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Objectives: Nuclear medicine has changed rapidly as a result of technological
developments. Very little is reported on the effects these developments may have on
technologist productivity. This study aims to determine whether advances have created a
workplace where more patient studies can be performed with fewer technologists. The
level of change in automation or time taken to perform a routine task by the nuclear
medicine technologist as a result of technological development over the past decade is
reported.
Methods: A systematic review was conducted using Embase.com, Medline, INSPEC, and
Cinahl. Two authors reviewed each article for eligibility. Technological developments in
routine areas over the past decade were reviewed. The resultant automation or time
effects on data acquisition, data processing, and image processing were summarized.
Results: Sixteen articles were included in the areas of myocardial perfusion, information
technology, and positron emission tomography (PET). Gamma camera design has halved
the acquisition time for myocardial perfusion studies, automated analysis requires little
manual intervention and information technologies and filmless departments are more
efficient. Developments in PET have reduced acquisition to almost one-fifth of the time.
Conclusions: Substantial efficiencies have occurred over the decade thereby increasing
productivity, but whether staffing levels are appropriate for safe, high quality practice is
unclear. Future staffing adequacy is of concern given the anticipated increasing service
needs.

Keywords: Nuclear medicine, Gamma camera, Positron emission tomography, Nuclear
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Technological change has influenced medical imaging dra-
matically over the past 50 years (15). Computing develop-
ments have increased speed and automation of tasks (37) and
have taken over many skills previously required by technol-
ogists in medical imaging (16).

Nuclear medicine (NM) uses radiotracers to diagnose
and treat disease and in many countries is a subspecialty of
radiology. The two primary diagnostic imaging methods are
single photon imaging and positron emission tomography
(PET) (29).

The nuclear medicine technologist (NMT) or radio-
logic technologist performs patient preparation, data ac-
quisition, data processing, and image processing. Over the

past decade, worldwide NMT shortages have been reported
(7;8;35;41;42;50).

In Australia, the workforce size increased between the
years 1996 to 2001 by 19.8 percent (3) but then decreased
from 2001 to 2006 by 4.9 percent (6). Service provision,
however, continued to increase, with growth of 26.3 per-
cent from 1996 to 2001(3) and 14.2 percent from 2001
to 2006 (31). A comparison with radiography found the
workforce in the 2001 to 2006 period grew by 9 per-
cent and service provision by 14.7 percent. Hence, simi-
lar service provision growth is exhibited between the dis-
ciplines but a substantially different workforce outcome
appears.
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An American survey (24) reports that the average vol-
ume of studies performed by a full time equivalent (FTE)
NMT in 1995 was 988, was 1,392 in 2000, and was 1,390
in 2004. Although not a direct comparison to Australia, it
would appear that in the United States there was a rise in ser-
vice provision per full time worker from 1995 to 2000, but
after that it leveled off. The shrinking workforce in Australia
with rising service provision from 2001 to 2006 indicates that
more is being done with less staff. In addition, an increase in
demand for these services has been predicted in the United
States (49) and Australia (9).

Several quality review papers addressing technological
developments in NM have been published but limited re-
search has been conducted on how developments in tech-
nology have affected NMT practice and its workforce. This
study aims to determine whether advances in technology have
enabled the NM workplace to conduct more patient studies
with fewer technologists. A systematic review quantifying
the level of change in automation or time taken to perform a
routine task by the NMT as a result of technological devel-
opment over the past decade was undertaken. The outcomes
measured are the degree of simplification of the task because
of automation, the increased speed of the task, and increased
speed of acquisition. The review is limited to data acquisi-
tion, data processing, and image processing in single photon
(gamma camera) and PET imaging systems. Radiopharma-
ceutical preparation is excluded because it is less affected by
technological change.

METHOD

Literature Search

The search strategy was limited to the English language, peer-
reviewed journals, the years 1998–2008 and articles with ab-
stracts. The electronic databases Embase.com, Medline by
means of Ovid SP (1950 to present), INSPEC by means of
Ovid SP (1969 to present), and Cinahl by means of Ovid
SP (1982 to present) were used. The keywords used are dis-
played in Supplementary Table 1, which can be viewed online
at www.journals.cambridge.org/thc. Keywords in parts A, B,
C, D were used without quotes using the Boolean operator
“and” or “or”. Each part was focused on terms that related to
specific aspects of NM.

The Cochrane Database of Systematic Reviews was
searched using the keywords but returned zero results. A
search of full text theses was conducted using the key-
words “nuclear medicine” with none in the past decade. Hand
searching was conducted by scanning the reference lists. The
search strategy is displayed in Figure 1 and was completed
June 2008.

The methodology for conducting systematic reviews as
described in the Cochrane Handbook was used.

Study Selection

Articles were included if reporting a quantitative finding
where the technological development had an impact on the
automation or speed of a task that the NMT commonly under-
takes, in data acquisition, data processing, or image process-
ing. Only human patient imaging devices and procedures per-
formed regularly in the developed nations of the world were
used. Methodology must be clearly described and rigorous.
One study where simulated patient conditions were obtained
was included because it used commercial software for a rou-
tine clinical procedure, but in general, only studies including
some findings in human patients or technologist workload
in an NM department were included. The main reasons for
inclusion were gamma or PET camera hardware or software
developments that increased the speed or simplified the data
acquisition and processing tasks, or information technology
developments that affected the speed or automation of data
or film processing.

Exclusion criteria are displayed in Figure 1. Inclusion
and exclusion decisions were resolved by consensus. Given
the scope of the review aims, a broad range of study designs
was acceptable although some relevant papers were excluded
because they provided limited methodological information.
Prospective, retrospective, pre and post, comparative stud-
ies, and one survey were included. The survey was a large
national survey with information directly related to NMT
workflow. The outcome measures of this systematic review
were more often secondary findings of the studies used.

Data Extraction

Data were extracted by one reviewer and confirmed by the
second. Data extraction included study demographics and
characteristics, the area of NM practice, and outcome mea-
sures. The outcome measures of automation or time were
placed under three categories—myocardial perfusion imag-
ing, information technology, and PET. Myocardial perfusion
imaging was further defined with outcomes listed under ac-
quisition or processing. Personal communication was made
with two Australian NM product managers in November
2008 to add to understanding.

The diversity of data and dissimilarities in the outcome
measures for this systematic review meant that no further
analysis of the data was performed.

RESULTS

Systematic Review

Of the 1,233 titles and abstracts reviewed after duplicates
were removed, 16 full text articles were accepted in the sys-
tematic review. Six studies reported on myocardial perfusion
(2;11;14;19;43;53), two studies in information technology
(36;37) and eight studies in PET (10;18;23;28;30;34;44;52).
Supplementary Table 2, which can be viewed online at
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Figure 1. Flowchart of study selection.

www.journals.cambridge.org/thc, displays the study charac-
teristics and outcomes.

MYOCARDIAL PERFUSION

Six studies relate to single photon emission computed to-
mography (SPECT) myocardial perfusion acquisition and/or
its associated data processing. Results are categorized as data
acquisition or data processing with subsections to identify if
the developments relate more to time or automation. Specific
technological developments are presented under headings.

Data Acquisition

Four studies (11;14;43;53) fully report the acquisition pa-
rameters and the gamma camera system used. One study
(19) reports only partial information. All use a dual-detector
system with one using a single-detector as well.

Time

Dual-Detector Gamma Cameras. Dual-detector
systems acquire the study in almost half the time of single-
detector systems if the same acquisition parameters are used.
Acquisition time for dual-detector systems is reported by two
authors (11;14) to be 21 minutes, whereas a single-detector
system takes 43 minutes with the same acquisition time per
projection and the same number of projections (11). The
number of projections and time per projection will alter the
total acquisition time. The reported acquisition times ranged
from 20 to 50 seconds per slice (11;14;43;53). All papers
effectively acquired 64 slices, leading to an overall time of
21–48 minutes.

Acquisition parameters are variable, and not all centers
use a protocol that will halve the acquisition time of a single-
detector but dual-detector systems set at right angles have the
ability to save substantial acquisition time.
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Data Processing

Findings relating to data processing of SPECT myocardial
perfusion studies are presented under automation and time.

Automation

Five studies (2;14;19;43;53) evaluated the performance of
automated commercial myocardial perfusion software. These
papers described and quantified the success of processing.
Limited manual intervention is possible in myocardial per-
fusion data processing.

Manual Reorientation of the Heart. After recon-
struction of the automatically generated short axis slices,
manual reorientation of the heart may be needed. Of the five
studies, three (2;19;53) note the use of manual reorientation if
required. Manual reorientation requires the user to move the
settings until the correct left ventricular (LV) axis is defined
(2).

Success of Automatically Generated Heart Re-
gions. Epicardial and endocardial regions are created au-
tomatically in all programs with varying degrees of success.
All programs in this systematic review include the ability to
manually override the automated regions if the user considers
them to be placed inappropriately. Four studies (14;19;43;53)
report the rate where automatic contouring of the LV regions
required no manual intervention. Two studies (14;19) report
similar levels of automated success (76/79 and 75/77 pa-
tients) using the radiopharmaceutical technetium-99m and
two different software programs. A third group using dif-
ferent software and radiopharmaceutical on 82 patients (43)
reports less success with 60 percent (49/82) requiring manual
intervention. In the most recent study (53) using technetium-
99m and comparing three software programs on 328 patient
datasets there was variable need for manual adjustment (4.1–
43.9 percent). The accuracy of commercial software auto-
matically creating accurate heart contours is variable and
requires review with possible intervention.

Time

Two studies (2;43) report times for processing. The earlier
one reports that automatic ejection fraction calculation could
be inaccurate and requires manual intervention, which can
take 10–15 minutes (2). Seven years later, manual interven-
tion was much quicker with manual regions reported as typ-
ically taking 30–40 seconds per case, whereas the automatic
contour was 2 seconds (43).

INFORMATION TECHNOLOGY

Two studies relate to the effects of information technology
and image processing developments.

Task Analysis

A task analysis evaluated the workflow in all modalities of
radiography and the effect of information technologies (36).
A median of 63 percent of NMTs’ time was spent performing
procedures, 8 percent in patient preparation, image process-
ing 10 percent, accessing data 5 percent, and 2 percent of the
day in retrieval of old examinations.

Image Processing

Two studies (36;37) investigated the effect of filmless oper-
ation (digital images with no manual image processing) on
technologist productivity in radiology, compared with film-
based operation.

In a comparison of film-based and filmless settings the
mean percentage of time spent by NMTs conducting exam-
inations increased (6 percent), but not significantly (36). In
the other study, where a pre- and postretrospective study (37)
was conducted in a filmless radiology center using a picture
archival communication system (PACS), results were more
striking. The overall technologist productivity (examinations
per full time equivalent) rose by 25 percent when filmless
as compared to film-based: 34 percent above the U.S. na-
tional norms. Unfortunately the results do not give NM only
findings. Another interesting finding was in comparing the
control site staffing levels and volume of studies to the center
that went filmless. The control site had a 30 percent increase
in FTE technologists and 18 percent increase in volume of
studies, whereas the center that moved from film to filmless
over the same period had a 13 percent increase in staff and
48 percent increase in volume of studies.

Information Technology

Only one study (36) quantified the impact of information
technologies (radiology information systems, hospital infor-
mation systems, modality worklist, and picture archival com-
munication systems) on the productivity of the technologist.
The authors note that a direct cause and effect relationship
is not established. In this U.S. nationwide survey (n = 112
centers), the authors report that all medical imaging modali-
ties with some form of information technologies had greater
productivity. A statistically significant difference was found
in NM with hospital information systems (mean 62 percent)
versus those without (mean 46 percent).

POSITRON EMISSION TOMOGRAPHY

Eight studies relate to whole body PET imaging from the
years 2001–2007. The total acquisition time for whole body
PET studies has been affected by technological developments
in PET systems and computing. All studies discuss some as-
pect/s of these developments and the impact on acquisition
time. Findings are reported in chronological order to present
developments over time. Four factors contributed to a de-
crease in acquisition time over these years: two-dimensional
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(2D) versus 3D, type of detector used, CT attenuation cor-
rection and computing power. The studies are difficult to
compare, because they all use a combination of some of these
factors. In all cases, the mode of acquisition was documented.
Three studies evaluated PET with CT attenuation correction
(10;23;44), and one discussed computing power (35).

Acquisition Time

An unsuccessful attempt to make 2D faster (34) produced
images unsuitable for routine use. However, this establishes a
baseline of 30–50 minutes per patient for a standard 2D study.

The combination of lutetium oxyorthosilicate (LSO) de-
tectors, large injected activities based on patient weight and
acquisition in 3D mode should result in substantial reduc-
tions in acquisition time (18). However it showed acceptable
images with a large dose and short acquisition time (30–35
minutes), but unacceptable patient radiation dose and cost.

A combination of weight-based dose, an LSO detector,
3D acquisition, and CT attenuation correction resulted in a
range of 7–35 minutes to acquire, with 2,000 studies hav-
ing a mean time of 14 minutes (23). Computed tomography
attenuation correction acquisition took 80–110 seconds and
removed the need to acquire a separate transmission acqui-
sition, which occurs over 5–7 bed positions at a rate of 3–5
minutes each.

The feasibility of reducing scan time for whole body
imaging in a PET system with a BGO detector using 3D
mode acquisition as compared to 2D was investigated (52).
Images were acceptable in 3D, but there was no significant
reduction in overall scan time. On the other hand, a com-
parison of 2D versus 3D with a LSO detector (28) found a
reduction of 33 percent scan time with 3D. A third detector
type (GSO) (30) was evaluated with attenuation correction
using a transmission source instead of CT, simultaneously
with image acquisition. Image quality was acceptable, and
studies were acquired in one third of the time of a current
commercial scanner.

A research PET/CT system and a newly developed fully
iterative reconstruction program resulting from improved
computing power were used to determine if 3D acquisi-
tion was suitable for clinical use and provide greater patient
throughput (44). Whole body CT attenuation correction took
12–18 seconds. The 2D (21 minutes) and 3D (10.5 min-
utes) data were acquired. Unfortunately poor interobserver
correlation made statistical significance of findings for sub-
jective image quality and lesion detection impossible. Ob-
jective analysis found significant differences in the standard
uptake value of lesions with 2D outperforming 3D. The au-
thors conclude that the new reconstruction method can be
used reliably in the clinical environment and results in a scan
time reduction of 50 percent without significant loss of lesion
detectability.

A new 3D BGO PET/CT scanner was investigated by
comparing 2D acquisition mode against 3D performance

(10). In all conditions, the 3D acquisition mode resulted in su-
perior quantitative and qualitative assessments as compared
to 2D, in half the time.

DISCUSSION

Findings in this systematic review show that substantial tech-
nological developments in computing, camera design, and in-
formation technology over the past decade in NM have made
acquisition, data processing, and image processing quicker
and more automated. This has been strikingly evident in PET
imaging. On the other hand, some developments have intro-
duced new tasks such as systems incorporating a CT unit to
either the single photon or PET camera.

Myocardial Perfusion

Myocardial perfusion studies have been one of the most com-
monly performed studies in NM over the past decade (21).
Gamma camera developments with the advent of two or
three detector systems, technetium-99m labeled radiophar-
maceuticals and faster computing have changed myocardial
acquisition. These changes have impacted on the speed and
automation of routine tasks performed by the NMT.

Faster Acquisition. Dual-detector gamma cameras
have made the routine use of SPECT for myocardial perfu-
sion studies possible without long acquisition times (11;20).
It is possible to decrease acquisition time to at least half that
of a single-detector if the same acquisition parameters are
used (11;14) but dual-detectors were not common to the vast
majority of practices until after the year 2000. A multicenter
trial in the United States published in 2000 showed 26 percent
of cameras were dual detector systems (33). Two Australian
product managers confirm that dual-detector sales in Aus-
tralia overtook single-detectors in 1998 to 2000 (personal
communication).

No studies relating to bone imaging were eligible for this
systematic review, therefore, the effect of dual-detectors has
not been reported, but Sarikaya et al. (38) report that bone
SPECT is the second most frequently performed SPECT pro-
cedure. The impact of dual-detectors in this area should be
considered, given that two projections can be acquired at the
one time. It is acknowledged that other technological de-
velopments such as detector autocontouring and SPECT/CT
may have impacted on automation and possibly time, but no
studies in this systematic review related to these develop-
ments.

Faster and More Automated Processing. The in-
troduction of routine SPECT acquisition to myocardial per-
fusion imaging, primarily as a result of new technetium-99m
labeled radiopharmaceuticals (2), brought changes to pro-
cessing methods that have developed over time to become
faster, produce new quantitative results and with less oper-
ator intervention. Cedars Sinai brought out their first fully
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automated suite of myocardial perfusion SPECT software in
the late 1990s (1;22).

Five of the systematic review articles evaluate the clini-
cal utility of commercial automated software programs over
the decade (2;14;19;43;53). Khalil et al. (26) report that, in
the past decade, processing has gone “from simple methods
to advanced three-dimensional modeling.” Increased com-
puting speed has made this evolution for quick and fully
automated cardiac processing possible (1;26).

Operator intervention is highly limited in these auto-
mated programs but not all patient anomalies can be managed
by the software and, therefore, an operator is sometimes re-
quired to intervene (27). The need for intervention was found
to be variable, but the latest and largest study used in this sys-
tematic review found that manual intervention ranged from
4.1 percent to 43.9 percent, depending upon the software in
use.

The time taken for manual intervention has become
much faster over the decade, although findings are very lim-
ited. Two Australian product managers report 1 minute for
processing in current systems (personal communication).

In summary, myocardial perfusion imaging has become
faster with dual detector systems; processing is far more au-
tomated with minimal manual intervention and is extremely
quick.

Information Technology and Image
Processing

The impact of technology related to hospital information sys-
tems and digital image processing and storage on the NMT
workflow has had an effect on practice. Data relating to this
area is very limited with the studies in this systematic review
performed by only one group of authors in the United States.

Hospital information systems where bookings, results,
and data pertaining to the patient are electronically managed
are reported in one study to significantly increase NMT pro-
ductivity (36). Advances in electronic storage such as PACS
(37) or optical disk over the past decade may also have im-
pacted on the technologist workload. Findings are limited but
if, as reported, a median of 17 percent (36) of the NMT’s day
is spent in image processing, accessing data, and retrieval of
old examinations is generalizable, then time savings in these
tasks will increase productivity.

The advent of digital image processing removed the need
to manually process film, but findings (36;37) are again lim-
ited and it is difficult to know when this made substantial
changes to NM departments.

PET Imaging

Since 1998, PET has had substantial technological devel-
opments and has grown in use (25;32). Dual SPECT/ PET
systems were popular from 1995 but did not remain in use
because of limited diagnostic quality (32), so are not included
in this review.

The increased use of PET whole body studies in oncol-
ogy today is recognized worldwide (44). Developments in
detectors in the late 1990s (47), faster electronics and com-
puting (45), and the use of CT for attenuation correction
over the past decade have substantially reduced the time to
acquire whole body PET studies. In 2001, acquisition was
30–50 minutes (34), and by 2007 it took approximately 10
minutes (10;44). This is supported by a 2003 published re-
view of PET/CT developments (48) that notes acquisition
time changed from 45–60 minutes to 10–20 minutes.

Developments in detectors and electronics, in conjunc-
tion with more powerful computing for reconstruction in the
mid-2000s (10;28;44) have led to the clinical viability of
3D mode acquisition where higher count rates and shorter
acquisition times make greater patient throughput possible.

The first commercial PET/CT system was introduced in
2001 (47). The CT is used for attenuation correction and
takes only seconds to complete (44;47), which removes the
need for a transmission scan, thereby substantially reducing
overall scan time (5;47;48). By 2006, PET/CT was the most
common PET system used (41).

Currently, only a small component of the total service
provision is PET, but this has grown over the decade. A health
technology assessment (25) reports that Australia, Switzer-
land, and Denmark each had fewer than five scanners in 1999.
In 2003, there were eight government funded PET sites in
Australia (39). In 2005 in the United States, only 5.2 percent
of the workforce spent all their working time in PET/CT,
whereas 74.6 percent were in single photon NM services
(46). Although substantial technological developments have
led to much faster scan times (approximately 1/5) and in-
creased patient throughput, this development in itself could
not account for the rise in service provision and decrease in
staff numbers seen in Australia and the world staff shortages
reported over the past decade.

Staffing Concerns

The comparison made in the introduction of radiography and
NM technology from 2001 to 2006 in Australia raises staffing
concerns. Similar increases in service provision (14.7 percent
and 14.2 percent) occurred with substantial dissimilarities in
workforce size (+9 percent and −4.9 percent). The effect
of automation encountered in NM would be similar in ra-
diography, particularly in CT and digital imaging, and yet
in Australia NMTs appear to do more with fewer staff. The
United States does not appear to have this dilemma, with the
volume of studies per FTE remaining constant from 2000 to
2004 (24).

A survey (4) conducted in 2004 in Australia found a
minimal FTE staffing ratio per gamma camera. Centers with
two gamma cameras range from 1 to 5 staff, three gamma
cameras from 2 to 9 staff, and 4 gamma cameras from 3.2
to 10.2. In some cases, therefore, there are more gamma
cameras than FTE technologists. Does this have implications
for the quality of images and patient care?
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Although technology has increased productivity, the an-
ticipated rise in service provision because of imaging needs
for the growing ageing population and the capabilities of
SPECT/CT and PET/CT will put a strain on the workforce.
In PET, a greater staffing ratio is required because technolo-
gists incur higher radiation levels (40), so increasing use will
require increased staffing.

CONCLUSION

Major technological developments have occurred over the
past decade, bringing far more automation and speed to tasks
performed by the NMT. Detector advances, faster comput-
ing and digital image processing have markedly reduced task
times. Given the scope of developments, the limitations with
some findings, and the difficulty in determining when the
developments affected the majority of departments, it is dif-
ficult to make definitive conclusions regarding staffing levels
and increased productivity. Current staffing levels will need
to increase to meet the anticipated rise in demands and this
more so in Australia, where the present workforce appears
inadequate.
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