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Initial clinical experience with dedicated multi-pinhole 
99m(MPH) collimator for Tc-HMPAO brain perfusion 

SPECT

Abstract
Objective: Dedicated multi-pinhole (MPH) collimators have been successfully tested in selected clinical in-
vestigations. The aim of our work was to report initial experiences with an MPH collimator set designed for 
brain perfusion single photon emission tomography (SPECT). Subjects and Methods: Ten patients under-

99mwent sequential technetium-99m-hexamethylpropyleneamineoxime ( Tc-HMPAO) SPECT with a dual-
head SPECT camera equipped with conventional low-energy parallel hole collimators (LEHR), and with a 
triple-head system equipped with MPH collimators. Low-energy parallel hole collimators data were recon-
structed by �ltered back projection (FBP), ordered subset expectation maximization (OSEM), software for 
tomographic image reconstruction (STIR). In addition, both the parallel hole data and MPH data were re-

TMconstructed by Tera-Tomo  3D iterative reconstruction denoted LEHR_TT3D and MPH_TT3D, respectively. 
Five medical experts visually compared the reconstructed images of the �ve data sets and de�ned a ran-
king sequence from the lowest (1) to the highest (5) image quality. Results were compared using the Fried-
man test. P values below 0.05 were considered signi�cant. Results: Low-energy parallel hole collimators 
acquisition resulted in 5 million, while MPH acquisition in 13 million total counts with 30 and 34 minutes of 
acquisition time, respectively. Mean rank coe�cients of the reconstruction methods were 1.96±0.52, 2.66± 
0.46, 2.86±0.60, 3.62±0.55, 3.9±0.68 for FBP, STIR, LEHR_TT3D, LEHR_OSEM, MPH_TT3D respectively. The 
di�erences between MPH_TT3D-FBP (P<0.01); MPH_TT3D-STIR (P<0.05); LEHR_OSEM-FBP (P<0.01) were 
signi�cant. Conclusions: Image quality provided by MPH collimator is comparable to that provided by 
conventional LEHR imaging. Higher sensitivity has the potential to shorten acquisition time or to reduce 
the amount of administered activity.  

Hell J Nucl Med 2022; 25(2): 143-147                         Epub ahead of print: 3 August 2022                          Published online: 29 August 2022

  

Introduction

Whole brain perfusion single photon emission computed tomography (SPECT) 
99musing technetium-99m ( Tc)-labelled radiotracers play an important role in 

numerous clinical situations [1-3].
Dual-headed cameras equipped with low-energy high-resolution (LEHR) or low-energy 

ultra-high-resolution (LEUHR) parallel hole collimators dominate in daily clinical routine to 
perform brain perfusion SPECT [4]. Although these devices provide an acceptable trade-
o� between 3D geometric resolution and sensitivity, further improvement in technical pa-
rameters would result in increased patient comfort and improved diagnostic performance 
as well. As a consequence, dedicated cameras with fan-beam and cone-beam collimators 
have been introduced into clinical practice [5-7]. Especially, fan-beam collimators o�ering 
notably increased sensitivity at slightly improved geometric resolution are frequently 
used [8]. In addition to the hardware innovations, novel iterative reconstruction techni-
ques have led to improved lesion detection [9].

Preclinical imaging studies have demonstrated a new class of image quality in terms of 
geometric resolution up to the submillimetre level with increased sensitivity using multi-
pinhole (MPH) collimator technology [10-14]. Furthermore, MPH imaging has been tested 
clinically in striatal [15] and myocardial perfusion imaging [14]. These investigations de-
monstrated the potential to increase overall sensitivity at preserved or even improved ge-
ometric resolution. 

The MPH-brain collimator set was evaluated for clinical striatal dopamine transporter 
imaging [10]. In this study, we report on the initial results of the testing of this �rst genera-
tion novel collimator set in comparison with parallel hole collimator imaging. For this pur-
pose, anthropometric phantom studies and repeated human examinations were perfor-
med and evaluated using standard parameters of the MPH-brain reconstruction software. 
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Moreover, the projection data acquired with parallel hole 
collimator have been reconstructed with di�erent methods 
(FBP, 2D OSEM, STIR, TT3D) to provide a more comprehen-
sive reference for the visual assessment.

Subjects and Methods

Study participants
This study was part of a clinical trial in patients with meta-
bolic disorders. The trial was approved by the National Com-
mittee of Clinical Trials in Humans (OGYEI/2829-4/2017). 
Informed consent was obtained from all patients.

In addition to the study protocol with LEHR collimators, 
immediately after completing the acquisition, repeated 
imaging using MPH collimators was performed in 10 pati-
ents (mean age: 52.6 years±2.7 years) without history of 
mental or brain disorders. From among these patients 6 we-
re su�ering from controlled type 2 diabetes mellitus (DM), 

2while 4 were non-DM obese participants with BMI >30kg/m . 

99mTc-HMPAO SPECT with LEHR collimators
Half an hour prior to the intravenous injection of approxima-

99mtely 740MBq Tc-hexamethylpropyleneamineoxime 
(HMPAO) (Mediradiopharma, Hungary) 1000mg of per-
chlorate was administered orally. Single photon emission 
tomography acquisition started after a ten-minute rest in 
the dimly-lit examination room. 

For the �rst study AnyScan SC Flex (Mediso Ltd., Hungary) 
dual-head gamma-camera equipped with LEHR parallel ho-
le collimators was applied.  Acquisition parameters were as 
follows: 120 views, 128x128 matrix with 2.4mm pixel size, 
30sec projection time with body contouring. These acqu-
isition settings resulted in a 30 minute total acquisition time.

99mTc-HMPAOSPECT with MPH collimators
Immediately after completing the SPECT with parallel hole 
collimators, the patients were repositioned under a triple-
head gamma camera (AnyScan Trio, Mediso Hungary) equ-
ipped with MPH collimators. 

Multi-pinhole SPECT parameters were the following: 72 
views, 85sec/frame, 256x256 matrix size, 2.1mm pixel size, 
and with helical table displacement of 40mm, applying �x, 
150mm detector radius. These acquisition settings resulted 
in a 34 minute total acquisition time. 

Phantom measurements 
The Kyoto IB-10 phantom (Kyoto Kagaku Co., Kyoto, Japan) 
with the anthropomorphic brain component was used. The 
activity concentration in the grey and white matter compar-
tment was 193.3kBq/mL and 48.5kBq/mL, respectively, cor-
responding to a concentration ratio of~4. All acquisition pa-
rameters for the phantom studies were the same as for the 
investigations in humans.

Image reconstruction
Parallel collimator data sets were reconstructed by (1) �lte-

red back projection (FBP) using Butterworth �lter order 70 
cut-o� 70 with Chang attenuation correction (attenuation 
coe�cient 0.12/cm); (2) ordered subsets expectation maxi-
mization (OSEM), with a Wiener pre-�lter optimized for the 
cortex, and Chang attenuation correction; (3) a recently in-
troduced OSEM from the Software for Tomographic Image 
Reconstruction (STIR) [16, 17] with 16 iterations and 2 sub-
sets, together with a 3mm Gaussian post-�ltering; and (4) an 
innovative contrast recovery reconstruction, Tera-TomoTM 
3D (TT3D, Mediso, Hungary) with 48 iterations, 2 subsets, 
and low-level bilateral regularization. TT3D was used for the 
reconstruction of MPH collimator data sets as well, with 150 
iterations and 3 subsets, with low-level bilateral regulariza-
tion. Iteration number was chosen based on qualitative as-
sessment by a medical doctor. Both the LEHR and MPH re-
construction matrix were 128x128, resulting 2.4mm and 
1.7mm reconstructed isovoxel, respectively.

Comparative evaluation of clinical data
Reoriented transaxial slices covering the whole brain were 
presented randomly to �ve clinical experts with expertise in 
reporting brain perfusion studies, and without knowledge 
of the reconstruction method. The experts ranked the re-
constructed images on a scale from the lowest (1) to the hig-
hest (5) image quality. 

Statistical analyses
The IBM SPSS Statistics version 27software package (IBM 
SPSS Inc. 27, Armonk, New York) was used for data analysis. 
Di�erences of mean rank coe�cients of the methods were 
compared using the Friedman test, with Bonferroni correc-
tion for multiple pair wise comparisons. P values below 0.05 
were considered as signi�cant.

Results

Phantom studies
Using comparable acquisition times, LEHR acquisition resul-
ted in 5 million total counts, while MPH acquisition in 13 mil-
lion total counts. 

Upon visual assessment, TT3D reconstructed MPH acqu-
isition demonstrated the best cortex/white matter contrast 
with the lowest noise level. The main anatomical/morpho-
logical structures were more di�erentiated in the MPH TT3D 
slices, followed by LEHR TT3D and LEHR OSEM (Figure 1). 

Patient studies
Total counts for LEHR and for MPH were 4,2M (SD 0.9M) and 
9.4M (SD 2.1M), respectively.

Mean rank coe�cients of methods were 1.96±0.52, 2.66± 
0.46, 2.86±0.60, 3.62±0.55, 3.9±0.68 for FBP, STIR, LEHR_ 
TT3D, LEHR_OSEM, MPH_TT3D respectively with the hig-
hest value for MPH_TT3D (Figure 2). After applying Bonfer-
roni correction for multiple comparisons, rank coe�cient of 
the following methods exhibited signi�cant di�erence: MP-
H_TT3D-FBP (P<0.01); MPH_TT3D-STIR (P<0.05); LEHR_
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OSEM-FBP (P<0.01). That means that the image quality with 
MPH acquisition and TT3RD reached or exceeded the image 

quality provided by alternative methods using parallel hole 
collimator (Figure 3).

Figure 1. Representative axial slice of anthropomorphic brain phantom reconstructed with A) FBP LEHR B) STIR LEHR C) OSEM 2D LEHR D) LEHR TT3D E) MPH TT3D

Figure 2. Box and Whisker diagram demonstrates the results of the statistical analysis of the evaluation of human brain perfusion images, demonstrating the scores the 
di�erent reconstruction methods received.

Figure 3. Representative transaxial, sagittal and coronal slices of a human brain for visual comparison. LEHR data sets were reconstructed applying A)FBP, B) STIR, C) 2D 
OSEM,  D) TT3D,   acquisition with MPH collimator reconstructed with TT3D E).
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Discussion

Brain SPECT imaging technology has witnessed a signi�cant 
change over the past few years [18]. Although multidetector 
SPECT systems equipped with parallel hole collimators are 
still most frequently used, some technical limitations have 
been identi�ed with the use of this technology [4, 8]. Geo-
metric resolution with parallel hole collimators is limited 
[19]. 

In order to address these limitations, growing interest has 
been placed on the introduction of novel technologies in 
order to optimize SPECT performance [7, 20].

Dedicated brain SPECT systems that might be capable of 
providing enhanced resolution and sensitivity were introdu-
ced into brain imaging [7]. However, owing to the limited 
number of cerebral perfusion SPECT studies, their clinical 
application is not as widespread as expected. 

Novel collimator design for traditional SPECT cameras is 
an interesting alternative to dedicated brain SPECT devices. 
As both fan-, and cone-beam collimators provide favourable 
trade-o� between resolution and sensitivity, they have sig-
ni�cant clinical potential [4, 7, 21-24]. Currently, fan-beam 
collimators are the most commonly used alternatives to pa-
rallel hole collimators for brain SPECT in the clinical practice.

There are emerging promising approaches with MPH col-
limators that are extensively used in preclinical research 
with encouraging results of preliminary translation into cli-
nical practice [7, 12-13, 25-26]. The design of MPH collima-
tors makes a balance between sensitivity and spatial resolu-
tion, corresponding to the requirement of the particular cli-
nical use [8]. 

In our present work we report on the experience with a de-
dicated MPH collimator set for brain perfusion imaging. Fi-
gure 1 demonstrates the reconstructed images of an anthro-
pomorphic brain phantom. The MPH reconstructed data in-
dicate good spatial resolution and high contrast. Multipin-
hole acquisition resulted in signi�cantly higher number of 
total counts in both the phantom (5 Mcts vs. 13 Mcts) and 
the patient studies (4.2 Mcts vs 9.4 Mcts), even though the 
acquisition times were not absolutely identical (30 min for 
LEHR, and 34 min for MPH). Five medical experts performed 
visual assessment of images of 10 patients, they scored the 
scans from 1 to 5. Statistical analysis has revealed that the 
MPH image quality holds the highest mean score value, 
which is statistically signi�cant compared to the FBP and 
STIR reconstructions. Figure 3 presents a representative pa-
tient image in three orthogonal views. TT3D reconstructed 
MPH images were depicted to provide better cortex/white 
matter contrast with lower noise level. We presume that the 
higher total counts and the better image quality would be in 
favour of enabling more precise lesion detection during re-
porting, which could support diagnosis setting and thera-
peutic decision making as well.

According to our knowledge, this is the �rst study so far to 
report the results of human brain perfusion SPECT with 
MPH collimators. The image quality achieved with MPH tec-
hnology was found to reach that of carried out with conven-
tional parallel hole collimators. The sensitivity of the used 

MPH collimators proved to be twice as much as the sensi-
tivity of the parallel hole ones in the cortical regions, while its 
sensitivity was �ve times higher in the central regions com-
pared to the conventional collimators due to the triple he-
ads and the collimator aperture design.

Limitations
The present study reports on �rst clinical observations with 
MPH collimators. The physical parameters of this collimator 
have not been tested in detail. The presented evaluation is 
based on visual scoring only for 10 patients; the clinical rele-
vance of our observation should be investigated in subse-
quent trials with more objective quantitative evaluation 
and with higher statistical power. In order to compare the 
image quality with conventional imaging, di�erent met-
hods of reconstruction have been used. The parameters of 
these reconstructions correspond to our everyday practice 
and their optimization was not the objective of this work. 
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