12 United States Patent

Fishman et al.

US011894123B2

US 11,894,123 B2
Feb. 6, 2024

(10) Patent No.:
45) Date of Patent:

(54)

(71)

(72)

(73)

(%)

(21)
(22)

(65)

(60)

(1)

(52)

(58)

RADIOTHERAPY MOBILE AND WIRELESS
DEVICE WORKFLOW MANAGEMENT
SYSTEM

Applicant: Sensus Healthcare, Inc., Boca Raton,
FL (US)

Kalman Fishman, Boca Raton, FL
(US); Yonatan Vainer, Boca Raton, FL
(US)

Inventors:

SENSUS HEALTHCARE, INC., Boca
Raton, FLL (US)

Assignee:

Subject to any disclaimer, the term of this
patent 1s extended or adjusted under 35

U.S.C. 1534(b) by 441 days.

Notice:

Appl. No.: 15/946,544

Filed: Apr. 5, 2018

Prior Publication Data

US 2018/0294052 Al Oct. 11, 2018

Related U.S. Application Data

Provisional application No. 62/481,963, filed on Apr.
5, 2017.

Int. CI.

GI6H 20/40 (2018.01)

GI6H 10/65 (2018.01)
(Continued)

U.S. CL

CPC ......... GI16H 20/40 (2018.01); GO6Q 10/1095

(2013.01); GO6T 5/50 (2013.01);

(Continued)

Field of Classification Search

None

See application file for complete search history.

FABRICATION |
COMPONENT |

(56) References Cited

U.S. PATENT DOCUMENTS

5,892,238 A 4/1999 Huttner et al.
2005/0065421 Al 3/2005 Burckhardt
(Continued)

FOREIGN PATENT DOCUMENTS

7/2013
4/2016

WO
WO

2013106794 A2
2016064750 Al

OTHER PUBLICATTONS

International Search Report dated Sep. 25, 2017 in PCT/US2017/
027715.

(Continued)

Primary Examiner — Rajesh Khattar
Assistant Examiner — Andrew E Lee

(74) Attorney, Agent, or Firm — Fox Rothschild LLP

(57) ABSTRACT

Systems and methods for treating a patient. The methods
comprise: producing, by a radiotherapy system, a fused
model for a superficial portion of the patient’s skin by
combining structural imaging data acquired using high fre-
quency ultrasound and functional imaging data acquired
using optical imaging; generating a treatment plan for the
patient based on the fused model; storing the treatment plan;
detecting, by a processor, an arrival of the patient at a
medical facility using first information acquired from a first
mobile device coupled to the patient; obtaining the treatment
plan using the first information; and causing a state of
medical equipment to be transitioned from a first configur-
able operational state in which a radiotherapy treatment head
has a first position to a second configurable operational state
in which the radiotherapy treatment head has a second
different position, 1 accordance with the treatment plan.

33 Claims, 17 Drawing Sheets

ottt 1 81 S R . S bRk e 7 b R T 8 ¥,
thl P 183 §04 ;,:‘ P
L E.....m..._.m..._. —— : R ..i'.......p...r. T et i,,,w“'f"
] r_— C 1 SOLID-STATE E-RAYH T A €A ] |
s RADHOTHERARY oy ‘; UL TRASOHIND a _

+ Pl EEAM SERSIRG —i SRANSDECER
a | e |
_ ]

RRAGE-GUIBED SUPTRMUIAL RADIDTHERARY HYERID
SYSIEAG CONTHOL (OMPONERY
S

OPTICAL
IMAGING

| COMPONENT |

' _ 109 -
| v I A
% 3{:;-,...““,____;,___._.-‘—'-‘; | F:w-a....,._ﬁ-_,_....n—*:‘q
Pl | 1 :§ 1
f ) | BATIENT DATA | svsem DAt | paithaie
{ B R ..’.1 %-&':‘_.. E i) .-
AN Do | emory | | ORVE

110 -



US 11,894,123 B2

Page 2
(51) Int. CL 2008/0131362 Al* 6/2008 Rousso ... A61IM 5/1785
G060 1071093 (2023.01) 424/1.11
GO6T 5/50 (2006.01) 2008/0275741 Al* 11/2008 TLoeffen ... GO6Q 10/1095
GI16H 50720 2018.01 705/5
G16H 3020 52018.013 2009/0206992 A1* 8/2009 Giobbi .................. GlﬁSI;lIOl/(;/gg
G16H 40720 2018.01 *
C16H 30/40 52018_0; 2011/0137177 Al 6/2011 Toma et al.
G16H 40/60 (2018.05:) 2013/0188856 Al* 7/2013 Adler, Jr. ............... A613N8§ﬁg;
HO4W 4/029 (2018.01) .
HOLW 4/027 (2018.01) 2013/0217947 Al1* 8/2013 Fishman .............. A61N 5/610%1}/?
fgfﬂ/ 5%800 883)2'8:3 2015/0159994 Al  6/2015 Hofmann et al.
04T /00 501201 2016/0004820 Al 1/2016 Moore
(2018.01) 2016/0008629 Al* 1/2016 Ribbing ................ AG1IN 5/103
(52) U.S. CL 435/7.97
CPC . GI6H 10/65 (2018.01); GI6H 3020  y16/0104312 Al 49016 Zino cf al.
(2018.01); GI16H 30/40 (2018.01); G16H 2018/0294052 Al  10/2018 Fishman
4020 (2018.01); G16H 40/60 (2018.01);
GI16H 5020 (2018.01); A6IN 5/103
(2013.01): AGIN 2005/1074 (2013.01); GO6T OLTHER PUBLICATIONS
2207/20221 (2013.01); HO4W 4/021 (2013.01);  [nternational Search Report dated Jun. 28, 2018 in PCT/US2018/
HO4W 4/029 (2018.02); HO4W 4/80 (2018.02); 026304,
HO4W 4/90 (2018.02)
(56) References Cited * cited by examiner

2006/0277074 Al* 12/2006 FEinav

U.S. PATENT DOCUM

2008/0002811 Al*

1/2008 Allison

ttttttttttttttttttttt

iiiiiiiiiiiiiiii

G06Q 50/24

705/3
A6IN 5/1049

378/65



VLY WSS

US 11,894,123 B2

TN AGEOP U -

]
r

JOIA40

J4N1LdVI
FOVINI

00 WS

- Ny b
E A

ININOdINOD
NOLLYORIEVd

ONIOVIN
WIlLdO

.* -

Feb. 6, 2024

IHINOAW0)
SNISHAS WYAE

18l 001

} Wy wra aw dm bre oUW {0 D A 3 d) W3 as wE O alr el O OF X R il Y wr wa £ak o ri o K0 G aln o, Ox e wa a O i e e OR i s i m- mr wE e s

U.S. Patent



U.S. Patent Feb. 6, 2024 Sheet 2 of 17 US 11,894,123 B2

o

o




OO N N I N N T NN N O N N T T N R O N N T N I O N T N T O N N N N T N T X N R
.

L ]
*
.‘
L ]
.
.
.
‘
‘
‘
‘
‘
‘
‘
&
h )

]

'.. 'I' " """""'.'.'H""""""""""""“""“"" 'I' '. ""‘

L N _l.Iri..lvI..I...l...l-.l...l-.I-.I-.l..l-.l..l-.l-.I-.l-.l-.l-.l-.l-.l-.l-.l-l-l-I-I_.I_.I-.I..l-l..|

l..I-..I...l-.l-.l-.l..I-.I..l-.l-.l-.l-.I-.I-.I-.I-.._.-.I-.I-I-I'l..lvl..I-I..l__.l...I'.l..I-.I..l-.l-.l-.l-.I-.I-.I-.I-.I-.I-.I-.I-.I-.I-I-I-I-.I..l_.l..lvl..I-.I..l_..l...l-.l..I-.I..l-.l-.l-.l..l-.I-.I-.I-.._.-.I-.I-.I-I-I.-Ivl..I-.I..l_.l..|...l...I-.I..l-.l-.l-.l..I-.I-.l-.l-.l-.l-.l-.l

FFFF FFPF F

“etetetetetetetete ate et A A A S

S
"
-

JJJJJ

ROOPPPRIRY.. #u\-w -

li
I‘

L PP TE Y YT TP LN

¥
ERRE LR RN E N

...............................................

AT,

o

P R

.
o

®
[ ]
-
-
-
-
-
-

aaaaaaaaaaa

-u'""'l

D Sl el N

US 11,894,123 B2
{

|.-'..'..i..1..'..1..1..-...‘-.-... . ... . .-
L

-
-

-
i

P

tlfltlililflilflfl_.liﬂrlilclal-lilililll-lllﬁnlllﬁmlﬁ

E 40y
s

[
r

.

e e )
LN ]
™,
.
T

*
*
*
.
.
-

i

'-i

JJJJJJJJJJJJJJJJJJJJJJJ

-"I'_..'-.-

i

-

e e %,
Sl RAEES e
Mg

L]
et ettt et e e e e e e

?» S B
A Smnin,

+
-

|‘|'|‘_|..'|‘.'.-.-.'.-.'.-.-.'|‘|'|'.‘|‘|-_|-_|-_|.|-|-|-|-|'a‘-|‘.|-_|-_|-_.'.‘.'l-.-.-.-.-.

&3

oy o A

e e

L T T e e e T —_.II....

-------------------- - - R R "

LIE NN RN N N N N YN NN NN FEEEEEN RN

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

l1'-..--..r-..--..--..--..--...-..-' kkhhhl}l—. d

L |
—"q"-"-"ll.‘-"'lll"b.'l-"l.l-"-.-"-.-.:.:l'l":":":":":":"—"-" i

e S S R R R R R

.-..._I_.._I.._Ill_l'l.l_l.l_llTI‘II...I....L..I...I..I..I_..

A T T T T T Ty T T T T
. L

iy
; .
- L
-

...:-'.
A
N N

.
l.-i-
L
N X

.. S S R S S S T T T Ty Ty Ty Ty Ty T i A, A A a s e s m b

o e e e e e i i T e i T e e e T i

s
o
w

ol el e el e e el e e il i el el e el e e el

P Ty

Sheet 3 of 17

:

: ,

m X L o ""'E
:

.” .

2T . ‘w
_:'-"'-‘ N
LKk

L §
b}
Jr

EEREEEEEEEEEEREREE LR LN

.-.I
LI ]

L] .r.

; l%
... £

Mat
-‘.-l-.-

ok - o
e e a e e e e e e e e e e

f‘.‘. 1-.'!'.".1-. l'. 1'. 1-. l'.

JJJJJJJJJJJJ - N WL NN N NN WL NN PN ML NN N ) LI I DL R S L P PR NN N PN NN R R L N DL T NN P L NN NN NN NN TN REL NEL I DL L I )

LR RN R N e i T T Tl i R e e e P R !W! o A T N E E R R N N N Rt m e T T T o T T T Tl i s e L ey

f:‘:‘:‘:‘:':'b't't'-

....I.-..l..nl_.-l..-l_.-l_lI.ll_l.-_l.-.l.ll.-_l.l.l.lm_Illlllﬂ_.ll.lll..l..l..l..l.ll.. .

%

T T T T T T T T T T T T A A

Sttty et e e e T r._.l-r.._lrlrl.._-.rl...l.-r.. .

|||||||||||||||||||||||||||||||||||||||||

e e e . . -ﬁa’?-x..
. “n ..lvA

»
M
el
-.“r..
b

ol o
g v
'

..........................

M e e e e e M e et e T e e e e e e e e e e e T e e e e e e e e e e e e

e L o o o Pl op Ly o Pk HL R A RN PO L LT AL PR T O P ML

342

e e e e ol e e e e e le e e e e e dp o A Ry

A R Ry

delwieiele &
¥ -

Feb. 6, 2024

¥
*
¥
"
.‘ )
"
.‘l
.‘.
.‘I
*
*
*
¥
*
¥
*
*
¥
*
*
*
-
*
*
*
*
*
¥
*
*
¥
.

e T T P M P P My M Wy oy by A o g o e i M P

FABRICATION COMPONENT

f - .. I' Ill lll -' -' -'-*-*-'.**'i-‘.""‘."‘.-‘."‘-‘."* I"" I' '- -. ; I- lll I' Ill lll -' -' -"‘-*-'-'.'i-‘-‘."‘-‘."‘.‘.*" -"‘ "" r

. < o .
ey g ™ g I..r_.t-_ “ .“.1 "
|-.| - .I_L_-I .-l .l.‘. _
A i . r il
i A rnil. . __.-l_- “.-F-_..._....-_..-_.._....._._..._._..._....._._...._“....”..-_“..._”....“..-_”..._“._..“._._“._._“._..“._._”._._”._...._._.._._.._...._._.._._.._...._._.._._.1- btk
- k- < s Ll o o .-.-1___ *u . s 3
“-_ T e g R g R B g 8 g g A e .-.”.- . .-..-. -.-_ Jﬂiﬁ S .-..-- Lo
“" g 2 F . 4
g 4 ... B¢
[ x l-.
o 1l_-.l.-.l_-.l.-.l.-.l.-.l..l..l..l.-l..l..l.-l..l..Il.t-.t-.lll.-_l.ll.-l.-lllll.ll.llll..._l!!!ll.ll.llll.ll.lll..l..lll..l..ll.t.-.t.-.l_.-l.-_l.ll..rl..-_l.llll.llllll.ll.-.ll.ll “". “.-. ”".
- N . -
. " v i b
........... . v . 4
” Su e St e e e -.-.-.%M % >
- : ; : i
- . g PR . . .
” / “-_ __."_ “". rrrrrrrrrrrr “l.i » "..--.
. A s - * “ F
- L A s . . "2 (] N
n " . ] . £ .-.H _-...-
- “ “- “- .“."-ﬁ l.I l.“
. r [] u [ ]
L 4 | F o : : W ,
1 i " ”ﬁlhlm-ﬁh l”- “. -L___._-_,a.__-.................._._._._u_...__..._........._........_................._.._.__.__..!.-
m w w n “ - . Y u 5
- i .
t i - . u..it(...-a.. “" - %-..-fu.f_.iui%hﬁﬁhﬁhhﬁﬁ..-..#1...............__..__..__....._..._
S L 2 ” o : : ags ! x %
A T . : . " ..ﬂ“.__.l...l.“. “." H“ g et “- ".“. }qglﬂ_lﬂ.l -.”.“
. . [ ] . .'- . 'n L -
P i " ..._.p...ﬂ. i) ] . Bl ._.-ﬂ + -] % u,
= =] | “” 3 ded w,
n | L]
i A . : ._h..nmt-v. “" . w w. . K
P, - ; “Mﬁf# b ownes -i.-.-.-.-.-.-.-.-.-.._,..__..__..__..__..........% w A
& . : I . . . T " a
L) ] L]
) lm .._" “. .." ] .1.-.-.
C " ] " . r +,
H - - [] [ " | & l.“
, 4 u : v 3 ‘
- " . g »
. A : " . y ol v
. - e e e R e e . .": LR S "- o -H._.___
r b." Hl A
R b o P S RS A 8 0



mzn iV Ly 137 7iv

,, Wiy R
m%mmmx%gm m%wmmm mm.mﬁwm@ﬁ%

US 11,894,123 B2

s,

by
"‘Ca

e ST A R
o A g W W\ - FHt __wmh},éw m M m., m e
Mot O e D Doioniee <0 1
Rt 41 4 .,u...,m_\ ! k M N P ¢ m :
ym\ 7 iy : YAV M Ji

E R R L o L e N L N b K q-'-r',,
]
R LR T L I L S I U i T

g g

SO G2 TI000M
| BRIGNTY 10YW

i-r [T L RS R L ¥

8Ly wz_wwmoomm
«._.,qm MV Y Ndd

%
-
P i

'm e m'w o A

ATy, L

_ N
175 NOILISINDOV | Y onssposd | mowsenw L 1
VLV 3DV | | wvaAnino T wivaiom

0 O 0 0 0 0 0 g 0 0 0 0 B 0, T g S O, 0 0 S 0,

LS

n.“..l
f
.!ﬁ e L LA e L L L R T .U iiiiiiiiiiiii -
2 -~ .ﬂ
w :
! .
% Al : 7 :
: y o : ’
7 W M IIIIIII “ m 1w e e e e et Te e e f&i‘}}}fﬁl}}t—tiif}}ﬁﬁ M
— “ w A ﬁ
i > * n 4 %
S : ; _ il rsnas: P - :
0 .1 M ) m ”. M . t_al-.lrlal__-_t.i.l..l”..l{lwl.l.lr.__l..f-i i“i};%.l_i\lj g g b R Ny | Ay g P - I.F%.i?:;—t-c’ﬁ”n _.a__-___-t. M
3 : L R E S W PR W ; u ; Ao, :
- M w VEHL m
> i ¥
i . F ™
- W : m . >
e " ki " . Z M
L : ! ;v 2 ;
3 ? ! i 3
e 3 Y S ;
; ; S S :
: : .o :
: % . { >
: .“ : P :
V _m L nu M M
T NN AR T NP N . b
.M ) u ,,,,,,, m . “ ._n
H . i81E L N
% ¥ H '
: g L :
< ,ﬁ | wouwHumg | _“
i 3 - . V % <
M -, N " P M mi
3 ! . h
> w - GHY SNIABgE L :
2 : ¥ . . k. g
' i S s ™y & s R R R N E e e Ay Y e FE S .l.n..#.!a-...‘.._l...ul...h“ : A .. h * . ﬂ .ﬂ
] - : k83 ¥ . : .
- e YRGS L :
= F PERAYS L :
- A £ . 7 .
: - WA HBAE L :
: HDRT BRI T ¢ o
b e e & T ey B B R R By BB R R R, B B i-irlLlnlt-t-ii.lli.inlt-t-al._ili.itut-ﬂ-" iu M W
. A
g mN.W M S :
e : P :
} » ¥ £ .u__
ONINIANIY JOVII oy | “
R . ;
mmw P :
2 ' ? A
GRIGGNIE . :
- : K :
x P >
. ¢ h.
¥ <
] 5
< »
¢ )
: 3
v %
; 1
Dl _."
3
b
:
“
<
p
*
%
%
£
-

g T T e S, T g O O, 0 0 O, 0 O O, 0

U.S. Patent



U.S. Patent Feb. 6, 2024 Sheet 5 of 17 US 11,894,123 B2

450 —__
154 — 454

456 —

452

454

FIG. 4B



“}
™
i

-,,,..‘-""'

US 11,894,123 B2

Mo N b Nk Rk

vV G31v3dl 40
ONIOVINI
AdV¥IHL-1S0d

aaaaaaaaaaaaaaaaaaa

L]

AR,

Y Nonti
w&, WHLNGD
M%mmﬁ

ﬂiﬂﬂhﬂﬂwﬂﬂm __"‘.
3‘ -
.-I

g
]
: ': 'I 'I 'I ‘n. “ ‘l“_“_‘l‘"“_“‘“‘j-l_l
2
:
'i.

L
i‘-‘Il"_"." FFEFEEEEE RS SR R R

b‘b‘i‘%ffffnﬂnﬂnﬂnﬂﬁ‘-"-‘-‘- }
%
k]
]
]
]

L ]
F
i e e A e

14 4 1

et e e ey

-

RN

L,

& 4

'm - 'm w's ofn
=y ey -

- T L]

- <
: 1 '_" ]

. -

N EE NS

A e e e e e Y e e e

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

i

:

i

i
m 4
.h. :
[ F “
"i

ﬁ

g

s

#

LI N DL PN PN P DN DN N BN PN B PN QN BN PN BN PN NN NN L BN DN RN )

L e YL L A Y

A,

.1- r B
e e,

L]

FEFERFEE R T FFFFFFERR R R R

4

F o

,a

o e e T e e e e e T, a-i:rLJl-LJl-l4-_14‘4_4‘43‘&3_#_-_1_# X X LR R LY
» -

R
et

Sheet 6 of 17

o,

A
[ ]

L

L]
F
&
| Bl Tt el ot
4

" . 2

_.“. l-_ L-.ﬂ . ___.l
.1 « s 3 _ ¥ . . i ] “ . L o ] - - . ._. - ._-m_ ] 2 1 - - =3 .-l .-..-.‘. ._." - .1..
RN % . . I r o A ey & L L™ p W L o' "
Y’ .1 ®. - o * . ) - - . B I s C ] 4 L] [ -
o} - I . - . 3 - I ! o a a 3 N x L h * -
s ; _ WL EFELRY NSy e € N . . . I s ; 3 4
h, L o : o : I Iy *
ﬁ#?ﬂ . ) 2 4 ) " * *
.c__.u.1\\1\&1&%{?{1&5&1&1\11\%##{?{33%- Bl i e e 0, 0 e 5 g g g 0,00 30,0 0 e g g g g, x 0y 0, 0 g e g, ¥ -
. " .
4 : :
. ' 4
3 : s
__.. .. __..l.
___. .—.. ]
..._.._._rt__._.__.r_._ iEHHHEHHHHﬁf&%ﬂtﬂ&f&fﬁ#ﬁ#ﬁfﬁﬂ?ﬁﬁL_._L_._L__.Hitﬁflflﬁtr\ttttfj}rrﬂ.r..rt_.._._ﬂ.}_.t._.lu._.u._L_._u._L._L_.__h____1.__.Hﬁftﬁﬁﬁ&fﬁ#ﬁ#ﬁ#ﬁfﬁﬂf{L._L_.__h_._L._L__.L__.Hﬁﬁftﬁﬁ\tttjr&fkftfﬁ#ﬁ#ﬁ#%L_._u._L._L_._Hﬁﬁﬁﬁﬁﬁﬁﬂﬂ%ﬁ#&r&qﬁ#ﬂ#ﬂftﬁHHHHHH:}W%%#J WJt.nJ.J.ﬂt..t.u-L..L_____h___.t___f.__._1.1ﬁtrftftﬁftftgtrtrtfﬂ#ﬂﬁftf{trﬁ_h____1.__.1.__._1_..__.n__.ﬁ%ﬂ«#&r&rﬂﬂ#ﬂﬂﬂfﬁiEHHHHHHW%H\HHH#&%&PJJJJJ*....F-HEHEHHHHL-W : __.u
2 =
o "
* " *
.1" ._." "k
AN e e e e W e o o e e e e e T e e e A e e A e e e e e e . W e e e o e e e e e e e e o e e e e e e e e e e e e e .
% L ] -
X QW & M? .
1". s ¥
Bl e e i A A A S O i il T e i I A L A A e A A A L A A A A G il i e s W e e i A A A o o oo A e i .
. i} p -
L] ) -
L o
L) n.. 0
LY -
4 *
LA ﬂ “t
..l F
) »
L) u

.

.l

.l

NOISNd | b At
| ONV'ONRIONIYN | 1 50
ONISSIOONd | WA

LI N WL D R PN PN NN DL RN L R

- e e

BN

_h

e T T T

s

- EEE R RN " X i..__l“._lh__l._l“__! p

L N W P
L]

Al

.
Chr N TN BEN

.
"

TR RN NN N E l%l. L NN A

5 o
-' RS SSF RS FEFERERERER R R R e A FEEEEEE R

4
F

4
[ ]

Feb. 6, 2024

A

L]
F

-
LALIL A AL AL A AL AL LA A e i e AL UL L L L AL

e e e e, e,

Wb bk R R R

-"‘-' W W e e e e e -':-".-':‘-':‘-'_ A N e e e A A 1"‘-..'.‘

-
g

= l-l.ht.l.!.!..!.'..*.*;*i*iliiiiihhﬂﬂhﬂl.ﬂﬂ'.l‘l-t.t.!.!.'.ti';*i*iiiii'.l;'ﬂﬁ'%

o e
g e
)
»

¥

.. ananan .1\\-.
W. X

| ol Sl Sl

P AL Ay PP T] 7 3 o
" " . .H o A . : i, - . W ..“_l..l...-_ R L R YRR R R XY Xy XY NN Y, o
& Wl S - ) =3 i}
-. § h ) ' = -. .l ... ] I.-.-. F FF . . F —.. [ 1 - . - ! F Ok ) FF F F - H

- lul\nw
thlt-_t-ﬂﬂﬁﬂ%ﬂﬂﬂ%ﬂﬁﬁﬁﬂﬁﬁﬂﬂ%ﬁl Elﬂﬁuukﬁﬁﬁﬂﬂﬁﬁﬂﬁ%lﬁniuuuﬁﬂﬁﬂ s

HEAREUBEE LR

I Fl

~
-
5
N
Dnm ;
)
-

g###%\ﬁﬁﬁ%#%ﬁhﬁﬂ%

o e a  r  a

2y



U.S. Patent

L R | L]

+ - r

. x5 -

" -
i -t A
. :i . L]
l. ._I

" - - -

Lt e e E e m m E o m mE e
SRR U S RN N

Feb. 6, 2024

Sheet 7 of 17

##i-bkkHkbkkkkkkkkbkkEEEbkkkkkkkkbkkkkkbkkkkEEkkkkkbkki‘\'kb\'ki‘kkI'\'I'I'\'I'i'\'I'I'\'I'I'I'I'I'\'I'I'\'I'i'I'I'I'\'I'I'\'I'I'\'I'I'\'I'I'I'I'I'\'I'I'\'I'i'\'I'I'\'I'I'\'I'I'\'I'I'\'I'I'\'I'I'\'I'I'\'I'I'\'I'I'\'I'I'\'I'bkkbkkkkEbkkkkkbkkbkkbkkbkkkkEbkkkkkbkkwkkl-

US 11,894,123 B2

.l-"- 'r LA R R T L B I L L L T R L T L B I e T T L B R R L T L L B T L B R T B LR L B R L R T L B T R R R B R R L R T L B L R T L R l-h*-..
LI ] l‘l
i-‘l ' L] -|-
5 = =
i T
) -
X . - - - - - - - L - X
"r-ll_ 4 Y *rbqkrhrh¢‘#‘#‘1‘#‘#_.dr‘q'__q"q"q'__q"1"4"4"4"4'__4"4"4"4"1"4'__4"4"4'__4"1"4"4"4"4'__4"4"4'__4"q"q'__q"dr‘q'__q"q"dr‘dr_.dr_.ﬂr__dr‘4"4'__4"1"4'__4"4"4'__4"4"4'__4'_.dr_.dr__dr_.dr_.ﬂr__dr_.dr‘dr‘q"dr_.dr__dr_.dr_.ﬂr__dr‘1"4'__4"4'_.dr__dr_.dr_.ﬂr__dr_.dr‘dr__q"dr_.dr__dr_.dr_.ﬂr__dr_.dr‘dr__q"dr‘#‘#‘¢‘#‘#‘¢‘4‘4‘¢‘#‘4L ) \ 'ql '.."q."'n."'n."'q."'., . ;, ‘_ " r*lr
- b F b - s -
s - » I|-r it xr
o L it wr
o ot e b
-*4‘ .l:.‘ b';. . -Jr*
'
e w1 - - B e
4 LI l‘l i
-Jrq. *4._ “_ 3 '*Jr
.Jr* 4.'1-‘ 'l'*."r- -*Jr
.Jr* 4##!444#.4".- 1 * .4'*
-Jr: .Jr X 'u'n"n'ﬂu'ﬂﬂﬂ-‘ - -*:
h . B
i LMCREEE X
> " wr
iy e )
) - e o -
i L) : i
.Jrl- {.. I|I,l: '**
B o =
Fa :" vy o
i rd - - i
o : 3 o
X, L .t X
3 :* -:*
T F s uk . "al . T
X L3 e "I:I- X - X
. LI r -1 I
.#* ll.l T - r . 'J, _J.-Jr
X - t . &
X, o~ * Bl X
i I - L I i
.Jr: ::: - !‘_'r_lll_#'k_lll_i_i‘_ . "'l_ -Jr:
h . -
o w
& L] * -
X L] g X
B ar . =
X +a I X
S K- rd =i
L) | ] - i
T - - - -
i L Lt} X
B ) L) -
X It LB | X
b ) K. et 3 =T
L L - I
o ] - My BN
i -y T X
B L | LA | -
X L - md X
h v -
'Jr: Jrquq 4 4 4 4 8 4 4 4 q‘l L] :.l- _Jr:
-:q. T 'l bbbbtb*btb*b*b*ktb [ Y "1.:‘- -:J.-
. . . . P ]
b ) r_ ¥ =T
4 * ¥ - I
e Sl -
i - L} X
T » -l
¥ -
Ta O e
-** 'l- - -**
X x Py Y
T - B - -
P -"'l-:_'._q-*-q SRR P
.Jr* ) |h‘.iiki-|-|11|-||1|1|-||-||-||-||-||-||-||-||-||-||-||-||-||-||-||-||-||1111111111111111 ' Cho1 ik KTk 'yt e ‘g I|1l|1l|1l|1l|1l|1l|1l|1l|1l|1l|1l|1l|1l|1l|1'| r-l‘-'l;l;l'r11lr'rll- -*Jr
_Jr* 'iiiil#iiiiii-ll-Il-II-II-II-II-II-II-II-II-II-II-II-Il-II-II-Il-II-II-Il-II-II-Il-II-II-II-II-II-II-II-II-II-II-II-Il-II-II-Il-II-II-Il-II-II-Il-II-II-II-II-II-II-Ill‘-Illll‘ll4'-Il-Ill‘l‘4‘Jr-l‘I-IIIII-Ill‘-ll-II-II-II-II-II-Il-II-II-Il-II-II-Il-ll-l-ll-ll-ll-ll-ll-lliiiliil###'*l# [ I B B R I _‘r*
X X X
.Jr: » lr:-: '4-: _Jr:
i B ) x X
B 2y - -
E oy on I R N N N B RN s E
.Jr: __ll_.4__-ll_-ll_-ll__-ll_-ll_-ll__ll_-ll_-ll__-ll_-ll_-ll__-ll_-ll_-ll__-ll_lll_-ll -"_'-'-'__'-'-'__'-'-'__'_"' L] -Jr:
X X
B ] =
X X
b ) =T
i i
o ] Bl
i X
B -
i r
b ) -
i i
i =y
i . X
B . . i - -
. . .“* Jr Jr._'rl_#__lrl_lr__#._Jr_.lrl_lr_.lr._k__#__Jr_.k._#_.#._k__#__lr‘k._#b# [ &
L) e [l ) e ;:E:ILL.‘: w
& LAC N N . .'-'.--'-Ii. .I'll i
i kb 5 4‘ = B 4 I L N L L L L W X
R TR L LI | ] l‘#l‘l‘l‘l‘l‘l‘l‘l‘l‘ll‘l‘ "l‘l‘l‘l‘l‘l‘l‘ LI
:* ! ‘l-:q. %}:}"‘ >, ':.'r [ ] bb . **1' 'b*b*b*b*b*b.‘b*b.‘bkl :'r:b‘ ‘r‘.b‘.b‘-b*b.‘b*b‘.b*bbb.‘ -:*-
- -
x -"'4.' ' . * N L ati'ﬁ"l'fllw-‘_‘i'_'-“-_ f-"-‘-f‘-"-‘-f‘-"ﬁfﬁtt'-.l:‘-‘-ﬁ‘-‘-‘_‘i‘l’ wr
sl . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ek kv I r r T T ris =
_:* _ *4.1‘_1,‘_#.:__4,‘_4._4‘_4._4*4 A .,."..".,." ._4*4 ._4,‘_4._4"_4 ._q,‘_ql_q,‘_ql_q ,‘_4 ._q,‘_ql_q ,‘_4._4 ,‘_4._4*4__4 .,."..".,." ._4*4 ._4,‘_4._4"_4 ._4,‘_4__4,‘_4._4"_4 ._q,‘_ql_q ,‘_4._4 ,‘_4._4,‘_4__4 .,."..".,." ._4*4 A ,‘_ql_q-‘_q ._4,‘_4__4._ ._4"_" T ll.lr :._-I‘_ - .#-#*I‘Illkb#bl'lkbkibuk:l ,‘_ #l#,‘_kb#.l'blrb* "_l'blrbllll'bl'b#,‘_ll'_kbl'bl"_#‘#,‘_l'b#‘_#bk"_#'bl#bh‘#bk._#" ':Jr
T = L4 I I -
o [ » e a e e e e »y 44#!##:%#44#44#44#44#44#!i-l' BN
X L 1*11. 'Ir.'_lln_.,.‘ ] . *1*1_:’} . Ir-1‘;-J|-J.-J.-J|-J|-Jr4r4|-ar4r e A NL L M AP E aE F ab e v B AP B N C AP ME A AC ME NE BE OF AP OF B NC N X
_Jr* ; - '\-Ir Jr‘.h'*- ‘4- hﬁ.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘m& -I--l--l--l--l--l--l--l-. -l--l--I--l--l--I--l--l--l--l--l--l--l--l--l-._-l-*-l- _Jr*_
i L N | L T L e K ¥ :._Irlrlr'rlrlrlr'rlr'rlrlrlr'rlr'll-.l i
i L M) " bbl\-b\-\-llbbbl' ljbbblbbb [ E F F kb Fh =y
i ] kw PR AL AL AL AU LA e L U LA L 'rJIJr LG LN E T NN N E U o el X
D 3 . - » [ Sk ] R T I T ] § L L. i
-:q. . _.-.,",....E:.. IE' l*l‘- Aty "1‘1‘1*1'1‘1"1"}”1"} = J."J-‘.l- 1"}"}*1'}".-#1 *. 'j"}"l'j'."i'j‘l*-" "f&- ¥;;.I' ) -:q-
. - . LT LTLTLT - . . - . .
o ] P N I T T T T e S L T T T MU oy ey RN NEN [] L ] i
i x LN e a0 NN MC RE M E B ML ML MM #ii#il#i###i##":i#i#ii# w ¥
L 1 L] . i. 5 LI e B T ] TR R R R RR 1-“- L ek T ] B R RE v ..-:i.— l _**
.:4, Ir:"J‘Iw e e et e e e e e et e e e e Y e e e e R e R l‘-...-:-'-'l*-"'-"-"-:l- ' -*Jr
- e - - .
iy - WK RN - e
_#* rl'*?* 1:"#. -b -b -b -b -b " Ir-blr & -b' " -b - h J! -b -I' I""* '*Jr
#* ' -.h:l- ] AT T TR AT TR TR i-'i'i'ﬁ'i'i'ﬁ'i'i'ﬁ'i"i T TR R R Ty i-'i- TE R R TE R - J.-Jr
.:4, b:-.rjfn:u-a-:q-n*- Ilkbbbbbbbbbbbbbbbbbbblk':‘\-bbbbbbbbbbbbbbbl}frll\-.llt." -:J.-
-
B i . » » -
X, . . J‘_Jr__ *1 -, . &,
_Jr* lr.-I_I.I"I_l' I"".II-_I_-" ' n l‘_ll i#‘III"‘III‘I‘III‘I‘III‘I‘III‘I Il‘l"“‘l""‘l"“i i-I‘III-I'Jr' _Jr*
x . P L . . . . . = - X
J.-: B 'hni'l'}*l*b‘}*l"}*l"l"}"}*l"}"}*}*}*}*l"}"b‘:‘} s ﬂ}"}*l"}"b b*l*lqlqJ-*J-*l*J-*J-*J-*l*}*l*l*}*l*J-*l*l*J-*J-*l*l*}*l*l*}*l*l*}*l*l*}*-.l P b‘}*l"}"}*l"}"}*l"}"}*l"}"}*l"b"}'l :‘.'l*l"}*l*}*b"l*}* J.-:
h . . -
x » . = - . 4. ' . a
'Jrll ) : v r'_q'lrbq"_lr.q'lq'lq'ﬂ’.q’._q’.ﬂrldrb N ':'.. il._l - . |. bi lq_Jr
J.-: . K] L ;-:a 1.:|. 'q-:
h r h - .
.Jr* L] R -I*.- o ‘_!: -*Jr
T * 1 :- T ':' . e
h . . .
a N g Y X Rt r
L) A X [ » i
o g " . e - o
.** --. [ -I- L) .‘ '**
b ) e ] » D] " =T
ra o e = M “a- Sy
X > et * X - -:! X
O LI L . S -
X X Bt a 1 X | W) X
O o | . e b._ =
Ny " R » .P j >
M N T - - Ty
Ty e »r ey e
L ]
-:4- T - - -:Jr
T - -
Xy 'y ) My Xy
i Y . s X i
> L S W
iy y r
w .'r:* o
i - »
X P ¥
B - =i
X »l X
O nh B
Ny L X
-:4- L3 ;-" ':Jr
> [ ] e W
o ] L3¢ | ¥ -
i [ " X
D [ - =i
X X » X
h - . -
iy “x . :l . Py
oy ' - T iy
" - [} :- "
.#* -1-* [ a S -J.-Jr
o ] B - - ] BN
) - SPCRE. SRR NN N 1 - . r L)
D 3 BLAE M NI R R R B LA Rt ] =y
-*q. x - - .r.|-.|-rq-q:‘..r----r--r--r--r--r--r--r--r--r--r--r----- .. -*q-
.,,.* > - r,rb.,... . n L L L T L T e L e L L T T T L L L L L T T T T T T T L L L L T T pht -*Jr
X x x v L] X
R r b r_h k- - =i
) Ay o ¥ ¥ r
3 - - : :
:Jr: Wik :lr:_ 1:*- - " . _4‘*_
-*4. v, -‘q.“' lllbbbbblbl\ -|4 -*J.-
i ] » - I'IlIlll'-- 'rlrlrlrJr#Ill ok X
R L r LI | - L | I'_I_I el [ - i
) Py e el R Y ™
.‘rq. .‘l rq- . - - e -..q-_ .4.*
i [l X - TEwe O | X
R L I,Fi_-.'._ll r & E [ "
_Jr* 'y ._4'_-_-‘_4'*- L] 4‘.4'*4'* Sy rl' . I.b__ll"‘ll " 'l.l'_ _l'*_
Ty wyos ko F vy - et P - -:"4-‘ " o
. r n . .
E r . r
Ta oy * ";‘ Jr*lr*t-*h-*t' Jr - L ] 1r i'.l"r"lr'l-*'rl"r rr’dr]"k':rJr - ™ P TR e
¥ [ LR I DR AR AL TeTa . e . vy X
b ) LU N “w 1 ¥ - -
.#* . - . - n |r r J.- J-*i-.- - - I.-'-| . . -**
X Uy l-lll'll#####!‘##l‘#.!’##ii#l‘#t####lﬂll####l‘#l‘##i###ia Pl
X o - sew . L X
o e L
fq-' - :l. a s = = moEomoEoEomoEoEomn .';J,: i.|-.-| " = s m s omoEoEoEomoEm -1;‘ h ,,*..
b‘:‘* l\. I".b F bq b. bqb.bq b. b' b. b.b LI rb*\-‘.b b. b' b. b.b.bq b.b r b*b r b* ¥ .:.'-.‘
. N -
L ' L |
!Ij,rll » ¥ LN Ly eyt
ﬁ- F r F Xy ]-  FrFr FFFFEFFEFFFLLF l b bk e F e Fk F ik ir &k * » I' l- I' L] I' I' I' l- I' I' I' I' L] I' I' I' l- I' L] I' I' I' l- I' I' l- I' L] I' I' I' l- I' I' I' I' I' | I' I' l- I' L] I' I' I' l- I' I' l- I' L] l- I' I' l- I' r L | -
P P Tt L - - - - [Ty

r
¥
L ...'-.*...

.

i

.- . . . - . i
* Yottt l"':l-:l:‘- » -‘ﬂ‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-‘-"-‘-‘-"-'-‘.'-"- -.'.-fl.'-'l."-"-."-"-."-"-"-"-"-"-"-"-"-"-"-"-“-"-"-'.‘t‘J.I'r.-:.:i-;:-::i‘:ﬁ"-.'-“-.-.4 -
r"‘"’# "o a ' ) r .:*"r'r.
L ' L] s oo A
L & . om F
~Feta 1 A . .r"'q,..'
- b T - - L IE B
L RS
1 - et
1 [O
r =T »
. . '|'-
km - *
SRIES ik
'-H' ‘ﬂ"
1A -
-.J-*q-
Tt
. 4
1_h E
1-‘ L} :‘
L4 B _:I.J.-
k
¥
J.JI
ES
- X - . .
. L - . 4
r \ __:‘_ . ]
r :i:ill-l (O] ]
. ) .
'u
- - -
-\.*:.
- - L]
1 . . - L "..
o Ry T T - W T . e e W "
:a: »
'*-I_ r
*-I_ =
Vet .
e 2
- r [y
1 »

b‘ﬁi
= = 2 o= oraE
[ |

.h*h*.l-*h*h*ﬁ*h*h*ﬁ*h*h‘ﬁ‘h“h‘ﬁ‘h“h‘ﬁ‘h“h‘ﬁ‘h“
.
N I N R R R AR R R R R R

LI IO D DN DR R DL oW DU o DR R DR DN DR DO DR R DR N D |

. L]
AL r
A »
. lllllbb]-. R
.
tl'l
1-'-
1-:-
A
"!"r.-ll._ll* lrdrq-lrdrq-lrdrq-lrdrq-lrdrlq-‘_ﬂ
'!'Jl . w

-"-'-*:- l‘l"#"'ﬁ‘#"a't n"i‘h"i‘b"'ﬁ'h
T llIF

'l"l‘ L

1k “u gt
- - [ BT §

p e, N 4
, LI L]
i, % A e '



US 11,894,123 B2

it

a i : . -y
L.,..b_______.._ﬂ..,._. o A N o Sl
,.f o x\. R ."\\. | .....,. hS
% %o % 2 %
L . % Y W T4
m M v Yo% W T
l.\nl._.l.-:. llllllllll AEEARAE AR AR LR AR :.._ll.ll.t.- .I-_-._ Y e B ae a e e el e 1..!.. o r.lrlr.!? EEREREEERSEARE LR EARES .-...ll-.l:. grglgr}l!?{};;?%it.rl.rl.._l.rl.rl.._llilltflil!t'tilftflllfl!lllftfl'lftﬁ.l'lftﬁ.lll‘p‘l{}{g?;{gr};?i!i}{}lﬂg??rﬂiﬂi
. . " .
W

..............................

Sheet 8 of 17
“1._\

X
w0l
&
o
i
ke T
§
K EEE
ﬁ
s
S
nes
&2
St
=
A
wm wem ' e
%S
P

g g 0 g g g g g 0 g 0 0 g g o g 0 g o g O oyl e g g ok g ey kgl . }}I}}I\‘igg}{}flglgl;{}gt-

. mmm ORI Y | o
SHINRYY mmmﬁ NG Jmav

H
.M:ﬁ.ﬁ.ﬁ-m . 4&':%

:
4
3
4
:
:
Y
b
4
b
4
:
'.'.’
?:
%
>
4
2
4
b
4
:
;
:
5
:
1‘:
“.‘1
*
*
¥
¥
*
]
¥
*
]
¥
*
]
¥
¥
]
¥
*
]
¥
¥
]
*
¥
]
*
¥
]
*
¥
¥
*
¥
.:'

-e:::
%
4
>
4
:
:
b Y
a
4
a
4
)
4
%
:
.
s{:

WOSEDNDY |
MVEHL | AOTIOH ALY

&
=
=

.
sn'ven'vearrnasrnarey .r' | ¥ - -w wewn'u”

- - . - Y ._.- \ N -
. . "s | )
- o - i "~
“ _ : - L e
. )
2 ffffff X ”__ * .1. L .__..__.._-__.__..__.._-_.u : TN |" M\Mﬂwm g T el e n".
0 s ] -
|
! ' | .‘ﬁ\l_l | ]
.-_I ﬁ ..\-l.-_-m. i N e S A N S SN S NP S NPT S Il.-l .L._.. ..ﬁ.-
By S S S R Sy e .__..r..... n.u. N e e g PR L AR LA A L E e b L et R R L R S S .11... s N e R R J-
LA U e e e ey .I.-_-.I.-._ - e atatntetatetetatat l___l.._ I.__l.-- o' o I.I .rl.ll.. lllllllllllllllllllllllllllllllllllllllllllllllllllllllllll .-__-.I_- ' -.II...I.-..-_I.._!n.-.-I.._!n.-.-.-_.._t.._-.....-_.._.-_.._.-.....l..._.-_.._-....-_.._I.._.-..._l-.-_.._.-...l....-_.._.-..__l...r..._.-..._l...!n.-..._t..!.._.-..__I.._ et et et et at et et et e et e e e e e e B e T L ettty at et u# g g g g B g g g
6 J._n_ ..._1 ..ami_._m. *
L] . L TEE
T i
b Mo e
L-_lf.....ll... .ll - .l.l..-_l * .II...F.II...
e ) lI.-ti_- .Il. .II-_ ._lI. a N o -
i, i
h e __...|ﬁt-.n.-h.___.ﬁn " - -.-..._.1“... M”..-l,u._:_...h..
5 iy ] ﬂ “ . g el
“ ” .rff.a - -~ .-..'.I..H“.“..‘;U“l‘ H il.‘—.l - A &

U.S. Patent

L T R R R R R S
III

ROLIVIIBSHG)
FAVIGIN
MAlye
(i ;

R R AR e R .11._.



US 11,894,123 B2

Sheet 9 of 17

Feb. 6, 2024

U.S. Patent

818  ImMln
HOLIVIIED WHOK

S A e
-

e A T T T e T T T T T

L)
: o
- i
) *
¥’ &
.r. .-.
. .I—_.l P '.I -.I P Sl Sl e '.I -.I -.I p -.I '.I '.I P .I-.I '.I—. P .I'.I -.I -.I—_ el ] -.I '.I '.l._..l —_.IW d -"
4
*
i
i
e el T e T e el Y x v a
1 ¥ L
> E——. * A
; . 5“
/ ! i
' .I. L]
r L] i
; ) i
" U__. R e N N T g Ry g g ) t.t.,.l.'l.,l“.__..t.t..___..t,lr ¥ iy
; & ._-. H‘ ..ll_...__...!__.l.._l...ln._._ ."
/ h_.-_ e —— t-._.___..t....___..._“_-_._._._-.t.t..____.i._-_._._._-_._-.._._.t..t..___.._._..-_._._.i.t..___..t.t..._..-_._._._._.n..t.._._..}. " o W_.___ i
-~ L) - ]
o, _-." “l ". "“ ... .1...
, .-_ - ". -.H "
", . g x
. w " MIIIIII.IF..._ILI i _..l.l..l.llm I.-?-. ....“
; ¥ : . . !
. _.” a " o T
" . ﬁff-ﬂﬁ%ﬂff}#{?{ff}fsﬂ}{fffnﬁﬁéﬁﬂ . ". n
o W .".. v“ [
. & ¥
: i.' - 3 L ; o . I
‘ _.H " % ) " n”i! e et e e e e e A ol e e e e e W e
I " - b ; ] - -
ol - i - P W w .I.
L ' X X a *
* . ' o = )
; 5 . . A W WAL W = : .
; i.I L u ' L I'.l : . - . I. “
" > FHAEES oG e . . ."
. - ] K - . : - - - .
+ : L : :
L7 M - ¥
- i [
¥ R Ry ) .
. .
o .I.
W, I.
. y
. ¥
.'-

T T e e T e e T e e T e T e e T e T e e T T T T e T e e s e e T e e e e e

vig AN

€18 wyraag 1ndwl
TN YR

018
AVISIE G3GH

A

i

QOQ-

IR B05

§
|
|
|
%

el et ettt byt o et g o ot et ot o e e et g e et e ettt o e e ety

-.._"-_.-_.-_.__1-_-.-_-..'._-_-‘-_...-_.-_-.'_-._-_l.."-_.-_..'.-_'\.'1'1.1_.-‘.'....1-_\__1-_1.1."-.....-_.-_1-_§|.'

*
¥
*
.
.
.l
.'l
tl
o

% A A A N A N AT AT R R AT A N A A APAT A A A A A b A R AT A ?

v :

] A .-..

». 1

- '

L) ; ]

* L)

& L

* .1'

| 3

¥

i3

]

]

L

)

L)

L

.-..

A |

. .T

* '

L] ; | ]

r '

. '

.-. | 3

v A

» *

_._. '

.-_I ™y i._l_-..l.._. ._...l..-ul .-..l.r.ll..ll..li.l....l....t.-..l. -..l.-......l...-.-.J...li[....l L-. ol i..li.l_-.ll.l.....l.._..ltt ol Sy

§

-'-'\'q-\.- - - --"\--'-'.-'-\q-'q-"--"--.'\-'-'-\.-\-'-"--"--'\--'-'-'\'q-\.-‘-"--.'\-'\-

-i'-i'l'i'i'iitil'

b L

e i S e el S B P __i. _...r.—_...-._...-.

o R R i Rk e

.
N
.i

808

R N PN R R R Y N N AR NN NN R RS A NP YRR RN R RN NN WY P

RO U I e R T T R e N e R i R e I T R e R N e N
.

el e el e e e e e e e e e e e e e e e e e e e e e e e e T e e e e

e

I..I..I..l..l..l.l..llF.

.1.._...__1..._...____..._1ll_-_._-...__...._...l..____.iiill.l.l..ll....il!.l..l.” i

Exi Lt ] Mmm

S T e o o T e T

. Fi

L E R e

A A 8,

r 3
A

x +"
: mwm q-
3 u
* W
L8 w )
.". . -. * - Lol } .1-
...1..1.*‘.' 1.' 1.-' 1.' 1‘ 1-' I‘ 1.' 1.' 1.‘ 1.. 1-' I‘ 1‘ 1-' 1.' 1.' 1.-' 1.' 1.. 1-' I‘ —.‘ 1.-' 1.' 1.' 1.' 1.' 1‘ 1-' I‘T.'.TH

ARUHAN .Wm

'-'-'-'-‘-P-F-'-*t'n'-'-'-ﬂ'fft't'i-'-w-! T

.:_.I..-””"I.I_.-_.:..l_.l...l.l L R R N R R R R B A AR R R R L] .I.l..l.

“ .

4 K]

+ 1

.._ .l

- | ]

.. -

" ) M w y

T o Y l...l_.__.l.-..-ll ....".. .. L
tl. N RN Y YN NN AN l..l..!.l..l..l.,l..l..l.,l..I..I.,I.I..l.,.....l..l.,lin

A mmwwm HivH

M e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

._l T ) .l..t.._llnl___j._ll.-_l..l__l.ﬁ_....lr
_......-_.

SHOIDRNISH]

40553104

e e e e e e e e e e e

o T e Y Y e Y M e

QUL LI NN NN S

T T e T e T T o e T e e e e e e e

-{r Lt A )

)
E
m
o
:
5
e
&
L
3
"
T e e e et o e Ve Vet :'

ittty gt




) . m m_
aa 2 z :
L LJ
) “ m 2
1...._,.. .I.__I_._..Ipllllllllli!lllilllﬂrllh!l-.InIunln.iiillllilllllllulilllillllilnlllnlnllulia.m-nniillIli!iiil]!llli“”!lilil___._l.-lm..Illwxl.. ..........
= : : ol w
& : " “
L “ : __
‘ : i 1
” .- “ “
7 “ “ "
= w _ “
<2 ¢ | :
o ¥ : _
o S 5 : :
] = | ¢ 1 X “
M
( - 3 S 1 R “
3 Ry | .. | L
v— m P .W i % _m. ; :
S 4 ; i g T
= | i . ) SR RN 7N ~
m | w.w 5 ; m . S
) g «
~al * Iy B ” ww #_r \ )
S _ 7 B i Y h
W N T _m f.r... | ”
7 p, - : [ o | / .ﬂ
| i : - 1
. . | ..-.._.unlin:lualinn.l 1
 cpliaal ) X
3 I : w
g
T m “
- ” _.
\& “ __._
<} .
D -
il :
i
i
“.
. -
.\,ﬁ
3 rag
' P
N w
-y,

U.S. Patent



US 11,894,123 B2

Sheet 11 of 17

Feb. 6, 2024

U.S. Patent

- 1o3vurRA 193

001

mo..— >mw Q m_wmw. :

SRS

..........
..............
...............
.............
................
.............
..............
..............
..............
..............
..............
.............
.............

e doar
iiiiiiii

1

0101
JI01SRIB(]

001

(usoneld
puo) B yim 8

IOARS e B

.............
> P o ;
kkkkkkkkkkkkkkkkkkkkkkkk
##########
o> i

###########

- ;
**************

ar i
##########
= b
> .r.....r.....r...r.._.r.............r )
b..rb..Tb..Tb..rb..Tb..T}._.b.Tb..Tb. \
rrrrrrrrrr
O I N N B h
ttttttttttttttt
kb e dr ke d ke ke ke e b b
kkkkkkkkkkkkkkkk
bbbbbbbbbbbbbbbb
rrrrrrrrrrrrrrrrrrr
bbbbbbbbbbbbbbbbbbbbb
ttttttttttttttttttt
bbbbbbbbbbbbbbbbbbb
kkkkkkkkkkkkkkkkkkkk
bbbbbbbbbbbbbbbbb
bbbbbbbbbbbbbbb
bbbbbbbbbbbbbbbb
bbbbbbbbbbb
nnnnnnnnnn
bbbbbb

9001
YIOMIIN

B e e e

.....
B 3 2o gy

. A .....“___ L —
Ay R
.r.r........l.“...-_.al..__ll."..l -

...r.r.r a = n & &
el

(rmdwo)) ppuosiag

nﬁ Dﬁﬁwmﬂwﬂ _n.w.@v
SAIAJ(T JTUONDAH

{aseq S%zm
3[OSUOO “° 3 9)

0CO1
I22UI3uy
ADIAJAS

.........
'
.....
......
.....

......

.k
..........

nk
nnnnnn
: A

2101
@QMT\.W@Q
SHQOIA]

8LO1

CCO s [PUOISSJOI]
[EITPOIN

............. 1
............
............ b
.............
...... ........... "
............
...,.L. .................. !
e e
ENRC :
O
44444444444
ttttttttt L
m....q&..r i Ex)
& s a >0
ol S s
i o » .
e
_-_-..-.. & i.ri.__..r.
l-'..'.'



U.S. Patent Feb. 6, 2024 Sheet 12 of 17 US 11,894,123 B2

Input Devices 1106

Bl el il il ikl il sl e,

Output Devices | Instructions 1120

Light |
Emitting |
Diodes |

1136

System Bus 1110

P2

Memory {11 Hardware Entities 1114

vl gl gl gy el gl ¢

........................................................................... Disk Drive Unit 1116

lnstructions 1120

: Computer-Readable Storage
_____________________________________ Medium

Application(s) 1122




U.S. Patent Feb. 6, 2024 Sheet 13 of 17 US 11,894,123 B2

1200

Begm 1202 )

Recetve, by a computing device, data obtained during the system quality check and/or
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(3o To FIG. 12C
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RADIOTHERAPY MOBILE AND WIRELESS
DEVICE WORKFLOW MANAGEMENT
SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Patent Provi-
sional Application No. 62/481,963, filed on Apr. 35, 2017.
This Provisional Application 1s hereby incorporated by
reference in 1ts entirety.

FIELD

The present disclosure relates to systems, devices and
methods for managing workflow 1n a medical facility. More
particularly, the present disclosure relates to radiotherapy
mobile and wireless device worktlow management system
and methods.

BACKGROUND

In the field of radiation oncology, accurate 1imaging 1s an
important component of treating cancer. Images which com-
bine 1maging information acquired using different imaging,
technologies are sometimes referred to as hybrid images.
For, example Positron Emission Tomography (“PET™) 1s
used to 1image many common types of cancers. Imaging data
from PET scanning can be used in combination with other
types ol imaging data to help treatment specialists more
tully understand details of a malignancy. For example,
image data from PE'T scanning can be combined with X-ray
Computed Tomography (“CT”) type scanning.

Once the nature of a cancer 1s understood by using the
appropriate imaging methods, a radiation treatment plan can
be determined by a medical practitioner. The treatment plan
1s usually based on the mass of the tumor, the location,
angles of attack which may be used for radiation therapy,
how much radiation energy should be applied and so on.
There 1s existing Radiation Therapy Planning (“RTP”)
equipment for this purpose which 1s made by wvarious
manufacturers.

Skin cancer 1s a type of cancer in which an abnormal
growth of cells appears 1n the skin, and 1s the most com-
monly diagnosed type of cancer. The three (3) most common
malignant skin cancers are basal cell cancer, squamous cell
cancer, and melanoma, each of which 1s named after the type
of skin cell from which 1t arises. The chances of surviving
skin cancer increase 1f it 1s detected early and treated
approprately.

For the most part, skin cancer 1s viewed as a simpler
problem than other types of cancer. Since it often appears
directly on the surface of the skin, 1t 1s thought of as more
of a two-dimensional (“2D”) problem as opposed to a
three-dimensional (*“3D”) problem as in other types of
cancer. So unlike other types of cancers, skin cancers are
frequently treated without the use of advanced 1maging
equipment. Practitioners frequently begin evaluating skin
cancers by directly observing the lesion on the surface of the
skin, and making an evaluation of what type of cancer might
be present based on the appearance of the lesion. The
practitioner may then perform a biopsy of the lesion. When
the results of the biopsy are obtained at some later date, the
practitioner may estimate a margin and depth of skin that
must be excised to remove the lesion by surgical or other
means. All this 1s done basically on a visual basis. In other
words, there 1s no true treatment planning facility equivalent
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to what 1s done 1n the radiology field. Unfortunately, this
approach to cutaneous oncology can lead to errors with

regard to optimal treatment. This suboptimal treatment 1s in
part due to the fact that skin cancer 1s not approached and
quantified like other cancers—even though 1t 1s the most
prevalent.

SUMMARY

The present disclosure concerns systems and methods for
treating a patient. The methods comprise: producing, by a
radiotherapy system, a fused model for a least a portion of
the region of interest comprising a superficial portion of a
patient’s skin by combining (a) structural imaging data
acquired using high frequency ultrasound and (b) functional
imaging data acquired using optical 1imaging; generating a
treatment plan for the patient based on the fused model;
storing the treatment plan 1n a datastore; detecting, by a
processor (e.g., implemented 1n a centralized or distributed
fashion by one or more computing devices), an arrival of the
patient at a medical facility using first information acquired
from a first mobile device (e.g., a wearable device) coupled
to the patient; obtaining, by the processor, the treatment plan
tfor the patient from the datastore using the first information;
and causing, by the processor, a state of medical equipment
(e.g., an ultrasound guided radio therapy treatment and
diagnosis system) to be transitioned from a first configurable
operational state 1n which a radiotherapy treatment head has
a first position to a second configurable operational state 1n
which the radiotherapy treatment head has a second diflerent
position, 1 accordance with the treatment plan.

In some scenarios, the methods also comprise: commu-
nicating a nofification message indicating the patient’s
arrival at the medical facility from the processor to a
communication device coupled to or in proximity to a
medical professional; tracking the patient’s movement
through the medical facility; generating a map showing the
patient’s location and/or movement through the medical
facility; and presenting the map to the patient and/or a
medical professional. The patient’s location can be deter-
mined using beacons having known locations, via Geofenc-
ing and/or 1n accordance with other techniques.

In those or other scenarios, the first configurable opera-
tional state comprises a state 1n which radiation of a first
dosage 1s to be applied to a person for a first amount of time.
The second configurable operational state comprises a state
in which radiation of a second dosage diflerent {rom the first
dosage 1s to be applied to the person or another person for
a second amount of time different from the first amount of
time.

In those or other scenarios, the methods further comprise:
automatically acquiring at least one of appointment infor-
mation and medical related information for the patient from
a remote datastore in response to the detection of the
patient’s arrival at the medical facility; and presenting at
least one of the appointment information and medical related
information to the patient via the mobile device (e.g., a
wearable device) or a medical professional via a communi-
cation device coupled thereto or 1n proximity thereto.

In those or yet other scenarios, the methods comprise:
performing operations by the processor to track progress of
the patient’s treatment; periodically or continuously updat-
ing the patient’s medical record as the patient receives
treatment at the medical facility; updating the patient’s
medical record upon completion of the treatment; schedul-
ing or reminding the patient of a next appointment; notifying
a medical professional of the patient’s next appointment so
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that the treatment plan 1s modified prior to the patient’s
arrival once again at the medical facility; and/or detecting a
status of the medical equipment and communicating infor-
mation specifying the status to a communication device of a
service engineer on an hourly, daily or weekly basis.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments will be described with reference to the
tollowing drawing figures, in which like numerals represent
like items throughout the figures.

FIG. 1 1s a schematic of a high level overview of the
components of the system and used 1n the methods described
herein.

FIG. 2 1s an illustration of an illustrative image-guided
radiotherapy system.

FIG. 3 1s an illustration of another illustrative image-
guided radiotherapy system.

FIG. 4A 1s a flow diagram of a tumor imaging and
quantification process.

FI1G. 4B illustrates an 1llustrative method for generating a
3D model of a tumor.

FIG. 5 1s flow diagram of a method of diagnosis and
treatment.

FIG. 6 1s an illustration of an illustrative beam sensing
component.

FI1G. 7 1s a flow diagram of a process of treating a patient.

FIG. 8 1s a diagrammatic representation of a machine in
the form of a computer system within which a set of
instructions, when executed, may cause the machine to
perform any one or more of the methodologies discussed
herein.

FI1G. 9 1s a diagram that 1s usetul for understanding a beam
projection created by using mask or shield.

FIG. 10 1s an illustration of an 1illustrative system 1mple-
menting a method for mobile and wireless device workilow
management 1 a medical context.

FIGS. 11 1s a block diagram of an illustrative computing,
device.

FIGS. 12A-12F (collectively retferred to as “FIG. 127)
provide a flow diagram of an illustrative method for work-
flow management 1n a medical context.

DETAILED DESCRIPTION

The present invention 1s described with reference to the
attached figures, wherein like reference numerals are used
throughout the figures to designate similar or equivalent
clements. The figures are not drawn to scale and they are
provided merely to illustrate the instant invention. Several
aspects of the invention are described below with reference
to example applications for 1llustration. It should be under-
stood that numerous specific details, relationships, and
methods are set forth to provide a full understanding of the
invention. One having ordinary skill in the relevant art,
however, will readily recognize that the invention can be
practiced without one or more of the specific details or with
other methods. In other instances, well-known structures or
operations are not shown 1n detail to avoid obscuring the
invention. The present mvention 1s not limited by the
illustrated ordering of acts or events, as some acts may occur
in different orders and/or concurrently with other acts or
events. Furthermore, not all illustrated acts or events are
required to implement a methodology in accordance with the
present mvention.

As noted above, the disclosure relates to systems, devices
and methods for detecting and treating skin conditions such
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as skin cancers; more particularly it relates to detection of
skin cancers and superficial radiotherapy treatment thereof.
In particular, the present disclosure 1s directed to a system
for dermatological radiotherapy system with a hybnd
imager.

A hybnid imaging methodology disclosed herein includes
a first 1maging methodology that i1s optimal for imaging
structural/anatomical features associated with a particular
cutaneous lesion or malignancy, and a second i1maging

methodology that 1s optimal for obtaining functional or
metabolic features associated with the cutaneous lesion. The
imaging modalities are registered and fused to form a hybrid
image that combines the best features of both the first and
second 1maging methodology.

According to one aspect, the first imaging methodology
which 1s used 1s high frequency ultrasound (“HFU”’). HFU
1s used to give the anatomical imaging modality for viewing
very fine and thin tissue. The HFU imaging involves the
acquisition of 1imaging data in a series of two-dimensional
(2-D) slices which extend from the outer surface of the skin
tissue toward one or more subcutancous skin layers. A
plurality of slices obtained 1n this way can be combined to
render a three-dimensional (3-D) model of the imaged tissue
volume. The volume 1n the areas between the 2-D slices can
be extrapolated from the data associated with adjacent slices.

An HFU mmaging component capable of generating 2-D
slices as described herein 1s known 1n the art and therefore
will not be described here in detail. However, a brief
explanation of the HFU imaging modality implemented by
such systems 1s provided to facilitate an understanding of
certain embodiments described herein. When an HFU sound
wave 1s 1ncident on an interface between two tissues, a
portion of the sound 1s reflected back into the original
medium as a result of diflerences in acoustic impedance as
between the two tissues. Increased differences in impedance
as between tissues forming the interface will result more
acoustic energy being retlected at the interface. As 1s known,
acoustic impedance 1s a property of a tissue defined as
density of tissue and velocity of sound 1n that tissue. So the
HFU 1maging system captures information concerning
structure and density of imaged cells at different skin depths.
More particularly, the HFU imaging modality can facilitate
differentiation of cells based on their density. Cells 1n skin
tissue that are associated with a lesion will have a different
density as compared to healthy cells. Accordingly, the
location and boundaries of a lesion can be 1dentified 1n an
image using the HFU 1maging modality.

The HFU 1maging modality can identify the presence of
a lesion and its boundaries but can be 1nadequate to 1dentity
the biological nature of the lesion. For example, the HFU
imaging modality can be mmadequate to 1dentity whether a
particular lesion 1s a basal cell carcinoma (BCC), a squa-
mous cell carcimoma (SCC) or a melanoma. The HFU can
also be 1nadequate to differentiate between a skin cancer of
some type and a mole or macule. In order to overcome this
limitation, a second imaging methodology 1s used.

The second 1maging methodology 1s an optical 1maging,
method advantageously selected to facilitate the visualiza-
tion of functional data associated with the cells which are
being 1maged. According to one aspect, the optical imaging
methodology can be chosen to facilitate the optical acqui-
sition of a two-dimensional 1mage at one or more different
skin depths. Accordingly, functional imaging data for a
particular skin cancer can be acquired at a surface of the skin
and/or at one or more different subcutaneous layers or depths
beneath the surface of the skin.
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According to one aspect, the optical imaging methodol-
ogy 1s a spectroscopic 1imaging method. For example, the
optical imaging methodology can comprise a multispectral
imaging method that captures image data at a plurality of
optical frequencies. Such multispectral imaging can include
optical energy from the visible portion of the light spectrum
but can also include optical energy from frequencies beyond
the visible light range (e.g. infrared and near ultraviolet).
Alternatively, the optical imaging methodology can com-
prise hyperspectral imaging wherein optical mnformation 1s
captured from across the electromagnetic spectrum at each
pixel 1 the captured image. As a further alternative, the
spectroscopic 1maging method can comprise Raman spec-
troscopy which captures changes 1n the frequency of pho-
tons 1n monochromatic light which result from interaction
with skin tissue.

The nature of a particular skin lesion will be consistent
throughout the lesion, so it 1s not necessary to capture the
functional data associated with the cells at all depths. Once
the type of cancer has been determined using the second
imaging methodology, all of the cells which are identified as
being associated with the lesion can be marked accordingly.
As noted above, the UHF mmaging can differentiate such
cells as having a density different from adjacent healthy/
normal skin cells. Accordingly, 1n a subsequent data fusion
process, the cells having a first density associated with a
cancerous lesion can be highlighted, marked or otherwise
displayed 1n a certain way to differentiate them from the
adjacent healthy skin cells. For example, the cancerous skin
cells can be displayed 1n a different color as compared to
normal skin cells.

More particularly, the second imaging methodology
described herein can be configured so that normal healthy
skin cells are presented 1n a first color 1n displayed 1mages
which are presented to a user. For example, normal cells can
be displayed 1 a green color. Cancerous cells can be
presented in a diflerent color from healthy cells. The par-
ticular color of the cancerous cells can correspond to the
type of cancer which has been imaged. For example, BCC
cells could be presented 1n yellow, SCC cells could appear
blue, and melanoma cells could be presented 1n red.

The imaging data acquired using the first and second
imaging methodology 1s provided to a computer worksta-
tion, such as a radiation therapy planning (RTP) workstation.
Thereatiter, within the RTP workstation the HFU 1maging
and the optical imaging 1s registered and then combined or
superimposed to obtain a hybrid image or a fused model.
The workstation will use the images from the first and
second 1mage source to create a hybrid HFU/optical image
or fused model that will represent a skin cancer. Cancerous
cells having a diflerent density from healthy cells can be
rendered 1n a color corresponding to the particular type of
cancer that has been detected. The a hybrid HFU/optical
image or fused model can represent the cancer in three
dimensions, 1n a plurality of cross-sectional views and/or 1n
a pseudo-three dimensional representation of a skin volume
comprised of two dimensional image slices taken along two
separate orthogonal axes.

In some embodiments, the second imaging methodology
described herein can comprise biomarker optical 1maging
(BOI). Various types of BOI imaging methods can be used
tor this purpose. Biomarkers are well known 1n the art and
therefore will not be described here in detail. However, 1t
should be appreciated that any suitable biomarker can be
selected for this purpose provided that 1t 1s responsive to the
particular type of functional tissue sought to be i1dentified.
Likewise, the biomarker can be administered to a patient by
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any suitable means. For example, the biomarker can be
applied topically, injected hypodermically at the site of a
suspected cancer, or admimstered 1ntravenously. With BOI,
a biomarker (typically a fluorescent biomarker) 1s used that
emits photons when a certain chemical/biological response
or compounds are present. For example, a biomarker could
identify high metabolic rate or a specific receptor based on
its fluorescent activities or release ol photons. An optical
imager can be used collect those photons and form an 1mage.
The biomarkers used for the purposes of the i1maging
described herein are advantageously selected so that a
cancerous skin lesion will appear to light up or illuminate 1n
captured 1mages so that the cells can be more easily 1den-
tified when 1imaged using the second imaging method as
described herein.

BOI imaging as described herein can facilitate graphically
representing an area 1 which malignant cells are present.
BOI imaging methods and systems are known 1n the art and
therefore will not be described here 1in detail. However, it
will be appreciated that the BOI imaging can be obtained
using any type ol biomarker and any sutable type of
imaging system to capture the image. An RTP workstation
for cutaneous oncology (“CO”) will accept the BOI images
as mput.

Other scanning or imaging methods can also be used to
facilitate understanding of the anatomy or structural char-
acteristics of the cancer. These methods can be used 1n place
of or 1n addition to the HFU imaging methods described
herein. For example, such methods can include relatively
simple laser scanning techniques such as LIDAR (Light
Detection and Ranging). Alternatively, more complex scan-
ning methods such as Optical Coherence Tomography
(OCT) can be used to obtain detailed structural data asso-
ciated with the cancer. Unlike LIDAR, it will be appreciated
that OCT can penetrate beneath the epidermis. Of course,
OCT has some limits with regard to how deep it can
penetrate beneath the epidermis, but 1t can provide a very
detailed view of the topology and the anatomy and 1n some
scenarios could be used i place of HFU imaging as
described herein. Once a skin cancer has been 1imaged using
the hybrid imaging methods described herein, 1t can be
displayed to a treatment specialist for analysis.

Once visualization of a lesion 1s provided as described
herein, the next step 1s to facilitate radiation therapy plan-
ning to eliminate the cancerous cells. According to a further
aspect, this planning process can be facilitated by providing
the treatment specialist with a visual understanding of a
radiation dose to be applied 1n combination with the hybnd
imaging described herein. In this regard, it will be appreci-
ated that each device used for delivery of radiation therapy
to a patient will have a radiation output profile which 1s
determined by various factors, such as the characteristics of
radiation filters that are used. This radiation characteristic
will generally be unique to each particular radiation therapy
device or machine. As an example of the kind of radiation
characteristic being described herein, a particular radiation
characteristic can define how much of a radiation dose
delivered by a particular radiation therapy machine will be
delivered to tissue as a function of penetration depth. Such
a characteristic 1s sometimes presented graphically and 1s
referred to as a Percentage Depth Dose (“PDD”) plot. As
will be appreciated, a radiation output profile such as PDD
can be very important to a practitioner who needs to under-
stand how applied radiation from the machine will interact
with the tumor at various skin depths.

Consequently, once a skin cancer has been 1imaged using
the hybrid imaging methods described herein, 1t 1s advan-




US 11,894,123 B2

7

tageous to display the hybrid image (in two-dimensions or
three-dimensions) to a treatment specialist together with a
superimposed scaled graphical representation of the radia-
tion profile (e.g. a PDD profile) of a radiation therapy device
which will actually be used to administer the radiation
treatment. In this way, the treatment practitioner can visually
cvaluate the dose of radiation that will be delivered to
various portions ol the cancer as displayed, when using a
particular radiation delivery device. In some scenarios, the
radiation delivery device can comprise an available compo-
nent of an RTP workstation as described herein. Accord-
ingly, the visual display can align the PDD profile along a
vector axis corresponding to an alignment of a radiation
therapy beam which 1s anticipated for use i a particular
scenario. The beam alignment or vector direction can be
manually input into the RTP, but in many scenarios 1t can be
advantageous to provide a machine for applying radiation
therapy 1n data communication with the RTP such that the
RTP can receirve imnformation about radiation applicator
position and thereafter present the proposed vector direction
of applied radiation particles in accordance with a detected
position of the radiation applicator.

According to a further aspect relating the treatment plan-
ning, a treatment practitioner can create a shield to protect
portions of a patient’s body from radiation to be applied by
a radiation therapy applicator. Such a shield will have a
cutout portion which will usually correspond to the shape of
a cancer to be treated plus some additional margin around
the cancerous tissue. According to a further aspect of the
iventive arrangements described herein, an 1image of the
shield including the cutout portion can be acquired and
provided to an RTP as described herein. For example, a
camera disposed 1n a radiation applicator unit can capture
the 1image of the shield. The shield image can then be used
as described below when visualizing a radiation treatment
plan.

In particular, a three-dimensional pattern of radiation can
be synthesized or rendered by an RTP workstation whereby
the three-dimensional pattern 1s an wrregularly shaped vol-
ume determined 1n accordance with the shield image and
vector angle of applied radiation. Consequently, the three-
dimensional pattern can visually show where radiation will
be applied to underlying tissue as a result of the function of
the shield. The wrregularly shaped radiation pattern can be
superimposed on a previously acquired two-dimensional or
three-dimensional hybrid image of the cancerous cell as
described herein. The resulting 1mage or three-dimensional
model 1s presented to a treatment specialist on a display
device of the RTP so it can be observed. The treatment
specialist can then visualize a resulting three-dimensional
pattern of radiation which will extend through the skin tissue
with the current shield and applicator setup. The shield can
then be evaluated to determine whether the cancerous cells
at each skin depth are being properly dosed with radiation 1n
accordance with a potential treatment plan.

As will be appreciated, the three-dimensional beam pat-
tern generated by the RTP for visualization purposes will
depend 1n part on a beam alignment or vector direction of a
radiation beam applied to the tissue and screened by the
shield. Accordingly, the RTP can receive information about
radiation applicator position and beam vector direction.
Thereafter such information can be used by the RTP to
determine and render the pattern and extent of the three-
dimensional volume of applied radiation (for visualization
purposes). Such pattern can then be displayed in accordance
with such vector direction of radiation to be applied, super-
imposed over the image of the cancer as described herein.
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According to a further aspect, the visualization obtained by
using the shield can be combined with the graphical display
of radiation penetration plot (such as the PDD).

According to a further aspect, the three-dimensional rep-
resentation of the radiation beam resulting from a particular
shield pattern and beam vector can also be automatically
cvaluated by the RTP machine to determine whether all
arcas ol the cancer are being adequately treated. For
example, portions of the cancerous cells that are determined
to recerve an inadequate dose of radiation can be highlighted
in a different color to show the deficiency of the resulting
three-dimensional beam patter.

According to a further aspect, the RTP can determine an
optimal shield pattern based on a selected vector and the
hybrid three-dimensional image of the cancer. The optimal
shield pattern, including appropriate margins around the
cancerous cells can then be rendered as a two-dimensional
pattern. The two dimensional pattern can be output by the
RTP in an image format that 1s suitable to facilitate manually
marking and cutting a metal plate which can be used as a
shield or template 1n accordance with a radiation therapy
treatment. Alternatively, the RTP can output the shield
pattern in a data file format which 1s suitable for controlling
a fabrication machine. In some scenarios, the fabrication
machine can be included as part of the RPT workstation.
One example fabrication machine that can be used for this
purpose can include a tabletop computer numerically con-
trolled (CNC) router (e.g., a CNC machine). However, the
embodiments are not limited in this regard and the fabrica-
tion machine can also comprise a 3D printer. Thereafter, the
fabricated shield or template can be fabricated so that it 1s
available for use 1n treatment of a patient.

The various aspects disclosed above will be described
with respect to the attached drawings of an exemplary
system that can deliver both diagnostic and therapeutic
functionalities through a single platform and an integrated
workilow to better serve and benefit the practitioner and
patient with skin cancer and/or skin lesions. The exemplary
system provides multiple imaging devices and a radio-
therapy device used cooperatively to diagnose, treat and
verily treatment in accordance with the present disclosure.
Thus, the system can be an 1image-guided superficial radio-
therapy treatment system. The system includes software to
analyze and combine data and images produced by the
imaging devices to provide pmpoint and focused treatment
with the radiotherapy device. Additionally, the diagnostic
protocols can be repeated throughout the treatment process
to adjust, focus, increase or decrease radiotherapy as appro-
priate.

The present solution also generally concerns systems and
methods for worktlow management 1n a medical context.
The methods generally comprise performing at least one of
the following operations by a processor (e.g., at least one
computer): automatically detecting when a patient arrives at
a medical facility using first information acquired from a
first mobile device (e.g., a wearable device) coupled to the
patient; automatically communicating a notification mes-
sage indicating the patient’s arrival at the medical facility to
a communication device coupled to or i proximity to a
medical professional; automatically obtaining a treatment
plan for the patient from a remote datastore using the first
information; and automatically transforming a state of medi-
cal equipment from a first configurable operational state to
a second configurable operational state in accordance with
the treatment plan. The first configurable operational state
comprises a state in which radiation of a first dosage 1s to be
applied to a person for a first amount of time. The second
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configurable operational state comprises a state 1n which
radiation of a second dosage different from the first dosage
1s to be applied to the person or another person for a second
amount of time different from the first amount of time. Other
features of the present solution will become evident as the
discussion progresses.

Hlustrative Medical Equipment Architecture

FIG. 1 illustrates a high level view of an illustrative
system 150 1n accordance with the present disclosure and 1ts
main sub-modules. The illustrative system 150 can include
a radiotherapy component 101 with an X-ray tube 100, a
solid-state X-ray beam sensing component 102, an ultra-
sound component 103 with a transducer 104, an Optical
Imaging (“OI”’) component 109 with an associated Image
Capture Device (“ICD) 110. The system also includes a
system control component 105 for guiding the radiotherapy
of the radiotherapy component 101 based on images and
data obtained from the ultrasound component 103, trans-
ducer 104, OI component 109, and ICD 110. The system
control component 105 can also work with the solid-state
X-ray beam sensing component 102 to ensure that the
radiotherapy 1s of the appropriate mtensity, depth and size.
In some scenarios, the system can further include a template
or shield fabrication component 111.

The ultrasound component 103 can include control cir-
cuitry, system drivers, operation control software, and a
transducer 104. The transducer 104 can be a high frequency
ultrasonic transducer for superficial epidermis, dermis-level
and/or subcutaneous tissue anatomical imaging. The ultra-
sound component 103 communicates with the software of
the system control component 105 via a bus and system
drivers. The ultrasound component 103 and transducer 104
are provided 1n exemplary system 150 to provide structural
or anatomical data without exposing a subject to 10n1zing
radiation. However, the present disclosure contemplates that
ultrasound component 103 and transducer 104 can be
replaced or supplemented in system 150 with components
for supporting any other types of imaging techniques that
also do not utilize 1onizing radiation. These other 1maging
techniques can include, but are not limited to, optical
coherence tomography, Laser range scanning and/or LIght
Detection And Ranging (“LIDAR”).

The optical imaging component 109 can include control
circuitry, system drivers, operation control software, and an
image capture device 110 for superficial epidermis, dermis-
level and/or subcutaneous tissue functional 1maging.
According to one aspect, the optical imaging component 1s
a spectroscopic 1maging device. For example, the optical
imaging component can comprise a multispectral 1maging
device that captures image data at a plurality of optical
frequencies. Such multispectral 1imaging component can be
configured to utilize optical energy from the visible portion
of the light spectrum for imaging purposes, but can also
utilize optical energy from frequencies beyond the visible
light range (e.g., infrared and near ultraviolet). Alternatively,
the optical imaging component can comprise a hyperspectral
imaging device wherein optical information 1s captured from
across the electromagnetic spectrum at each pixel in the
captured 1mage. As a further alternative, the spectroscopic
imaging device can be configured for Raman spectroscopy
which captures changes in the frequency of photons in
monochromatic light which result from interaction with skin
tissue.

The optical imaging component 109 communicates with
the software of the system control component 1035 via a bus
and system drivers. The present disclosure contemplates that
optical 1maging component 109 and the image capture
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device 110 can be replaced or supplemented 1n system 150
with components for supporting any other types of 1maging
techniques for extracting molecular or functional informa-
tion from tissues. For example, biomarkers can be used to
enhance the usefulness of the optical imaging methods
described herein. As 1s known, a biomarker can involve a
substance which i1s introduced to a tissue to facilitate the
identification of a disease condition such as cancer. Accord-
ing to one aspect, a biomarker can include any substance
introduced to a skin tissue which can be used to induce
visually or optically detectable changes that can facilitate
identification of cancerous cells. Any biomarker now known
or known 1n the future can be used in conjunction with the
optical imaging component 109 and 1mage capture device
110 provided that 1t can help facilitate identification of
functional data pertaining to skin tissue under observation.

The radiotherapy component 101 (which can be a super-
ficial radiotherapy component and X-ray tube 100) can
include control circuitry, at least one cooling element for an
x-ray tube, power supplies, at least one high voltage gen-
erator, at least one interchangeable ALuminum (“Al”) filter
magazine, at least one collimating applicator, and at least
one hardware timer that works 1n concert with a software
timer for redundancy and other purposes.

It 1s contemplated that the X-ray tube utilized herein waill
be selected so that 1t 1s optimized for superficial cutaneous
interaction with skin tissue and has minimal effects at deeper
tissue depths. For example, a conventional Superficial
Radiation Therapy (“SRT”) type of X-ray unit can be used
for this purpose. As will be appreciated, an SRT type of
X-ray unit produces low energy X-rays that are suitable to
treat skin conditions as hereinaiter described.

The solid-state X-ray beam sensing component 102 can
monitor the beam output of the radiotherapy component 101
and x-ray tube 100, along with overall system stability and
yield. The solid-state X-ray beam sensing component 102 1s
mounted underneath the X-Ray tube 100 and 1s moved in
front of the tube when the system 150 needs to be tested for
quality control or overall system 150 diagnosis purposes.
Otherwise, i1t 1s retracted back in its home position away
from the X-ray tube 100 and the X-ray beam 1n order not to
interfere during a normal operating mode.

The present disclosure contemplates that in addition to or
as an alternative to using an X-ray based radiotherapy in
system 150 any other types of radiotherapy can be used 1n
system 150. Thus, the components for radiotherapy can be
selected to support photon-based radiotherapy (e.g., x-rays
and gamma rays), particle-based radiotherapy (e.g., elec-
trons, protons, neutrons, carbon 1ons, alpha particles, and
beta particles), or any combinations thereof.

In an exemplary operation, the system 150 utilizes the
ultrasound component 103 with a transducer 104 to scan and
image a tissue volume of interest, such as a volume of the
skin with a lesion, to obtain structural or anatomical infor-
mation about the region of interest. The system then utilizes
the optical imaging component 109 with image capture
device 110 to optically scan and image the same volume to
obtain functional and/or metabolic information pertaining to
the skin tissue or portions thereof. As used herein, the
functional and/or metabolic information referenced herein
can include any information pertaining to the biological
function, behavior or processes at work 1n a particular cell
or group ol cells. The ultrasound and optical scanning
processes will be described below in further detail. How-
ever, 1t should be understood that each scanning method will
advantageously provide 1mage data suflicient 1n combina-
tion to produce a 3D representation of the scanned volume
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of tissue. In some scenarios, the 3D representation produced
by the ultrasound and optical 1mage scanning methods
described herein can each imdividually comprise a plurality
of two-dimension 1mage slices taken along one or more
orthogonal axes, which can be combined to form a 3D
image.

A registration process 1s used to facilitate alignment of the
image data acquired using the ultrasound and optical scan-
ning methods. After the region of interest has been scanned
and 1maged by the system 150, the 1image data 1s processed
by the system’s soitware. The image data acquired using the
ultrasound and optical scanning methods can be registered
and then fused or merged to form a single image. In the
tfused 1image, the 1image data acquired by using ultrasound 1s
basically superimposed over the image data acquired by
using the optical scanning method described herein. The
result 1s a hybrid image which includes detailed anatomical
and/or structural data for the skin cancer with the functional
data for the same tissue volume superimposed.

The system 150 can be used to analyze and quantify the
tumor and subsequently prepare a treatment plan that 1s
derived from the actual tumor parameters (e.g., volume,
circumierence, penetration depth and tissue density). Once
the tumor analysis and quantification are complete, the
system 150 software provides analytical guidance to deliver
the most accurate and appropriate superficial radiotherapy
pertaining to the scanned and analyzed tumor. The therapy
1s then delivered by the integrated superficial radiotherapy
component 101. The system’s software (a) documents the
entire diagnosis and treatment cycle and (b) archives the
patient data on a patient data repository 107 and the overall
system 150 functionality log on a system data repository
108.

The superficial radiotherapy component 101 can be uti-
lized to treat any tumors, lesions or areas where analysis or
diagnosis determines that treatment 1s needed. The superti-
cial radiotherapy component 101 delivers collimated and
focused x-ray photon particles to treatment areas. The treat-
ment can be without any biopsies and the pre-treatment
analysis, treatment and post-treatment analysis can be car-
ried out locally without the need for remote sources or
analysis. The level of treatment can be determined as set
forth below.

The system 150 1s controlled and operated by the system
control component 105, which can include a central com-
puter with a motherboard that runs operation and control
soltware with various parallel and connected boards that
allow 1t to control, communicate, and monitor the various
sub-components and modules of the system 150. Thus
achieves harmonious functionality between the two (2) main
climical components of the system 150. The main clinical
components comprise the superficial radiotherapy compo-
nent 101 and the ultrasound component 103. The superficial
radiotherapy component 101 provides radiotherapy treat-
ment. The ultrasound component 103 1s utilized to scan and
acquire the anatomy and topology of a patient’s skin area of
concern for further analysis, diagnosis, quantification, and
therapy planning purposes. The system control component
105 can be connected with data repositories, including a
patient data repository 107 and a system data repository 108.
The system 150 can also be connected to a network 106
(e.g., a local area network, a wide area network and/or the
Internet), which allows for clinical and system data
exchange with remote systems or networks.

The system control component 105 can be configured to
output a 2D pattern for a template or shield to be used during
radiation treatment for masking or shielding certain portions
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ol a patient’s skin. The 2D pattern can be output to a user 1n
the form of an 1mage or pattern that 1s suitable to facilitate
manually marking and cutting a metal plate which can be
used as a shield or template in accordance with a radiation
therapy treatment. Alternatively, the control component 1035
can output the shield pattern in a data file format which 1s
suitable for controlling a fabrication machine. In some
scenarios, a fabrication machine 111 can be included as part
of the system 150. One example of a fabrication machine
105 that can be used for this purpose can include a tabletop
Computer Numerically Controlled (“CNC”) router (e.g., a
CNC machine). However, the mnvention 1s not limited 1n this
regard and the fabrication machine 111 can also comprise a
3D printer that 1s capable of 3D metal printing. Thereatter,
the fabricated shield or template can be fabricated by the
fabrication machine 111 so that 1t 1s available for use 1n
treatment of a patient.

The patient data repository 107 and the system data
repository 108 can be a solid-state drive, hard drive or other
memory device. The patient data repository 107 can store
patient-related data and treatment parameters, such as
patient records, treatment session chronology, and disease
documentation and photos. The system data repository 108
stores all system-related data and parameters, such as the
system log, x-ray calibration data, and system diagnostics
results. The patient data repository 107 and the system data
repository 108 can be discrete devices or physically com-
bined. One or more partitions can be used 1 the repositories
107 and 108 are combined, such as a single repository.

In some scenarios, an ultrasound guided radio therapy
treatment and diagnostic system 250 1s shown in FIG. 2. The
system 250 can include a base unit 201 with various com-
ponents mounted thereon or connected therewith. These
components can include a radiotherapy treatment device 220
and 1ts various components and an 1maging subsystem 230.

The base unit 201 can be typically a compact unit such as
one with a 30"x30" footprint and can be mounted on casters
210 for ease of maneuverability. The base unit 201 can
include a power lead for optionally providing power to all of
the components housed 1n or connected to the base unit 201.
In this regard, the base unit 201 can contain one or more
computers for controlling the system 250 components and/or
analyzing and processing data obtained from the system 250
components. A monitor 200 can also mounted to the base
unit 201 for a user interface. Likewise, a terminal or an input
device 214 (e.g., a keyboard or a mouse) can be 1ncluded.

A mount 202 1s provided on the base unit 201 for
mounting the radiotherapy treatment device 220. The radio-
therapy treatment device 220 can include a treatment arm
203 and treatment head 206, which can include removable
or movable applicators 207, 208. The treatment arm 203 1s
articulated with appropriate retractable articulations 209.
Although not shown 1 FIG. 2, additional articulations can
also be provided at diflerent points of system 250 to increase
a number of degrees of freedom of placing and orienting
treatment head 206. For example, additional articulations
can be provided between treatment arm 203 and treatment
head 206 and between mount 202 and treatment arm 203.
Moreover, the number of articulation points 1illustrated 1n
FIG. 2 1s solely for ease of illustration. The present disclo-
sure contemplates that the any number of articulation points
between mount 202 and treatment head 206 can be provided
so as to provide any number of degrees of freedom 1n
treatment arm 203 required positioning and orienting the
treatment head with respect to the patient.

A camera 216 can also be included to provide for remote
operation or for documentation of treatment. A video-laser
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positioning system having camera 2135 and laser or light
pointer 217, which visibly marks a region with a crosshair
that will receive radiotherapy treatment, can be provided.
The camera 215 can capture low opacity images of the
radiotherapy treatment head 206 and crosshairs of laser
pointer 217 during treatment so that the exact positioning
and orientation can be reproduced during subsequent treat-
ments. In this regard, the video-laser positioming system can
identify proper and precise positioning and orientation of
treatment head 206. The video-laser positioning system can
also allow for remote control and operation of the treatment
arm 203 so that the treatment head 206 can be positioned
precisely while the user 1s remote. In operation discussed
below, the treatment arm 203 can be articulated and posi-
tioned to allow the treatment head to apply radiotherapy to
a patient.

The mmaging subsystem 230 can include at least one
imaging head 205 attached via a corresponding lead 204 to
the base unit 201 and data acquisition and processing
machinery housed therein. The imaging head 205 can be a
compact hand-held unit tethered to the base unit 201 by the
corresponding lead 204. As such, the imaging head 203 can
be freely moved to facilitate scanning different skin loca-
tions on the body of a patient. In operation, the 1maging
subsystem 230 can be used to collect both 1images and data
ol a diagnosis or treatment area before, during or throughout
and after treatment. In some arrangements, an 1maging head
205 can be mounted on the arm 203 instead of being
provided separately.

Each imaging head can include components needed for
supporting an i1maging modality. For example, referring
back to FIG. 1, a first imaging head 205 can be provided that
includes ultrasound component 103 and transducer 104 and
a second imaging head 205 can be provided that includes
optical imaging component 109 and 1mage capture device
110. However, the present disclosure also contemplates
combined functionality. That 1s, a single 1imaging head 2035
can incorporate ultrasound component 103, transducer 104,
optical imaging component 109, and 1mage capture device
110.

Lead 211 can connect the system 250 to another computer
212 or use interface that can be positioned behind a shield
213 for remote operation of the system 250 or components
of system 250, such as the radiotherapy treatment device
220.

FI1G. 3 1llustrates a schematic view of various components
and sub-components of RTP system 350. The system 350
can include a bus 310 through which the various compo-
nents can communicate with each other and/or the processor

330 (e.g., a Central Processing Unit (“CPU”), a Graphics
Processing Unit (“GPU”), or both). The processor 330 can
be connected to the bus 310 as shown in FIG. 3 or integrated
therewith. Power supplies 301, 302, 303 can also be
included.

The system 350 can be controlled and operated by pro-
cessor 330 that runs the system 350 soiftware or instructions
332, which controls the system 350 functions, verifies the
safety mechanisms, and the service and calibration func-
tions. The processor 330 can be 1n communication with a
machine-readable medium 334 (e.g., a static memory 336)
on which 1s stored one or more sets of instructions 332 (e.g.,
soltware) embodying any one or more of the methodologies
or functions described herein, including those methods
illustrated herein. The instructions 332 may also reside,
completely or at least partially, within the system data
repository 304, static memory, within the processor 330, or
a combination thereof during execution thereol by the
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system 3350. The system data repository and patient data
repository and the processor 330 also may constitute
machine-readable media.

The processor 330 can be 1n communication with a
motherboard having an appropriate amount of static or
dynamic RAM, such as 4 GB of DRAM, in order to
optimally support and accommodate the operating system,
main soitware, and real-time system monitoring functions,
together with eflicient patient and data system handling and
archiving. The system 350 software also communicates with
the peripheral components, such as Ethernet, USB, and
audio/video or via network interface card 338 1n order to
implement the system’s user/machine interface and
exchange data with external workstations and data reposi-
tories (e.g., such as Flectronic Medical Records (“EMR™),
Electronic Health Care Records (“EHCR’™), Hospital Infor-
mation Systems (“HISs”), Radiology Information System
(“RIS”), and Picture Archiving and Communication Sys-
tems (“PACS™)) utilizing Digital Imaging and Communica-
tions 1 Medicine (“DICOM”) and Health Level 7 (“HL7”)
communications and data structure protocols.

The system 350 can include storage mediums 304 and
305, such as solid state drives, hard drives or the like.
Storage medium 304 can be the system data repository,
which can include the operating system, the main system
soltware, and system data and parameters archive. Storage
medium 3035 can be the patient data repository 3035, which
stores all patient-related data and records.

The system 350 can include a base unit that houses or
otherwise provides various components of the system 350,
including user interfaces. The base unit can include a base
unit display device 320 (e.g., an LCD display and a base unit
user mput) and indicator device 323 (e.g., a terminal or a
mouse). The system 350 can also include a remote console
319 that can be used to remotely control the system 350 so
that a user does not need to be present during radiotherapy
treatment. The base umit user iput and indicator device 323
allows the user to interact with the system 350. The base unit
user input and indicator device 323 can be utilized for mnitial
patient data setup on the system 350 and for the ultrasound
imaging of the patient’s tumor at various stages of the
disease belore, during, and after the superficial radiotherapy
period. Furthermore, the base unit user iput and indicator
device 323 can also be a terminal of the system 350
soltware. The diagnostics results and 1mages, patient data,
remote workstations topology, patient and room monitoring
data, system service menus, system physics and calibration
menus, and all system queues and alerts can be displayed on
the base unit display device 320 or via the base unit user
input and indicator device 323 as appropriate.

The system 350 can also 1include an ultrasound device 322
with a transducer 300. The ultrasound device can obtain
structural or anatomic images of the treatment area or skin
lesion of concern. With the ultrasound device 322 with a
transducer 300, diagnostics of the area of concern can be
processed. The ultrasound device 322 can be any ultrasound
device capable of operating within an acceptable bandwidth.
For example the high frequency ultrasound device 322 can
operate 1n a bandwidth of approximately twenty Mega Hertz
(20 MHz) to approximately seventy Nega Hertz (70 MHz),
and may be implemented with an electro-mechanical, or
solid state transducer. The system 330 can provide the
ultrasound 1maging device 322 at least partially integrated
inside a system 350 housing coupled to bus 310 with a
transducer head outside of the housing as shown in FIG. 2.
The ultrasound device 322, and other components of the
system 350, can be 1n communication with the bus 310 and
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the respective other components of the system 350 utilizing
interface standards such as Peripheral Component Intercon-
nect (“PCI” or “PCle”), Umiversal Serial Bus (“USB”,
“USBII” or “USBIII”), or Firewire. However, the present
disclosure contemplates that any other interface and/or com-
munications standards can be used.

The system 350 can also include an optical imaging
component 338 with an optical image capture device 340. As
explained above, an optical imaging component 338 can
obtain functional 1mages of a 3D volume comprising a
treatment area or skin lesion of concern. With the optical
imaging component 338 and image capture device 340,
image data representative of the treatment volume of con-
cern can be obtained and processed.

The optical imaging component 338 can include any type
ol 1mage capture device now known or known 1n the future.
According to one aspect, the optical imaging component can
comprise an electronic 1image capture device 340 that cap-
tures mcoming photonic radiation and converts same 1nto
clectrical signals. An 1image capture device of this type can
be comprised of a focusing element (e.g. a lens), a charge-
coupled device (CCD) or a CMOS immage sensor, and
readout circuitry for acquiring the 1image data. Image capture
devices as described herein are well known and therefore
will not be described here 1n detail.

The system 350 can provide the optical imaging compo-
nent 338 at least partially integrated inside a housing of
system 250 coupled to bus 310 with an 1image capture device
340, outside of the housing as shown 1n FIG. 2. The optical
image component 338 and other components of the system
350 can be 1n communication with the bus 310 and the
respective other components of the system 350 utilizing
interface standards (e.g., PCI, PCle, USB, USBII, USBIII,
and/or Firewire). However, the present disclosure contem-
plates that any other interface and/or communications stan-
dards can be used.

The system 3350 can further include a radiotherapy device
326 that includes an SRT X-ray tube 327. As discussed
herein, the radiotherapy device 326 that includes an X-ray
tube 327 can deliver pinpoint radiation therapy to a particu-
lar region or area on a patient. The radiotherapy device 326
can be coupled with a high voltage generator 311 and a
central cooling component 316.

The system 350 can also include a control component
(e.g., a superficial radiotherapy control component 308) for
controlling the radiotherapy provided by radiotherapy
device 326. The superficial radiotherapy control component
308 can control aspects of the radiation dosage, including
timing, depth and intensity. In this regard, an arm control
component 324 can also be provided with the system 350
and 1n communication with the superficial radiotherapy
control component 308 and/or processor 330. The arm
control component 324 can move, articulate or otherwise
control positioning of the arm to which the radiotherapy
device 326 and x-ray tube 327 are mounted. A base e-stop
306 and remote e-stop 307 can also be provided to provide
local and remote emergency termination functions so that
the radiotherapy device 326 can be stopped either locally or
remotely.

Additionally, solid state beam sensing component 314
with a solid-state beam sensor 3135 can be provided. In some
scenarios, these components can be housed within the hous-
ing ol X-ray tube 327. The solid state beam sensing com-
ponent 314 with a solid-state beam sensor 315 provide the
ability to obtain on demand and local analysis of the
radiotherapy device 326 with X-ray tube 327. Utilizing the
solid state beam sensing component 314 with a solid-state
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beam sensor 315, the radiotherapy device 326 with X-ray
tube 327 can be tested to determine 1f the radiation output 1s
consistent with the desired radiation output. In the event that
there are discrepancies, the devices can be re-calibrated or
otherwise serviced.

A central diagnostics component 312 can also be provided
and can be mterfaced with bus 310 and processor 330. The
central diagnostic component 312 1s also connected with a
central test point junction conjunction 313 and additionally
interfaces with a signal iterface board 309 that i1s in turn
connected to both the processor 330 through bus 310 and the
superficial radiotherapy control component 308. The signal
interface board 309 can also include a first and second timer
for redundant time counting during the application of radia-
tion therapy, which provides for added patient safety and
accurate dosimetry calculation for the delivered therapy
dose to the patient. In addition to the dual hardware timers,
one or more additional software based timers can be utilized
or mvoked by system 350.

The central diagnostics module 312 1s a systems diagnos-
tic component that monitors the various system boards and
components for failures and/or errors. The central diagnos-
tics module 312 can generate alerts regarding the system
status that can either be communicated with the user, or with
the system installer or manufacturer for maintenance pur-
poses.

Additional inputs can be connected to the processor 330
through bus 310 including a camera and/or microphone 317,
an audio output component 325, such as a speaker, a room
camera 318 for taking pictures or video of the patient,
treatment areas and/or the treatment process. An ambiance
and humaidity sensor 321 can also be provided in the event
that conditions may aflect the treatment or any of the system
350 components. However, the arrangement 1s not limited 1n
this regard. A fabrication component 342 for fabrication of
a metal shueld or template can also be connected to the bus
310 in some scenarios.

FIG. 4A 1llustrates an exemplary process 450 with at least
one 1maging device 400, along with subsequent a tumor
processing, rendering and analysis method and process 450.
As an example, the method and process 450 can be used with
systems 150, 250 and 350, and their software that can be
integrated with or operatively 1n communication with vari-
ous system components as shown i FIGS. 1-3.

As shown 1n FIG. 4A, an ultrasound head or device 400
includes an ultrasound transducer 401 located 1n the head
400. High frequency ultrasound is used for the imaging,
which provides a much clearer 1mage 1n comparison to low
frequency ultrasound, but which does not penetrate deeply
into the skin. High frequency ultrasound can include fre-
quency ranges ol approximately twenty Mega Hertz (20
MHz) to approximately seventy Mega Hertz (70 MHz), such
as approximately thirty-five Mega Hertz (35 MHz) to
approximately fifty-five Mega Hertz (55 MHz).

In operation, the method and process 450 can begin with
obtaining ultrasound 1mage data. Using imaging device 400,
an ultrasound beam 402 1s aimed at an area of concern (e.g.,
lesion 403) through the epidermis 404, dermis 405 and
subcutaneous fat 406. In use, the transducer 401 sends high
frequency ultrasonic waves towards the epidermis 404,
dermis 405 and subcutaneous tissue 406 where the tumor
403 1s located 1n varying depth, circumierence, and volume.
The retlected ultrasonic waves 402 that hold the tumor’s
physical characteristic data (structural/anatomaical data) are
acquired by the transducer 401. For example, the structural/
anatomical data collected can include a density characteris-
tic of the tissue which 1s being imaged. A lesion will have a
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density that 1s diflerent from surrounding healthy tissue and
can therefore be easily differentiated within the captured

image data. The diflerence 1n density can allow the location

and boundaries of the lesion to be determined. As an
example, a non-melanoma skin cancer lesion 403 1s located
as shown, and the lesion 403 may extend away from the
epidermis 404 and into the subcutaneous fat 406.

Data and 1mages 419 obtained by the ultrasound device
400 are acquired by an 1mage data acquisition component at
step 407 and pre-processed for further processing, as shown
with the flow diagram of FIG. 4A. The image data acqui-
sition 407 can be followed by processing at CPU at step 408,
in which the CPU processes the raw data captured by the
image data acquisition at step 407. Thereafter, at step 409,
the central processing unit can execute instructions of soft-
ware to process the data to create and render 2D 1mages,
which are acquired 1n slices across the area imaged by the

ultrasound device 400. As an aid to understanding, opera-
tions 407, 408 and 409 are graphically 1llustrated at 414, 415
and 416.

The data and images obtained by the ultrasound device
comprise structural data that 1s useful for representing the
skin cancer lesion 403. At 427-429, functional data 1s also
obtained for the skin cancer lesion 403. The functional data
can be acquired using an optical 1maging component as
described herein. Such optical imaging component can
comprise a separate 1mage capture head or can be incorpo-
rated into the imaging device 400 so that both types of image
data can be captured concurrently. Accordingly, the acqui-
sition of Tunctional data can begin at 427 with the acquisition
of raw 1mage data. The process can continue to 428 where
the central processing unit can execute mstructions in soit-
ware to process the data so as to create or render a 2D 1mage
at 429.

Steps 427-429 can mvolve performing optical imaging
using a spectroscopic imaging device to obtain a two-
dimensional optical image 413. For example, the optical
image can be obtained by using a technique such as multi-
spectral imaging, hyperspectral imaging and/or Raman spec-
troscopy to capture and generate two-dimensional biological
or functional image data for the tumor.

The process continues at step 410, which involves fusing
the structural data obtained in steps 407-409 and comprising
the 3D model, with functional data 413 obtained in steps
427-429. This steps 1s graphically shown in 417, which
shows that the optical image 413 obtained 1n steps 427-429
can be a 2D image which corresponds to an 1mage plane that
1s essentially orthogonal to the 2D image slices 419 com-
prising structural data obtained using high-frequency ultra-
sound. The 1image plane corresponding to the optical image
413 will generally correspond to the outer surface of the skin
tissue. The nature of a particular skin lesion will be consis-
tent throughout the lesion, so 1t 1s not necessary to capture
the functional data associated with the cells at all skin
depths.

According to one aspect, registration/location information
associated with the optical imaging in step 427 and the
image acquisition in step 407 can be utilized to fuse the
optical image data with the 3D model. Thereafter, the model
can be updated or enhanced to indicate both structural and
functional information regarding the tumor. Methods for
image registration are well known 1n the art and therefore
will not be described 1n detail. However, 1t will be appre-
ciated that the two images can be registered by using
techniques mvolving fiducials or pattern recognition meth-

ods.
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Once the 1mages are registered, the information they
contain can be combined 1nto the fused 3D model. This can
be done 1n a variety of ways. In some configurations, the
structural 1mage data can be provided 1n grayscale and the
functional 1image data can be provided as a color overlay to
indicate the functional information. In another configura-
tion, the structural image data can be provided 1n grayscale
or color and the functional information can be used to adjust
the data in the structural image data. For example, the
function mformation can be used to attenuate one or more
color properties of data in the structural 1mage data.

As noted above, the UHF imaging can diflerentiate such
cells as having a density different from adjacent healthy/
normal skin cells. Accordingly, 1n a subsequent data fusion
process, the cells having a first density associated with a
cancerous lesion can be highlighted, marked or otherwise
displayed in a certain way to differentiate them from the
adjacent healthy skin cells. For example, the cancerous skin
cells can be displayed 1n a different color as compared to
normal skin cells.

Once biological/functional nature of the tissue comprising,
the lesion has been determined using the optical imaging
methodology, all of the cells which are 1dentified as being
associated with the lesion can be marked accordingly. There-
fore, the image combining step can mvolve evaluating each
voxel associated with the 3D model which was generated
using ultrasound to determine whether a tissue density at
particular voxel location diflers from a density of healthy
tissue at surrounding locations. If a particular voxel density
at any skin depth corresponds to the lesion (e.g., cancerous
tissue), then the voxel can be assigned a voxel color value
associated with cancerous tissue. The voxel color can deter-
mine the color that the voxel 1s displayed as when rendered.
But if a particular voxel density at any skin depth corre-
sponds to healthy tissue, then it can be assigned a different
voxel color value. Accordingly, the functional or biological
information captured using a 2D optical imaging technique
can be extended or used to assign a color values to all of the
voxels 1 the 3D model obtained by using ultrasound meth-
odology. The result 1s a hybrid or fused 3D model containing
information from both ultrasound and optical imaging meth-
odologies.

Thereafter, when the fused 3D model 1s rendered, the
cancerous skin tissue can appear as a different color as
compared to the surrounding healthy skin tissue. The par-
ticular color chosen for the cancerous tissue can be deter-
mined by the type of cancer. For example, tissue 1dentified
as a BCC can be assigned the color yellow, tissue 1dentified
as an SCC can be assigned blue, and tissue comprising a
melanoma can be assigned the color red. Accordingly, when
the fused 3D model 1s rendered to a treatment specialist, the
boundaries and type of lesion can be easily apprehended.

In some configurations, the resulting fused 3D model may
not provide a “real world” representation of the tumor. That
1s, the color and other properties of the fused 3D model may
not correlate with what a physician or diagnostician 1s
accustomed to reviewing in a microscope slide or other
specimen during a biopsy. Accordingly, the present disclo-
sure contemplates that 1n some configurations, to ease
review and treatment planning, an additional translation or
transformation may be used. That 1s, a transformation matrix
can be provided for converting the raw fused 3D model into
a 3D model that visually corresponds to what a physician or
diagnostician 1s accustomed to reviewing in a microscope
slide or other specimen during a biopsy.

The fused 3D tumor model can be passed to the therapy
module at 412, which can be hardware or software, for




US 11,894,123 B2

19

tumor analysis and therapy planning. The therapy module
can be used to analyze the 3D tumor, structurally and
functionally, and calculate the designated treatment area
voxel, along with the pertinent dosimetry to be applied by a
radiotherapy device. The dosimetry can include measure-
ments and calculations of the absorbed dose 1n tissue result-
ing from the exposure to radiation. In one example, the
appropriate treatment volume can be a spherical shape or a
cylindrical shape. Alternatively, the appropriate treatment
volume can be any other suitable shape that will leave
appropriate treatment margins around the tumor. The accu-
racy provided by the hybrid imaging allows the treatment
margins to be of the order of ten percent (10%), which 1s a
significant 1mprovement over the typical three hundred
percent (300%) treatment margins used 1n Mohs surgery.

Additionally at step 412, appropriate therapy can be
determined using the fused 3D model from step 410. The
therapy software can include vector tables 1dentifying the
appropriate radiotherapy dosages for different sized tumors.
This allows the system to precisely calculate therapy param-
eters, including treatment dosage based on the actual size of
the tumor, including its depth and volume, rather than
relying on the physician having to estimate the tumor size
and depth based on experience and the visible surface area
of the tumor.

From the foregoing discussion, it will be understood that
a hybrid or fused 3D tumor model or volumetric model can
be rendered. A 3D construction and rendering engine can
combine all or a portion of extracted 2D tumor slices
obtained using ultrasound and optical imaging methods as
described herein. The data from each scanning process can
be merged and the system will fuse them 1nto an integrated
3D model that represents and manifests the tumor’s 3D
anatomical and functional features. During the construction
and rendering sequence, the 3D engine can apply geometri-
cal corrections, smoothing and anatomical triangulation to
the rendered 3D tumor model in order to achieve a corre-
lation with the actual scanned or imaged tumor.

However, 1n some configurations, it may not be desirable
to acquire a large number of slices to generate the 3D tumor
model. In particular, the 3D tumor model can be generated
from two 2D slices, as shown 1n FIG. 4B. That 1s, a first slice
450 and a second slice 452, perpendicular to each other, can
be selected. Thereatter, the volume 1n the areas between the
slices 454 can be extrapolated from the data associated with
the first slice 450 and the second slice 452 and an estimated
3D model of the tumor 456 can be generated. In some
configurations, the edges of the tumor 1n the first slice 450
and the second slice 452 can be 1dentified and the estimated
3D model of the tumor 456 can be generated from only the
data 1n the first slice 450 and the second slice 454 associated
with the tumor 1n these slices.

The process illustrated 1 FIG. 4B expedites the 3D
modeling process as only limited 2D data 1s required to
generate the estimated 3D model of the tumor. In some
scenarios, treatment planning does not require a highly
accurate 3D model of the tumor, 1n which case the estimated
3D model of the tumor 456 will suflice. However, the
present disclosure contemplates that 1n other configurations
that a stmilar process can be performed using any number of
2D slices. In either scenario, the physical image data and
functional 1mage data will be fused as described herein with
respect to FIG. 4.

Referring now to FIG. 5, there 1s provided a flow diagram
of an exemplary method 550 of diagnosis, therapy planning,
radiotherapy treatment, post treatment diagnosis and treat-
ment validation and analysis. Although the flow diagram
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illustrates the steps as sequential, the steps can be completed
in different logical orders and some steps, or groups of steps,
can be repeated as needed.

The method 550 can begin during a pre-treatment 1maging,
stage at step 500 with image acquisition of an area of
concern, such as a non-Melanoma Skin Cancer (“NMSC”)
lesion or a tumor. This 1s utilized to acquire the structural
and functional parameters of the lesion or tumor. Acquired
data and 1mages are then transferred to the image processing,
rendering, and fusion step 501. As noted above 1n reference
to FIG. 4A and the corresponding discussion, image data
regarding structural features 1s subject to 1mage processing,
and rendering and combined with 1mage data regarding
functional or molecular features at step 501 to generate a 3D
model of the tumor and, optionally, of surrounding tissues.

The method then moves on to a disease assessment and
therapy planning stage starting at step 502. At step 502, the
lesion or tumor 1n the 3D model 1s assessed, defined,
quantified, and diagnosed. This can include any classifica-
tions for skin cancer type. The assessment at step 302 1s
based on both the structural and functional features of the 3D
model. The 3D model provides a user, such as doctor or
clinician, with a local means to diagnose the skin cancer type
instead of using the time consuming and invasive biopsy
method. However, the present disclosure contemplates that
automated diagnosis systems can be utilized, with or without
a user confirmation step. Such automated diagnosis systems
can utilize, for example, pattern recognition techniques to
identifving one or more portions of the 3D exhibiting signs
ol disease.

Based upon the mnitial imaging and analysis data, includ-
ing any classification as to a type of skin cancer, the clinician
and patient can decide to proceed with superficial radio-
therapy to treat the diagnosed skin cancer lesion. Thus,
during the disease assessment and therapy planning stage,
tumor quantification and analysis can also occur at step 502
to 1dentily a suitable treatment volume for the tumor that
provides acceptable margins. Based on the 3D model and the
treatment volume, a tumor volumetric model 1s provided.

With the tumor volumetric model, therapy planning and
dosimetry computation can occur at step 503. Therapy
planning and dosimetry computation 1s carried out at step
503 where the data and 1mages passed from step 502 can be
further manipulated and analyzed, including analysis of the
tumor and therapy factors. The therapy planning can include
not only the dosimetry computation, but also planning for
the best location on the skin to reach the center of the tumor
and the best angle of presentation for the treatment head. To
plan treatment, the 3D tumor model can be orientated in
correlation to the anatomy of the area to be treated. Physi-
ological, topographic, and radiation therapy dosimetry
parameters can be applied to compute and design the treat-
ment plan, beam targeting and guidance, including the
treated area voxel. A fractionation scheme and treatment
head positioming on the patient can also be determined. The
treatment plan can then completed and loaded into a patient
record and scheduler.

In some configurations, the treatment planning can
involve generation of a mask or shield formed of a thin plate
of material such lead. An exemplary mask or shield as
described herein can be understood with reference to FIG. 6
an X-ray tube housing 611, such as the X-ray tube 1n
treatment head 206 of FIG. 2. The X-ray component or
device 650 can include a Bremsstrahlung beam-hardening
aluminum filter 607 to control the x-ray beam 612 output
from the x-ray tube 600. As shown, an X-ray beam aligned
along a vector direction 658 can be applied by an applicator
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unit 609, which limits the overall cross-section of the beam.
In order to limit the amount of irradiated tissues, the mask
652 can be generated. The mask can be placed over the
patient’s body, where the mask includes an aperture or
cutout portion 6354. The cutout portion 1s sized and shapes to
allow radiotherapy to be applied to a more limited area of the
patient’s body. The aperture or cutout area 654 1s advanta-
geously cut to the shape of the cancerous lesion but includes
a further margin which extends a predetermined distance
beyond the outer periphery of the cancerous cells. Only that
portion of the X-ray beam that passes through the cutout wall
interact with the cancerous cells. Moreover, since the mask
acts as a shield to radiation, high doses can be applied to the
cancerous cells or lesion, since concerns with irradiating
healthy tissues are significantly reduced.

According to one aspect of the invention, the aperture or
cutout area 654 of the shield 652 can be designed based on
the 3D hybrnid image of the cancerous cells comprising the
tumor. An RTP system (e.g., processor 330 associated with
RTP system 3350) can determine an optimal shield pattern
based on a selected beam vector and the hybrid image of the
cancer, which has been generated using the techniques
described herein. Thereafter, the RTP system can provide a
scaled shield pattern as a data output (e.g., output using a
network interface device 328) to facilitate fabrication of an
optimal shield for use in treatment. The shield can then be
manufactured manually or by suitable automated means. For
example, the data output data from the RTP system can be
in a format suitable for a conventional Computer Numerical
Control (“CNC”) type machine which uses a computer to
control machine tools. Alternatively, the data output can be
communicated to a 3D metal printer capable of printing 3D
metal parts. Consequently, the shield can be manufactured
automatically and with high precision. In some configura-
tions, where the treatment planning calls for radiotherapy to
be provided at various angles, a different mask 652 can be
provided for diflerent angles or groups thereof, where the
shape of the aperture 654 can be adjusted based on the 3D
model and the radiotherapy angle to be used.

According to a further aspect, an 1mage of the mask or
shield 652 (including the aperture or cutout portion 654) can
be acquired by an 1maging device. The image can then be
provided to an RTP as described herein. For example, an
imaging device 656 disposed 1n a radiation applicator unit
609 can capture the image of the shield 652, including the
aperture or cutout 654. The shield image can then be used as
described below when visualizing a radiation treatment plan.

Referring now to FI1G. 9, a 3D pattern 902 of radiation can
be synthesized or modeled by a processor 1n an RTP system
(e.g., processor 330 1n RTP system 350) whereby the 3D
pattern 1s an wrregularly shaped volume 1s determined in
accordance with the captured shield image 952 and vector
angle of applied radiation. Consequently, the 3D pattern can
visually show where radiation will be applied to underlying
tissue as a result of the function of the shield and the imaged
aperture 954. The wrregularly shaped radiation pattern can be
superimposed on a previously acquired 2D or 3D hybnd
image ol the cancerous cells 904 as described herein. The
resulting composite 1mage as shown i FIG. 9 1s then
presented to a treatment specialist on a display device (e.g.,
on base unit display device 320) of the RTP so 1t can be
observed. The treatment specialist can then use the displayed
image to visualize a resulting 3D pattern of radiation which
will extend through the skin tissue when using the shield 652
and applicator unit 609. The shield can then be evaluated to
determine whether the resulting 3D beam representation 1s
intersecting all of the desired cancerous cells at each skin
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depth. Accordingly, the treatment specialist can determine
whether the cancerous cells are being properly dosed with
radiation 1n accordance with a potential treatment plan.

From the foregoing, it will be understood that the 3D
pattern 902 generated by the RTP system for visualization
purposes will depend 1n part on a beam alignment or vector
direction 658 of a radiation beam applied to the tissue and
screened by the shield 652. A processor associated with the
RTP system (e.g., processor 330 associated with RTP system
350) can receive information about the shield aperture 654
and the radiation applicator 609 (including position and
beam vector direction). Thereafter, such information can be
used by the RTP processor to model the beam pattern as
shown 1n FIG. 9 and to show the extent of the 3D volume
of applied radiation (for visualization purposes). Such pat-
tern can then be displayed (e.g., on a base unit display 320
or on a remote console 319) in two-dimensions or three-
dimensions. Advantageously, the displayed 3D 1mage com-
prising the modeled radiation beam 902 can be superim-
posed over the hybrid image of the cancerous tissues 904 so
a treatment specialist can visually evaluate whether the
beam will be applied to all portions of the tissue that are
determined to be cancerous.

According to a further aspect, the visualization in FIG. 9
that 1s obtained by using the shield 652 and vector 658 data
can be combined with a turther graphical display of certain
data. For example, such graphical display of data can be data
that 1s useful for understanding a radiation dose which will
be applied at various tissue depths relative to a surface of the
skin. The graphical data can be unique to a particular
radiotherapy device 326 and associated X-ray tube 327.

As 1s known, a particular X-ray tube (e.g., X-ray tube 600)
used for delivery of radiation therapy to a patient will have
a radiation output profile which 1s determined by various
factors. These factors can include minor variations in the
manufacture of the X-ray tube and 1n the radiation filters 607
that are used. Accordingly, the radiation characteristic of a
particular radiotherapy delivery component will generally
be unique to each particular radiation therapy device or
machine. For example, a Percentage Depth Dose (“PDD™)
plot 906 can be used to graphically show how much of a
radiation dose from a particular radiation therapy machine
will actually be delivered to skin tissue as a function of
penetration depth. A PDD will vary 1n accordance with each
radiotherapy system in accordance with minor variations in
the X-ray tube and associated filters. Such a PDD charac-
teristic 1s sometimes presented graphically. As will be appre-
ciated, a radiation output profile such as PDD can be very
important to a practitioner who needs to understand how
applied radiation from the machine will interact with the
tumor at various skin depths. In some scenarios, the PDD
levels can be shown graphically as layers or rings 908aq,
908H, 908c¢ corresponding to the different radiation dose
levels at different depths. The presentation of the PDD data
in this way can allow a treatment specialist to more easily
determine the amount of radiation which 1s to be applied to
cach portion of the cancerous cells 904.

Consequently, once a skin cancer has been 1imaged using
the hybrid imaging methods described herein, 1t 1s advan-
tageous to display the hybrid image (1n two-dimensions or
three-dimensions) to a treatment specialist together with a
superimposed scaled graphical representation of the radia-
tion dose profile (e.g., a PDD profile) 906 of a radiation
therapy device which will actually be used to administer the
radiation treatment. In this way, the treatment practitioner
can visually evaluate the dose of radiation that will be
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delivered to various portions of the cancer as displayed,
when using a particular radiation delivery device.

According to a further aspect, a graphical representation
of the radiation dose profile can be included 1n the 3D
representation of the radiation beam resulting from a par-
ticular shield pattern as described above. This graphic infor-
mation can be combined with or overlaid on the hybrid
image ol the cancerous tissue as shown in FIG. 9 so that a
proposed radiation treatment can be automatically evaluated
by the RTP system. For example, a processor 330 associated
with an RTP system 350 can evaluate whether all identified
areas comprising cancerous skin cells will recetve an
adequate dose of radiation based on the foregoing. In some
scenari0s, the results of such evaluation can be communi-
cated to a treatment specialist by highlighting or i1lluminat-
ing 1dentified portions of the cancerous cells that will recerve
an 1mnadequate dose of radiation. For example, such tissue
areas can be highlighted in a different color to show the
deficiency of the resulting 3D beam pattern. All of the
foregoing information can be used by the treatment special-
1st to develop a suitable treatment plan in accordance with
step 503 1n FIG. 5.

Upon completion of disease assessment 302 and therapy
planning 503, the process continues at 504 where 1mage-
guided radiotherapy treatment fraction 1s actually delivered.
A radiotherapy component or device, such as component
220 from FIG. 2 or device 326 from FIG. 3, can be used to
deliver treatment according to the treatment plan. Thus, the
treatment plan can be read and interpreted and X-ray beam
therapy can be delivered accordingly to the designated
lesion. In this regard, the X-ray beam therapy 1s guided by
the 3D 1maging and dosimetry data from the treatment plan
that was specifically created for the patient and the specific
skin lesion to be treated.

In one arrangement, the components of the system 250 of
FIG. 2 can be used to provide the image-guided radiotherapy
treatment of step 504. The treatment head 206 and treatment
applicators 307, 308 can be positioned over the patient’s
area to be treated utilizing the built-in video-laser position-
ing system 215, 217. The video-laser positioming system
operates to align the treated area’s video image with a low
opacity snapshot of the previous treatment head 206 position
together with crosshairs projected by laser 217 that are
projected 1n both real-time and previous snapshot images.
The system then ensures that the treated area’s video 1image
with laser crosshairs and the low opacity snapshot with the
laser crosshairs are aligned together to the exact same
position, which ensures an accurate and reproducible treat-
ment head 206 positioning over the treated lesion. Once the
treatment head 206 1s 1n place, the user engages the system
250 to deliver the treatment fraction to the lesion. The
timing, energy, and geometry of the beam are all guided by
the 1mage analysis, 3D tumor modeling, and the derived
physics and dosimetry calculations and analysis.

For example, treatment can be provided in multiple, short
fractionated treatment sessions. Each treatment fraction or
session can be less than one (1) minute long while delivering
a dose of approximately three hundred centigray (300 cGy)
to approximately one thousand centigray (1000 cGy) per
fraction. Depending on the prescribed total dose, the lesion
can be treated with one or more fractions, such as around
twelve (12) to around thirty (30) fractions. Additional or less
fractions may be used.

A treatment series can include around five (5) to around
thirty (30) fractions, per the protocol the physician pre-
scribed for a particular lesion condition. Once the lesion 1s
defined and identified, a treatment area 1s defined for the
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circumfierence. This circumierence, 1n turn, can dictate the
diameter of the applicator (such as applicators 207, 208 from
FIG. 2 or applicator 609 from FIG. 6) that will be used.
Generally, the selected applicator for treating a particular
lesion circumierence can be at least twenty percent (20%)
larger 1n area and/or diameter of the lesion to be treated. The
clinician can create a custom lead template or shield 652 that
will be cut to the size and shape of the lesion with approxi-
mately a fifteen percent (13%) extra margin, 1 order to
ensure that the entire malignant area will be impacted by the
x-ray beam. All healthy cells that will be exposed to the
x-ray beam will generally successtully recover and regen-
crate, while the malignant cells will go through an apoptosis
from which they will not recover.

As shown 1n FIG. 6, the template or shield 652 can be
placed over the lesion with the aperture or cutout 654 in the
center of the treated area. The selected applicator 609 will be
latched onto the x-ray tube head. The treatment system can
be set with the pertinent energy level and time span of the
treatment (e.g., approximately twenty (20) seconds to
approximately forty (40) seconds), which are defined by
vector tables, per the particular lesion’s condition and frac-
tionation scheme. The clinician can set the x-ray tube head
vis-a-vis the applicator 1n position and aligned along a
particular vector 638. Thereafter, the clinician can energize
the system from the remote console, outside of the treatment
room. The system can deliver the selected energy for the set
time and can terminate treatment once the timers count to
zero (0). The patient can be released and summoned for the
next scheduled treatment session or fraction.

As will be discussed below, image-guided radiotherapy
treatment step 504 can be repeated, but can be revised as
needed. For instance, over the course of a treatment, a
non-uniform shaped tumor may decrease in depth, width and
overall size. Iterative treatments can be reduced 1n treatment
size or intensity so that only the necessary amount of
radiation 1s applied to as small a region as possible. In some
scenarios, 1t can be advantageous to acquire further imaging
data to characterize such changes 1n tumor depth, width and
overall size. For example, the hybrid imaging methodology
described herein can be used for this purpose. In some
scenarios, additional or alternative imaging techniques can
be used (such as LIDAR) to help to track the changes in the
structure or anatomy of the tumor. The 1maging data from
these alternative methods can be combined or fused with
imaging data acquired using other methods such as ultra-
sound and/or optical imaging methods as described.

The method 550 can then move on to the post treatment
imaging phase. The post treatment imaging phase can be an
iterative lesion imaging procedure that 1s completed after the
previous 1maging and assessment of the lesion. Post treat-
ment 1imaging provides the ability to track and evaluate the
therapy progression and healing process of the treated lesion
during the fractionated therapy process. The interval of the
lesion 1maging 1s determined by the clinician according to
the protocol illustrated i FIG. 7 and discussed further
below.

At step 505, the treated area can again be imaged, as
during the pre-treatment imaging stage. Thus, the actions
and operations of step 500 can be repeated to obtain post-
treatment structural and functional data for the tumor. The
post treatment 1mages and data of the treated lesion can be
processed and a new fused 3D model of the tumor can be
rendered 1n step 306. During step 506, the actions and
operations of step 501 can be repeated.

The method 550 can then move to the treatment etlicacy
validation and analysis of steps 507 and 508, which provide
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for an iterative analysis of the lesion’s topography and
volume over time throughout the span of treatment and upon
treatment completion, during the follow-up sessions. At step
507, the post treatment 1mages and data from steps 505 and
506 can be assessed to determine how the legion responds to
therapy 1 comparison to the anticipated healing rate,
according the prescribed dosimetry and {fractionation
scheme of the treatment plan. Step 507 can include one or
more of the actions or operations of step 502 to fully analyze
a tumor or lesion.

As an example, 1f the newly acquired images and data
indicates non-responsiveness, the treatment plan or other
factors can be reviewed. In this regard, step 503 can be
repeated where the treatment plan can be changed based on
the post treatment 1maging and assessment. On the other
hand, if the newly acquired images and data indicates
responsiveness, the treatment plan can be confirmed and
treatment can progress. The steps provide an ongoing treated
lesion assessment throughout the treatment and at 1its
completion to evaluate the lesion evolution and 1ts response
to the therapy. The post treatment analysis can also be during,
the post-treatment follow-up sessions of the patient 1n order
to document and validate or verity the full recovery and
healing of the skin cancer lesion 1n the treated area.

In step 508, validation and confirmation of therapy efli-
cacy and outcome can obtained. Step 508 can include 1image
triangulation as a function of time and volume. By triangu-
lating the 2D or 3D images, the size and shape of the tumor
or lesion can be tracked. Also, volumetric analysis of the
tumor over time can also be completed. The changes in the
s1ize, shape and volume of the tumor can be compared
reviewed to determine eflectiveness of the treatment, while
factoring parameters ol tumor transmutation and response to
therapy. Thus, the clinician obtains an ongoing accurate
assessment of the patient’s response to therapy and can
adjust the therapy if necessary 1n order to further optimize
the patient’s outcome. For instance, treatment session
lengths or intensity can be decrease or increased. Step 508
can be completed locally by the clinician 1n a non-invasive
manner, without any discomifort to the patient or the neces-
sity for ancillary lab and pathology services.

At step 509, patient records can be stored and the method
550 completed. The records can include patient record data
and 1mages, results, and summary reports that 1llustrate the
patient’s disease state from procedure commencement to its
ultimate conclusion. The records can be stored to local and
networked record storage repositories.

Any of the steps can be repeated as needed. For instance,
a tumor may require multiple treatment sessions before
treatment 1s completed. The imaging steps, assessment and
planning steps and the treatment steps may be repeated
multiple times.

As all of these steps can be carried out with a single
machine 1 a physician’s oflice, this greatly cuts down the
time, inconvenience and expense associate with diagnosis
and treatment of non-melanoma skin cancer. Additionally, as
it reduces or even removes the need for Mohs surgery, the
patient’s subsequent healing time and scarring 1s much
reduced.

In certain configuration, the steps can be implemented via
a workstation associated with the radiotherapy system. For
example, computer 212 (as shown 1n FIG. 2) can be con-
figured with a computer program to guide the user, such as
a doctor, through the various steps of FIG. 5. Thus, from
computer 212, the user can perform tumor imaging and
modeling processes, diagnose based on the models obtained,
and plan and carry out treatment plans using the models. In
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other configurations, the workstation can be deployed on a
remote system. For example, on another computer con-
nected over a network to the radiotherapy system.

Turning once again to FIG. 6, a solid state beam sensor
and beam sensing component 650 (e.g., solid state beam
sensor 313 and beam sensing component 312 of FIG. 3, or
solid-state X-ray beam sensing component 102 of FIG. 1)
can be provided. These components can be mcorporated 1n
an X-ray tube housing 611, such as the X-ray tube 1n
treatment head 206 of FIG. 2.

The component or device 650 can include retractable
support structure 603, 604 that can also be incorporated 1n
X-ray tube housing 611. Also provided can be a x-ray
imaging array detector, such as solid-state x-ray detector
array 602, which 1s located between the X-Ray tube 600
with x-ray tube alignment 601, and a Bremsstrahlung beam-
hardening aluminum {filter 607. The solid-state detector
array 602 that 1s mounted on the retractable support structure
603 can be utilized to sense the x-ray beam 612 output from
the x-ray tube 600.

The retractable support structure 603 can move the solid-
state detector array 602 between an X-ray testing position
(as shown in FIG. 4A) and a non-testing position. In the
non-testing position, the solid-state detector array 602 and/
or the retractable support structure 603 1s retracted or moved
away from the field of emitted x-rays such that they do not
absorb, block or otherwise interfere with radiation beams
that are emitted from x-ray tube 600.

When the x-ray beam 612 1s detected, the solid-state
detector array 602 can sense characteristics of the radiation
emitted from the x-ray tube 600. The detector array 602 can
be used to generate a matrix-like image of the circumierence
of X-ray beam 612, together with the intensity of the x-ray
beam’s particles.

The x-ray imaging array detector can be a one-line array
or a matrix array of solid state x-ray detectors that acquire
and gather characteristics of the beam during the a check or
testing procedure. One characteristic 1s the beam shape
integrity, which validates that the x-ray tube output 1s indeed
homogenous and without flaws. Another characteristic 1s the
beam 1intensity that can be measured by centigray (cGy) or
kilo-Volt (kV) units. Other characteristics sensed by the
X-ray 1maging array detector include the cross section or
shape of the beam. The x-ray 1maging array detector can also
accurately measure the photons emitted from the x-ray tube
600. Further, the x-ray imaging array detector can also be
used to determine whether the x-ray tube port 601 1s
properly aligned or if realignment 1s needed.

The collected data can be communicated to the beam
sensing component, such as beam sensing component 312 of
FIG. 3 that pre-processes the data. The pre-processed data
can be communicated with a processor, such as processor
330, for further analysis and visualization. The solid state
beam sensor and beam sensing component can be utilized as
a daily quality control tool and for overall system diagnosis
purposes. For mstance, the solid state beam sensor and beam
sensing component may detect a diflerence between the
programmed radiation and what 1s output from the X-ray
tube 600. Detection can allow for maintenance to ensure
desired treatment dosages are delivered. Still further, testing
can be automated before use such that the emitted x-rays
and/or alignment of the x-ray tube port 601 1s confirmed
prior to each use.

The retractable support structure 603, 604 can include at
least one motor or actuator 613 and positioning components
605, 606. The motor or actuator 613 can be controlled via a
processor, such as processor 330 with the beam sensing
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component 314. The motor or actuator 613 can move the
solid-state detector array 602 between the X-ray testing
position and the non-testing position.

FIG. 6 also shows a removable treatment head or appli-
cator 609 with tip 610. The removable head 609 and tip 610
can be used with a variety of radiotherapy devices (e.g.,
radiotherapy device 220 of FIGS. 2 and 326 of FIG. 3). The
applicator 609 and tip 610 are both interchangeable. The
interchangeability allows the x-ray device 630 to be modi-
fied to suit the treatment area and depth needed.

The applicator 609 can include, but are not limited to,
applicators with lengths less than thirty centimeters (<30
cm). The tip 610 can include, but 1s not limited to, tips
having a diameter between one centimeter (1 cm) and twelve
and seven tenths centimeter (12.7 cm). For example, 1n some
scenarios, a tip 610 with a diameter between one centimeter
(1 cm) and seven and three tenth centimeter (7.3 cm) 1s used
with a fifteen centimeter (15 ¢cm) Source-to-Skin Distance
(“SSD”). A tip 610 with a diameter between one centimeter
(1 cm) and twelve and seven tenths centimeter (12.7 cm) 1s
used with a twenty-five centimeter (25 cm) SSD.

The term “Source-to-Skin Distance (*“SSD”)”, as used
herein refers to the distance from a radiating 1sotropic source
(e.g., x-ray tube 600 of FIG. 6) to the skin of the patient. The
shorter the SSD the less attenuation (1.e., reduction 1n signal
strength caused by signal transmission over a long distance)
and the better the tlow of photons emitted from the x-ray
tube 600. Here, the SSD 1s controlled by use of the inter-
changeable applicator 609, 1.e., the SSD 1s decreased by
using a relatively short applicator and increased using a
relatively long applicator.

As noted above, the present solution provides a means to
deliver a required dose of radiation (e.g., 300, 500 or 700
centigray) to the patient 1n a significantly shorter period of
time (e.g., =1 minute as opposed to >3 minutes) and for the
same radiation energy (e.g., 50, 60, 70, 80, 90 or 100 kV).
In this regard, a flow of desired photons emitted from the
x-ray tube 600 1s increased by (a) shortening the removable
applicator 609 and (b1) using relatively thick filters 607 with
normal dose rates or (bi1) thin filters 607 with relatively high
dose rates. Notably, a suflicient depth of penetration of
radiation energy 1s provided in scenario (a), (b1) and scenario
(a), (b1).

In some scenarios, it 1s desirable to have a depth of

penetration of radiation energy greater than two millimeters
(>2 mm). The increased depth 1s achieved using relatively
thick or dense filters 607. However, the thick/dense filters
cause radiation losses. The radiation losses are compensated
for by shortening the removable applicator 609.

The applicator 609 may be shortened from fifteen,
twenty-five or thirty centimeters (15/25/30 cm) to less than
ten centimeters (<10 cm). The thick filters 607 can include,
but are not limited to, aluminum filters having a thickness
660 greater than two and one tenth millimeters (>2.1 mm)
and/or copper filters having a thickness 660 greater than five
tenths millimeters (>0.5 mm). The normal dose rates can
include, but are not limited to, less than one thousand
centigray per minute (e.g., <1000 cGy/min). The thin filters
607 can include, but are not limited to, aluminum filters
having a thickness 660 less than or equal to two and one
tenth millimeters (2.1 mm). The high dose rates can
include, but are not limited to, greater than one thousand
centigray per minute (e.g., >1000 cGy/min).

In those or other scenarios, two or more filters are used for
treating a patient. For example, an aluminum and a copper
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filter are used concurrently during a treatment process. The
present solution 1s not limited to the particulars of this
example.

FIG. 7 provides a flow chart of patient and treatment
management protocol 750. When a patient first arrives at a
doctor or clinician, the patient acceptance and consultation
step 700 can occur. In this step, the patient 1s registered 1n
the practice’s workflow management system that can be
integrated with a hybrid image-guided superficial radio-
therapy system that can employ protocols such as DICOM
and HL7, such as the system 350 illustrated at FIG. 3 or any
suitable system.

With registration, the patient can be scheduled for the
initial prognosis and consultation with the clinician. During
initial prognosis and consultation, the patient can be scanned
by an i1maging device to obtain structural and functional
information, as part of the image guidance phase 707. The
scanning provides the clinician and the patient an assess-
ment of any lesions and the disease state before making a
decision on the recommended and preferred treatment path.
The scanned lesion 1image data 1s then processed and recon-
structed at step 702 to render the 2D image slices of the
scanned area that contain the 2D cross-sections of the tumor.
If desired, these 1images can be reviewed. The 2D tumor data
can also converted to a 3D volumetric model and rendered
to derive all the volumetric and physiological data of the
tumor out of the scanned lesion, all for use in the next step.

Treatment planning step 703, uses the quantified data to
calculate and generate a personalized treatment plan for the
patient and the treated lesion.

Therapy can then commence at step 704, while imaging
1s still being applied 708 in varying intervals according to
the climician’s and treatment plan’s protocol to monitor and
guide the course of the therapy throughout the prescribed
fractions and entire treatment span.

Patient follow-up sessions 7035 can be conducted to verily
and monitor the full recovery of the treated lesion. As an
example, follow-up sessions can be completed months or
years after the last therapy session to momitor the area of a
treated lesion. This stage 1s also being image-guided 709
with 1mages obtamned with a high frequency ultrasound
device 1in order to add turther validity to the treatment’s
outcome and to verily that indeed the lesion 1s completely
cured and gone.

When the entire therapy sequence 1s complete at step 706,
the patient data and all pertinent image-guidance data 710 1s
archived and submitted to the medical record management
systems and the healthcare management systems. By gen-
crally the entire treatment process including non-invasive
imaging as a substitute to vasive, time consuming, and
expensive biopsies, the patient management protocol 1is
being dramatically enhanced and improved, which offers
benefits to all entities and parties involved, including the
patient, the clinician, and the healthcare system as a whole.

The systems, methods and devices include broader appli-
cations beyond treating lesions or skin cancer. For instance,
the systems, methods and devices can be utilized as intra
operative radiotherapy in surgical environments to treat
other cancers or lesions when their respective tumors are
surgically removed. In addition to removal of a tumor, an
excised area can imaged, analyzed and treated with the
systems, methods and devices herein, such as treating an
excised area with one or more twenty-one Gray (21 Gy)
fractions before the patient 1s sutured.

In some arrangements, the systems, devices, methods and
protocols can be employed for relatively superficial tumors
that are not skin cancers, such as certain breast cancers, 1n
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which case the treatment head can include a surgical catheter
for msertion beneath the skin, together with a small scale
spherical treatment head.

It 1s important to note that the methods described above
may incorporate any of the functionality, devices, and/or
teatures of the systems described above, or otherwise, and
are not mtended to be limited to the description or examples
provided herein.

Referring now also to FIG. 8, at least a portion of the
methodologies and techniques described can incorporate a
machine, such as, but not limited to, computer system 800,
or other computing device within which a set of 1instructions,
when executed, may cause the machine to perform any one
or more of the methodologies or functions discussed above.
The machine may be configured to facilitate various opera-
tions conducted by the systems illustrated at FIGS. 3 and 4.
For example, the machine may be configured to, but 1s not
limited to, assist these systems by providing processing
power to assist with processing loads experienced in the
systems, by providing storage capacity for storing instruc-
tions or data traversing the systems, or by assisting with any
other operations conducted by or within the systems.

In some scenarios, the machine operates as a standalone
device. In some scenarios, the machine may be connected
(e.g., using a network 835) via a network interface, such as
network interface 328, to and assist with operations per-
formed by other machines, such as, but not limited to, the
radiotherapy device 326, central diagnostics component
312, the data repositories 304 and 305, the SRT control
component 308 or the other devices and components of the
system at FIG. 3, including any combination thereof. The
machine may be connected with any component in the
system at FIG. 3. In a networked deployment, the machine
may operate i the capacity of a server or a client user
machine 1n server-client user network environment, or as a
peer machine 1n a peer-to-peer (or distributed) network
environment. The machine may comprise a server computer,
a client user computer, a Personal Computer (“P(C”), a tablet
PC, a laptop computer, a desktop computer, a control
system, a network router, switch or bridge, or any machine
capable of executing a set of instructions (sequential or
otherwise) that specily actions to be taken by that machine.
Further, while a single machine 1s illustrated, the term
“machine” shall also be taken to include any collection of
machines that individually or jomntly execute a set (or
multiple sets) of instructions to perform any one or more of
the methodologies discussed herein.

The computer system 800 may include a processor 802
(e.g., a CPU), a Graphics Processing Unit (“GPU”), a main
memory 804 and/or a static memory 806, which communi-
cate with each other via a bus 808. The computer system 800
may further include a video display unit 810 (e.g., a Liquid
Crystal Display (“LCD™), a tlat panel, a solid state display,
or a Cathode Ray Tube (*CRT”’)). The computer system 800
may include an input device 812 (e.g., a keyboard), a cursor
control device 814 (e.g., a mouse), a disk drive unit 816, a
signal generation device 818 (e.g., a speaker or remote
control) and a network interface device 820.

The disk drive unit 816 may include a machine-readable
medium 822 on which 1s stored one or more sets of instruc-
tions 824 (e.g., soltware) embodying any one or more of the
methodologies or functions described herein, including
those methods 1llustrated above. The instructions 824 may
also reside, completely or at least partially, within the main
memory 804, the static memory 806, or within the processor
802, or a combination thereof, during execution thereof by
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the computer system 800. The main memory 804 and the
processor 802 also may constitute machine-readable media.

Dedicated hardware implementations including, but not
limited to, application specific integrated circuits, program-
mable logic arrays and other hardware devices can likewise
be constructed to implement the methods described herein.
Applications that may include the apparatus and systems of
various embodiments broadly include a varniety of electronic
and computer systems. Some embodiments implement func-
tions 1 two or more specific interconnected hardware mod-
ules or devices with related control and data signals com-
municated between and through the modules, or as portions
of an application-specific integrated circuit. Thus, the
example system 1s applicable to software, firmware, and
hardware implementations.

In accordance with various implementations of the pres-
ent solution, the methods described herein are intended for
operation as software programs runmng on a computer
processor. Furthermore, software implementations can
include, but not limited to, distributed processing or com-
ponent/object distributed processing, parallel processing, or
virtual machine processing can also be constructed to imple-
ment the methods described herein.

The present disclosure contemplates a machine readable
medium 822 containing instructions 824 so that a device
connected to the communications network 835 can send or
recelve voice, video or data, and to communicate over the
network 835 using the instructions. The instructions 824
may further be transmitted or received over the network 8335
via the network interface device 820.

While the machine-readable medium 822 1s shown to be
a single medium, the term “machine-readable medium”™
should be taken to include a single medium or multiple
media (e.g., a centralized or distributed database, and/or
associated caches and servers) that store the one or more sets
of mstructions. The term “machine-readable medium” shall
also be taken to include any medium that 1s capable of
storing, encoding or carrying a set of instructions for execu-
tion by the machine and that cause the machine to perform
any one or more ol the methodologies of the present
disclosure.

The term “machine-readable medium” shall accordingly
be taken to include, but not be limited to: solid-state memo-
ries such as a memory card or other package that houses one
or more read-only (non-volatile) memories, random access
memories, or other re-writable (volatile) memories; mag-
neto-optical or optical medium such as a disk or tape; or
other self-contained information archive or set of archives 1s
considered a distribution medium equivalent to a tangible
storage medium. In some scenarios, the machine readable
storage medium may be a machine readable storage device
or a computer readable device. Accordingly, the disclosure
1s considered to include any one or more of a machine-
readable medium or a distribution medium, as listed herein
and including art-recognized equivalents and successor
media, 1n which the software implementations herein are
stored.

[lustrative Worktlow Management System

Referring now to FIG. 10, there 1s provided an illustration
of an 1illustrative system 1000 implementing a method for
mobile and wireless device workflow management 1 a
medical context. System 1000 comprises hardware and/or
soltware implementing the methods described herein. The
hardware includes, but 1s not limited to, at least one pro-
cessor. Processors are well known 1n the art, and therefore
will not be described herein. Any known or to be known
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processor can be used herein without limitation. For
example, a centralized or a distributed processor architecture
can be employed.

In some scenarios, system 1000 comprises mobile devices
1004, 1012, 1022 (e.g., cell phones, smart phones, personal
digital assistants, tablet computers, wearable devices, etc.),
clectronic devices 1026 (e.g., a smart television and/or a
personal computer), a network 1006, medical equipment
1014, a server 1008, a datastore 1010 (e.g., a database), a
Patient Scheduling, Reminder and Tracking (“PSRT™) sys-
tem 1016, and a user manager 1024. The network 1006
comprises the Internet, Intranet, and/or other known or to be
known network. One or more of the listed components
1004-1016, 1022-1026 comprises a processor executing
instructions implementing all or a portion of the methods
described herein.

During operation, the medical equipment 1014 automati-
cally performs system quality checks in response to being
turned on. The medical equipment 1014 can be turned on
manually by a person (e.g., a medical professional 1018 of
FIG. 10). Additionally or alternatively, the medical equip-
ment 1014 can be turned on/ofl without the assistance of a
human. For example, an on/off switch of the medical equip-
ment 1s remotely controlled by the server 1008. Various
events can trigger a switch actuation by the server. These
events can include, but are not limited to, a time of day, a
system error or fault, and/or a user-software interaction by a
physicist. A Rad Check 1s performed during system warm up
by a radiation detector of the medical equipment. System
quality checks and Rad Checks are well known 1n the art,
and therefore will not be described herein. Any known or to
be known system quality check and/or Rad check technique
can be used herein without limitation. The data obtained
from the system quality checks and the Rad check are
processed by server 1008 and/or stored in the datastore
1010. The server 1008 may optionally process the Rad check
results to see 1f appointments of patients to be treated on this
day need to be rescheduled. Rescheduling may be needed 1f
the medical equipment 1s experiencing a system fault or
error which prevents its ability to provide treatment to
patients. Such system faults and errors are known 1n the art,
and therefore will not be described herein. If so, the server
1008 may perform operations to automatically cancel the
patient(s) appointment and/or cause a rescheduling of the
patient appointment(s) by the PSRT system 1016.

A physicist can be notified of a completed Rad check. At
this time, the physicist accesses the results of the Rad check
(stored 1n the datastore 1010) to see 1f a recalibration of the
medical equipment 1014 1s needed. A recalibration may be
needed when there 1s a tN% (e.g., 3%) deviation from
predefined reference values. The recalibration can be per-
formed manually by the physicist while at the site of the
medical equipment. Alternatively, the recalibration can be
triggered remotely by the physicist and performed by
another person via the remote guidance of the physicist.

The distributed nature of the system 1000 allows patients
to be treated with physicists having remote oversight. In this
regard, system 1000 employs bi-directional electronic mes-
saging between therapists/technicians of the medical equip-
ment and the physicists who 1s remotely located from the
medical equipment. For example, the physicist generates a
message to the therapist/technician when (s)he reviews the
patients electronic file via his(ther) mobile device 1012 or
personal computer 1026. The message 1s communicated
from the physicist’s electronic device 1012, 1026 to the
server 1008 for storage in datastore 1010 so as to be
associated with the patient’s electronic file. When (a) the
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technician accesses the patient’s electronic file at the time of
treatment, the message 1s displayed on a display screen of
the medical equipment. A notification can optionally be sent
to the physicist’s electronic device when the message 1s
delivered to the medical equipment and/or presented to the

technician. The present solution 1s not limited to the par-

ticulars of this example. In some scenarios, the physicist
message(s) are generated and provided 1n real-time or near

real-time while the patient 1s receiving treatment.

As shown 1in FIG. 10, each mobile device 1004, 1012,
1022 1s respectively coupled to, being carried by or 1n the
possession of a person 1002, 1018, 1020. For example, a
mobile device 1004 1s coupled to a patient 1004, while
mobile device 1012 i1s coupled to a medical professional
1018 (e.g., a doctor, physicist, therapist, or dosimetrist) and
mobile device 1022 1s coupled to service engineer 1020.
Each mobile device can include, but 1s not limited to, a
mobile phone (as shown in FIG. 10), a smart phone, a smart
watch, a portable computing device (e.g., a tablet or personal
digital assistant), or a wearable commumnication device (e.g.,
an 1dentification smart card). All of the listed devices are
known 1n the art, and therefore will not be described herein.

The mobile device 1004 provides a means to 1dentily the
patient 1002. In some scenarios, a unique 1dentifier for the
mobile device 1004 1s used to identify the patient 1002. The
unmque identifier can include, but 1s not limited to, a Media
Access Control (“MAC”) address. In other scenarios, a
umque 1dentifier assigned to this particular patient 1s used to
identify the patient 1002. The unique 1dentifier can include
a numeric, alphabetic or alphanumeric sequence. The
numeric sequence can be generated n accordance with a
chaotic, random or pseudo-random number process. Any
type of commumcation technology can be employed for
acquiring the umique 1dentifier and/or other information from
the mobile device 1004. The communication technology can
include, but 1s not limited to, cellular technology and/or
short range communication technology (e.g., Bluetooth and/
or Beacon).

During use of system 1000, operations are performed to
detect when the patient 1002 arrives at a medical facility
(e.g., enters a parking lot or a building). Such operations can
involve: establishing a communications link between mobile
device 1004 and network 1006; obtaining at least a unique
identifier and location information from mobile device 1004;
comparing the unique identifier to a plurality of unique
identifiers stored 1in datastore 1010 to detect a match; deter-
mining the patient’s 1004 name associated with the unique
identifier stored in datastore 1010 that matches the unique
identifier obtained from mobile device 1004; and/or deter-
mining the patient’s location relative to a person, object or
building of the medical facility based on the location 1nfor-
mation received from mobile device 1004.

The location information can include, but 1s not limited to,
Geofencing information and/or Global Positioning System
(“GPS”) information. As generally understood in the art,
GPS information may not be available while the mobile
device 1004 resides 1n a building or closed structure. In this
case, other techniques can be used to determine the patient’s
location 1n real time, such as a triangulation based techmique,
a proximity sensor (€.g., a beam break sensor) based tech-
nique and/or a beacon (e.g., 1Beacon) based technique. In the
beacon scenario, beacons are strategically placed around
and/or 1n a parking lot and/or medical facility. The beacons
have known locations. As such, the beacon identifiers can be
communicated to the user manager 1024, server 1008 and/or
PSRT system 1016 along with the unique identifier of the
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patient’s mobile device 1004 for use 1n determining and/or
tracking the patient’s movement through the parking lot
and/or medical facility.

Once the patient’s name and/or location has/have been
acquired, various operations may be performed to: notily a
medical professional 1018 of the patient’s arrival at the
medical facility; track the person’s movement through the
medical facility; generate a map showing the patient’s
location and movement through the facility; and/or present
the map to the medical professional 1018 and/or patient
1002. Additional information may also be presented to the
medical professional 1018 and/or patient 1002 1n addition to
or as an alternative to the map. This additional information
can include, but 1s not limited to, the patient’s appointment
time, the reason for the patient’s appointment, and/or medi-
cal history information (e.g., type ol cancer, location of
cancer, total number of times the patient has received
treatment for the cancer, etc.).

The unique identifier (of the mobile device 1004 or
patient) and/or patient’s name may also be used to acquire
the patient’s medical record and/or treatment plan from
datastore 1010. In this regard, a server 1008 accesses
datastore 1010 and retrieves the requisite data therefrom. In
some scenarios, the server 1008 employs a cloud platiorm
(e.g., Amazon Web Service (“AWS™)). The medical record
and/or treatment plan can be communicated to the medical
proiessional 1018 via mobile device 1012 or other commu-
nication device 1026 (e.g., a desktop computer). Cryptog-
raphy can be employed for some or all wired or wireless
communications containing patient medical information.
Any known or to be known cryptographic technique can be
used herein without limaitation.

The treatment plan may additionally or alternatively be
provided to the medical equipment 1014 for use 1n config-
uring the same. In some scenarios, the medical equipment
1014 checks the results of a Rad check which was previously
performed each time a treatment plan 1s provided thereto.
Based on these results, the medical equipment 1014 may
communicate with the server 1008 to obtain a recommen-
dation for a different treatment protocol than that specified
in the treatment plan. For example, the Rad check results
indicate that the 70kV x-ray system components have been
disabled (until recalibration) due to a greater than 3%
deviation from predefined reference values. As such, the
treatment cannot be given to the patient using the 70kV
x-ray system components. However, the treatment can be
provided to the patient using the 50kV x-ray system com-
ponents. Accordingly, the server 1008 makes a recommen-
dation for a diflerent treatment protocol than that specified
in the treatment plan. This recommendation 1s provided to
the medical protfessional 1018 for review and approval via
his(her) mobile device 1012 or personal computer 1026.
Once approved, the recommended treatment protocol 1is
provided to the medical equipment 1014 for use 1n config-
uring the same.

The medical equipment 1014 can include, but 1s not
limited to, the ultrasound guided radio therapy treatment and
diagnostic system 250 of FIG. 2. The medical equipment’s
configuration can be performed with or without human 1nput
in accordance with the treatment plan. In the case that
human 1nput 1s required for such configuration, the treatment
plan may be used by the medical equipment to automatically
confirm that the final configuration i1s consistent with the
patient’s treatment plan prior to providing any treatment
(e.g., radiation) to the person (e.g., for treating cancer). The
calibration can mvolve (a) transforming an operational
mode/state of the medical equipment 1014 from a first
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operational mode/state to a second operational mode/state,
and/or (b) transforming a parameter’s value from a first
value to a second value so that the medical equipment 1014
operates 1n accordance with the treatment plan. The first
operational mode/state can be a mode/state 1n which radia-
tion of a first dosage 1s to be applied to a patient for a first
amount of time. In contrast, the second operational mode/
state can be a mode/state 1n which radiation of a second
dosage (different from the first dosage) 1s to be applied to a
patient for a second amount of time (different from the first
amount of time).

In some scenarios, treatment 1s not provided to the patient
until his(her) 1dentity 1s verified in the treatment room. This
verification can be achieved using: SRC and/or beacon
communications with histher) mobile device 1004; finger-
print technology of the his(ther) mobile device 1004 and/or
the medical equipment 1014; and/or user-software interac-
tions for inputting identifying information into the system
via an input device of his(her) mobile device 1004, medical
equipment 1014 and/or other computing device 1026. If the
patient’s 1dentity 1s not verified, then the operational state of
the medical equipment 1014 can optionally be changed so as
to prevent treatment to the wrong person. For example, the
operational state of the medical equipment 1s changed from
an enabled state in which treatment can be provided to a
lock-out state (or partially disabled state) in which at least a
portion of its functions are disabled (e.g., until re-enabled or
overridden by a medical professional or technician).

As the person receives treatment, system 1000 tracks the
progress of such treatment. Information can be presented to
the patient 1002 and/or medical professional 1018 specify-
ing the treatment progress and/or status. For example, a
scale 1s presented on a display screen of mobile device 1004
and/or mobile device 1012 showing a percentage indicating
the treatment progress (e.g., 35% of the patient’s treatment
1s completed). The patient’s medical record i1s also (a)
periodically or continuously updated as the patient receives
treatment at the medical facility, and/or (b) updated upon
treatment completion. The medical professional 1018 and/or
his(her) assistants may be notified of treatment status and/or
completion.

Also upon treatment completion, the PSRT 1016 1s noti-
fied so that a next appointment 1s scheduled for the patient.
The scheduling can be achieved with or without mput from
an employee of the medical facility. In this case, the patient
1s presented a Graphical User Interface (“GUI”) on his(her)
mobile device 1004 which facilitates appointment schedul-
ing. The PSRT 1016 1s also configured to periodically send
the patient 1002 reminders of scheduled appointments via
the mobile device 1004. The medical professional 1012 may
also be notified of the patient’s newly scheduled appoint-
ment so that (s)he can optionally modity the treatment plan
prior to the patient’s arrival at the medical facility for
his(her) next treatment.

An application may be downloaded and executed on the
patient’s mobile device 1004 which allows the patient to
quickly contact and/or communicate with the medical pro-
fessional 1018 between treatment sessions (e.g., 1n the case
of an emergency, or for prescription re-fills). The patient and
medical professional can relay information therebetween via
video, voice and/or text based communications. For
example, the patient may send a textual message to the
medical professional that (a) his(her) prescription needs to
be re-filled soon so that an order can be placed with the
requisite pharmacy 1n due course and/or (b) (s)he has just
been emitted into a particular hospaital.
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System 1000 further comprises a user manager 1024
which has knowledge as to what events trigger certain
operations (e.g., a patient’s arrival at a medical facility
triggers the provision of a notification to a medical profes-
sional). In some scenarios, each user 1s required to login to
the user manager 1024 prior to being provided medical
related services and/or information 1 real time (e.g.,
appointment notification and/or patient location/treatment
nonfictions). The login may involve use of a username,
password and/or biometrics.

For satety measures, the medical equipment 1014 can be
configured to perform operations that are useful 1n deter-
mimng 11 1t 1s still satisfactorily calibrated at the end of each
business day and/or the start of each business day (e.g., in
response to being turned on). In this regard, the medical
equipment 1014 1s configured to detect status of various
components and whether any of those components needs to
be calibrated because i1ts parameters fall outside an allow-
able range of values. A service engineer 1020 1s notified
about system faults, errors or other functionality on at least
on an hourly, daily and/or weekly basis. Based on this
information, the service engineer 1020 can determine when
a calibration of the medical equipment 1014 1s needed.
Additionally or alternatively, the service engineer 1020 1s
only notified when the medical equipment 1014 experiences
an error/fault or needs to be re-calibrated. The service
engineer 1020 can receive electronic notifications via a
mobile device 1022. The medical professional 1018 may
also be provided some or all of the medical equipment
functional-related imnformation.

In some scenarios, the server 1008 1s configured to
analyze various data to learn and detect patterns therein.
This data can include system check data, Rad check data,
patient historical based data obtained by the medical equip-
ment, and/or treatment related data obtained by other elec-
tronic devices. The learning 1s achieved using one or more
machine learning algorithms. Machine learning algorithms
are well known 1n the art, and theretore will not be described
herein. Any known or to be known machine learning algo-
rithm can be used herein without limitation. It a pattern 1s
detected (e.g., based on the system check data and/or Rad
check data) that indicates a potential system failure, a
notification 1s sent to the service engineer 1020. In response
to the notification, the service engineer 1020 may service the
medical equipment in accordance with a recommended
course of action determined based on the detected pattern. If
a pattern 1s detected (e.g., based on patient historical data
and/or other treatment related data) indicating that a par-
ticular outcome 1s likely given certain criteria, then the
server 1008 may generate a recommended course of action
for the treatment of a patient and/or a recommended treat-
ment protocol for use in configuring the medical equipment.

The present solution has many advantages over conven-
tional systems. For example, the present solution provides a
means to icrease the efliciency of, decrease the cost of, and
decrease the time needed for patient treatment.

Referring now to FIG. 11, there 1s provided an 1llustration
of an 1illustrative architecture of a computing device 1100.
Devices 1104, 1008, 1012, 1016, 1022 and/or 1026 of FIG.
10 can be the same as or similar to computing device 1100.
As such, the following discussion of computing device 1100
1s suilicient for understanding devices 1104, 1008, 1012,
1016, 1022, 1026 of FIG. 10.

Notably, the computing device 1100 may include more or
less components than those shown 1n FIG. 11. However, the
components shown are suflicient to disclose an illustrative
embodiment implementing the present solution. The hard-
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ware architecture of FIG. 4 represents one embodiment of a
representative server configured to facilitate inventory
counts and management. As such, the computing device
1100 of FIG. 11 implements at least a portion of a method
for workflow management 1n accordance with the present
solution.

Some or all the components of the computing device 1100
can be implemented as hardware, software and/or a combi-
nation of hardware and software. The hardware includes, but
1s not limited to, one or more electronic circuits. The
clectronic circuits can include, but are not limited to, passive
components (e.g., resistors and capacitors) and/or active
components (e.g., amplifiers and/or microprocessors). The
passive and/or active components can be adapted to,
arranged to and/or programmed to perform one or more of
the methodologies, procedures, or functions described
herein.

As shown in FIG. 11, the computing device 1100 com-
prises a user mterface 1102, a CPU 1106, a system bus 1110,
a memory 1112 connected to and accessible by other por-
tions of computing device 1100 through system bus 1110,
and hardware entities 1114 connected to system bus 1110.
The user mterface can include input devices (e.g., a keypad
1150) and output devices (e.g., speaker 1152, a display 1154,
and/or light emitting diodes 1156), which facilitate user-
soltware 1nteractions for controlling operations of the com-
puting device 1100.

At least some of the hardware entities 1114 perform

actions involving access to and use of memory 1112, which
can be a Random Access Memory (“RAM”), a disk driver

and/or a Compact Disc Read Only Memory (“CD-ROM”).
Hardware entities 1114 can include a disk drive unit 1116
comprising a computer-readable storage medium 1118 on
which 1s stored one or more sets of instructions 1120 (e.g.,
soltware code) configured to implement one or more of the
methodologies, procedures, or functions described herein.
The mnstructions 1120 can also reside, completely or at least
partially, within the memory 1112 and/or within the CPU
1106 during execution thereof by the computing device
1100. The memory 1112 and the CPU 1106 also can con-
stitute machine-readable media. The term “machine-read-
able media”, as used here, refers to a single medium or
multiple media (e.g., a centralized or distributed database,
and/or associated caches and servers) that store the one or
more sets of instructions 1120. The term “machine-readable
media”, as used here, also refers to any medium that 1s
capable of storing, encoding or carrying a set of istructions
1120 for execution by the computing device 1100 and that
cause the computing device 1100 to perform any one or
more of the methodologies of the present disclosure.

In some scenarios, the hardware entities 1114 include an
clectronic circuit (e.g., a processor) programmed for facili-
tating the provision of workilow management in a medical
context. In this regard, 1t should be understood that the
clectronic circuit can access and run a soiftware application
1122 installed on the computing device 1100. The software
application 1122 1s generally operative to facilitate: a selec-
tive and/or remote control of medical equipment 1014 (e.g.,
to selectively and/or remotely be turned on and ofl); storing
data obtained during system quality checks and Rad checks
of the medical equipment; notifying a physicist of a com-
pleted system quality check and/or Rad check of the medical
equipment; triggering a recalibration of the medical equip-
ment 1n response to a user-software interaction by the
physicist; facilitating the physicist’s remote guidance of the
medical equipment’s recalibration; processing the system
check data to see 1f appointments of patients to be treated on
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a given day need to be rescheduled; automatically canceling
a patients appointment; automatically causing a reschedul-
ing of a patients appointment; allowing remote access to a
patient’s electronic file (e.g., by the physicist); receiving a
physicist’s electronic message from a remote device; storing,
the physicist’s electronic message so as to be associated with
the patient’s electronic file; causing the physicist’s elec-
tronic message to be output from the medical equipment
when the patient’s electronic file 1s accessed at the time of
treatment (e.g., by a technician); causing a notification
message to be sent to the physicist when the medical
equipment receives the physicist’s electronic message and/
or the medical equipment outputs the physicist’s electronic
message; facilitating a detection of a patient’s arrival at a
medical facility; notifying a medical professional of the
patient’s arrival at the medical facility; tracking the patient’s
movement through the medical facility; generating a map
showing the patient’s location and movement through the
medical facility; causing the map and/or other information to
be presented to the medical professional or patient; retriev-
ing the patient’s medical record and/or treatment plan from
a datastore; communicating the patient’s medical record
and/or treatment plan to the medical professional’s commu-
nication device, medical equipment, and/or other device(s);
providing to the medical professional with a recommenda-
tion for a different treatment protocol than that specified in
the treatment plan; receiving approval of the diflerent treat-
ment plan from the medical professional; causing the medi-
cal equipment to be reconfigured such that a patient is
provided a treatment in accordance with the diflerent treat-
ment plan; remotely controlling the medical equipment such
that the treatment 1s provided to the patient only when
his(her) 1dentity has been electronically verified; tracking
the progress of the patient’s treatment; causing treatment
progress 1nformation to be presented from the medical
equipment or other device; updating the patient’s medical
records to reflect the treatment progress; notilying at least
the medical professional of the treatment status and/or
completion; scheduling a next appointment for the patient;
sending appointment reminders to the patient; notifying the
medical professional of a patient’s upcoming appointment;
facilitating quick communications between patients and
medical professionals between treatment sessions; and/or
tacilitating optimized calibrations and/or maintenance of the
medical equipment. Other functions of the software appli-
cation 422 will become apparent as the discussion pro-
gresses. Such other functions can relate to tag reader control
and/or tag control.

[lustrative Method For Workflow Management In A
Medical Context

Referring now to FIG. 12, there 1s provided a flow
diagram of an illustrative method 1200 for workflow man-
agement 1 a medical context. Method 1200 begins with
1202 and continues with 1204 where a system quality check
and/or a Rad check 1s(are) performed by medical equipment
(e.g., medical equipment 250 of FIG. 2 and/or 1014 of FIG.
10). The data obtained during the system quality check
and/or Rad check 1s communicated from the medical equip-
ment to a computing device (e.g., server 1008 of FIG. 10),
as shown by 1206. In 1208, the data 1s stored in a datastore
(e.g., datastore 1010 of FIG. 10).

Thereafter 1n 1210, the computing device (e.g., server
1008 of FIG. 10) processes at least some of the data (e.g., the
Rad check data) to determine if patient appointments need to
be canceled. For example, 11 the Rad check data indicates
that the medical equipment 1s experiencing a critical system
tailure, then a determination 1s made that patient appoint-
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ments need to be canceled. Otherwise a determination 1s
made that the patient appointments do not need to be
canceled. The present solution 1s not limited to the particu-
lars of this example.

If a determination 1s made that the patient appointments
need to be canceled [1212:YES], then the computing device
(e.g., server 1008 of FIG. 10) performs operations to cancel
the patient appointments and/or cause the rescheduling of
the patient appointments (e.g., by a PSRT system 1016 of
FIG. 10), as shown by 1214. If a determination 1s made that
the patient appointments do not need to be canceled [1212:
NO], then 1216 1s performed.

In 1216, the computing device (e.g., server 1008 of FIG.
10) performs operations to provide notification to a physicist
(e.g., physicist 1018 of FIG. 10) of the completed system
quality check and/or Rad check. A notification message 1s
sent from the computing device (e.g., server 1008 of FIG.
10) to another electronic device (e.g., mobile device 1012
and/or electronic device 1026 of FIG. 10) being used by the
physicist. The notification message 1s then output from the
clectronic device. In response to the notification message,
the physicist accesses results of at least the Rad check to
determine 1f a recalibration of the medical equipment 1is
needed. It so, the physicist performs a user-software inter-
action for requesting recalibration of the medical equipment.
In response to the user-software interaction, the electronic
device communicates a medical equipment recalibration
request to the computing device (e.g., server 1008 of FIG.
10). The medical equipment recalibration request 1s received
by the computing device (e.g., server 1008 of FIG. 10) n
1218. In response to the medical equipment recalibration
request, the computing device 1nitiates a recalibration of the
medical equipment. The recalibration can be performed by
another person with the physicist’s remote guidance as
shown by 1222. This remote guidance 1s facilitated by the
computing device (e.g., server 1008 of FIG. 10). In this
regard, the computing device can act as an intermediary
communication device between (a) the physicist’s electronic
device and the medical equipment, and/or (b) the physicist’s
clectronic device and the other person’s electronic device.
The present solution 1s not limited 1n this regard. In other
scenar1os, the medical equipment recalibration i1s made
remotely by the physicist without the assistance of another
person.

Upon completing 1216 or 1222, method 1200 continues
with 1224 of FIG. 12B. As shown in FIG. 12B, 1224
involves facilitating remote oversight of a patient’s treat-
ment by the physicist. In this regard, the physicist’s elec-
tronic device 1s allowed access to the patient’s electronic file
and/or treatment plan. When the physicist reviews the
accessed mformation, (s)he performs user-software interac-
tions with the electronic device for generating a message
relating to the patient’s treatment which 1s intended for a
medical professional (e.g., technician or therapist 1018 of
FIG. 10). The message 1s sent from the electronic device to
the computing device (e.g., server 1008 of FIG. 10), as
shown by 1228. The message 1s stored in the datastore (e.g.,
datastore 1010 of FIG. 10) so as to be associated with the
patient’s electronic file.

In 1232, the computing device (e.g., server 1008 of FIG.
10) detects when a patient arrives at a medical facility
comprising the medical equipment. This detection can be
made using electronic i1dentification information and/or
location information obtained from the patient’s mobile
device (e.g., mobile device 1004 of FIG. 10). When such a
detection 1s made, the computing device performs opera-
tions 1 1234 to notily a medical professional (e.g., medical
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proiessional 1018 of FIG. 10) or other person of the patient’s
arrival at the medical facility.

The patient’s movement through the medical facility 1s
tracked by the computing device (e.g., server 1008 of FIG.
10), as shown by 1236. A map 1s generated by the computing
device 1n 1238 showing the patient’s location and movement
through the medical facility. The map and/or other informa-
tion 1s presented to the medical professional and/or patient
in 1240 via their mobile devices (e.g., mobile devices 1004,
1012 of FIG. 10).

In 1242, the computing device retrieves the patient’s
medical record, treatment plan and/or associated message(s)
from the datastore (e.g., datastore 1010 of FIG. 10). The
medical professional (e.g., medical professional 1018 of
FIG. 10) 1s allowed access to the retrieved information, as
shown by 1244. Subsequently, method 1200 continues with
1246 of FIG. 12C.

As shown 1n FIG. 12C, 1246 involves communicating the
patient’s treatment plan and/or associated message(s) to the
medical equipment. The medical equipment outputs the
patient’s treatment plan and/or associated message(s) in
1248. Notably, the associated message(s) comprise(s) the
physicist’s message of previous 1226-1230 of FIG. 12B.
The physicist 1s notified 1n 1250 when his(her) message has
been recerved by and/or output from the medical equipment.

In 1252, the medical equipment performs operations to
determine if the patient’s treatment plan can be implemented
thereby based on the data obtained during the last system
quality check and/or Rad check. If so [1254:NO)], then 1256
1s performed where method 1200 continues with 1299 of
FIG. 12E. In 1299, method 1200 ends or other processing 1s
performed (e.g., return to 1204 of FIG. 12A).

If not [1254:YES], then 1258 1s performed where the
computing device (e.g., server 1008 of FIG. 10) receives a
new treatment plan request from the medical equipment. In
response to the request, the computing device generates a
recommended treatment plan or procedure in 1260 based on
data obtained during the last system quality check and/or
Rad check performed by the medical equipment. The rec-
ommended treatment plan or procedure 1s different from that
specified by the original treatment plan output from the
medical equipment in 1248. The recommended treatment
plan or procedure 1s communicated to a device being used by
the medical professional for his(her) review and approval, as
shown by 1262. This device can include, but 1s not limited
to, the medical professional’s mobile device (e.g., mobile
device 1012 of FIG. 10). If the medical professional
approves ol the recommended treatment plan or procedure,
then (s)he performs a user-software interaction with the
device for generating an approval message. The approval

message 1s sent from the device to the computing device
(e.g., server 1008 of FIG. 10) 1n 1264. Thereafter, method

1200 continues with 1266 of FIG. 12D where the recom-
mended treatment plan or procedure 1s provided to the
medical equipment for use 1n reconfiguring the same. The
medical equipment 1s reconfigured 1n 1268.

Next in 1270, identification information for the patient 1s
obtained and communicated to the computing device (e.g.,
server 1008 of FIG. 10). The 1dentification information can
be obtained using: SRC and/or beacon communications with
the patient’s mobile device (e.g., mobile device 1004 of FIG.
10); fingerprint technology of the patient’s mobile device or
the medical equipment; and/or user-software interactions for
inputting 1dentifying information into the enterprise system
via an mput device of the patient’s mobile device, the
medical equipment, or other computing device (e.g., com-

puting device 1026 of FIG. 10). The 1dentification informa-
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tion 1s used by the computing device (e.g., server 1008 of
FIG. 10) to vernily the identity of the patient located in the
treatment room where the medical equipment resides. The
verification 1s achieved by comparing the obtained identifi-
cation information with information stored in a database
(e.g., database 1010 of FIG. 10) so as to be associated with
the patient’s electronic file. The patient’s 1dentity 1s verified
when a match exists between the obtained identification
information and the stored identification information.

If the patient’s identity 1s not verified [1272:NO], then
1274 1s performed where an operational state of the medical
equipment 1s changed such that the treatment cannot be
provided to the patient. For example, the operational state of
the medical equipment 1s changed from an enabled state in
which treatment can be provided thereby to a lock-out state
(or a partially disabled state) 1n which at least a portion of
its functions are disabled (e.g., until overridden or re-
ecnabled by a medical professional or technician). Thereafter,
method 1200 continues with 1299 of FIG. 12E where the
method ends or other processing 1s performed.

If the patient’s i1dentity i1s verified [1272:YES], then
1276-1278 are performed where the treatment 1s initiated
and treatment progress 1s tracked. The treatment progress
information 1s communicated from the computing device to
the medical equipment or other device(s) in 1280. Upon
receipt, the treatment progress information 1s output from
the medical equipment or other device(s). Also 1n 1282, the
patient’s medical record 1s updated to reflect the treatment
pProgress.

When completion of the treatment 1s detected 1n 1284,
actions are taken to schedule a next appointment for the
patient. These actions can mvolve: communicating a first
notification from the medical equipment (e.g., medical
equipment 1014 of FIG. 10) to the computing device (e.g.,
server 1008 of FIG. 10) when a treatment 1s completed;
communicating a second notification of treatment comple-
tion from the computing device to the PSRT system (e.g.,
PSRT system 1016 of FIG. 10); and iitiating appointment
scheduling operations of the PSRT system in response to the
second notification. Appointment scheduling operations are
well known 1n the art, and therefore will not be described
herein. Any known or to be known appointment scheduling
operations can be used herein without limitation.

Once the patient’s next appointment has been scheduled,
the medical professional 1s notified 1n 1288. This notification
can be provided to the medical professional’s device (e.g.,
mobile device 1012 of FIG. 10 or electronic device 1026 of
FIG. 10) directly from the PSRT system or indirectly from
the PSRT system via the computing device (e.g., server 1008
of FIG. 10). In response to the notification, the medical
proiessional can modily the patient’s treatment plan prior to
the patient’s arrival at the medical facility for his(her) next
treatment.

In 1290, the enterprise system (e.g., system 1000) facili-
tates quick communications between the patient and medical
prolessional between treatment sessions. Various types of
communication technology can be used here. The commu-
nication technology includes, but 1s not limited to, video
conference technology, electronic messaging technology,
and/or phone technology.

Referring now to FIG. 12E, method 1200 also mvolves
performing operations to determine 11 the medical equip-
ment needs to be serviced on a continuous basis or a periodic
basis, as shown by 1292. This determination 1s made based
on results of health checks, system quality checks and/or
Rad checks performed by the medical equipment. Health
checks are well known 1n the art, and therefore will not be




US 11,894,123 B2

41

described herein. The health checks can comprise the system
quality checks and/or Rad checks. It a determination 1s made
that the medical equipment does not need to be serviced
[1294:NO], then 1299 1s performed where method 1200
ends or other processing 1s performed.

In contrast, if a determination 1s made that the medical
equipment does need to be serviced [1294:YES], then 1296-
1298 are performed. 1296-1298 involve: optionally deter-
mimng, by the computing device (e.g., server 1008 of FIG.
10), a recommended course of action for a service engineer
(e.g., service engineer 1020 of FIG. 10); notifying the
service engineer ol the medical equipment’s need to be
serviced (e.g., via the service engineer’s mobile device 1022
of FIG. 10); and/or optionally providing the service engineer
with the recommended course of action. Subsequently, 1299
1s performed where method 1200 ends or other processing 1s
performed.

While various embodiments of the present invention have
been described above, 1t should be understood that they have
been presented by way of example only, and not limitation.
Numerous changes to the disclosed embodiments can be
made 1n accordance with the disclosure herein without
departing from the spirit or scope of the mvention. Thus, the
breadth and scope of the present invention should not be
limited by any of the above described embodiments.

Rather, the scope of the mvention should be defined in
accordance with the following claims and their equivalents.

Although the mvention has been illustrated and described
with respect to one or more implementations, equivalent
alterations and modifications will occur to others skilled 1n
the art upon the reading and understanding of this specifi-
cation and the annexed drawings. In addition, while a
particular feature of the invention may have been disclosed
with respect to only one of several implementations, such
feature may be combined with one or more other features of
the other implementations as may be desired and advanta-
geous for any given or particular application.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not mtended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms
as well, unless the context clearly indicates otherwise.
Furthermore, to the extent that the terms “including”,
“includes™, “having”, “has”, “with”, or vanants thereotf are
used 1n eirther the detailed description and/or the claims, such
terms are mtended to be inclusive 1n a manner similar to the
term “comprising.”

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this mvention belongs. It will be further understood
that terms, such as those defined 1n commonly used diction-
aries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant
art and will not be interpreted in an i1dealized or overly
formal sense unless expressly so defined herein.

What 1s claimed 1s:

1. A method for treating a patient, comprising:

producing, by a radiotherapy system, a fused model for a

least a portion of a region of interest comprising a
superficial portion of a patient’s skin by combining (a)
structural 1maging data acquired using high frequency
ultrasound and (b) functional 1maging data acquired
using optical imaging, wherein the fused model com-
prises at least two voxels assigned respective color
values of a plurality of different color values that are
associated with different tissue densities:
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assigning a disease type classification to the fused model
based on at least the respective color values;

generating a radiation treatment plan for the patient based
on the fused model;

storing the radiation treatment plan 1n a datastore;

detecting, by a processor, an arrival of the patient at a

medical facility using first information acquired from a
first mobile device coupled to or 1n proximity to the
patient;
obtaining, by the processor, the radiation treatment plan
for the patient from the datastore using the first infor-
mation, the radiation treatment plan speciiying a first
treatment protocol for configuring medical equipment
such that the medical equipment 1s placed 1 a first
operational state for providing a radiation treatment to
the patient;
causing, by the processor, generation of a second treat-
ment protocol different from the first treatment protocol
based on machine learned information indicating a
particular outcome 1s likely given a pattern detected 1n
(1) historical medical record data for the patient and (11)
operational system check data for the medical equip-
ment, the second treatment protocol including infor-
mation for configuring the medical equipment such that
the medical equipment is placed in a second operational
state different than the first operational state; and

causing, by the processor, a state of medical equipment to
be transitioned from a first configurable operational
state 1n which a radiotherapy treatment head has a first
position to a second configurable operational state in
which the radiotherapy treatment head has a second
different position, 1n accordance with the second treat-
ment protocol.

2. The method according to claim 1, wherein the first
information comprises a unique 1dentifier for the first mobile
device or a unique identifier for the patient.

3. The method according to claim 1, further comprising
communicating a notification message indicating the
patient’s arrival at the medical facility from the processor to
a communication device coupled to or i proximity to a
medical professional.

4. The method according to claim 1, wherein the first
configurable operational state comprises a state 1n which
radiation of a first dosage 1s to be applied to a person for a
first amount of time, and the second configurable operational
state comprises a state 1n which radiation of a second dosage
different from the first dosage 1s to be applied to the person
or another person for a second amount of time different from
the first amount of time.

5. The method according to claim 1, further comprising
tracking the patient’s movement through the medical facil-
ity.

6. The method according to claim 5, further comprising
generating a map showing the patient’s location and/or
movement through the medical facility.

7. The method according to claim 6, further comprising

presenting the map to the patient and/or a medical profes-
s1onal.

8. The method according to claim 1, further comprising
determining the person’s location 1 the medical facility
using beacons having known locations.

9. The method according to claim 1, further comprising
automatically acquiring at least one of appointment infor-
mation and medical related information for the patient from
a remote datastore 1n response to the detection of the
patient’s arrival at the medical facility.
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10. The method according to claim 9, further comprising
presenting at least one of the appointment information and
medical related information to the patient via the mobile
device or a medical professional via a communication
device coupled thereto or in proximity thereto.

11. The method according to claim 1, further comprising
retrieving the patient’s medical record from the remote
datastore using the first information.

12. The method according to claim 1, wherein the medical
equipment comprises an ultrasound guided radio therapy
treatment and diagnosis system.

13. The method according to claim 1, further comprising
performing operations by the computing device to track
progress ol the patient’s treatment.

14. The method according to claim 1, further comprising
(a) periodically or continuously updating the patient’s medi-
cal record as the patient receives treatment at the medical
tacility or (b) updating the patient’s medical record upon
completion of the treatment.

15. The method according to claim 1, further comprising
scheduling or reminding the patient of a next appointment.

16. The method according to claim 1, further comprising
notifying a medical professional of the patient’s next
appointment so that the first or second radiation treatment
plan 1s modified prior to the patient’s arrival once again at
the medical facility.

17. The method according to claim 1, further comprising
detecting a status of the medical equipment and communi-
cating information specifying the status to a communication
device of a service engineer on an hourly, daily or weekly
basis.

18. A system, comprising;

a radiotherapy system configured to

produce a fused model for a least a portion of a region
of interest comprising a superficial portion of a
patient’s skin by combining (a) structural imaging
data acquired using high frequency ultrasound and
(b) functional 1imaging data acquired using optical
imaging, wherein the fused model comprises at least
two voxels assigned respective color values of a
plurality of different color values that are associated
with different tissue densities:

assigning a disease type classification to the fused
model based on at least the respective color values;
and

generate a radiation treatment plan for a patient based
on the fused model;

a datastore configured to store the radiation treatment

plan; and

a processor programmed to:

detect when a patient arrives at a medical facility using
first information acquired from a first mobile device
coupled to the patient;

obtain the radiation treatment plan for the patient from
the datastore using the first information, the radiation
treatment plan specilying a first treatment protocol
for configuring medical equipment such that the
medical equipment 1s placed 1n a first operation state
for providing a radiation treatment to the patient;

cause generation of a second treatment protocol difler-
ent from the first treatment protocol based on
machine learned information indicating a particular
outcome 1s likely given a pattern detected mn (1)
historical medical record data for the patient and (11)
operational system check data for the medical equip-
ment, the second treatment protocol including infor-
mation for configuring the medical equipment such
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that the medical equipment 1s placed 1n a second
operational state different than the first operational
state:; and

cause a state of medical equipment to be transitioned
from a first configurable operational state in which a
radiotherapy treatment head has a first position to a
second configurable operational state in which the
radiotherapy treatment head has a second different
position, 1 accordance with the second treatment
protocol.

19. The system according to claim 18, wherein the first
information comprises a unique 1dentifier for the first mobile
device or a unique 1dentifier for the patient.

20. The system according to claim 18, wherein the pro-
cessor 1s further programmed to communicate a notification
message indicating the patient’s arrival at the medical facil-
ity to a communication device coupled to or 1 proximity to
a medical professional.

21. The system according to claim 18, wherein the first
configurable operational state comprises a state 1 which
radiation of a first dosage 1s to be applied to a person for a
first amount of time, and the second configurable operational
state comprises a state 1n which radiation of a second dosage
different from the first dosage 1s to be applied to the person
or another person for a second amount of time different from
the first amount of time.

22. The system according to claim 18, wherein the pro-
cessor 1s further programmed to track the patient’s move-
ment through the medical facility.

23. The system according to claim 22, wherein the pro-
cessor 1s Turther programmed to generate a map showing the
patient’s location and/or movement through the medical
facility.

24. The system according to claim 23, wherein the pro-
cessor 1s lurther programmed to present the map to the
patient and/or a medical professional.

25. The system according to claim 18, wherein the pro-
cessor 1s further programmed to determine the person’s
location 1n the medical facility using known locations of
beacons.

26. The system according to claim 18, wherein the pro-
cessor 1s further programmed to acquire at least one of
appointment information and medical related information
for the patient from the datastore 1n response to the detection
of the patient’s arrival at the medical facility.

277. The system according to claim 26, wherein the pro-
cessor 1s further programmed to cause at least one of the
appointment information and medical related information to
be presented to the patient via the mobile device or a medical
proiessional via a communication device coupled thereto or
in proximity thereto.

28. The system according to claim 18, wherein the medi-
cal equipment comprises an ultrasound guided radio therapy
treatment and diagnosis system.

29. The system according to claim 18, wherein the pro-
cessor 1s lurther programmed to track progress of the
patient’s treatment.

30. The system according to claim 18, wherein the pro-
cessor 1s Turther programmed to (a) periodically or continu-
ously update the patient’s medical record as the patient
receives treatment at the medical facility or (b) update the
patient’s medical record upon completion of the treatment.

31. The system according to claim 18, wherein the pro-
cessor 1s further programmed to schedule or remind the
patient of a next appointment.

32. The system according to claim 18, wherein the pro-
cessor 1s further programmed to notily a medical profes-
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sional of the patient’s next appointment so that the first or
second radiation treatment plan 1s modified prior to the
patient’s arrival once again at the medical facility.

33. The system according to claim 18, wherein the pro-
cessor 1s lurther programmed to detect a status of the 5
medical equipment and communicate information specily-
ing the status to a communication device of a service

engineer on an hourly, daily or weekly basis.
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