
Computed Tomography (CT) dose is described in terms of two
indices:
• CTDIvol (Volume Computed Tomography Dose Index)
• DLP (Dose Length Product = CTDIvol scan length)

CTDIvol is measured using a
100mm pencil ionisation
chamber in cylindrical
Poly(methyl methacrylate)
(PMMA) phantoms:
•Body: 32 cm diameter
•Head: 16 cm diameter

The 32cm diameter phantom is not representative of the body of a
patient as it is:

• cylindrical – patient is more elliptical
• homogeneous – patients have different densities of material
within body
• made from PMMA – patients are composed of different tissue
types
• of short length – patient extends beyond the phantom length
and contributes to scattering

Thus, CTDIvol in its current form cannot be used as a descriptor of
patient dose.

AAPM Task Group 204 proposes that CTDIvol be corrected for patient
size to give a Size-Specific Dose Estimate (SSDE). Height and weight
or BMI are not routinely measured so an alternative method of
determining patient size must be used.

Patient size can be estimated in two ways:
• Effective Diameter (Deff)
• Water-equivalent Diameter (Dw)

The diameter, x, gives a conversion factor, y = ae-bx ,
which is then used to correct CTDIvol.

SSDE = y CTDIvol

Effective Diameter
Assume patient is elliptical. In an axial image of the patient,
the lateral dimension (LAT) gives 2 r1 and
anterior-posterior dimension (AP) gives 2 r2.

The area of the ellipse is
The diameter of the circle with the same area is the effective
diameter (Deff) of the patient.

Water-equivalent Diameter
The X-ray attenuation of a patient can be expressed in terms
of a cylinder of water having the same attenuation. The
diameter of this cylinder is known as the water-equivalent
diameter (Dw).

This can be related to the cross-sectional area of the patient
on an axial image using the definition of CT number.

SSDEs were determined using the calculated Dw and mean value of CTDIvol given in the Dose Report for
each scan.

ImageJ is a Java based programme for image processing that is
able to:
• handle stacks of images

• such as slices making up a CT scan
• detect edges

• isolate patient contour and create regions of interest (ROIs),
remove patient couch

• calculate dimensions of ROIs
• use to calculate Deff

• calculate areas & mean pixel values of ROIs
• use to calculate Dw

• record macros
• code can be customised to loop over all slices
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SIZE-SPECIFIC DOSE ESTIMATES

Body and Head PMMA phantoms with 100mm pencil ionisation chamber 
Courtesy of: PTW Dosimetric Solutions for Diagnostic Radiology, Freiburg.

CALCULATING DIAMETERS

(a) Slice is made binary (b) contour of body detected       (c) ROI copied onto original image

DIAMETER RESULTS
Deff and Dw were calculated automatically using ImageJ for 823
Abdomen-Pelvis CT scans in Ninewells Hospital and were found
to be interchangeable metrics.

each scan.

Patient size categories were established and the percentage difference between reported CTDIvol and
SSDE was calculated for each category.

It was found that CTDIvol was an underestimation of patient dose for Small, Average, and Large patient
categories.

For the Small, Average, and Large patient categories, CTDIvol
underestimated patient dose by 68.3%, 33.1% and 13.6 %
respectively. CTDIvol was only a suitable indicator for patient dose for
those in the Very Large category with 0.3% difference between
CTDIvol and SSDE.

In an investigation of 823 Abdomen-Pelvis CT scans, taking patient size into account shows
CTDIvol and hence DLP underestimates dose for the majority of patients.

Size-optimised scanning protocols can be developed for each patient category to take patient size
into account. This can be done by considering scanning Field of View and Image Quality Index
alterations for each category. This optimisation would be performed with a view to maintaining
an image quality adequate for diagnosis while having a suitable CTDIvol for each size category of
patient.

CONCLUSIONS & FURTHER WORK



5-Fluorouracil Toxicity and DPYD 
Raphael Zeller, East of Scotland Regional Genetics Service, Dundee  

BACKGROUND: 
  5-Fluorouracil (5-FU) used in chemotherapy for treating 

 various cancers (head and neck, breast, pancreatic, stomach 
 and colorectal)  

  Grade ≥3 toxicity in up to 30% of  patients and death in 1%  

  Severe toxicity due to genetic variants in the DPYD gene, coding  
for the dihydropyrimidine dehydrogenase enzyme (DPD), leading  
to a reduced 5-FU clearance and elevated drug exposure (Fig. 1) 

  Four different genetic variants in DPYD linked with DPD 
deficiency and 5-FU toxicity: 
      - c.1905+1G>A (DPYD*2A) 
      - c.1679T>G p.(Ala560Ser) (DPYD*13)
      - c.2846A>T p.(Asp949Val) 
      - c.1236G>A/HapB3 

  3-5% prevalence of  DPD deficiency in European population 

  This pilot study (June to December 2019) will determine 
    - the prevalence of  DPYD variants in patients seen at the 
      East of  Scotland Regional Genetics Service 
    - the prevalence of  severe toxicity (grade ≥3) in the patient 
      cohort after dosage adjustment in patients found to be 
      positive for a DPYD variant 

METHODS: 
  DPYD genetic testing was set up in Ninewells Hospital Dundee 

using Sanger sequencing 

RESULTS: 
  7% (7/102) of  patients tested for DPYD variants had positive 

result: DPYD*2A heterozygous (n=1), c.1236G>A heterozygous 
(n=5), DPYD*2A/c.2846A>T compound heterozygous (n=1)  

  100% (3/3) of  patients with severe toxicity (grade ≥3)  during 
chemo have been tested retrospectively and found to be carrier of 
DPYD variants (treatment discontinued) 
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 Fig. 1: Metabolism of  5-FU and role of  DPD as the 
           rate-limiting enzyme 
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  25% (1/4) of  patients carrying a variant still showed significant 
toxicity after dosage adjustment  

CONCLUSIONS: 

REFERENCES: 
1) Henricks LM, et al. DPYD genotype-guided dose individualisation of  fluoropyrimidine therapy in patients with cancer: 
a prospective safety analysis. Lancet Oncol.2018 Nov;19(11):1459-1467. 
2) Amstutz U, et al. Clinical Pharmacogenetics Implementation Consortium (CPIC) guideline for dihydropyrimidine  
dehydrogenase genotype and fluoropyrimidine dosing: a 2017 update. Clin Pharmacol Ther. 2018 Feb;103(2):210-216. 

  Depending on the patient’s phenotype, 5-FU dosage adjustments 
are recommended according to CPIC guidelines 

  grade ≥3 toxicity in <10% of  patients without a DPYD variant 

  Still risk of  severe toxicity despite dosage reduction if 
patient is carrier of  DPYD variant – other candidate genes? 

  Still risk of  severe toxicity despite patient not  
carrying a DPYD variant – other candidate genes? 

  Improved clinical outcomes 
    - lower toxicity rates during chemotherapy by adjusting the  
      drug dosage  
    - reduced costs for hospitalisation during recovery from  
      toxicity 

  After genetic testing and dosage adjustment adverse  
effects in only ~10% of  chemotherapy patients in NHS  
Tayside (up to 30% reported in literature) 
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In March 2019, Nuclear Cardiology in Glasgow Royal Infirmary 
commissioned GE’s Discovery NM 530C, a dedicated cardiac solid-state 
gamma camera. The department also has a cardiac dedicated Anger 
double-headed gamma camera, IS2’s CDC PULSE. 
In a conventional gamma camera, a scintillation crystal converts the 
gamma photon into light and then photomultiplier tubes convert the 
emitted light into an electrical signal to produce an image. This 
technology is limited by conversion efficiency and efficiency of 
detection.  
The main difference between the solid-state and a conventional anger 
gamma camera is the use of Cadmium Zinc Telluride (CZT). CZT is a 
semiconductor which provides a direct conversion between gamma 
photons and an electrical signal for image generation. The Discovery 
NM 530c uses multi-pinhole, angled collimator technology and a 
multiple detector array of pixelated CZT which allows for improved 
sensitivity and resolution. However, the GE NM 530c is only able to 
acquire three dimensional SPECT data which introduces complications 
for radionuclide ventriculography (RNVGs) scans which are traditionally 
acquired as planar (2D) images. The 3D data acquired using the NM 
530C can be reprojected into 2D planar data. 
 
 
 
 
 
 
 
 
 

RNVGs are used for blood pool imaging of the heart to observe the 
blood accumulation within the left and right ventricles and allow for an 
evaluation of cardiac function. The scan is performed using in vivo 
labelling of red blood cells by administering pyrophosphate (PYP) prior 
to the radiopharmaceutical which allows for imaging of blood through 
the heart. The images allow for an assessment of the left ventricular 
ejection fraction (LVEF), wall motion and phase analysis. 
This project aimed to compare the LVEF measurements using acquired 
2D planars from the IS2 anger camera and the 2D reprojected images 
created from the 3D data acquired on the NM 530C. This comparison 
will establish if the NM 530C reprojected 2D planars can be used as an 
alternative to the acquires planars on the IS2 for a transitional period 
between using planar RNVG to using the 3D SPECT data in the future. 
Camera comparisons can be difficult using clinical data, therefore, a 
prototype dynamic cardiac phantom was designed and manufactured to 
provide an accurate comparison between the two cameras for dynamic 
imaging.  
 

 
 

To compare LVEF measurements between the 2D acquired and 2D 
reprojected data, an anonymised observer study involving 60 patients 
was carried out which allowed for a comparison between both cameras 
and a further comparison between operators. Each patient that 
attended for an RNVG between March and October 2019 had images 
acquired on both cameras, providing a clinical comparison 
 

Results 
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Results & Conclusions 

Each of the images were reanalysed and LVEF measurements obtained by 
three operators. For the camera comparison, each operators results were 
compared individually, assessing the LVEFs for the 2D planar images 
compared to the 2D reprojected data. For the operator comparison, each 
operator was compared to provide an inter-operator error for both 
cameras. All comparisons were compared using standard deviations, 
Spearman’s correlation coefficients and Wilcoxon Signed Rank p-values.
To provide an accurate comparison of dynamic imaging between the two 
cameras, a bespoke dynamic cardiac phantom prototype was to be 
designed and manufactured. The clinical scientists in the department 
discussed the phantom requirement: two filling ventricles and 
myocardial wall allowing for the phantom to be used for RNVGs and also 
myocardial perfusion imaging. For this process, the phantom was 
designed to ensure that there were three compartments to be filled by 
100ml syringes: two ventricles and myocardial wall. The most efficient 
design included a crank shaft with rotating motor mechanism. 
 

It was found that the difference between the cameras and the difference 
between the operators was not statistically significant and all comparison 
have strong correlation. These results indicate that the reprojected 2D 
planar images could be used as an alternative to the IS2 acquired 
planar images to evaluate LVEFs using RNVGs  
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Introduction & Background 
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Comparison Standard Deviation Correlation Coefficient  WSR P-value 
NM530C Reprojected 2D Planars / IS2 2D Planars 

Operator 1  7.6 % 0.85 0.28 
Operator 2 5.7% 0.92 0.73 
Operator 3 5.8% 0.91 0.38 

IS2 Planar Comparison 
Operator 1 & 2 4.2% 0.96 0.69 
Operator 1 & 3 3.5% 0.97 0.74 
Operator 2 & 3 3.7% 0.97 0.93 

NM530C Reprojected Planar Comparison 
Operator 1 & 2 5.4% 0.92 0.76 
Operator 1 & 3 4.4% 0.95 0.9 
Operator 2 & 3 4% 0.96 0.66 

Methods 

The prototype phantom was successfully designed and manufactured in-
house. Ungated images were acquired using the NM530C as there was 
no ECG signal for gating. Further work will explore adding a pulse 
generator component to allow for gated imaging. The prototype 
phantom will be taken to the local engineering department to have the 
prototype developed into a phantom for  future camera comparisons. 
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Brief Background:
MRI at 7T has the ability to produce high quality images with greater SNR
compared to lower field strengths. T1 values in vivo for white matter, grey matter
and CSF are well documented at 1.5T and 3T. Relaxometry at 7T has been
hampered by B1 inhomogeneity and so estimates of T1 for grey matter, white
matter and CSF within the literature are sparse at 7T. Reliable T1 estimates at 7T
are important for the optimisation of sequence parameters for clinical imaging.

Project Aims:
To develop an optimised protocol for T1 mapping at 7T through a combination of
Monte Carlo simulations and experimental data acquired both in a uniform
phantom and in vivo. Optimised protocols were designed for inversion recovery
turbo spin echo (IR-TSE) sequences and inversion recovery echo-planar imaging
(IR-EPI) sequences. High resolution IR-TSE images were used to produce T1
estimates in vivo, while the EPI sequence was used to investigate the effect of B1
inhomogeneities in vivo.

Introduction

Materials & Methods

Phantom Results

Figure 2 A) B1 map for the uniform phantom B) T1 map for the uniform phantom.

Protocol TI’s (ms) IR-TSE (ms) Monte Carlo (ms)
[150, 300, 450, 600, 750, 900] 413 ± 35 470 ± 56

[150, 300, 600, 1200] 418 ± 27 473 ± 42

[50, 150, 300, 600, 1200, 1500] 425 ± 22 474 ± 24
Table 1 : Experimental phantom data for two pulse sequences compared to simulated results.

Figure 1: Polarity corrected least squares fitting for a
single pixel data set across 6 TI’s.

Figure 4. A) Reference voltage regions corresponding to the regions in B), which show
the closest to nominal flip angle of 90° ,across the data sets.

Figure 2. T1 map for IR-TSE 
readout in vivo 

Conclusions

• The effect of B1
inhomogeneities on
the acquired
estimates was
investigated by
taking acquisitions
at 7 different
reference voltages

• An IR-EPI readout
was used with 6
TI’s and a TR of
10s.

Tissue type IR-TSE T1 (ms) Literature example (ms)
White matter 1440 ± 21 1126 ± 97
Grey matter 1930 ± 24 1940 ± 100 

CSF 3625 ± 196 N/A

Figure 3. Separation of tissues through thresholding via a
histogram. The maps created are overlaid on top of a scan image.

Table 2. T1 estimates alongside an example of literature values.

• A composite T1 map was derived
from an interpolation of the range of
flip angle data by looking at the data
closest to the nominal flip angle.

• This allows for a comparison of a
pseudo-ideal case with the scanner
preset.

The main aims of this project were to produce a reliable estimate of T1 in vivo
through the optimisation of scanning sequence parameters and investigate the
effects of B1 inhomogeneity on these estimates. After initial scans using a head and
shoulders phantom with known properties, a Monte Carlo simulator was developed
which was used to find the optimal protocol in vivo. An IR-TSE readout was used to
provide estimates for T1 which were comparable with those found in the literature.
Initial investigations into the impact of B1 inhomogeneities on T1 estimates at 7T
found no significant variation and so further work is required.

• The initial phantom scans in Figure
3 were used as the basis for the
development of a T1 mapping
procedure.

• The T1 mapping procedure
processes the image sets to
produce a T1 map for the uniform
phantom, Fig 2B.

• The B1 map for this set of images 
can be seen in Fig. 2A, which 
helps to explain signal loss 
causing erroneous T1 estimates in 
Fig. 2B.

• A Monte Carlo simulation was
designed which allowed an
optimised in vivo TI spacing to be
determined.

• The validation against phantom
data is as in Table 1.

• The results from this were then
extrapolated to inform the protocol
choice used for the in vivo
experiments.

[1] P. Wright et al. “Water proton T 1 measurements in brain tissue at 7, 3, and 1.5 T using IR-EPI, IR-TSE, and MPRAGE: results and optimization”. In: Magnetic Resonance Materials in Physics, Biology and Medicine 21.1-
2 (2008), p. 121. [2] M. A. Dieringer et al. “Rapid parametric mapping of the longitudinal relaxation time t1 using two-dimensional variable flip angle magnetic resonance imaging at 1.5 tesla, 3 tesla, and 7 tesla”. In: PloS one 
9.3 (2014), e91318..

• Experimental data was acquired using a MAGNETOM Terra 7T MRI scanner
(Siemens Healthineers Erlangen, Germany).

• Preliminary data was taken using a phantom object with a uniform T1, which
was used as starting point for testing scanning protocols and T1 mapping
techniques.

• A least squares fitting tool was used to fit a line to polarity corrected magnitude
data from the scanner, from which an estimate of T1 was calculated (Figure 1)

• A Monte Carlo simulation was designed which allowed simulation of protocols,
to determine the optimum setup of scanning parameters both in phantom and
in vivo.

• Protocol optimisation
was performed for both
IR-TSE and IR-EPI
readouts. IR-TSE data
was used to produce a
preliminary T1 map.

• A T1 map corresponding
to the nominal flip angle
was created from the
IR-EPI data and
compared to the T1 map
at the reference voltage.

B)A)

In Vivo Results

A)

• Fig. 2 shows the T1 map produced using an
IR-TSE readout with 11 inversion times.

• This allowed for characterisation of tissues as
seen in Figure 3, by thresholding via a
histogram.

• The T1 estimates for these three tissues were
found to be comparable with those found in the
literature [1-2].

• A qualitative comparison between the
T1 maps indicate a lack of immediate
variation. As tissue characterisation
was not achieved a mean value for
white matter, grey matter and CSF.

• To provide a quantitative analysis,
further investigations are required

Figure 5. A) A T1 map from the IR-EPI sequence corresponding to the Vref = 236V
case. B) The T1 map corresponding to the composite nominal flip angle case.

A) B)

B)
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Treatment Cone-Beam CT scans
D Church1, R Valentine1, S Currie1, P Houston1 E Miguel-Chumacero1, L Hay1, C Paterson2.
Radiotherapy Physics1 & Radiation Oncology Department2, 
Beatson West of Scotland Cancer Centre (BWoSCC), Glasgow, G12 0YN

Introduction
Dosimetric advantages of proton therapy compared to photon radiotherapy
for head and neck cancer (HNC) have been reported at baseline. However,
it is well recognised that patient contour can change significantly during a
multi-week course of radical treatment for HNC affecting the delivery of
planned dose. This is of particular concern with proton therapy given its
highly conformal nature. The aim of this study was to compare dosimetry at
baseline and throughout treatment with robust optimised Intensity
Modulated Proton Therapy (IMPT) and photon Volumetric Arc Radiation
Therapy (VMAT)

Conclusion
Robustness of 5mm is required when planning HNC treatment with protons to
ensure adequate target coverage throughout 6 weeks of treatment. This
results in increased dose to contralateral parotid and larynx compared to RP
or MCO. The dosimetric advantages for OAR sparing, previously
demonstrated with proton therapy compared to photon therapy for HNC, are
lost when robustness is added to ensure adequate target volume coverage
throughout treatment. Advanced photon planning techniques such as MCO
result in better OAR sparing while maintaining CTV coverage.

Methods
Eleven patients with locally advanced oropharyngeal cancer were
replanned using eclipse TPS 15.5. Five plans were made for each patient:

a) RapidplanTM (RP)
b) RP+Multi-Criteria Optimisation (MCO)
c) IMPT- (no robustness criteria)
d) IMPT+3mm (3mm perturbations included in the optimisation process)
e) IMPT+5mm (5mm perturbations included in the optimisation process)

Synthetic CT (sCT) scans were created from the registration of the weekly
CBCTs and the original planning CT (pCT) scans of each patient using
VelocityTM. Using these sCT scans, verification plans were created from
the original plans for each patient. For 10 patients there were 6 sCT plans
per treatment per patient and for 1 patient there was 5. Prescribed dose
and fractionation for each patient was 65Gy in 30 fractions for the high-risk
PTV (defined as gross disease with a margin and entirety of involved nodal
level) and 54Gy in 30 fractions for the low-risk PTV (defined as areas
considered at risk of containing microscopic disease). The PTV margins for
all patients were 3mm added isotropically to CTV. A PRV of 3mm was
applied to critical organs at risk (OARs). ‘Larynx’ was used to describe the
midline mucosa from hyoid to cricoid. Standard planning constraints
derived from the PARSPORT trial were followed.

Results
Target volume coverage was acceptable during 6 weeks of treatment with RP,
MCO, IMPT+5. IMPT+3 and IMPT- resulted in inadequate CTV coverage
during radical treatment. From table 1 the average percentage of sCT plans
per patient that met the CTVHR D95%>95% goal was; RP=92.4%,
MCO=95.5%, IMPT-=36.4%, IMPT+3mm=73.0% and IMPT+5mm=90.6%.

Dose to PRV brainstem and spinal cord was acceptable with all modalities
throughout treatment. IMPT- achieved the lowest dose to contralateral parotid
(17.6 ± 7.9Gy) with similar doses seen with RP (22.0 ± 7.3Gy), MCO (20.6 ±
6.3Gy) and IMPT+3 (20.7 ± 9.2Gy). IMPT+5 resulted in higher doses to
contralateral parotid (25.4 ± 9.9Gy). From table 1 an average of 43.9% of sCT
plans generated from IMPT+5mm pCT plans met the clinical goal for
contralateral parotid.

A similar pattern was seen with mean dose to larynx; IMPT- (33.1 ± 12.6Gy),
RP (40.5 ± 11.4Gy), MCO (39.8 ± 11.9Gy), IMPT+3mm (35.1 ± 14.1Gy) and
IMPT+5mm (41.4 ± 12.9Gy)

Figure 5: Box plots of structure parameters for each treatment modality. The average parameter results were taken
across a given patients verification plans (sCT) and the data for the 11 patients was displayed on this graph
alongside the pCT results for each treatment technique. The mean value is indicated by the symbol, the median
value by the central horizontal line, the interquartile range is represented by the box, and the outliers are indicated
by the asterisks. Red dashed lines indicated the objective/constraint for the targets and OARs

Treatment Modality CTVHR CTVLR

D99% > 5850cGy D95% > 6175cGy D99% > 4860cGy D95% > 5130cGy

RP 81.2% 92.4% 70.6% 84.2%

MCO 88.5% 95.5% 72.1% 85.8%

IMPT- 30.3% 36.4% 4.6% 26.1%

IMPT+3mm 59.4% 73.0% 29.7% 56.1%

IMPT+5mm 93.7% 90.6% 68.2% 87.9%

PRV Brainstem PRV Spinal Cord Contralateral Parotid Ipsilateral Parotid

D1% < 4800cGy D1% < 4400cGy Dmean < 2400cGy Dmean < 2400cGy

RP 93.6% 87.6% 66.7% 8.2%

MCO 93.3% 86.1% 71.2% 13.3%

IMPT- 100.0% 100.0% 80.3% 23.9%

IMPT+3mm 100.0% 100.0% 71.2% 5.2%

IMPT+5mm 100.0% 100.0% 43.9% 0.0%

Table 1: Average percentage of successful verification plans per patient for a given planning parameter

Figure 2: Example IMPT dose 
distribution

Figure 3: Example VMAT dose 
distribution

T)

Figure 1: Proton Bragg Peak 
(Source: Provision Healthcare website)

Figure 4: Example of deformed structures of sCT
scan based on week 6 CBCT. Structures displayed
are the PTVHR and PTVLR



References
1. Gardner D. K, Kelley R. L. Impact of the IVF laboratory environment on human preimplantation embryo phenotype. Journal of Developmental Origins of Health and Disease. 2017 April; 8 (4), 418–435.

2. Pantou A, Lambropoulou M, Pappas A, Deligeoroglou E, Pantos K, Koutsilieris M. Considerations regarding embryo culture conditions: from media to epigenetics. In Vivo. 2018 May-June; 32 (3): 451-460.

3. Swain J. Decisions for the IVF laboratory: comparative analysis of embryo culture incubators. Reproductive BioMedicine Online. 2014 May; 28 (5), 535-547.

Conclusion

Aim
1) To establish if there is a difference in clinical outcomes between the MINC™ and
CulturePro™ incubators.

2) To perform a cost/ benefit analysis between the MINC™ and CulturePro™
incubators to assess their suitability for selection and implementation into the
laboratory.

Clare Mitchell, Joanne Leitch, Helen Lyall
Assisted Conception Service, Ground Floor, Queen Elizabeth Building, 

Glasgow Royal Infirmary, Glasgow, G31 2ER

Introduction
In IVF laboratories, incubators have a vital role in providing a stable culture
environment that is highly influential on the success of embryo development and
pregnancy rate (1). Advancements in assisted reproductive technologies have led to a
large variety of commercially available incubator types, introducing a greater need to
carefully consider the selection of incubator type. Human gametes and embryos
require specific culture conditions. Key considerations for selecting incubators should
include: stability of the culture environment, minimising fluctuations and rapid recovery
times following door openings (2). Ideally, incubators should also be practical for the
laboratory in terms of patient capacity, running costs, ease of use and laboratory size
and layout (3). This investigation included the culture of embryos that had previously
been frozen (vitrified) and then thawed (warmed). Traditionally in the Assisted
Conception Service at the Glasgow Royal Infirmary (ACS-GRI) Cook MINC™
incubators have been used for incubation of embryos post-warm. A novel incubator,
the Vitrolife EmbryoScope CulturePro™ was introduced and evaluated in September
2019. Both incubators are bench top type, but differ in size, cost and patient capacity.

Results
•Analysis of the data for patient age showed no significant difference between the cohort
cultured in the MINC™ incubator and the cohort cultured in the CulturePro™ incubator.
•No significant difference was found between the incubators for expansion status of the
embryos following a minimum 2 hour recovery time.
•No significant difference in clinical outcomes (biochemical pregnancy, clinical pregnancy,
miscarriage) was found between the two different incubators (figure 3).

•The cost analysis (table 1) showed that the overall cost of the CulturePro™ incubator
was more than the MINC™.
•The patient capacity for the CulturePro™ exceeds the required capacity of six patients
per day.
•The CulturePro™ is larger in size, therefore requires a larger area in the laboratory.

Which incubator is best? A cost/ 
benefit analysis of IVF incubators for 
frozen embryo transfer cycles

Method

Figure 3: Clinical outcomes for patients undergoing FET cycles at ACS-GRI following incubation in either a MINC™ incubator 
or a CulturePro™ incubator. 

Irvine Scientific Vit Kit- Thaw™ was
used to perform the warming
procedure of vitrified embryos. The
incubators were validated before use
to ensure the specific culture
conditions were met. Embryos were
then incubated to recover from the
warming procedure for a minimum of
two hours before embryo transfer.
Retrospective data was analysed from
2018 for the MINC™ incubator and
2019 for the CulturePro™ (see figure
1 for incubator design).

The embryos were assessed for
expansion status following the two
hour incubation period. Collapsed
embryos appear to be compact and
detached from the zona pellucida with
little to no fluid filled cavity
(blastocoel). Expanded embryos are
in contact with the zona pellucida with
a full blastocoel (figure 2).

Figure 1: Design of the EmbryoScope CulturePro™ (left) and the
Cook MINC™ (right) bench top incubators.

Figure 2: Expansion status of embryos: collapsed (left) and
re-expanded (right).

Discussion
This evaluation demonstrated no significant difference in clinical outcomes between both
incubators. As demonstrated by these results the culture conditions were comparable,
however a trend in positive outcomes was demonstrated in the cohort incubated in the
MINC™ incubator. The cost/benefit analysis highlighted that the overall cost of the
MINC™ is lower, it is smaller in size and meets the needs of the laboratory in terms of
patient capacity.

Study design and sample size was limited by an evaluation period fixed by the supplier
contract terms. Comparison of retrospective data was utilised in order to maximise
patient throughput in this evaluation. A randomised control trial would be a more reliable
method of evaluation. Clinical outcomes can also be a highly influenced by a number of
factors outside of the incubator such as: Medication protocols used for FET cycles,
insemination methods (IVF or ICSI) and micromanipulation prior to vitrification (Artificial
collapsing, Genetic testing).

Future investigations should aim to standardise as many confounding treatment factors
as possible to reduce their possible influence on the results and masking of any benefit
that one incubator may have over another.

Evaluations of MINC™ and CulturePro™ incubators demonstrated comparable results
for clinical outcomes, therefore practical aspects of the incubators were considered for
selection. The MINC™ incubator is smaller in size, meets the needs of the laboratory in
terms of patient capacity, can accommodate various dish types and has a reduced
running cost. The CulturePro™ is larger in size, requires specific dishes, more labour
time for dish preparation and higher running costs than the MINC™.

This investigation allowed the ACS-GRI to select the MINC incubator for patients
undergoing FET cycles. The clinical outcome for patients was comparable and the
incubator met the practical needs of the laboratory.

P=0.51

P=0.68
P=0.30

P=0.12

Design

• Comparison of expansion rate of embryos between the MINC™ incubator 
and CulturePro™ incubator to indicate embryo recovery post-warm.

• Comparison of clinical outcomes: biochemical pregnancy, clinical 
pregnancy and miscarriage, and comparison of costs between the MINC™ 
incubator and CulturePro™ incubator. 

Population

• 47 patients undergoing an FET cycle with a minimum of two hours of 
incubation in a MINC™ incubator for post-warm recovery.

• 47 patients undergoing and FET cycle with a minimum of two hours 
incubation in a CulturePro™ incubator for post-warm recovery. 

Data 
Collection 
& Analysis

• Data was collected from Mellowood Medical IDEAS™ database.
• A T-test was performed on GraphPad software to ensure patient age 

was comparable between both incubators.
• A Chi-squared test was performed on GraphPad software to compare 

outcomes between both incubators.

Incubator Equipment 
Cost

Running Costs 
(consumables)

Servicing 
Costs

Incubator Size Patient 
Capacity

CulturePro™ £34000.00 £16.90 £1818.00 55cm x 50cm 15

MINC™ £8000.00 £3.13 £554.00 40.5cm x 19cm 8

Table 1: A cost analysis of the CulturePro™ and MINC ™ incubators.



Performance Assessment of Megavoltage Electronic Portal 
Imaging Device Using Clinical Radiotherapy Treatment 

Plans and Varian Portal Dosimetry
Amy Katharine Morton, Sankar Andiappa Pillai & Natalie McInally

Medical Physics Department, Ninewells Hospital & Medical School, Dundee, UK

Materials and Methods
A clinical IMRT plan was created in Eclipse (Varian, UK) treatment planning
system in the head & neck region of the phantom. The plan involves 3
modulated beams with anterior-posterior (AP), left posterior oblique (LPO)
and right posterior oblique (RPO) orientations, shown in Figure 1.

Constancy:
To investigate the performance constancy of the EPID panel, the treatment
plan was delivered five times on different days without the phantom. For the
first delivery, gamma analysis (2%, 2mm) was performed to ensure the
delivered plan was acceptable when compared to the predicted dose from
the planning system and could therefore be used as a baseline for
constancy checks.
Data acquired from subsequent day’s plan deliveries were compared with
the first day’s data and analysed using the ‘Constancy Check’ facility in the
Portal Dosimetry software.
Sensitivity:
To investigate the sensitivity to positional variations, the plan was delivered
with the anthropomorphic phantom positioned on the treatment couch as
per the intended plan. EPID data was acquired with the plan first delivered
at the correct setup position, then with 5mm and 10mm shifts in the left,
inferior and anterior directions. The data acquired with intentional shifts
were compared with data from correct setup position and gamma analysis
was performed in the Portal Dosimetry software.

Field Shift
Area 

Gamma 
(<1.0)

Max.
Gamma

Avg.
Gamma

Max. 
Dose Diff. 

(CU)

Avg. 
Dose Diff.

(CU)

AP
5mm 91.6% 2.62 0.33 8.70 0.88
10mm 80.6% 3.81 0.55 10.87 1.43

LPO
5mm 87.4% 2.76 0.42 6.72 1.19
10mm 74.8% 4.25 0.68 9.26 1.90

RPO
5mm 94.7% 2.32 0.29 9.41 0.87
10mm 82.2% 3.64 0.50 11.84 1.41

Figure 1: IMRT Clinical Plan

Table 2: Sensitivity check results

Conclusions
The performance constancy and sensitivity of a new generation Megavoltage
EPID panel from True Beam accelerator was assessed using a clinical IMRT
plan and Portal dosimetry software.
• The reproducible higher gamma percentage pass rates(>95%) for the clinical IMRT

plan’s data acquired on different occasions assured the EPID panel’s performance
constancy.

• The lower gamma percentage pass rates (<95%) from the data acquired with
intentional shifts and the magnitude differences of the lower percentage pass rates
between 5mm and 10mm shifts clearly demonstrated the sensitivity of the EPID panel
to identify the anatomical changes during treatment.

With appropriate calibration and regular quality assurance, EPID panels can
be reliably used for dose delivery verifications of IMRT treatments in relatively
lesser time due to the integrated facility.

Date
Area 

Gamma 
<1.0)

Max. 
Gamma

Avg. 
Gamma

Max. Dose 
Diff. (CU)

Avg. Dose
Diff. (CU)

12/12/19 100% 0.22 0.02 7.21 0.49
13/12/19 100% 0.21 0.03 7.27 0.47
19/12/19 100% 0.37 0.05 12.77 0.88
10/01/20 100% 0.36 0.04 10.16 0.70

Table 1: Constancy check results for each plan delivery for the anterior (AP) field

Figure 3a : AP Field dose 
difference 

Figure 3b : AP Y-axis profiles

The gamma analysis performed with 3%,3mm criteria for all the acquired data
with intentional shifts resulted with lower pass rates (<95% for area Gamma),
that clearly indicates the difference in the irradiated volume. The higher
difference in pass rates with 10mm shift in comparison with 5mm shift also
indicates the magnitude of changes in the irradiated volume.

Figure 2: Dose difference in CU between the baseline and a 
delivered plan (19/12/19 AP and RPO fields).
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Introduction
Intensity modulated radiation therapy(IMRT) using photon beams are widely
practiced due to the improved ‘therapeutic ratio’ and possibility for dose
escalation. The availability of IMRT technique has facilitated to create
individual patient specific treatment plans and it is a common practice to
verify the delivery accuracy of these plans before it is clinically used. The
verification is most commonly performed using 2-dimensional or 3-
dimensional detector array systems and it takes considerable time from the
treatment unit . All the modern Linear Accelerators are equipped with
Megavoltage Electronic Portal Imaging devices (EPIDs) and they can be also
used to verify the IMRT fields along with suitable analysis software.

The purpose of this project is to investigate the suitability of one of the new
generation on-board EPID from True Beam (Varian, UK) Linear Accelerator
for verifying clinical intensity modulated radiotherapy treatment plans. This
included analysing the constancy of performance by delivering the same
treatment over multiple sessions, as well as investigating the sensitivity to
positional inaccuracies during treatment using a simulated clinical plan on an
anthropomorphic phantom.

The Digital Megavoltage Detector (DMI) used for MV imaging in the True
Beam Linear Accelerator was used for data acquisition and the analysis
was performed using the ‘Portal Dosimetry’ software (Varian, UK). The DMI
was calibrated prior to the data acquisition as per the defined protocol.

Results and Discussions
Variations between intended plan and delivered plan are normally
contributed due to the treatment unit’s performance and treatment volume
variations from positional inaccuracies or anatomy changes during
treatment. The pre-treatment verification methods using external multi-
detector array systems are used to confirm the accurate performance of the
treatment unit and imaging modalities like Cone beam CT before treatment
are used to confirm the patient geometry.

The gamma analysis of first day’s EPID acquired data with the treatment
planning system’s predicted data agreed very well within the department’s set
tolerance values. This confirms the normal performance of the treatment unit
for the delivered treatment plan.
The gamma analysis(3%;3mm) of subsequent day’s EPID acquired data for
all the three fields agree well within the tolerance(95% pass rate for Area
Gamma < 1.0) and hence confirms the performance reproducibility of the
EPID panel. Table 1 gives the Gamma analysis results for AP field for all four
days. The dose difference plot for AP and RPO fields from 3rd day’s data
acquisition is shown in Fig. 2. Minimal differences(red or blue patches) are
only seen at the peripheral areas of the field.

The sensitivity study results using intentional phantom shifts are shown in
Table 2.

Figure 3a shows the spatial location of the gamma failure in the dose
difference matrix for the AP field delivered with 5mm shift. Unlike the
constancy check, here it is very clear that the dose difference is seen at the
middle of the delivered beam. The Y-axis profiles for the AP field’s EPID
measured dose in all three scenarios are shown in Fig 3b. The difference
between the curves clearly indicates the changes in the treatment beam’s
transmitted volume.
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•Through the analysis of 115 patient images, it has been shown that both dose 
regimes of 4.0 ± 0.2 MBq/kg and 4.5 ± 0.2 MB/kg allow for similar image quality, this 
was achieved through both quantitative and qualitative analysis.  
 
• This suggests on this scanner it is possible to reduce the weight based dose  below 
the ARSAC guide dose  to 4MBq/kg. 
 

•Although a suitable weight based dosing regime has been established, further work 
is required to optimise images for  patients in the upper weight range (>100 kg)  
using extended bed times. 
 
 

•A third group naturally appeared in the data, with 9 patients receiving an activity in 
the range of 3.5 ± 0.2 MBq/kg, due to limiting the administered activity to 370 MBq. 
 
•Box plots displaying the difference between the  groups are shown in Figure 2. 
 

•The one-way ANOVA test have shown that there is no statically significant 
difference between the group means, Table 2. 
 
 

 
 

• 115 patient images were retrospectively gathered for subjective and objective 
analysis. All images were acquired under the same conditions (Table 1) on a GE 
Discovery 710 PET/CT (GE Healthcare, Amersham, UK). 
 

• The administered dose varied between 3.0 MBq/kg and 4.6 MBq/kg within the 
group up to a maximum of 370 MBq. 
 

Michelle Rooney1, Dilip Patel2,  Alison Fletcher1,3 
1Department of Medical Physics, NHS Lothian,2Radiology, Royal Infirmary of Edinburgh, 3Edinburgh Imaging Facility, University of Edinburgh 

NHS Lothian has recently started using a linear weight based regime for FDG 
PET/CT scans to optimise dose  to be as low as reasonably practicable (ALARP) 
consistent with the intended purpose as stated in IR(ME)R17, the aim of this work 
was to: 
 
• Investigate the effect of different weight based dose regimes of 18F-FDG on image 
quality, focusing on two groups: 4.0 MBq/kg and 4.5 MBq/kg.    

Table 3: Image scoring results of 25 patient images 

Table 2: Results from the one-way ANOVA test performed using Excel.  

Background 

Results from the qualitative clinical review are presented in Table 3. No image in 
any group was deemed as inadequate. 
 
•100% of the images in the 4.5+/-0.2 MBq/kg group were deemed to be more than 
adequate. 90% of the images in the 4.0 ± 0.2 MBq/kg group were found to be more 
than adequate. 86% percent of the images in the 3.5 ± 0.2 MBq/kg group were 
also scored as more than adequate. 
 
 

• Analysis was performed on the GE Advantage Windows (AW) workstation. Based 
on previous work [3] [4], the SNR was calculated from a 5 cm ROI placed in the 
liver and averaged over four adjacent slices (SNRave), Figure 1. 

 
• The patients were then separated according the three dose regimes:  3.5 ± 0.2 

MBq/kg, 4.0 ± 0.2 MBq/kg and 4.5 ± 0.2 MBq/kg. 
 

• Summary statistics for each group were calculated in excel and a box plot of the 
data was generated to illustrate the differences between each group. 
 

•  A one-way ANOVA test was performed (α = 0.05) to determine if a statistically 
significant difference between the SNRave in each group could be observed 
 

 
 

Fluorine – 18 fluorodeoxyglucose (18F-FDG) positron emission tomography (PET) imaging is an important tool for the diagnosis and staging of cancer as well as tracking treatment 
response. While many variables affect image quality, the injected activity of 18F-FDG has a large effect. The Dose Reference Level (DRL) for 18F-FDG whole body tumour imaging 
stated by ARSAC in their notes for guidance is 400 MBq or a guide dose of 4.5 MBq/kg if using weight based doses [1]. Centres are encouraged to optimise dose locally if using 
weight based doses. The European Association of Nuclear Medicine (EANM) have published guidelines for tumour imaging  and suggest a weight based dose regime  and which 
depends of the overlap, bed time and patient weight [2]. There are advantages and disadvantages when following a fixed or weight based approach. Using a fixed dose reduces the 
risk of human error as patient specific doses do not need to be calculated. This is often simpler to implement and produces diagnostic images in the majority of cases. On the other 
hand, it may be viewed that a fixed dose of 400 MBq is not justified is all cases. Weight based dosing requires the operator to calculate individual patient doses, which may require 
more training/resources but clearly is advantageous in its ability to reduce excess exposure to radiation in many cases. 

Table 1:Standard imaging parameters for all acquisitions. 

 
• A subset of 25 patients, with a range of weights and administered activities were 

then selected for randomised qualitative review by an experienced Radiologist.  
 

• A subjective scoring method based on a three point scale was used to assess 
overall image quality with 1, 2 and 3 representing inadequate, adequate and more 
than adequate image quality respectively [5]. 

 

Figure 2: Box plots for each dose regime, which indicate little difference in 
SNRave between the three groups 

We would like to thank all of the PET staff who have contributed to this work 

Number of beds 6/7 
Time per bed 3 minutes  

Matrix  256x256 
Reconstruction Q.Clear 

β – Value 400 
Uptake time 60 minutes Administered 

dose(MBq/kg) 
N Median 

SNRave 
Mean 

SNRave 
95% CI P-value 

3.5 ± 0.2 9 12.10 12.21 11.00-13.42  
0.15 4.0 ± 0.2 75 13.25 13.69 13.16-14.22 

4.5 ± 0.2 27 13.87 13.44 12.72-14.16 

Administered 
dose (MBq/kg) 

N %  
Inadequate 

%  
Adequate 

% More 
 than Adequate 

3.5 ± 0.2 7 0 14 86 
4.0 ± 0.2 10 0 10 90 
4.5 ± 0.2 8 0 0 100 



Impact on SPECT Reconstruction of Iterative Metal Artefact Reduction 
Miss L. Urquhart, Dr C. Brown, Dr S. Small 
Nuclear Medicine Department, Gartnavel General Hospital, NHS Greater Glasgow and Clyde. 
 

BACKGROUND 
• Metal artefacts are common in CT imaging.  
• During SPECT reconstruction, Hounsfield Units (HUs) are 

converted to an attenuation coefficient map. This map is used 
to correct for photon attenuation, known as CT-based 
attenuation correction (CTAC).  

• Vendors have introduced artefact reduction software to 
improve image quality (1). This has been widely implemented 
for CT applications. However, the effect of such software on 
CTAC for SPECT data has yet to be evaluated. 

 

STUDY AIM 
• To evaluate the use of Siemens Iterative Metal Artefact 

Reduction software (iMAR) on SPECT reconstruction.  
 

RESULTS 

• When no metal was present (Reference Phantom), iMAR had no 
effect on HUs or SUVs in either of the point sources (Table 1). 

• Applying iMAR when a metal prosthesis was present in the 
phantom caused a relatively large change in HUs of the point 
sources; however, the corresponding change in SUV was no 
greater than 3% (Table 1). 

  
 
 

METHODS 
• An in-house designed hip phantom, which allowed different 

metal prostheses (stainless steel, cobalt chromium and 
titanium) to be investigated, was imaged using a clinical SPECT-
CT protocol. The phantom was imaged without metal to provide 
reference values.   

 Table 1: Average SUV ratios for SPECT data reconstructed with and without iMAR 
CTAC map and corresponding average change in HU for both Source 1 and Source 2. 

• Results in Table 2 revealed the presence of metal had an impact 
on SUV. This was proven statistically significant by a Wilcoxon 
Signed-Rank Test for all three phantoms containing metal. 

• Furthermore, the application of iMAR CTAC improved the SUV, 
although this improvement was not clinically significant (2). 
 

PHANTOM STUDY-QUANTITATIVE RESULTS 

CONCLUSIONS 
• iMAR reduces CT artefacts with no compromise in SPECT 

images, however has no benefit for attenuation correction. 
 

• All images were reconstructed with and without iMAR.  
• Standardised Uptake Values (SUVs) and Hounsfield Units (HUs) 

were analysed and Wilcoxon Signed-Rank Tests performed.  
Qualitative comparisons of the reconstructions were also 
undertaken. 

Bone 
Equivalent 
Solution 

• The activity 
concentration ratios of 
99mTc-Pertechnetate  
used in this phantom 
were: 

15:1 (bone 
equivalent: 
background) and 
 100:1 (source: 
background) based 
on uptake from 
clinical studies.  

Source 1 Source2 

Phantom Ratio of SUV 
Change in HU 

caused by 
iMAR 

Ratio of SUV 
Change in HU 

caused by 
iMAR 

Cobalt 
Chromium 
(~8000HU) 

1.00 +402 0.98 -361 

Stainless Steel 
(~9000HU) 0.98 -161 0.99 -72 

Titanium  
(~4000HU) 1.03 +567 0.98 -202 

Reference 
Phantom 1.00 0 1.00 -2 

• Clinical decisions are based upon  both visualisation and 
quantification. Therefore, any software which may alter these 
components must first be evaluated. 

• Benefits of applying iMAR to CT data have already been noted, 
however the possible impact on SPECT data is unknown; this 
could be of benefit, but equally of detriment to the 
reconstructed data.  

IMPORTANCE AND BENEFIT OF THIS STUDY 

• Additionally, clinical 
studies comprising six 
bone SPECT-CTs with 
metal implants present 
were considered.  

Average % Difference in SUV of 
Source 2 from Reference 

Reduction 
in SUV 

with iMAR 
Enabled 

Wilcoxon Test 
Statistic 

(standard and 
iMAR SUVs  

compared to 
Reference 

standard and 
iMAR SUVs) 

Phantom Standard 
Reconstruction 

iMAR 
Reconstruction 

Cobalt 
Chromium 15.8 14.1 1.8% W(6)=0 

Stainless Steel 7.9 6.8 1.1% W(6)=0 

Titanium 16.8 14.6 2.2% W(6)=0 

 Table 2: Average difference observed in SUV of Source 2 when metal implants were 
present compared to SUV of Source 2 in Reference Phantom. 

• The HUs and SUVs in regions unaffected by metal artefact 
remained unchanged when iMAR was applied.  

• In regions affected by artefact, a large change in HUs was 
observed, however the change in corresponding SUV was 
relatively small and not clinically significant (2). 

• Wilcoxon Signed-Rank Tests confirmed that the only statistically 
significant difference was in HUs in regions affected by metal 
artefact; SUVs in this region and HUs and SUVs from unaffected 
regions were not statistically significant. 

CLINICAL STUDY-QUANTITATIVE RESULTS 
• Line profiles (Figure 2) confirmed that the application of iMAR 

only changed the HUs in regions affected by  metal artefact and 
that the change was dependent on the type of artefacts (i.e. 
photon starvation/ under-sampling) 
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 Figure 2: Standard CT reconstruction and iMAR CT reconstruction of a clinical study 
showing the horizontal (graph shown below) and vertical line profiles analysed. 

• When iMAR  was applied, no clinically relevant changes were 
observed in SPECT data. Metal artefacts were reduced on CT in 
both studies. However, new artefacts were also introduced on 
CT  phantom data.  

 
 

PHANTOM & CLINICAL STUDY-QUALITATIVE RESULTS 
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