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Background: Little is known about the combined impact of increasing ultrasound usage by
clinical disciplines outside radiology and technical advances in other specialised radiological
modalities on the role of ultrasound in tertiary-level radiology departments.

Objectives: The aim of this study was to evaluate temporal trends in ultrasound utilisation in
a tertiary-level radiology department.

Method: An institutional review board-approved retrospective descriptive study in the
radiology department of Tygerberg Hospital (TBH). The nature and number of ultrasound
performed in 2013 and 2019 were retrieved from the TBH radiology information system (RIS).
These were compared, expressed as a proportion of the overall annual radiology workload
and stratified by location (ultrasound suite, interventional suite, mammography suite).
Ultrasound suite examinations were analysed by body part and age (0-13 years; > 13 years)
and interventional suite workload by procedure.

Results: The overall radiology workload decreased by 8%, reflecting the interplay between
decreased plain radiography (-19%) and general fluoroscopy (-0.3%) and increased computed
tomography (27%), magnetic resonance (23%) and fluoroscopically guided procedures (22%).

There was a 12% increase in ultrasound utilisation. Ultrasound remained the second most
common specialised imaging investigation throughout, after computed tomography.
Ultrasound suite services were stable (-1%) representing a balance between decreased
abdominal (-22%) and arterial (-16%) scans, and increased musculoskeletal (67%), small part
(65%) and neonatal brain scans (41%). There were substantial increases in interventional (90%)
and mammography suite (199%) services.

Conclusion: Ultrasound remains a key modality in the tertiary-level radiology department,
with an evolving pattern of clinical applications.

Keywords: trends; ultrasound; utilisation; radiology; tertiary.

Introduction

Since the first reported clinical use of diagnostic ultrasound more than 60 years ago, the
modality has undergone major technical advances, with the development of real-time imaging,
improved spatial resolution, Doppler capability, endo-cavity probes and sonographic contrast
material. Ultrasound has many characteristics that make it the ideal imaging modality.'? It is
safe, affordable, has no specific infrastructure or radiation protection requirements and can
operate on standard electrical power or battery. Machines are robust, mobile, require minimal
maintenance and may be portable. The smallest units now fit into the palm of a hand.® The
modality is thus very widely available, being used in radiology departments, outpatient clinics,
at the bedside, in operating theatres and labour wards of secondary and tertiary-level hospitals.
Itis also used in rudimentary rural clinics and in roadside emergencies. It can be used repeatedly
on the same patient, without radiation risk and results are rapidly available. With appropriate
training, ultrasound can be used by a broad spectrum of medical personnel, and competence
can be on a sliding scale, from the very basic to highly sophisticated with incremental
competence over time.*

Ultrasound is not the exclusive domain of the radiologist. It is increasingly being used by other
medical disciplines including family physicians, cardiologists, obstetricians, gynaecologists,
urologists, nephrologists, neurosurgeons, neonatologists, emergency medicine physicians, vascular
surgeons, ophthalmologists, gastroenterologists and critical care physicians, to name a few.®

http://www.sajr.org.za . Open Access


http://www.sajr.org.za
https://orcid.org/0000-0003-3248-2203
https://orcid.org/0000-0002-9096-3622
https://orcid.org/0000-0003-3910-0749
mailto:nwabisasiyeka@yahoo.com
https://doi.org/10.4102/sajr.v26i1.2449
https://doi.org/10.4102/sajr.v26i1.2449
http://crossmark.crossref.org/dialog/?doi=10.4102/sajr.v26i1.2449=pdf&date_stamp=2022-08-29

In addition, as healthcare infrastructure and imaging
capability are improved at the primary and secondary levels
of care, access to ultrasound at such facilities is typically
improved, potentially decreasing reliance on ultrasound
investigations performed at tertiary hospitals.

In parallel with the technical advances in ultrasound over the
past decades, there have been substantial technological
developments in other specialised imaging modalities,
particularly CT and MR. These advances include faster scan
times, decreasing radiation dosages, improved spatial
resolution and a dwindling need for sedation. Thus, although
the clinical applications of ultrasound are expanding, the
same is true for other modalities, making these potentially
more attractive diagnostic options than ultrasound in certain
clinical settings.®”

Of note, a recently published study of changes over a decade
in public sector diagnostic imaging utilisation in the Western
Cape Province (WCP) of South Africa (SA) showed that
ultrasound had the highest numerical and percentage growth
in usage of all imaging modalities. The increased ultrasound
usage was largely attributable to enhanced access at the
lower levels of healthcare.?

This provides the context for this study. To the best of our
knowledge, the cumulative impact of the increasing
performance of ultrasound by disciplines outside of
radiology, the enhanced availability of ultrasound at
primary and secondary levels of care and the technological
advances together with the burgeoning usage of other
specialised imaging modalities such as CT and MR, on
ultrasound utilisation in a tertiary-level radiology
department has not been evaluated. Such a study is
important to ensure appropriate strategic planning, service
delivery and teaching in the tertiary environment, where
clinicians typically have recourse to the full spectrum of
modern imaging modalities. This study aimed to evaluate
temporal trends in ultrasound utilisation in a tertiary-level
radiology department.

Methods

This retrospective study was conducted in the radiology
department of Tygerberg Hospital (TBH), a 1386-bed main
teaching facility of the Faculty of Medicine and Health
Sciences of Stellenbosch University in Cape Town, WCP, SA.

Customised searches of the TBH radiology information
system (RIS) were conducted to retrieve relevant details of all
ultrasound examinations performed by the radiology
department during 1 January 2013 — 31 December 2013 and
1 January 2019 — 31 December 2019. Radiology information
system data were cross-checked against the department’s
manually collated examination statistics and compared for
the two periods. Any study other than plain film radiography
was considered a specialised investigation. Ultrasound
studies were expressed as a proportion of the total annual
radiology workload, as recorded in the annual departmental
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reports for the respective years. All ultrasound examinations
performed by clinical departments outside the radiology
department were excluded from analysis.

Further analyses stratified ultrasound studies by location:
general examinations were those performed either in the
radiology department’s ultrasound suite or as mobile studies
in hospital wards/intensive care units; interventional
procedures were executed in the radiology department’s
angiography/interventional theatre; breast studies were
completed in the departmental mammography suite.
General examinations were further analysed by body part
and patient age (0-13 years; > 13 years). Interventional
workload was analysed by procedure.

Ethical considerations

This was a retrospective study and therefore had no impact
on current patient management. As only the database of the
ultrasound records was accessed, no patient details were
compromised.

Complete anonymity was maintained by the use of unique
study numbers in place of patients’ names or folder numbers.
Ethical approval was provided by the Stellenbosch
University, National Health Research Ethics Council
(NHREC) registration number: REC-130408-012 (HREC1).

Results
Tygerberg Hospital diagnostic imaging utilisation

There was an overall 8% decrease in diagnostic imaging
workload (191163 vs 176812) in the review period. This
reflected the interplay between a striking decrease in
plain radiography (132 901 vs 107 722; -19%), a modest
decline in general fluoroscopy (7903 vs 7725; -0.3%) and
substantial increases in CT (22 956 vs 29 248; 27%), MR
(4005 vs 4935, 23%) and fluoroscopically guided
procedures (5781 vs 7714; 22%). Plain radiography
declined from 70% to 61%, whilst the specialised imaging
studies increased from 30% to 39% of the departmental
workload (Table 1).

Tygerberg Hospital ultrasound utilisation

During the review period the ultrasound personnel and
equipment resources remained stable. Ultrasound remained
the second most common specialised imaging investigation
throughout the review period, after CT. There was a 12%
overall expansion of ultrasound utilisation (13 594 vs 15 282),
with ultrasound increasing from 7% to 8% of the overall
radiological workload. However, there were distinct trends
in the various components of the sonographic service.
Utilisation of general ultrasound declined slightly (12 256 vs
12155; -1%), whilst there were striking increases in
ultrasound-guided interventional procedures (797 vs 1511; 90%),
diagnostic breast sonography (525 vs 1523; 190%) and
ultrasound-guided breast interventions (16 vs 93; 490%)
(Table 1).
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TABLE 1: Ultrasound utilisation at Tygerberg hospital.
Ultrasound utilisation at TBH 2013 2019 Total increase % increase

TBH radiology services

Modality
Plain radiography 132901 70 107 722 61 -25179 -19
CcT 22 956 12 29248 17 6292 27
Ultrasound 13594 7 15 282 8 1688 12
General fluoroscopy 7903 4 7725 4 -178 -2
Mammography 4023 2 4186 2 163 4
MR 4005 2 4935 3 930 23
Flouroscopically guided interventional procedures 5781 3 7714 4 421 22
Total 191 163 - 176 812 - —14 351 -8

TBH ultrasound services

Investigation
General ultrasound 12 256 90 12 155 80 -101 -1
Ultrasound-guided interventions 797 6 1511 10 714 90
Breast ultrasound 541 - 1616 - 1075 199
Total 13594 - 15282 - 1687 13

General ultrasound

Investigation
Abdomen 5923 48 4601 38 -1322 =22
KUB 2605 21 3154 26 443 16
Venous Doppler 920 - 983 - 66 7
Arterial Doppler 652 - 550 - -102 -16
Neonatal brain 573 - 809 - 236 41
Small parts (thyroid, testis, parotid) 463 - 767 - 303 65
MSK 438 - 733 = 294 67
Pericardium 428 - 355 - =73 =17
Chest and pleura 219 - 200 - =19 =9
FAST 35 - 3 - -32 -91
Total 12 256 = 12 155 o -101 —1

Age <13 years

Investigation
Abdomen 743 33 690 25 =53 -8
Chest and pleura 62 3 97 3 35 36
FAST 0 0 2 0 2 -
Pericardium 3 0 2 0 -1 =50
KUB 626 28 832 30 206 25
MSK 122 5 206 7 84 41
Neonatal brain 573 26 809 29 236 29
Small parts (thyroid, testis, parotid) 71 3 86 3 15 21
Arterial doppler 3 0 25 1 22 88
Venous doppler 38 2 67 2 32 46
Total 2241 - 2816 - 575 26

Age > 13 years

Investigation
Abdomen 5180 = 3911 = -1269 -32
Chest and pleura 157 - 103 - -54 =52
FAST 35 = 1 = -34 —3400
Pericardium 425 - 353 - =72 =20
KUB 1979 = 2322 = 237 10
MSK 316 - 527 - 211 40
Parotid 18 - 31 - 13 42
Testes 193 - 280 - 87 31
Thyroid 181 - 370 - 189 51
Arterial doppler 882 - 525 - -357 -68
Venous doppler 649 - 916 - 267 29
Total 10 015 - 9339 - -676 =7

Mobile studies

Investigation
Abdomen 340 37 271 22 -69 -20
Neonatal brain 245 26 524 42 279 114

Table 1 continues on the next page -
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TABLE 1 (Continues...): Ultrasound utilisation at Tygerberg hospital.
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Ultrasound utilisation at TBH 2013 2019 Total increase % increase
n % n %

KUB 122 13 205 17 83 68
Chest and pleura 75 8 71 6 -4 -5
Pericardium 72 8 77 6 5 7
Venous doppler 68 7 84 7 16 10
FAST 11 1 1 0 -10 -90
Total 932 1233 - 301 32

Ultrasound-guided interventions

Investigation
Aspiration 41 214 - 173 422
Arteriography 0 124 - 124 -
Liver biopsy 40 65 - 25 63
Kidney biopsy 159 156 - -3 -2
Cholangiogram - PTC 61 93 - 32 52
Cholangiogram - Stent 24 28 - 4 16
Hydatid saline 4
JJ removal a4
Nephrostogram 106 201 - 95 90
Nephrostomy 156 258 - 102 65
Pigtail drainage 206 368 - 162 79
Total 797 1511 o 714 90

Breast ultrasound

Investigation
Diagnostic studies 525 1523 - 998 190
Ultrasound guided breast interventions 16 94 - 78 487
Total 541 1616 1075 199

TBH, Tygerberg Hospital; KUB, kidney, ureter, and bladder; MSK, musculoskeletal; FAST, focused assessment with sonography in trauma; PTC, percutaneous transhepatic cholangiogram; JJ, double

Jstent.

General ultrasound
Overview

There was declining use of abdominal (5923 vs 4601; -22%),
pericardial (428 vs 355; —17%) and arterial (652 vs 550;
-16%) studies, whilst musculoskeletal (438 vs 733; 67%),
small parts (463 vs 767; 65%) and neonatal brain (573
vs 809; 41%) scans increased substantially. At the start of
the review period,
almost half of all general ultrasound examinations (n =
5923, 48%), decreasing to just over one-third (n = 4601,
38%) (Table 1).

abdominal studies constituted

Utilisation by age

An evolving emphasis on paediatric services was reflected
by a 26% increase (2241 vs 2816) in scans on patients aged
0-13 years, compared with a 7% decrease (10015 vs 9339) in
studies on older patients. At the start of the review period,
approximately one-fifth (n = 2241; 18%) of general ultrasound
was performed on patients of 0-13 years, compared with
almost a quarter (n = 2816; 23%) at the end.

There were differing patterns of service utilisation between
the younger and older groups. Patients aged 0-13 years
recorded a slight decrease in abdominal scans (-8%; 743 vs
690) but increases in all other investigations, particularly
chest, renal, neonatal brain, musculoskeletal small parts
and vascular studies. Amongst older patients, abdominal,
chest and arterial studies decreased substantially, whilst
small parts and musculoskeletal investigations increased
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significantly. It is noteworthy that renal, small parts
and musculoskeletal scans increased in both age groups
(Table 1).

Mobile studies

Demand for mobile studies increased substantially (932 vs
1233; 32%), with a corresponding increase in the proportion
of examinations (8% vs 10%) performed as mobile
investigations. In addition, the mobile service evolved, with
neonatal brain scans surpassing abdominal scans as the most
common investigation. In 2013, neonatal brain scans
represented just over one-quarter (245/932; 26%) of all
mobile investigations, and in 2019, just less than half
(524/1233; 42%). At the start of the review period, 43%
(245/573) of neonatal brain scans were performed as mobile
investigations, compared with 65% (534/809) at the end
(Table 1).

Ultrasound-guided interventions

Ultrasound-guided procedures almost doubled in the
review period (797 vs 1511; 90%). Although the use of
ultrasound guidance for renal biopsies was stable, there
was increased utilisation of a broad range of other
interventional procedures, most notably needle aspiration
of collections (41 vs 214, 422%), nephrostograms (106 vs 201;
90%) and pigtail drainages (206 vs 368; 79%). Furthermore,
the use of ultrasound guidance for both arterial and venous
access angiography was introduced in the review period
(Table 1).
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Breast ultrasound

Ultrasound applications in the mammography suite tripled
(541 vs 1616; 199%), with substantial increases in both
diagnostic studies and sonar guided procedures (Table 1).

Discussion

To the best of our knowledge, this represents the first analysis,
in any healthcare setting, of the evolving pattern of ultrasound
services in the radiology department of a large tertiary
hospital. As such, it provides insights into the current tertiary-
level imaging milieu, affording appreciation of the nuanced
interplay between the modern imaging modalities and the
current place of ultrasound in the provision of tertiary
radiological services. It is thus of potential interest and
relevance to imaging personnel, healthcare managers, medical
educators, health systems analysts and health economists.

The importance of assessing temporal trends in the utilisation
of diagnostic imaging is underscored by a Medline search of
the subject yielding more than 2300 manuscripts. Studies to
date have either analysed trends in the use of a specific
imaging modality in the investigation of a single clinical
symptom, assessed trends in the general use of imaging for
evaluation of a single clinical symptom or organ system or
documented changes in the role of imaging in a clinical
environment.”*1%11121314 Fyrthermore, although a Medline
search of the role of ultrasound in clinical practice revealed
more than 10000 articles, these focused on the impact of
sonography in a specific clinical setting. There has been no
analysis of the evolving pattern of ultrasound in service
delivery, given the technological advances and changing
roles of other imaging modalities. Such an analysis is
important because it informs strategic planning and
appropriate resource allocation and thus ultimately enhances
clinical service delivery. It is also important towards
maintaining a relevant and modern teaching platform. The
dearth of documentation on the evolving pattern of
ultrasound in the modern imaging environment is surprising
because it is now more than 60 years since the seminal
manuscripts of John Wild and Ian Donald heralded the
diagnostic ultrasound era.'?

The importance of analysing temporal imaging trends is
further highlighted if one considers that in 1970, 42% of
antenatal patients had an X-ray examination, with almost
90% involving abdominal exposure. However, with the
increasing availability of obstetric ultrasound services during
the 1970s, this figure dropped to 3% by 1980."°

The current study has several key findings. Firstly, there
were significant changes in tertiary imaging in the relatively
short review period, as demonstrated by an almost 20%
decrease in the use of plain radiography and substantial
increases in the utilisation of the more capital-intensive
modalities such as CT (27%), MR (23%) and fluoroscopically
guided procedures (22%). This underscores the flux in
tertiary imaging and the need for ongoing monitoring of this
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environment. Secondly, despite the relatively rapid changes
in this setting, ultrasound remained the second most common
specialised investigation, recording a 12% expansion of
services and increasing from 7% to 8% of all departmental
investigations. Thirdly, there were striking changes in the
ultrasound services provided, with a decline in the demand
for general abdominal studies (-22%) but marked increases in
ultrasound-guided  procedures (90%), breast (199%),
musculoskeletal (67%), small part (65%) and neonatal brain
scans (41%).

The decreased use of plain film radiography at the tertiary
level can be attributed to the improved imaging infrastructure
within the WCP of SA. Between 2013 and 2019, there was
progressive expansion of plain radiographic services in
peripheral facilities, together with the commissioning of a
provincial-wide picture archiving and communication
system (PACS). The latter allowed any imaging performed at
peripheral facilities to be viewed at tertiary hospitals,
eliminating the need for repeat investigations.®

The 32% reduction in abdominal ultrasound in patients older
than 13 years likely represents preferential use of abdominal
CT in specific clinical settings. Incremental technological
advances in CT over the past decades have resulted in
progressive decreases in radiation dose and scan times, in
conjunction with increased spatial resolution and the capacity
for multiplanar image reconstruction. These advances have
entrenched CT as the modality of choice for definitive
assessment of abdominal oncology staging, acute abdominal
trauma, bowel obstruction, non-specific acute abdominal
pain and post-operative complications.®”'*” Similarly,
technological CT enhancements could have contributed to
preferential use of CT angiography over arterial sonography.

The growth in ultrasound-guided procedures reflects
increasing clinical traction of so-called ‘interventional
ultrasound’, defined as any diagnostic and therapeutic
procedure performed under ultrasound guidance. Advances
in this field in turn reflect the broader, sequential
technological developments in ultrasound. The most
significant advantages of sonographic guidance are real-
time imaging with excellent anatomic detail including
exquisite vessel visualisation, lack of ionising radiation,
decreased procedure time, portability and the cost savings
inherent in freeing up the CT scanner for diagnostic
examinations.’ Berlyne reported the first sonographically
guided intervention as early as 1961, utilising a single
element transducer to facilitate renal biopsy."” By the early
1970s percutaneous ultrasound-guided biopsies utilising
static images were increasingly reported.’® In the 1970s the
advent of real-time B-mode machines enabled continuous
monitoring of needle tip advancement into a predetermined
target.”® In the 1980s multiple ultrasound-guided drainages
and catheterisation procedures such as nephrostomy,
paracentesis, cholecystostomy, abscess drainage and
vascular catheterisation were established as rapid and safe
alternatives to conventional drainage methods and open
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surgery.’$20222 A further 1980s milestone was the
emergence of colour Doppler imaging whereby blood flow
was visualised in 2-D within a colour box displaying the
axial motion. In the next two decades, the clinical diffusion
of high-resolution small-part transducers facilitated
ultrasound-guided percutaneous biopsy of the head and
neck, parathyroid, thyroid and lymph nodes.2****% The
marked increase in TBH percutaneous needle aspirations
and pigtail drainages (247 vs 582; 136%) underscores the
growing realisation that these procedures provide a safe and
effective alternative to operative treatment of a broad
spectrum of abdominal conditions, including post-operative
sepsis, diverticular abscess, complicated appendicitis, liver
abscess and abdominal wall collections.??

The increased recourse to musculoskeletal ultrasound
(MSUS) reflects the global trend of broadening sonographic
applications in orthopaedics and rheumatology. This is
shown by the increase in annual MSUS publications from
seven in 1991 to 175 in 2011.*° The first documented clinical
use of MSUS was half a century ago. McDonald and co-
workers in San Diego used an early B-mode unit to
differentiate a Baker’s cyst from thrombophlebitis.*® The
enhanced use of MS ultrasound has been facilitated by
the evolution of high-resolution linear probes and the
emergence of Power Doppler. The latter was first described
by Rubin in 1994 and in the same year its potential for the
assessment for synovitis was reported by Newman.*>*
Sonar’s capacity for real-time dynamic imaging makes it a
powerful tool that is increasingly used in the diagnosis of
osteitis, synovitis, synovial hypertrophy, joint effusion, bone
erosion, tenosynovitis, enthesitis, other tendon pathology
and bursitis. It is also used for interventional guidance, to
monitor treatment response and for dynamic evaluation of
impingement, subluxation and dislocation.

Breast ultrasound was first used in the 1970s to distinguish
solid from cystic breast masses. It is now entrenched as
complementary to mammography in the diagnostic setting.
The addition of ultrasound to mammography for breast mass
evaluation improves specificity and reduces unnecessary
biopsies. Ultrasound has proven particularly useful in
detecting clinically and mammographically occult cancers in
women with dense breasts.** Globally, as reflected in our
data, ultrasound-guided breast interventional procedures
have increased in volume in recent years and ultrasound
guidance is evolving as the primary mode of biopsy.

The main growth in small part scanning is in thyroid
sonography, reflecting the recognition that ultrasound is the
modality of choice for initial characterisation of thyroid
nodules. Since 2012, the American College of Radiologists
(ACR) has refined, through several iterations, an ultrasound-
based risk stratification system for the identification of
thyroid nodules warranting biopsy or sonographic follow-
up. The resultant ACR Thyroid Imaging Reporting and Data
System (TIRADS) lexicon is now widely accepted and has
informed TBH sonographic practice.®
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A strength of this study was the use of robust RIS data,
correlated with manually collated departmental workload
statistics, thereby ensuring the integrity of results. An
additional strength is that our findings are potentially
broadly applicable to tertiary institutions. A limitation was
the failure to include clinical data in the analysis. This
precluded identification of evolving clinical referral
patterns to explain ultrasound utilisation trends,
particularly the decreased usage of abdominal and arterial
sonography. Future work in this domain will be
strengthened by the inclusion of a clinical component to
the analysis.

Conclusion

This study underscores the continued importance of
ultrasound services provided by the tertiary-level radiology
department and highlights the evolving pattern of such
services.
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