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CAS TEXHOJIOI'MM

CAS wnnn computer assisted surgery — 9TO COBPEMEHHbIN NOAXOA B XUPYPruyecKux
BMellaTeNIbCTBax, KOTOPbIX OCHOBaH Ha AMarHOCTUKe, npefonepauMoHHOM MyiaHMpoBaHUU u
MHTPaonepaLoHHOM CMOMPOBOXAEHUN C UICNOSIb30OBAHMEM KOMMbIOTEPHOM FrpaduKm.
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Puc. 1.2. TTuxkcenn3aums Tomorpadhuyeckoro cpesa
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Pue. 1.3. Marpuua MyJabTUCTIUPAIBLHON KOMITBIOTEPHOI TOMOrpadun: d — TOJLIMHA TOMO-
rpadudecKoro cios; ab — IMMKcelb, abd — BOKCENb
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Puc. 1.9, U306paxenue apreprii 10 KOHTPACTUPOBAHMS NAPEHXUMBI ITOYEK

Puc. 1.10. U300paxeHue apTepyii ¢ yJyacTKaMW TIAPEHXMMBI TTIOYEK W BHYTPHITOYEYHBIMM
cocyzamu
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Puc. 1.16. 3D-u3obpaxeHue BEpXHUX MOYe-
BEIX TIYTE€H CaeBa, A0 OOMOITHHUTEIBHOTO
BbIACJACHUS] XUAKOCTHBIX CTPYKTYP BHYTPM
JIEBOM IMOYKM

Puc. 1.17. 3D-u300pakeHue BEpXHUX MOYEBBIX
YTER CJIEBA, TTOCHE IOTTOTHUTEBEHOTO BBIIE-
JICHUSI XKUAKOCTHBIX CTPYKTYDP BHYTPHU JIEBOM
MoYku (HrONIETOBBIM 1LIBETOM ITPOMapKUpPOBa-
HBI YYaCTKH BEPXHUX MOYEBEIX TTYTEA, HE TTPO-
KOHTPACTUPOBABLIMECSI B 3KCKPETOPHOH (hase)

¢. 1.13. 3D-m3o00paxeHne KaHANbLEBOMH CHCTEMb! TI0YEK

Puc. 1,14, 3D-n300pakenne BEPXHMX MOYEBRIX NyTedd
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Puc. 1.22. KOMITEIOTEpHOE MOIEITH-
poBaHue (B CniEpean). COBMEILE-
HHE YeTelpex (a3 MYJIbTHUCITUPAIH-
HOW KOMITBIOTEPHON TOMoOrpadumn
JIEBOI1 MOYKM C ONYXONbI) HA OAHOM
UHTErpabHOM 3D-1300paxeHNH

Puc. 1.23. KoMOs0TepHOE MOAEM-
poBaHue (BUA Criepeau): coBMelle-
HHUE Tpex (a3 MyIbTUCITUPATBHON
KOMMBIOTEPHOU TOMOrpaduu mnpa-
BOM ITOYKY C OITYXOJIbI0 HA OOHOM
K MHTETpanmbHOM 3D-1300pakeHNN

Puc. 1.24. KomnsoTepHoe
MoIenupoBanue (BUI Crie-
penn). COBMENIEHWE YEThI-
pex (a3 MyJbTUCIUPaJIbHOM
KOMTITBIOTEPHOM TOMOTpahumn
NpaBO¥ MNOYKU C ONyXOJabK)
Ha OIHOM HHTEerpajbHOM
3D-u300pakeHun, pEeXUM
«IIPO3PAYHOCTH NAPEHXMUMbI»

Prc. 1.25. KommsioTepHoe
MOAECAMpOBaHME (BUA Crie-
pemd). COBMEUIICHWE YEeTHI-
pex (a3 MyapTUCNUPANBHOM
KOMITbIOTEpHOM TOMOrpadumn
JNIEBOT TTIOYKU ¢  OTTYXOJBHK
Ha OOHOM UHTErpajbHOM
3D-u300paxeHun
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Puc. 1.1. KoMnsorepHOe MOIECIMPOBaHKUE (BUII CIIEPEIN) OITyXOJIEBOIO ITpoliecca B IpaBoi
TTOYKeE
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Prc. 1.38. 7 — nnockocTHAs pe3exums; 2 — aTHITHYHAS Pe3eKLs; I — KITMHOBHIHASA PE3eK-
IS, d — B XUDPVPTUYMECKOM ATAACE. O — BUDTVAOEHAN MOIOETh
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Puc. 1.39. OT KOMNBOTEPHOTO MOAEIMPOBAHNSL K PEATBHON ONEPALIMM: ¢ — KOMIbIOTEPHOE
MOICTHPOBAHUE — OMYXO0Jb TIPABOH TTOYKM TIO IMEPEIHE TTORESPXHOCTH: 6 — PEKUM BHPTY-
ATBEHOTO YAAISHWS OTIYXONW, HA IHE PAHRI PACTIONOXEH CErMEHTAPHBIN COCY; € — aanapo-
CKOITHMYECKAs Pe3eKIIMs [TPABOU MTOYKH, OITYXOJIb [10 NepeHelf OBePXHOCTH ITOYKH; 2 — JIOXKe
VAAMEHHOI OITyXO0JIH MOYKH (CTPEITKOH YKa3aH CerMEHTApPHBIA COCYA, KITUITMPOBAHHEM B X018

K pesexuny)




FIGURE 2. VR and AR technologies for navigation in the urinary system. (o) iPad-assisted percutaneous access to the kidney
during nephrolithotomy, providing CT-based AR ‘window in to the body”’ [12]. (b} CT-based VR model of renal cell carcinoma,
to be used parallel to (RA)LPN, providing insight in the tumor-surrounding vasculature [13]. (c) AR overlay of kidney and tumor
models (including intra-abdominal fiducials) in the real-time fluoroscopy images for (RA)LPN [14]. AR overlay of tumor model
in the realtime laparoscopicfeed using metabolizable and fluorescent fiducials [15]. AR, augmented reality; CT, computed
tomography; (RAJLPN, (robot-assisted) laparoscopic partial nephrectomy; VR, virtual reality.




FIGURE 3. VR and AR technologies for needle-navigation to prostate lesions. (a) CT-based VR model of the prostate
displaying current needle track with respect to different organ models [17]. (b) MRIbased navigation for targeted biopsy of
the prostate displayed over the realtime TRUS images [12]. (c) MRlonlyguided VR navigation for targeted biopsy in a
phantom study [18]. AR, augmented reality; CT, computed tomography; TRUS, transrectal US; VR, virtual reality.




HenocpeacTtBeHHO onepauus

Image guided diagnostics and therapy in urologic cancers

FIGURE 5. VR ond AR technologies during prostatectomy. (o) A TRUS/MRIbased VR model to be used in parallel to the
laparoscopic view [36]. Different structures are shown: prostate (pink), ureter (blue), neurovascular bundles (yellow), biopsy-
proven tumor lesion (red), and tumor biopsy cores (green (tumor negative) and red (tumor positive] cylinders). (b) After
placement of intraabdominal fiducials (colored and echogenic pins in the prostate surface), (c) TRUS-based AR overlay of the
prostate (green) and neurovascular bundles (blue) could be shown during (RAJLP [37]. AR, augmented reality; TRUS,
transrectal ultrasound; VR, virtual reality.
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