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Objectives

ÅIntroduce Surface Guided Simulation, Planning, Treatment and 
Dose Verification.

ÅReview our implementation process and workflows.

ÅDiscuss some clinical examples. 



The Radiation Oncology Workflow

Verification

Á IGRT
Á Diodes/TLDs
Á Visual Inspection

Simulation

Á Patient Registration
Á Patient Setup

Á Orientation
Á Accessories
Á Immobilization

Á Scan Type
Á Free Breathing
Á DIBH
Á 4D

Á Scan!

Planning

Á Import CT DICOM
Á Select Plan Type
Á 3D/IMRT
Á Static/Arc
Á Energy

Á Calculate MUs
Á Export Plan to Linac

Treatment

Á ID the Patient
Á Patient Setup
Á BBs or Tattoos

Á IGRT Verification
Á Shifts (if need)

Á Treat!



The SGRT Workflow
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Surface Guided 
Simulation



The Ideal CT Simulation

ÅShould be able to accommodate different treatment positions 
and patientôs anatomy

ÅShould be non-invasive and contactless

ÅShould not compromise the physicianôs treatment and 
immobilization strategy

ÅEasy to use and learn with simple workflows that are designed 
around clinical needs 



The Simulation Loop

Patient Registration

ωCT/motion management

Patient Orientation

ωImmobilization

ωSupport devices

Place Device

ωAdjust device

ωCoach patient
Acquire scan



CT Simulation with SimRT

ÅSimRT is deviceless. A virtual 
tracking point is placed on the 
patient

ÅQuick and easy comparison between 
different tracking points to find the 
optimal position

ÅWorkstation is available near the 
patient for visual feedback to both 
patient and therapist 

ÅAppointment time is shortened to 
about 20 minutes 



Surface Guided Simulation ï DIBH 
Workflow



Surface Guided Simulation ï 4D Workflow



Surface Guided 
Planning



Surface guided Planning with Clearance 
Mapping

ÅEnsure safe plan 
delivery and reduce 
physical collision 
checks

ÅIntroduce clearance-
based plan 
optimization
ÅCoplanar planning

ÅNon-coplanar planning

ωNo dry runs or collision 
checks

ωInsure safe plan delivery

Safe Delivery 

ωOptimize treatment plan 
ōŀǎŜŘ ƻƴ άŀƭƭƻǿŜŘέ 
fields

ωImprove target coverage 
and reduce OAR dose

Coplanar 
Optimization ωOptimize treatment plan 

to include both non-
coplanar options

ωImprove target dose 
conformality 

Non-Coplanar 
Planning



The Simulation Room



The Clearance Map
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Surface Guided Planning Workflow

ÅIn the CT sim room
ÅCapture surface prior to CT sim

ÅCheck for collisions 

ÅAdjust patient position or immobilization device accordingly. 

ÅTreatment Planning
ÅUse clearance map to optimize the plan

ÅTreatment 
ÅPlan can be safely delivered



Safe Delivery ï Rt Breast Plan

Å69 year old female 
with malignant 
neoplasm of the 
upper-inner 
quadrant of the right 
female breast

ÅStandard 3D tangent 
plan



Safe Delivery With Accessories ï Rt 
Femur

Å68 year old female 
with malignant 
neoplasm of bone

ÅStandard 3D 
conformal plan with 
2 static fields and a 
DCA



Coplanar Optimization ï Rt Breast Boost

Å59 year old female 
with malignant 
neoplasm of the 
upper-inner 
quadrant of the right 
female breast

ÅStandard 3D 
conformal with 2 
static fields and a 
DCA



Surface Guided Planning ï Lt APBI

Å 75-year-old female with malignant neoplasm of the central portion of the left breast
Å VMAT DIBH plan, 267cGy x 15 fractions



Standard Approach

Å 2 Field VMAT DIBH
Å CCW G155-G330
Å CW G330-G155 

Structure Constraint Lt APBI CP

Lumpectomy_Ltфр҈ җ фр҈99.981%

Lumpectomy_Lt±млл҈ Җ фо҈95%

Lumpectomy_LtaŀȄ Җ млт҈105.619%

Heart ±мсллŎDȅ Җ р҈0%

Heart aŜŀƴ Җ нллŎDȅ112cGy

Lung_L ±мтрлŎDȅ Җ мр҈0%

Lung_L ±уулŎDȅ Җ мл҈0%

Lung_L ±мппŎDȅ Җ рл҈11.972%

Breast_R ±мппŎDȅ Җ мл҈0%

Lung_R ±пплŎDȅ Җ мл҈0%



Non-coplanar Approach

Å 2 Field VMAT DIBH with Non-
Coplanar Fields
Å CCW G155-G330, T345
Å CW G330-G155, T15 

Structure Constraint Lt APBI CP Lt APBI NCP Difference

Lumpectomy_Lt фр҈ җ фр҈ 99.981% 99.952% 0.029

Lumpectomy_Lt ±млл҈ Җ фо҈95% 95% 0

Lumpectomy_Lt aŀȄ Җ млт҈105.619% 104.427% 1.192

Heart ±мсллŎDȅ Җ р҈0% 0% 0

Heart aŜŀƴ Җ нллŎDȅ112cGy 110cGy 2

Lung_L ±мтрлŎDȅ Җ мр҈0% 0% 0

Lung_L ±уулŎDȅ Җ мл҈0% 0% 0

Lung_L ±мппŎDȅ Җ рл҈11.972% 2.66% 9.312

Breast_R ±мппŎDȅ Җ мл҈0% 0% 0

Lung_R ±пплŎDȅ Җ мл҈0% 0% 0



Non-coplanar Clearance Map: Lt APBI



TPS Integration - Raystation



TPS Integration - Eclipse



DOSE

Surface Guided 
Treatment



The AlignRT Advantage

ÅBiometric Patient Facial Recognition

ÅPatient Setup
ÅPostural video ï improves patient setup accuracy and efficiency 
ÅMarkerless treatments ï surface setup vs. 3 marks
ÅDeformation view ï quickly assess changes in patientôs body habitus

ÅMotion Management
ÅRespiratory management ï DIBH with beam hold
ÅMonitoring motion in real time throughout the treatment ï less 

immobilization

ÅSubmillimeter accuracy from head to toe



AlignRT in Action

Deformation View Postural video



AlignRT with HN ï Less Immobilization

ÅWith AlignRT we can position the patient 
quickly and accurately 

ÅNatural progression to use less and less 
immobilization 



Extremity Positioning and Treatment 

ÅExtremity positioning is made simple with 
Postural Video 

ÅChanges in body habitus or gross positioning 
errors are visible in the surface deformation 
view



Respiratory Module

ÅPhase and Amplitude 
Gating

ÅAlignRT Integration
ÅContinues 

monitoring in 6 
DoF

ÅDeviceless Delivery



Surface Guided 
Dose Visualization



SGRT with Dose Visualization

ÅSimultaneous real time 
visualization of dose delivery and 
patient positioning.

ÅCan help prevent treatment 
errors in real time and improve 
clinical outcome 



Cherenkov Radiation

ÅCherenkov radiation is emitted when a 
charged particle moves through a medium 
faster than the phase velocity of light in that 
medium.
ÅFirst observed in 1934 by Pavel Cherenkov 

when he saw a bluish light around a 
radioactive source placed in water. Tamm 
and Frank developed the theory in 1937 and 
all 3 share the 1958 Nobel Prize.



Benefits of Cherenkov Imaging

ÅInitial study out of Dartmouth suggests 
that about 10% of patients experience 
issues that could not be visualized without 
Cherenkov imaging. For example: 
ÅChin irradiated during supraclavicular fields

ÅArm irradiated during tangential breast fields

ÅBolus misplacement

ÅOpen MLC leaves

ÅWe can now detect these With DoseRT!



DoseRT Workflow

ÅWe monitor every patient using both AlignRT and DoseRT

ÅIf the therapists visualize something our of the ordinary, they 
can do one of the following:
ÅPause treatment and call physics for review

ÅFinish the fraction and notify physics for offline review

ÅAdjustments to the plan, patient positioning or treatment 
thresholds will be done accordingly after case review



Case Study: Bolus Misplacement

Å62-year-old female, whole right breast treatment. 
Å13 with bolus, 12 fractions without. 
ÅOn fraction 8 her bolus was misplaced
ÅCorrected for the next fraction. 



Case Study: Contralateral Breast Dose



Case Study: Contralateral Breast Dose

Å69-year-old female, whole right breast 
treatment. 

ÅDose to her left breast was visualized in 
the first fraction

ÅCorrected for the next treatment 
delivery 


