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%troduction & Objective

What is Enhanced Leaf Modeling?
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upgrade in Eclipse Version 18 designed to
precisely characterize Multi-Leaf Collimator

(MLC) physical leaf geometry within the

treatment planning system.
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Presenter
Presentation Notes
The physical reason why the 6MV energy tier typically exhibits the most pronounced drop in modulation complexity when migrating from the old DLG-based algorithm to V18’s Enhanced Leaf Modeling (ELM) centers on photon beam penumbra and scatter characteristics.
The Physical Mechanism
Geometric Penumbra & Sharper Gradients: Lower energy beams like 6MV naturally have a narrower, sharper geometric and lateral penumbra compared to higher energies (like 10MV or FFF options). When planning systems rely on the older, simplified binary MLC model (which treated leaf ends as a flat, sharp block utilizing a forced Dosimetric Leaf Gap or "DLG" shift), the optimizer had to work much harder to accurately target fine gradients using 6MV. It heavily modulated the leaves—creating complex, narrow apertures—to compensate for the flat-edge mathematical assumption. 
ResearchGate
Ray Tracing the Rounded Tip: Eclipse V18's ELM replaces the arbitrary DLG shift with a true, ray-traced physical model of the rounded leaf tips, drive screw cutouts, and off-axis thickness variations. Because 6MV plans historically relied on numerous tiny sweeping gaps to achieve high modulation, the new, physically accurate model suddenly allows the optimizer to reach its target dose criteria with far simpler aperture shapes, drastically reducing unnecessary leaf travel (modulation complexity). 
ResearchGate
Key Supporting Publications
While your specific abstract presents your center's data on complexity index metrics, several pivotal papers discuss how ELM fundamentally changes 6MV MLC modeling and improves VMAT deliverability:
The Foundational ELM Paper:
Citation: van Esch, A., et al. (2022). "Testing of an enhanced leaf model for improved dose calculation in a commercial treatment planning system." Medical Physics, 49(11), 7311-7323. 
ResearchGate
What it says: This is the benchmark paper evaluating the ELM algorithm. The authors specifically noted that the new model corrects major off-axis dose calculation discrepancies found in older versions. They proved that under old modeling, 6MV narrow sweeping gaps resulted in massive discrepancies (up to 12% off-axis), which forced the optimizer into erratic behaviors. Correcting this geometry naturally smooths out planning modulation. 
ResearchGate
Deliverability and SBRT Accuracy:
Citation: “Enhanced leaf model vs. original MLC modeling in Eclipse TPS: impact on planning deliverability accuracy.” Journal of Radiotherapy in Practice (published via Cambridge University Press). 
Cambridge University Press & Assessment
What it says: This work directly compares the V18 ELM algorithm to previous versions (V16.1) across different energies including 6MV and FFF beams. It explicitly highlights that the ELM significantly improves "treatment deliverability" and small-field calculation fidelity because it eliminates the artificial inflation of modulation that planners used to overcome inaccurate DLG-based calculations. 
Cambridge University Press & Assessment
When presenting your poster, you can confidently explain that 6MV was the most "mechanically restricted" energy tier under the old DLG model, making it the primary beneficiary of ELM's realistic geometry overhaul. 
ResearchGate



Qdetrics Evaluated

1. Complexity: Leaf motion & beam modulation variance assessed

using the Plan Complexity Index.

2. Efficiency : Total Monitor Units (MU) per field tracked to indicate

mechanical machine delivery speed.

3. Accuracy : Independent 3D secondary dose verification deviation

measured via ClearCalc.

4. Fidelity: Experimental Gamma Index passing rate using 2%/2mm

criteria measured via EPID.
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Presenter
Presentation Notes
The Core Problem with Legacy Models
Legacy Eclipse versions (v17 and below) assumed that MLC leaves were completely flat, uniform attenuating layers. [1, 2]
The Gap Compromise: Because real tungsten leaves have curved, rounded tips, radiation partially transmits through those ends even when mechanically "closed". [1, 2]
The Manual Fix: To account for this, clinical physics teams had to manually measure and input a Dosimetric Leaf Gap (DLG) and a Leaf Transmission Factor (LTF). This process was highly user-dependent and introduced uncertainties for highly complex, small, off-axis treatment fields. [1, 2, 3, 4, 5]
What the Enhanced Leaf Model (ELM) Changes
ELM moves past these flat-layer shortcuts by integrating the actual, complex 3D geometric profile of the physical hardware into the computer's calculations. [1, 2]
Explicit Geometry: It explicitly calculates radiation interaction using the real physical dimensions of the rounded leaf tip, the drive screw cut-outs, and exact leaf thickness. [1]
Automated Parameter Fitting: Instead of relying on manual DLG entry, the TPS uses internal parameter-fitting algorithms to match the real relative charge values measured across open, closed, and sweeping-gap fields. [1]
Oblique Angle Accuracy: It naturally accounts for changes in the radiation path length when the beam hits the leaves at oblique angles, vastly improving calculation accuracy at the edges of the treatment field. [1, 2]
Advanced Tracking: It reduces discrepancies when modeling "leaf trailing" and accurately captures the extra blocking effects introduced by tongue-and-groove leaf joints. [1]
Clinical Impact
Recent multi-institutional studies show that ELM eliminates user-dependent configuration biases, making machine calibration safer and more robust. It has proven exceptionally accurate for highly localized treatments like brain stereotactic radiotherapy (SRT) and matches perfectly with modern dose engines like Acuros XB. Furthermore, data indicates that clinics with multiple identical linear accelerators can confidently use a single, machine-averaged ELM model, drastically saving time on treatment planning quality assurance. [1, 2, 3, 4, 5]
If you would like, I can provide more technical details. Let me know:
Are you looking for the specific commissioning steps for ELM?
Do you need a comparison between ELM on the Varian TrueBeam vs. the Halcyon platform?
Are you troubleshooting a specific Patient-Specific Quality Assurance (PSQA) failure?



@tudy Design & Cohort

Pre-Upgrade (V15) Post-Upgrade (V18)
VMAT Plans Analyzed: n = 78 clinical plans VMAT Plans Analyzed: n = 78 clinical plans
Dose Calculation: AcurosXB algorithm Dose Calculation: AcurosXB algorithm
MLC Parameters: Standard leaf geometry parameters MLC Parameters: Enhanced Leaf Modeling (ELM) enabled
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Presentation Notes
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Treatment Sites

Treatment Site Category Pre-Upgrade (V15, n=78) Post-Upgrade (V18, n=78)
Prostate / Pelvis 51 (65.4%) 48 (61.5%)

Lung / Thorax 11 (14.1%) 13 (16.7%)

Spine / Sacrum 4 (5.1%) 6 (7.7%)

GYN Pelvis 4 (5.1%) 3 (3.8%)

Other Sites 8 (10.3%) 8 (10.3%)

Total Plans 78 (100%) 78 (100%)
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Clinical Trial Results

statistical evaluation of the clinical cohorts.
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Plan Complexity Drop (-7.2% Reduction)

Plan Complexity Comparison by Beam Energy (Pre vs Post Upgrade)
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Reduced Modulation, Safer Delivery

The transition to Eclipse V18 ELM resulted in a statistically significant reduction in

average plan complexity, dropping from 0.138 to 0.128 (p = 0.011).

This reduction represents less mechanical beam modulation, translating directly

into safer, more robust, and more reliable VMAT delivery dynamics.

Subgroup Analysis: The reduction in beam modulation was most pronounced

and statistically significant in plans utilizing 6MV energy (p = 0.001).
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Delivery Efficiency Gains (-4.6% Reduction)

While the cohort-wide statistical significance was not crossed, a strong clinical trend shows average Monitor Units

(MU) per field dropped across the board post-upgrade.

V18 Post-Upgrade Average

This represents an average reduction of 17 MU per field (4.6%). Less machine beam-on time improves clinical patient throughput and

decreases machine duty cycle requirements.
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Secondary Calculation & QA

Dosimetric Accuracy Remains High

Zero Calculation Drift: Secondary check comparison (ClearCalc) demonstrated almost identical baseline

agreements (-1.51% vs -1.53%; p = 0.597).

High Delivery Fidelity: Average experimental gamma passing rates exceeded 99.7% in both pre- and post-

upgrade cohorts under 2%/2mm criteria (p = 0.486).

No Workflow Adjustments: The implementation of ELM does not require any custom modifications to clinical

secondary check workflows.
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Metric

Plan Complexity

Index*

Field Monitor
Unit (MU)

ClearCalc (%
diff)

Pre-Upgrade

(Avg.)

0.138

370

-1.51%

Gamma Passing 99.8%

Rate (%)

*Plan complexity reduction remains highly statistically significant.

Reference: Youn

ge, et al. (2016). Predicting

%verall Clinical Metrics

Post-Upgrade Pre-Upgrade

(Avg.)

0.128

353

-1.53%

99.7%

MEDICINE of

(Median)

0.140

308

-1.59%

100.0%

THE HIGHEST ORDER

Post-Upgrade
(Median)

0.130
293
-1.89%

100.0%

LUR

MEDICINE

P-value
(Welch's t-test)

0.011 (Significant)

0.366 (Not Sig.)

0.597 (Not Sig.)

0.486 (Not Sig.)

deliverability of VMAT plans using aperture complexity analysis. JACMP 17(4), 124-131.
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Presenter
Presentation Notes
1. Pre-Upgrade (V15 Cohort) Site Breakdown
The 78 plans in your pre-upgrade dataset are primarily dominated by pelvic targets (prostate/prostate beds) alongside a distribution of thoracic, spine, and other treatment sites:
Prostate / Prostate Bed (including Pelvic Lymph Nodes / SV): 51 plans (65.4%)
Examples: Prost_SV, ProsSV_Ph2, Prostate_Bed, Prostate
Lung / Thorax: 11 plans (14.1%)
Examples: Lt_Lung_SBRT, Rt_Lung, Chest_Wall
Spine / Sacrum: 4 plans (5.1%)
Examples: L-Spine_SBRT, T-Spine, Sacrum
Gynecological (GYN) Pelvis: 4 plans (5.1%)
Examples: GYN_Pelvis, Cervix
Other Sites (Head & Neck / Extremities / GI): 8 plans (10.3%)
Examples: Lt_Pelvis RA, Lt_Femur_SBRT, H&N_Ph1, Anus
2. Post-Upgrade (V18 Cohort) Site Breakdown
The 78 plans in your post-upgrade dataset mirror a highly similar clinical mix, ensuring that your comparison remains statistically sound and unbiased by case selection:
Prostate / Prostate Bed (including Pelvic Lymph Nodes / SV): 48 plans (61.5%)
Examples: Prostate, Ph1_ProsBedLN, Prostate_LNs, Prost_SV
Lung / Thorax: 13 plans (16.7%)
Examples: Lt_Lung_ReTx, Rt_Lung_SBRT, Lung_SBRT
Spine / Sacrum: 6 plans (7.7%)
Examples: 1_T8Spin_SBRT, Sacrum_VMAT, T_Spine_SBRT
Gynecological (GYN) Pelvis: 3 plans (3.8%)
Examples: GYN_Pelv_V, GYN_Pelvis
Other Sites (Extremities / Brain / GI): 8 plans (10.3%)
Examples: Lt_Femur_R, Brain_SRS, Esophagus, RectumLN SIB



Key Study Conclusions

Eclipse V18 ELM successfully reduces plan modulation while maintaining equivalent clinical
calculation accuracy.

Independent 3D secondary dose verification confirmed no systematic calculation drift in the
primary TPS engine.

No modifications to existing patient-specific clinical QA thresholds are necessary following

upgrade integration.
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ABSTRACT

Purpose: To evaluate the clinical impact
of the Eclipse Version 18(V18) upgrade,
specifically the implementation of
Enhanced Leaf Modeling (ELM), on VMAT
plan complexity, delivery efficiency, and
dosimetric accuracy compared to the
previous Version 15(V15).

Methods: A retrospective analysis was
performed on two cohorts of VMAT
plans: a pre-upgrade group (V15, n=78
plans) and a post-upgrade group (V18,
n=78 plans). Both cohorts utilized the
AcurosXB algorithm for dose calculation.
Metrics evaluated included the Plan
Complexity Index, Monitor Unit (MU),
Patient Specific Quality Assurance (PSQA)
with gamma pass rates at 2%/2mm, and
secondary dose verification agreement
using ClearCalc, utilizing Finite-Size Pencil
Beam algorithm. Subgroup analyses were
performed for 6MV, 6fff, and 10fff to
assess the effect of energy. Statistical
significance  was  determined using
Welch's t-test (p < 0.05).

Results: The transition to V18 resulted in
a statistically significant reduction in
average plan complexity, decreasing from
0.138 0 0.128 (p = 0.011). This reduction
in modulation was most pronounced in
plans utilizing 6MV energy (p 001). An
average reduction of 17 MU per field was
observed in the post-upgrade cohort,
indicating a trend toward higher delivery
efficiency, though this did not reach
statistical significance across the cohort
(® 0366). Dosimetric accuracy
remained high and stable, with average
Gamma passing rates exceeding 99.7% in
both groups (p = 0.486). Furthermore,
the agreement between the Treatment
Planning System and ClearCalc was
nearly identical between versions (mean
deviation of -151% vs. -1.53%; p =
0.597), confirming no systematic drift in
dose calculation relative to the secondary
algorithm.

Conclusion: The  implementation of
Eclipse V18 ELM reduces VMAT plan
complexity and improves delivery
efficiency while maintaining the high
dose calculation fidelity seen in V15. The
stability of the secondary check results
demonstrates that the upgrade provides
reduced modulation complexity without
requiring adjustments to existing clinical
quality assurance tolerances.

CONTACT

Michael Ashenafi
University of Rochester Medical Center
michael_ashenafi@urmc.rochester.edu
585-341-6279
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Evaluation of Enhanced Leaf Modeling (ELM) in Eclipse V18: Impact on

VMAT Plan Modulation, Delivery Efficiency, and Secondary Dose

INTRODUCTION

Enhanced Leaf Modeling (ELM) is a major upgrade
designed to accurately characterize Multi-Leaf
Collimator leaf geometry within the Varian
Treatment Planning System. While this upgrade aims
to improve accuracy, it is critical to evaluate how
these changes affect plan complexity and whether
they require adjustment to existing quality assurance
thresholds or independent secondary ~dose
verification workflows.

Study Objective:

To evaluate the clinical impact of migrating from
Eclipse Version 15 (V15) to Version 18 (V18) with
ELM by analyzing:

+ Plan modulation complexity!

« Delivery efficiency

* Dosimetric fidelity

METHODS AND MATERIALS

A retrospective analysis was performed on two
cohorts of VMAT plans:
+ Pre-Upgrade: 78 plans designed using Eclipse
vis

Post-Upgrade: 78 plans designed using Eclipse
V18 featuring ELM.

Both cohorts utilized the AcurosXB algorithm for
dose calculation.

To assess the impact of the upgrade, four primary
metrics were evaluated and compared:

+ Plan Complexity Index used to measure leaf
motion and beam modulation variations.
Delivery efficiency evaluated by tracking MU
per field.

Patient specific QA (PSQA) measured via
gamma passing rate using 2%/2mm criteria.
Secondary dose calculation assessed  via
ClearCalc  (Radformation) to check for
systematic calculation drift.

Plans were stratified by beam energy into 6MV, 6,
and 10fff subgroups to analyze energy dependent
effects.

Difference between the V15 and V18 cohorts were
analyzed using ttest with statistical significance
defined as p < 0.05.

Figure 1. Comparison of Modulation Complexity Scores Across
Cohorts and Energy Subgroups.

Michael Ashenafi, MS and Dandan Zheng, PhD
University of Rochester Medical Center

RESULTS

[ i fon: Average plan i by 7.2% (from 0.138 to 0.128; p = 0.011). This reduction in
beam modulation was most pronounced in 6MV energy (p = 0.001). A lower complexity index represents less
mechanical modulation, translating directly to safer, more robust and reliable VMAT delivery dynamics.

Delivery Efficiency: Observed an average reduction of 17 MU per field (4.6%) in the V18 cohort. While clinically
beneficial, this cohort wide trend did not reach statistical significance (p = 0.366).

Stable Secondary Verification: Agreement between the primary TPS and ClearCalc independent calculation remained
nearly identical (mean deviation of -1.51% vs. -1.53%; p = 0.597). This outcome confirms no systematic drift in primary
TPS dose calculation relative to secondary independent algorithm.

Excellent Dosimetric Accuracy: PSQA delivery accuracy remained high and stable, with average gamma passing rates
exceeding 99.7% for both versions (p = 0.486). This proves the introduction of ELM does not compromise physical
delivery accuracy.

Pre-Upgrade st-Upgrade

Po: Pre-Upgrade
(Ave.) (Ave.)

(Median)

Post-Upgrade pvalue
(Median)

Plan Complexity Index

Field Monitor Unit (MU

ClearCalc (% diff)

Gamma Passing Rate(%) . 99.7 100.0 100.0 0.486

Table 1. Overall Clinical Metrics. Statistical significance is defined as p < 0.05. Plan complexity reduction remains highly statistically significant.

KEY STUDY CONCLUSIONS

Implementation of Eclipse V18 ELM reduces VMAT plan complexity and improves delivery efficiency while maintaining
the high dose calculation fidelity seen in V15.

The stability of the secondary check results confirms that the upgrade introduces no systematic drift in primary TPS
dose ion relative to yi algorithm.

No modifications to existing PSQA oril

secondary validation criteria are necessary.

CLINICAL TRANSLATION & IMPACT
Eclipse V18 ELM reduces VMAT plan complexity and improves delivery efficiency without requiring

any adjustment to existing patient specific clinical quality assurance tolerance.

REFERENCES

1. Younge, et al. (2016). Predicting deliverability of VMAT plans using aperture complexity analysis. JACMP 17(4), 124-131.
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