serve to explore functional differences between
tumor and surrounding host tissues.
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Pressure/Deformation Response 0

Measurements were performed in the seated position. Each measuring
head was adjusted to make comfortable contact with the breast
Following gross adjustments, fine adjustments in optode position were

made under feedback control to a fixed applied pressure (usually 400
mibs).

The system is described, and preliminary experimental results from combined
on a healthy and breast are

o
£
°

565 %

o oo

H

After applying initial pressure (~0.4 Ib/ 1.8 N), collection of optical data
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shown. _ started with a restingstate measurement lasting approximately 10
22009 NIH-SPIE Optical Response ) minutes.

MOTIVATION — detector, R: Rigid, B: bending, and m: moving * A sequence of external pressure changes, of varying magnitudes (max

1.61b /7 N) and 60-second duration, interspaced with 60-second resting
e 0 Fig. 5: Stretch Response. intervais, are appled o both breasts simultaneously while the optical
Time [frames] data s being colcted (Fig 3

Our strategy for increasing diagnostic power of optical breast imaging:

= Imaging of hemodynamic aciivit of breast vasculature during rest allows e dutrenst et
identification of tissues with deranged autoregulation (e.g., cancerous and (a?Prevvo:Asﬂdv«v—nre«sn ic phantom - \
pre-cancerous states), with high conirast[1] (a)Pressure response offinger (1) .

The study usually takes about 50 minutes and all the optical, pressure,

Simultaneous dual-breast imaging allows for paired comparison between
diseased and healthy tissue, thus increasing statistical robustness [2,3]

and deformation are stored.

Two host computers are used to control the breast imager using LabView

Controllable pressure maneuvers with high precision increases the
normalitumor tissue contrast based on their hemodynamic response.
difference.[4] This is combined with the ability to re-distribute the blood in
the breast by applying fine articulation,

software, one for optical signal collection and the other to control and

record the movement of the fingers and their pressure reading.

‘The applied pressure, the position of the fingers, and allthe optical signal

«The stifivess of the breast tissue can be evaluated during the pressure Tl VL Y S
maneuver. This increases the abiity to differentiate breast cancer based on E
the factthat tumor tissue is tife than norma tssue. 5. H RESULTS
*  The plastic deformation is an intrinsic property of biological tissue, and the B )
4
characterization of the mechanical nature of tissue may serve as a

e e e By deforming the breast to provoke the hemodynamic changes in the
breast, six classes of the optical response occur simultaneously. Some of
them are pure hemodynamic response and the others are dominated by

a changing in the path length between the source-detector pairs (Fig 4).

Previously described instrumentation was used for method evaluation, and

demonstrated the feasibilty of the first two points listed above (1 and 2). Dual-
(c) Side view of * A temporary plastic deformation of the breast is seen to ocour in
breast imaging gives a potentially high diagnostic power for many uni-variate measuring head

500 7000, 7500 2000 20 response to application of several pressure pulse maneuvers causing the
and multivariate i tic metrics based on bilateral inthe. ° Time [frames] breast not to retum to its original shape. Tumor bearing breasts exhibit a
resting state and Valsalva maneuver. (6) Deformtion o the breastund consistently greater piastic deformation than normal breast under the

fnger (1) same conditions (Fig 5).

imager design: strain-stress response. Fig 6 shows that the finger closest to the tumor
senses a stifer response than those at greater distances from the tumor.

Patients were required to lie prone, which for many was uncomfortable, and
‘which interfered with the proper performance of provocation protocols.

A Finite Element Mesh (FEM) corresponding to the shape of a supported
breast was developed for image reconstruction (Fig. 7).

fixed-size plastic cups as fiber-optic interface:

+ limited anatomical adaptability: good optical contact could be achieved Optical data s preprocessed (normalized and filtered, etc), and using the

only for @ subset of breast sizes and shapes: b g normalized differonce. method, 30 images of oxy-, deoxy-, and total
+ dircular cross-section maximizes measuring distances in the coronal z H T D T
plane, thus decreasing the achievable signal-to-noise ratio. 84 2 * Measures of amplitude and its variability across the temporal and spatial
+ Fairly sparse optods arrangement of 31 sources (S) x 31 detectors (D) per £ H dimensions are used to diagnose presence of tumors based on the
breast. Rigid dual-cup probe holder accommodated only imited breast | £ imbalance of its oxygen demand and supply 8]
sizes, or only a portion of the breast. H *® The slope of the hemodynamic response (e.g. Hb-total) in the
3 compression phase is also used for tumor detection based on their
the designed with the oot imagr sebemate dingram | [ ] 7 d sluggish hemodynamic response to compression (larger slope) (Fig 8).
following features: Foe o  Phantom measurements demonstrate (1) accurate inclusion localzation
e o et L1 and (2) highiy inear relation between programmed and reconsiructed
. o st 1+ e et . 098D i Positon (mm] inclusion optical densiy. (9] Fig. @ shows a 3D image obtained from an
independent positioning of the fibers on each breast, to allow imaging the (€) Stress-strain relationship in the QT ECLE i
(@) Breast mager () Breast imager photograph . compression and decompression phases.
subjectin a comfortable sitting positon et imaaer 10
*  Increased no. of channels: 328 x 64D per breast (total of 2 x 2048 Ch. x 2 Fig. 7: Finite Element Mesh for image reconstruction SUMMARY
Wavelengths @ 1.8¢z)
S N O, Table 1: Breast imager performance + The described breast imager is capable o sense physiological changes
& al id for bet and specification in the breast cancer from three independent physical measurements,
e e o optical (hemodynamic), deformation, and elasticity.
& accommodates large range of breast sizes Type Parameter Value g M
IS = | * Monitoring the hemodynamic response of the breast in compression,
CEOUI TR D Wavelengths 760 nm and 830 nm, 5 M VA relaxation, decompression, and recovery phases produce many uni-
 high spatial sensing density Number of SE o o2 enana 52 g8 3. AWaWa variate and mulivariate diagnostic metrics based on bilateral dynamic
«  Integrated strain gauges measure pressure reaction of issue. § LfL contrasts in the compression phases.
*  Builtin stepper motors apply pressure maneuver with high precision. Y omer of deteciig 128 (64 loft and G 5- i~ * The tumor bearing breast is stiffer than the unaffected contralateral
[ Detector Sensitivit) 10 pW. e breast, and the breast imager is able to evaluate this difference in
3 y » e N . =
- ; sifiness.
INSTRUMENTATION S | Dynamic range 1:10° (180 4B) U
o * The breast responds with a temporary plastic deformation when several
The instrument design (see Fig. 1) expands on proven technology described Cross-talk (D-MUX) <110 g epochs of compression are applied vilhin short period of time (~ 10min),
before 7] etk G < 110+ and this plastcly increase when in the presence of tumor.
* Detection: 2« 64-channel deteclor modules with Si photodiodes, adaplive 5 + Phantom studies support the abilty of the breast imager to localize any

ata acquisition rat 1z x channels 1000, 1500 2000 2500 Fig. 8: 15! derivative response of Hbtot to
gain switching, and analog lock-in amplification for Data scquisitivAig 18 Hzx 6192 chmpgl “Time [frames]

two
frequency-encoded wavelengths. Signal sampling by 4, 64-analog-channel Pressure sensitivity 0.04N 001 1b) () Total hemoglobin response for the whole study protocol.
data acquisition boards (National Instruments PCI 6033).

applied pressure. hemodynamic response in the breasL.

Capacity 1SN @341b) 10 Blood volume response to compression
© Probe holders (measuring head): A Ciamshell design comprising s 3 1 1 ==
mechanical fingers to amange optodes in linear arrays of four (Fig. 1c) on Cross-talk 1:10% cw e REFERENCES
the superir breast surface. The lower half of the device consists of an Repeanitty G s o)
adjustable 4 element nested arc design that enable measurements wihin 1
m of the chest wall. Vertical distance between top and bottom fingers is Fingers movement range | 90 mm [4] RL Bt HL. Gaber, Y. o, 5. Zorg, CH. Schntz Optea omgaphic inagg of i
variable, via a single adjustment screw, to accommodate different breast S PR < e fdnsescatering mod”JOSA 15, 301830% 201
sizes. The upper half of the clamshell is formed by 8 cantilevered metal 3 2] CH. Schmitz, D.P. Klemer, R E. Hardin, M.S. Katz. Y. Pei, HL Graber, M.B. Levin, RD. Levina, NA.
ods (Fig 10.c)which can be adjusted to accommodate difierent breast sizes H s e Lt e i mon o 4 e o
ondtoapply s conoled pressurs o e tesue Fig. 2 Schematic of physical measurements with i 66 yrs patient, 1.1 cm tumor in the right breast at 6 clock e
O i CT8 O ey G (RED (ESTEEREDD [ the breast imager and their interpretation 3 a4 Agerseyre yER = = ] R han Tonr choon y smduos ol i sl gty BO o
Micron Instruments, nc., CA) are incorporated ito each measuring head to & | Tumorintve | | ey Po No. 2. I il Wofhopan Opis Bagus, ey o Br 10
monitor pressure exried onto the breast tissue by sensing minute bending adf| fohtbresst | |_ o Seprier 3537 200
in the support rods, causing changes in resistance (Fig. 1d). Gauge Provocation (Pressure Maneuver) tdemate | | " 4] 5. Carp, J Solb, Q. Fang, R. Moore, . Kopans, €. Raffrty, and D. Boas, Dynanic fnctonal and
B T P o o e B ‘ sooce” | Fig. 9: Example of Image Recovery from 1) i s o s s o o, O e 10, W ..
linearity better than 1% over a range of 15N, see Fig. 1e). Nominal resting Dynamic Phantom - e (ETie W“L o o i Ko
resistance of the devices: 540 2 @ 25.5°C; load-free mounted resistance X, [ Thous Minst . Co s Corond
(offset) ~ 410 Q. Individual Ea?;e response vary by less than 10%. Optical Pressure | L = B L-ZKX)G) e e
B o 18] C. Williams, B. Clymer, P. Schmalbrock, "Biomechanics of Breast Tissue: Prefiminary study of shape
Gauges are read out vith a voltage dvider and sampled by a data 3 Response Response Response . clomaion o ot st s Abact i Amal Mestg o e miamaionl S0
acquisition board (USB 6218 by National Instruments Corp, TX). Achievable 8 Magnetic Resonance in Medicine. Sydney. Australia.
" 3 ot gy Reviw of Sentic e, V. T, 2949 217
©  Linear stepper motor: The two measuring heads of the breast imager are. H o (8] H.L Graber, Y. Pei, Y. X, M. Farber, M. . Kz N. Pael, W, 8, Soomn, . C. Lee, R, L. Barbour,
powered by sixeen linar stepper motors ( 42DBL10DZB-K by Portescap o0 e o) | Rt | Farivoss | Dsfomatn ACKNOWLEDGNENTS Ul of Sponarenus an Evoed Voscdor yramic, Assss by New s Diise Optal
Inc. TX), so that each finger can be moved forward or backward to deform Analysis nalysis. Analysis Analysis s Tomograshy, forDiagnoss ofBees Cancer Apped Opis (site).
the breast with high accuracy (~1mm) and over a wide range (90 mm). By ank Drs Noosfor e hlp (9], RL Satowr. R e, R A b, KL Grer W Lo Y. o CH. Stz nd Y. s
‘ el o v ety NS) o e ogarle s P
moving the finger foward the breast, a maximum force up o 7 N can be. ﬁ o e ) R e T e
appled. Sixteen dual ful-bridge divers designed to accept standard TTL T rassarhwos suppare by i Natoal IiiesofHeall, (W) undergrorts . Hossoumars o Tou (acnirgs o SOE, Vo 470 . Nrion, 4. (48 Cepygt
logic levels from a host computer are used 1o control movement and the [ Baseline (Resting state) ] e o DA O oy e Nt o Bonte Dot o ‘Socity of Photo-Optal stumentaton Engners
speed of the stepper molors through a USB data acquisiton card (USB-

6118) from National Instrument, TX. A high speed closed-loop feedback (25
cycles per second), written in LabView software, between the strain gauge
output and the stepper motor drivers allow changing of applied force to the
surface of the breast with a maximum rate 1.8 N / sec.
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