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ORIGINAL ARTICLE

Transradial Access for Neurointervention: A Case Series from a
Tertiary Centre in Hong Kong

KH Fung', NR Mahboobani!, JC Ng', KWS Ko!, VWT Chan!, KW Shek!, NL Chan?, JK Sham?,
CSK Chau’, JWT Lo?, TL Poon?, KF Fok?, WL Poon'

'Department of Radiology and Imaging, Queen Elizabeth Hospital, Hong Kong SAR, China
’Department of Neurosurgery, Queen Elizabeth Hospital, Hong Kong SAR, China
’Department of Medicine, Queen Elizabeth Hospital, Hong Kong SAR, China

ABSTRACT

Introduction: Despite several retrospective studies showing the safety and efficacy of transradial access (TRA) for
a variety of neurointerventions, the evidence in Asian populations is limited. The smaller size of the radial artery in
Asians could cause technical difficulty in access as well as access site complications. This study aimed to assess the
feasibility and safety of TRA for neurointervention in an Asian population.

Methods: We performed a retrospective review of neurointerventions performed with TRA in our hospital between
January 2018 and June 2021. Technical success was defined as TRA with insertion of the sheath and completion
of the intervention without crossover to conventional transfemoral access (TFA). The primary endpoint was the
in-hospital stay plus the 30-day incidence of access site haematoma requiring surgical treatment or transfusion,
symptomatic radial artery occlusion, hand ischaemia, arteriovenous fistula, pseudoaneurysm, and wound infection.
The secondary endpoints were procedure-related complications including intra-operative vessel injury, cerebral
thromboembolism, and haemorrhagic complications.

Results: A total of 45 patients underwent neurointerventions (transcatheter embolisation of aneurysms/arteriovenous
malformations/tumours, and extracranial carotid stenting) via TRA. The technical success rate was 93.3%. There
were no significant access site complications. The overall procedure-related complication rate was 11.1%.
Conclusion: In an Asian population, neurointervention via TRA is feasible, with a low crossover rate and low incidence
of access site complications. In this case series, there was no increase in the procedure-related complication rate
when compared with TFA.

Key Words: Aneurysm; Arteriovenous malformations; Carotid stenosis; Radial artery
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INTRODUCTION

Transradial access (TRA) has evolved as the standard
approach for cardiac interventions. Compared to
conventional transfemoral access (TFA), TRA has a
demonstrated lower rate of access site complications,
improved postprocedural quality of life, and reduced
hospital costs in large-scale randomised trials."® At
first, TRA was not widely used in neurointervention
due to technical challenges in puncturing and obtaining
access for a large-bore sheath in the small radial artery.
In recent years, TRA has been gaining popularity for
neurointerventions due to two major advantages. First,
the superficial location and compressibility of the
radial artery can reduce access site bleeding and related
complications, especially when large-bore vascular
access is needed together with the need to administer
dual antiplatelet treatment. Second, TRA has anatomical
and technical advantage in patients with type III and
bovine arch morphology.'°

There are reports from Western countries demonstrating

low rates of access site complications and crossover to
TFA in TRA neurointerventions.'''> However, there are

Hong Kong J Radiol. 2023;26:84-90
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limited reports on TRA for neurointervention in Asian
populations. There are differences in the size of the radial
arteries between patients of various ethnicities. The mean
internal diameter of the radial artery has been reported to
be 3.64 +0.74 mm in the Western population'* compared
to 2.63 +0.35 mm in the Asian population.'> The smaller
radial artery diameter in Asians could potentially affect
arterial accessibility of and also the rate of access site
complications.

The aim of our study was to assess our experience
with  TRA in 45 neurointerventions in a tertiary
neurointervention centre with a predominant Asian
patient population.

METHODS

This was a retrospective study performed in a tertiary
neurointervention centre in Hong Kong. Our patient
population is primarily Asian and predominantly
Chinese. We reviewed consecutive neurointerventional
cases performed with TRA in Queen Elizabeth
Hospital between January 2018 and June 2021. The
neurointerventions performed include carotid stenting,
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Figure 1. (@) Computed tomography angiogram of the neck showing severe left proximal internal carotid artery (ICA) stenosis (dashed
arrow) in a patient with bovine arch (arrows). (b) Left ICA angiogram with transradial access (TRA) showing severe left proximal cervical ICA
stenosis (arrow). (c) Left carotid stent performed with TRA. Post-carotid stent angiogram showed satisfactory angiographic result.

Figure 2. (a) Bilateral vertebral angiogram shows dissection along intradural segment of both vertebral arteries with alternating segments of
stenoses and dilatations (arrows). Fenestration of right vertebrobasilar junction is shown (dashed circle). There is an aneurysm arising from
the right vertebrobasilar junction (dashed arrow). (b) Two flow diverters were deployed from the right vertebrobasilar junction to the right
vertebral artery proximal V4 segment, followed by deployment of two flow diverters from the left vertebrobasilar junction to left vertebral
artery distal V3 segment. Bilateral flow diverters (arrows) were patent. (c) Post-flow diverter deployment angiogram showing contrast stasis
in the right vertebrobasilar junction aneurysm (arrow).

transcatheter embolisation (TCE) of intracranial was made prior to the procedure in cases with factors
aneurysms, stenting of intracranial arteries, TCE of reported to favour TRA, which include but are not limited
arteriovenous malformations, and tumour TCE. to type II/IIT aortic arch, bovine arch (Figure 1), posterior

circulation vascular lesions (Figure 2), high bleeding risk
The decision to perform neurointervention using TRA due to use of dual antiplatelet therapy, obesity, and failed

86 Hong Kong J Radiol. 2023;26:84-90
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TFA (Figure 3). All cases meeting the inclusion criteria
were included in this study except there was one case
excluded as the patient was observed with Barbeau type
D waveform. The list of factors was based on medical
knowledge and neurointervention experience, and the
decision was made by neurointervention operators.

Endovascular Procedure

Our standard approach was to perform the Barbeau
test prior to radial artery puncture. For Barbeau types
A, B and C, the neurointervention would proceed with
TRA; for Barbeau type D, neurointervention would be
performed with TFA.

The puncture site of the radial artery was either at the
wrist (2 to 3 cm proximal to palmar wrist crease) or the

Hong Kong J Radiol. 2023;26:84-90

Figure 3. (a) Computed tomography angiogram of a patient with type Il aortic arch and
bilateral carotid stents. The left common carotid artery is occluded (arrow). There is severe in-
stent stenosis in the right carotid stent (not shown). (b) Brachiocephalic trunk angiogram with
transfemoral access (TFA) showing severe right carotid in-stent stenosis (arrow). Angioplasty
with TFA failed due to type Il aortic arch. (c) Brachiocephalic trunk angiogram with transradial
access (TRA) again shows severe right carotid stent in-stent stenosis (arrow). (d) Right carotid
stent angioplasty performed with TRA. Post-angioplasty carotid stent angiogram showed
satisfactory angiographic result.

distal radial artery (at the anatomical snuffbox). The
choice of access site was based on the calibre of the
radial artery measured with ultrasound at the respective
sites and also operators’ preference. The choice of right
or left radial artery depended on the location of the target
lesion. For example, for right vertebral artery or right
internal carotid artery lesion, right transradial approach
was used; for left vertebral artery lesion, left transradial
approach was used.

TRA was achieved with a single-wall puncture under
ultrasound guidance, followed by insertion of a 6-F sheath
(Radifocus Introducer Il Transradial Kit; Terumo, Tokyo,
Japan). An antispasmodic cocktail (2.5 mg of verapamil
and 200 pg of nitroglycerin) was administered via the
radial sheath; this became our standard practice and was
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administered in the last 38 cases in this series with close
monitoring of blood pressure. Haemodilution (aspirating
a substantial amount [a few mm] of blood into syringe)
and slow injection of the antispasmodic cocktail were
adopted to mitigate the burning sensation associated
with the cocktail and to avoid a sudden drop in blood
pressure. A bolus of heparin (50 units/kg) and heparin
infusion (600 units/h) were administered intravenously.

The supra-aortic vessels were catheterised by advancing
a guide catheter (Benchmark 071; Penumbra, Alameda
[CA], US; Neuron 053, Penumbra, Alameda [CA], US;
or Mach 1; Boston Scientific, Natick [MA], US), over
a standard hydrophilic angled 0.035-inch guidewire
(Terumo, Tokyo, Japan), with or without the aid of a
5-Fr diagnostic catheters such as a Simmons 2—shaped
catheter (Terumo, Tokyo, Japan), Torcon NB Advantage
Catheter (Cook Medical, Bloomington [IN], US) or JB2
catheter (Cordis, Miami [FL], US). The guide catheter
could be preloaded with the diagnostic catheter or
exchanged for a diagnostic catheter over a guidewire.

Upon completion of the procedure, the radial artery
puncture site was closed with application of a haemostatic
bandage (Stepty P; Nichiban, Tokyo, Japan) for 4 hours.
Patients were then examined for access site haematoma
and for distal perfusion. All patients were reviewed for
access site complications during the hospital stay and
underwent follow-up in the outpatient clinic.

Outcome

Technical success was defined as TRA with insertion
of the sheath and completion of neurointervention
without crossover to conventional TFA for intervention.
The primary endpoint was the in-hospital stay plus 30-
day incidence of significant access site complications
including access site haematoma requiring surgical
treatment or transfusion, symptomatic radial artery
occlusion, hand ischaemia, arteriovenous fistula,
pseudoaneurysm, or wound infection. The secondary
endpoints were procedure-related complications
including intraoperative vessel injury, and cerebral
thromboembolic and haemorrhagic complications.

RESULTS

Between January 2018 and June 2021, 45
neurointerventions were performed with TRA in our
institution. Patient demographics, neurointervention
performed, target lesion, rationale for TRA, and
location of radial artery puncture are listed in the online
supplementary Table.

88

All 45 patients were Asian and 43 of them (95.6%)
were Chinese. There were 17 cases (37.8%) of TCE of
aneurysm(s) in the anterior circulation, 16 cases (35.6%)
of TCE of aneurysm(s) in the posterior circulation
(Figure 2), 10 cases (22.2%) of carotid stenting
(Figures 1 and 3), one case (2.2%) of embolisation
of a meningioma, and one case (2.2%) of TCE of an
arteriovenous malformation in the posterior fossa.

We performed 46 radial artery punctures in the 45
neurointerventions. There were 34 punctures (73.9%) at
wrist level and 12 punctures (26.1%) at the anatomical
snuffbox.

The overall rate of technical success of TRA was 93.3%,
with no instances of failure in obtaining radial access.
There was no case of radial artery vasospasm nor radial
loop requiring crossover to TFA. There were three
cases with crossover (6.7%) to TFA due to severe acute
angulation between the right subclavian artery and the
right common carotid artery.

For the primary safety endpoints, there was no
significant access site haematoma, symptomatic radial
artery occlusion, hand ischaemia, arteriovenous fistula,
pseudoaneurysm, or wound infection during in-hospital
stay and 30 days thereafter.

For secondary endpoints, five patients (11.1%) had
procedure-related complications. There were two cases
of intra-operative aneurysm rupture, two cases of
thromboembolism (one case resolved with intra-arterial
eptifibatide injection with no clinical sequelae; the other
case suffered a middle cerebral artery territory infarct
noted on postoperative day 2), and one case of intra-
operative in-stent stenosis.

DISCUSSION

There is increasing utilisation of TRA in diagnostic
and interventional cerebral angiography, with good
clinical outcomes. It is becoming the preferred choice
of access by patients.!!” There are published case
series demonstrating feasibility and safety of TRA
in a variety of neurointerventions, such as aneurysm
TCE,!" flow diverting stent placement'? and mechanical
thrombectomy,"* which were all performed in Western
countries. There is no corresponding literature in Asian
populations.

Our case series is the first which consists of Asian
(100%) and predominantly Chinese patients (95.6%).

Hong Kong J Radiol. 2023;26:84-90



It demonstrates a high success rate in performing
neurointerventions with TRA, which is similar to
published case series with Caucasian patients, despite the
smaller radial artery diameter in Asians when compared
to Caucasians.'*"> The crossover rate in our case series
was similar compared to other published case series.
In a systemic review of TRA in neurointerventions
which consisted of 21 studies (n = 1342 patients),'° the
crossover rate was 4.77%. Radial artery spasm is one of
the potential difficulties in performing neurointervention
with TRA. It was only rarely encountered in this case
series. The antispasmodic cocktail was very effective in
preventing and treating radial artery spasm. The fact that
we performed all neurointerventions apart from carotid
stenting with general anaesthesia was a protective
factor. Another potential difficulty in performing
neurointervention with TRA was radial loops. Radial
loops were only rarely encountered in this case series.
The radial loop is a rare vascular anomaly with a reported
frequency of 2.3% in one large multicentre case series.'®
In the few cases with radial loop which we encountered in
this case series, the loop was reduced with advancement
of the catheter with the aid of a guidewire.

TRA also demonstrated safety among our patient group
with no significant access site complications observed in
our case series. In a systematic review,'® the major access
site complication rate was reported to be 0.15%.

The overall procedure-related complication rate in
our case series was 11.1% (5 out of 45 cases). All five
complicated cases were TCE of intracranial aneurysms.
In subgroup analysis, the complication rate of TCE of
intracranial aneurysms with TRA was 15.2%, which is
within the reported range in the literature.'*>? The overall
TRA procedure—related complication rate was similar to
that with TFA in our centre (10%-20%).

Limitations

Our study has a few limitations. First, it was a single-
centre study which limits its generalisability. However,
the neurointerventions in this series were performed
by 11 operators with variable lengths of experience in
neurointervention from <1 year to >20 years. This could
suggest that TRA can be performed by operators with
different levels of experience.

Second, this study has a small sample size.
Neurointervention with TRA was increasingly performed
in our centre because operators were gaining experience
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and confidence in TRA. According to cardiac literature
and studies regarding diagnostic cerebral angiography
with TRA, there is a 30- to 50-case learning curve >
and we expect our crossover and procedure-related
complication rate will improve with our increasing case
volume of TRA.

CONCLUSION

This case series is believed to be the first one to
demonstrate that TRA is feasible and safe to perform
for a variety of neurointerventions in Asian patients,
who have relatively smaller radial artery calibres when
compared to Caucasian patients. The crossover rate was
low and there was a high success rate of 93.3% with TRA.
There were no significant access site complications in
this case series. There was no increase in the procedure-
related complication rate with TRA when compared with
TFA in our centre.
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Surgery
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ABSTRACT

Introduction: Capecitabine plus oxaliplatin (XELOX) and tegafur/gimeracil/oteracil (TS-1, also known as ‘S-1’) are
two commonly used adjuvant chemotherapy regimens for gastric cancer in Hong Kong. This study aimed to review
the outcomes of patients receiving these two regimens, to investigate important clinical factors that may impact on
the risk of disease recurrence, and to explore the roles of neutrophil-to-lymphocyte ratio and platelet-to-lymphocyte
ratio (PLR) in prognostication after radical surgery.

Methods: Patients who received adjuvant treatment (either XELOX or TS-1) for gastric cancer following radical
surgical resection from January 2016 to December 2020 at our hospital were included. Patient demographics,
overall survival (0S), and disease-free survival (DFS) were analysed.

Results: A total of 65 patients were included (XELOX: n = 40; TS-1: n = 25). XELOX appeared to have more
favourable OS and DFS, although the result was confounded by older and frailer patients in the TS-1 group. An
elevated PLR was associated with inferior OS after surgery (p = 0.036). Cox regression analysis showed that
Eastern Cooperative Oncology Group (ECOG) performance status score of 2 and nodal stage of N2 to N3 were two
independent factors associated with inferior OS. ECOG performance status score of 2, nodal stage of N2 to N3, and
chemotherapy dose intensity <70% were significantly associated with a higher risk of relapse.

Conclusion: Poorer ECOG performance status and more advanced nodal stage are independent factors associated
with inferior OS and DFS, and lower chemotherapy dose intensity (<70%) resulted in a higher risk of disease
relapse. NLR and PLR is a simple clinical marker that may be further explored as a prognostic marker for gastric
cancer after radical surgery.
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TS-1 or XELOX after Gastric Cancer Surgery
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INTRODUCTION

Gastric cancer was the sixth commonest cancer in
Hong Kong, accounting for 3.7% of all new cancer
cases in 2019.! Although the incidence has been
gradually declining, compatible with global trends due
to efficacious Helicobacter pylori eradication therapy,’
gastric cancer remains more prevalent in Asian countries
than in the West.

Clear surgical resection with D2 lymphadenectomy
and chemotherapy is considered the standard of care
for resectable locoregionally advanced gastric cancer
nowadays,’ and this has been advocated in several
international guidelines.*> Adjuvant chemoradiotherapy
(45 Gy over 25 fractions concurrent with 5-fluorouracil
and leucovorin) had once been widely adopted, but was
later criticised for the inclusion of a high proportion
of patients with D1 lymphadenectomy in the study
recommending it.5

The choice of chemotherapy regimen significantly
differs among different parts of the world. In European
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countries, perioperative chemotherapy, such as the
combination of epirubicin, cisplatin, and 5-fluorouracil’
or 5-fluorouracil, leucovorin, oxaliplatin, and docetaxel
is frequently used, whereas in Hong Kong, clinicians tend
to use adjuvant chemotherapy as in most Asian countries.
The two most commonly used regimens of adjuvant
chemotherapy after radical surgery are capecitabine
plus oxaliplatin (XELOX) and tegafur/gimeracil/oteracil
(TS-1, also known as ‘S-1°). They both demonstrated
significant benefits when compared with surgery alone
in randomised clinical trials*® conducted in Asian
countries. Despite the two regimens having been widely
used, there are no prospective randomised clinical trials
directly comparing their efficacy.

Regarding the prognostic stratification of patients with
resected gastric cancer, several clinical and pathological
parameters have long been adopted to predict the
recurrence of gastric cancer including age, comorbidities,
tumour size, differentiation status, and presence of
lymphovascular or perineural invasion.'""™* In recent
years, the clinical utility of the peripheral neutrophil-
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to-lymphocyte ratio (NLR) and platelet-to-lymphocyte
ratio (PLR) as systemic inflammatory markers has been
addressed. In relation to cancer prognosis, several meta-
analyses showed that elevated NLR and PLR correlated
with tumour progression and poor survival in a number
of gastrointestinal cancers.'>!® However, what the same
observation connotes in the adjuvant setting remains
uncertain.

This retrospective study was conducted with three aims:
to compare the efficacy of adjuvant XELOX with TS-1
chemotherapy for patients with stage II or III gastric
cancer who received radical surgery in our locality; to
investigate important clinical factors that may impact
on the risk of disease recurrence; and to explore the
prognostic value of NLR and PLR as potentially useful
and easily available clinical parameters.

METHODS

Patients and Data Collection

Patients who received adjuvant treatment (XELOX: n =
40; TS-1: n = 25) for gastric cancer following radical
surgical resection from January 2016 to December 2020
at the Department of Clinical Oncology, Pamela Youde
Eastern Hospital, Hong Kong were included in the study.
Patients with metastatic disease at presentation (including
small-volume peritoneal metastasis) or double primary
cancers were excluded. Patients who received adjuvant
radiotherapy were also excluded. Relevant clinical and
pathological parameters were captured from clinical
notes and the Clinical Management System of Hospital
Authority.

Treatment

XELOX consists of oral capecitabine (1000 mg/m?
twice daily on days 1-14 of each cycle) plus intravenous
oxaliplatin (130 mg/m? on day 1 of each cycle) up to
8 cycles. TS-1 is oral chemotherapy (daily dose according
to body surface area [BSA]: patients with BSA <1.25 m?
received 80 mg daily, those BSA ranging from <1.25 m?
to 1.50 m? received 100 mg daily, and those with BSA
>1.50 m? received 120 mg daily) given for 4 weeks
followed by 2 weeks of rest for a total of 9 cycles.

In practice, patients of an advanced age, borderline
Eastern Cooperative Oncology Group (ECOG)
performance status and pre-existing neuropathy would
be more likely to be given TS-1, as it is a non—self-
financed item under the institution.

Doses and schedule modifications were conducted based
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on patients’ ECOG performance status, organ functions,
and toxicities by clinicians’ decisions. Dose reduction
of chemotherapy was conducted in a stepwise manner
(75%-85% of the initial dose for 1st dose reduction, then
60%-70% for the 2nd dose reduction). The relative total
dose intensity (RTDI) is the ratio of the delivered actual
dose intensity (ATDI) to the standard planned dose
intensity (PTDI) for a chemotherapy regimen, which is
calculated as follows:

ATDI

RTDI (%) = PIDL

x 100

Planned total dose (mg)
Planned duration of therapy (weeks)

PTDI (mg/week) =

Actual total dose (mg)
Duration of therapy (weeks)

ATDI (mg/week) =

Follow-up and Assessment

Patients were seen by doctors prior to each cycle of
chemotherapy, when tolerance of chemotherapy and
results of blood tests would be recorded in the Clinical
Management System. Patients who had completed the
adjuvant chemotherapy would be followed up at an
interval of 3 to 6 months. Computed tomography was
performed if there was clinical suspicion of disease
relapse. Disease relapse was defined as any radiological
and/or histological confirmation of recurrence. Elevated
tumour markers alone were not considered as relapse
without proof of recurrent disease.

Statistical Analysis

Statistical analysis was performed using SPSS (Windows
version 22; IBM Corp, Armonk [NY], United States).
Clinical and pathological data were retrospectively
reviewed and analysed by descriptive statistics. Pearson’s
Chi squared test was used for testing any significant
correlations and differences between groups.

Treatment outcomes, including disease-free survival
(DFS, the time from surgery to disease relapse) and
overall survival (OS, the time from diagnosis of disease
to death from any cause) were analysed by the Kaplan-
Meier method and the difference between groups
were tested with the log-rank test. Different clinical
parameters were tested for their impact on DFS and OS
by Cox regression analysis.

In order to have an accurate assessment of the baseline
NLR and PLR of our patients, the complete blood

counts right before the administration of first cycle
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Figure 1. Receiver operating curve (ROC) analysis for optimal cut-
off values of neutrophil-to-lymphocyte ratio (NLR) and platelet-to-
lymphocyte ratio (PLR).

of chemotherapy were recorded. This is to minimise
the effect due to postoperative inflammation and
chemotherapy on peripheral blood counts.

Using all-cause mortality as an endpoint for NLR and
PLR, the optimal cut-off values were determined by
receiver operating curve analysis as shown in Figure 1.
The area under the curve of NLR and PLR was 0.653
and 0.575, respectively. The optimal cut-off values
determined by the Youden’s index for NLR and PLR
were 1.9 and 169, respectively.

RESULTS

Patient Characteristics

Sixty-five patients were identified and included in
the analysis. Forty patients received XELOX and 25
received TS-1. The median follow-up time for this study
was 33.7 months (range, 6.5-78.9).

Patient baseline characteristics are summarised in Table
1. The median age of the entire cohort was 66.0 years.
The mean and median age in the XELOX group were
57.7 and 590 years respectively, compared to 69.4 and
71.0 years in the TS-1 group. Patients who received
TS-1 were significantly older, with 72.0% of them =66
years compared to 37.5% in XELOX group (p = 0.007).
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Table 1. Patient baseline characteristics of XELOX and TS-1
groups.”

XELOX TS-1group  p Value
group (n=25) (Pearson’s
(n=40) Chi
squared)
Sex
Male 25 (62.5%) 15 (60.0%) 0.840
Female 15 (37.5%) 10 (40.0%) 0.840
Age, y
<66 25 (62.5%) 7 (28.0%) 0.007
=66 15 (37.5%) 18(72.0%) 0.007
Mean (median) 57.7(69.0) 69.4 (71.0)
ECOG performance status
score
0-1 39 (97.5%) 15(60.0%) < 0.001
2 1(2.5%) 10 (40.0%) < 0.001
Pretreatment PET
No 25 (62.5%) 16 (64.0%) 0.903
Yes 15 (37.5%) 9 (36.0%) 0.903
Histology
Well or moderately 12 (30.0%) 12 (48.0%) 0.165
differentiated
Poorly differentiated 27 67.5%) 13 (52.0%) 0.165
Others 1(2.5%) 0 0.165
Tumour stage
T 2 (5.0%) 0 0.809
T2 6 (15.0%) 2 (8.0%) 0.809
T3 17 (42.5%) 12 (48.0%) 0.809
T4 15 (37.5%) 11 (44.0%) 0.809
Nodal stage
NO 7 (17.5%) 2 (8.0%) 0.198
N1 6 (15.0%) 9 (36.0%) 0.198
N2 7 (17.5%) 5 (20.0%) 0.198
N3 20 (50.0%) 9 (36.0%) 0.198
Overall stage (AJCC 8th
edition)
1A 8 (20.0%) 2 (8.0%) 0.380
1B 6 (15.0%) 8 (32.0%) 0.380
A 7 (17.5%) 5 (20.0%) 0.380
1B 12 (30.0%) 5 (20.0%) 0.380
lne 7 (17.5%) 5 (20.0%) 0.380
Lymphovascular invasion
Present 28 (70.0%) 17 (68.0%) 0.822
Absent 9 (22.5%) 5 (20.0%) 0.822
Unknown 3(7.5%) 3 (12.0%) 0.822
Perineural invasion
Present 21 (62.5%) 15 (60.0%) 0.571
Absent 16 (40.0%) 7 (28.0%) 0.571
Unknown 3(7.5%) 3 (12.0%) 0.571
Extent of nodal dissection
D1 2 (5.0%) 3 (12.0%) 0.240
D1 plus 3 (7.5%) 0 0.240
D2 35(87.5%) 22 (88.0%) 0.240
Pattern of relapse
No. of cases 27 22
Local relapse 1(2.5%) 2 (8.0%) 0.271
Nodal relapse 9 (22.5%) 6 (24.0%) 0.220
Distant relapse 10 (25.0%) 7 (28.0%) 0.222
Peritoneal relapse 7 (17.5%) 7 (28.0%) 0.339

Abbreviations: AJCC = American Joint Committee on Cancer;
ECOG = Eastern Cooperative Oncology Group; PET = positron
emission tomography; TS-1 = tegafur/gimeracil/oteracil; XELOX =
capecitabine plus oxaliplatin.

* Data are shown as No. (%), unless otherwise specified.
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Figure 2. Kaplan-Meier analysis of (a) overall survival (p = 0.037,
log-rank test) and (b) disease-free survival (p = 0.012, log-rank
test) in all patients with respect to treatment with TS-1 (tegafur/
gimeracil/oteracil) or XELOX (capecitabine plus oxaliplatin).

All included patients had an ECOG performance status
score of <2. There were significantly more patients with
ECOG performance status score <1 in the XELOX group
(97.5%) than in TS-1 group (60.0%) [p < 0.001].

Overall and Disease-Free Survival

The median OS was 38.9 months for the XELOX group
and 22.9 months for TS-1 group. The observed OS and
DEFS in the XELOX group were significantly longer than
those in the TS-1 group (Figure 2) [p =0.037 and 0.012,
respectively]. However, it should be interpreted carefully
as the baseline patients’ characteristics suggested a bias
towards prescribing TS-1 in the older age-group and less
fit patients. These factors likely confound the survival
analysis.
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Figure 3. High neutrophil-to-lymphocyte ratio (=1.9) versus low
neutrophil-to lymphocyte-ratio (<1.9) on overall survival (p = 0.051).
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Figure 4. High platelet-to-lymphocyte ratio (=169) versus low
platelet-to-lymphocyte ratio (<169) on overall survival (p = 0.036).

Neutrophil-to-Lymphocyte Ratio and
Platelet-to-Lymphocyte Ratio

Overall survival analysis showed that patients with high
NLR (=1.9) before adjuvant chemotherapy had shorter
OS than those with low NLR (<1.9), although the
difference was marginally significant (p = 0.051; Figure
3). The same analysis also demonstrated that patients
with high PLR (=169) before adjuvant chemotherapy
had significantly shorter OS than those with low PLR
(<169) [p =0.036; Figure 4].

In relation to clinical characteristics, patients with
elevated NLR correlated with female gender (borderline
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Table 2. Clinical characteristics of patients with high and low
neutrophil-to-lymphocyte ratio.”

Table 3. Clinical characteristics of patients with high and low
platelet-to-lymphocyte ratio.**

High NLR Low NLR p Value High PLR Low PLR p Value
(n=236) (n=29) (Pearson’s (n=21) (n=43) (Pearson’s
Chi Chi
squared squared)
Sex Sex
Male 26 (72.2%) 14 (48.3%) 0.049 Male 15 (71.4%) 24 (55.8%) 0.229
Female 10(27.8%) 15 (51.7%) 0.049 Female 6 (28.6%) 19 (44.2%) 0.229
Age, y Age, y
<66 18 (60.0%) 14 (48.3%) 0.890 <66 12 (67.1%) 19 (44.2%) 0.330
=66 18(50.0%) 15 (51.7%) 0.890 =66 9 (42.9%) 24 (55.8%) 0.330
ECOG performance status ECOG performance
score status score
0-1 30 (83.3%) 24 (82.8%) 0.951 0-1 17 (81.0%) 36 (83.7%) 0.783
2 6(16.7%) 5(17.2%) 0.951 2 4(19.0%) 7 (16.3%) 0.783
Histology Histology
Well or moderately 11 (30.6%) 13 (44.8%) 0.229 Well or moderately 6 (28.6%) 17 (39.5%) 0.507
differentiated differentiated
Poorly differentiated 25(69.4%) 15 (51.7%) 0.229 Poorly differentiated 15 (71.4%) 25(58.1%)  0.507
Others 0 1(3.5%) 0.229 Others 0 1 (2.3%) 0.507
Overall stage (AJCC 8th Overall stage (AJCC 8th
edition) edition)
I 12(33.3%) 12(41.4%)  0.303 I 3(14.3%) 20(46.5%)  0.012
Il 24 (66.7%) 17 (568.6%) 0.303 I 18 (85.7%) 23 (53.5%) 0.012
Lymphovascular invasion Lymphovascular invasion
Present 28 (77.8%) 17 (58.6%) 0.232 Present 17 (81.0%) 28 (65.1%) 0.412
Absent 6(16.7%) 8(27.6%) 0232 Absent 3(14.3%) 10(23.3%)  0.412
Unknown 2 (5.6%) 4 (13.8%) 0.232 Unknown 1(4.8%) 5(11.6%) 0.412
Perineural invasion Perineural invasion
Present 23(63.9%) 13(44.8%)  0.251 Present 13(61.9%) 22 (51.2%)  0.587
Absent 11 (30.6%) 12 (41.4%) 0.251 Absent 7 (33.3%) 16 (37.2%) 0.587
Unknown 2 (5.6%) 4 (13.8%) 0.251 Unknown 1(4.8%) 5(11.6%) 0.587
Treatment received Treatment received
XELOX 21(58.3%) 19(65.5%)  0.554 XELOX 14(66.7%) 25(58.1%)  0.512
TS 16(41.7%) 10(34.5%) 0.554 TS-1 7(33.3%) 18(41.9%) 0512

Abbreviations: AJCC = American Joint Committee on Cancer;
ECOG = Eastern Cooperative Oncology Group; NLR = neutrophil-
to-lymphocyte ratio; TS-1 = tegafur/gimeracil/oteracil; XELOX =
capecitabine plus oxaliplatin.

* Data are shown as No. (%), unless otherwise specified.

p value of 0.049) and elevated PLR was associated with
more advanced disease (p = 0.012) [Tables 2 and 3].

Clinical and Pathological Parameters on
Overall Survival and Disease-Free Survival
As shown in Table 4, univariate Cox regression analysis
showed that ECOG performance status score of 2, nodal
stage of N2 to N3, and elevated PLR (=169) were adverse
prognostic factors for OS, while ECOG performance
status score of 2, nodal stage of N2 to N3, and RTDI
of chemotherapy <70% were adverse factors associated
with disease relapse.

Multivariable Cox regression analysis demonstrated that
ECOG performance status score of 2 and nodal stage of

9

Abbreviations: AJCC = American Joint Committee on Cancer;
ECOG = Eastern Cooperative Oncology Group; PLR = platelet-
to-lymphocyte ratio; TS-1 = tegafur/gimeracil/oteracil; XELOX =
capecitabine plus oxaliplatin.

* Data are shown as No. (%), unless otherwise specified.

T Missing data = 1 (one patient has platelet clumped).

N2 to N3 were the two independent adverse prognostic
factors for OS (Table 4). For DFS, ECOG performance
status score of 2, nodal stage of N2 to N3, and RTDI of
chemotherapy <70% were the three independent factors
associated with disease relapse (Table 5).

DISCUSSION

Our study revealed that the XELOX group had more
favourable oncological outcomes (both DFS and OS) than
the TS-1 group. However, it should be noted that patients
included in the TS-1 group in out centre were older
(p = 0.007) and of worse ECOG performance status
(p < 0.001). This is largely due to the fact that the
institutional guideline recommends TS-1 as the
treatment of choice for older patients with anticipated
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Table 4. Cox regression analysis on multiple clinical and pathological parameters on overall survival.

Variable

Age, y (<66, =66)

Sex (male, female)

ECOG performance status score (0-1, 2)
Histology (differentiated, poorly differentiated)
Lymphovascular invasion (No, Yes)
Perineural invasion (No, Yes)

Tumour stage (T1-T2 vs T3-T4)

Nodal stage (NO-N1 vs N2-N3)

NLR (<1.9, =1.9)

PLR (<169, =169)

Relative total dose intensity (s70% vs <70%)

Univariate Multivariable
HR (95% ClI) p Value R (95% CI) p Value

1.166 (0.520-2.612) 0.71
0.886 (0.375-2.092) 0.783
3.218 (1.143-9.061) 0.027 4.817 (1.509-15.38) 0.008
2.261 (0.836-6.115) 0.108
0.442 (0.130-1.506) 0.192

0.676 (0.275-1.661) 0.393
1.062 (0.353-3.197) 0.915
8.337 (1.952-35.60) 0.004 9.473 (2.114-42.45) 0.003
2.437 (0.966-6.147) 0.059
2.348 (1.031-5.346) 0.042 1.738 (0.759-3.979) 0.191
1.873 (0.838-4.188) 0.126

Abbreviations: Cl = confidence interval; ECOG = Eastern Cooperative Oncology Group; HR = hazard ratio; NLR = neutrophil-to-lymphocyte

ratio; PLR = platelet-to-lymphocyte ratio.

Table 5. Cox regression analysis on multiple clinical and pathological parameters on disease-free survival.

Variable Univariate Multivariable
HR (95% Cl) p Value R (95% ClI) p Value
Age, y (<66, =66) 1.416 (0.693-2.894) 0.34
Sex (male, female) 0.607 (0.278-1.325) 0.21
ECOG performance status score (0-1, 2) 2.780 (1.157-6.676) 0.022 3.288 (1.297-8.337) 0.012
Histology (differentiated, poorly differentiated) 1.985 (0.850-4.633) 0.113
Lymphovascular invasion (No, Yes) 0.529 (0.200-1.397) 0.198
Perineural invasion (No, Yes) 0.531 (0.234-1.206) 0.131
Tumour stage (T1-T2 vs T3-T4) 1.445 (0.496-4.209) 0.500
Nodal stage (NO-N1 vs N2-N3) 3.798 (1.454-9.925) 0.006 3.136 (1.180-8.330) 0.022
NLR (<1.9, =21.9) 2.129 (0.980-4.627) 0.056
PLR (<169, =169) 1.962 (0.957-4.024) 0.066
Relative total dose intensity (<70% vs <70%) 3.383 (1.650-6.935) 0.001 2.936 (1.405-6.138) 0.004

Abbreviations: Cl = confidence interval; ECOG = Eastern Cooperative Oncology Group; HR = hazard ratio; NLR = neutrophil-to-lymphocyte

ratio; PLR = platelet-to-lymphocyte ratio.

poor tolerance to XELOX and that under such
circumstances, only the drug costs of TS-1 would be
covered by the institution. There has not been any
randomised controlled trial comparing the efficacy of
the two regimens. Retrospective studies'”? did not
demonstrate statistically significant differences in DFS
between adjuvant TS-1 and XELOX (Table 6). In the
subgroup analysis, one study'’ demonstrated the use
of XELOX in stage II disease was associated with
better OS while another study'® suggested the same
but in stage IIIB/C disease only. Apart from XELOX,
combination chemotherapy with more than three agents
has shown superior treatment outcomes in recent years.
Combination of TS-1 with oxaliplatin® or docetaxel® is
considered a preferred option for high-risk patients and
is increasingly recognised as a new standard of care.

In our cohort, elevated PLR is associated with inferior
OS after curative surgery and there was a similar trend

Hong Kong J Radiol. 2023;26:91-99

for NLR despite not reaching statistical significance (p =
0.051).NLR and PLR are important parameters indicating
systemic inflammation. It is observed that a chronic
inflammatory state confers unfavourable oncological
outcomes.” Several meta-analyses revealed that elevated
NLR and PLR were associated with tumour progression
and poor survival in gastrointestinal cancers.'>!
Microscopically, various inflammatory cytokines and
growth factors in the tumour microenvironment are
known to dampen hosts’ anti-tumour immune response.
In tumour models, inflammatory cytokines such as
interleukin 6 (IL-6), IL-8 and IL-11 are associated
with chemotherapy resistance in gastric cancer through
mechanisms such as inhibition of apoptosis pathways,
increasing efflux of chemotherapeutic agents,and evasion
of DNA damage.*** We therefore postulated that in an
adjuvant setting, the persistent inflammatory state after
curative surgery possibly led to tumour evasion from
immunosurveillance and enhanced chemoresistance
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Table 6. Summary of selected retrospective studies comparing XELOX and TS-1 regimens.

Inclusion criteria No. of eligible Place of OQutcomes
patients study
Ohetal” e Stage ll/lll gastric cancer 1461 (TS-1: n=825; Korea OS/DFS:
e RO resection XELOX: n = 636) No statistically significant difference in DFS

e D2 dissection

Kim et al'® e Stage II/lll gastric cancer 1088 (TS-1: n = 846;

¢ RO resection XELOX: n = 242)
e D2 dissection

Cho et al’® e Stage Il gastric cancer 206 (TS-1: n = 92;
¢ RO resection XELOX: n = 114)

e D2 dissection

Lee etal’® e Stage II/Ill gastric cancer
¢ RO resection
e D2 dissection

584 (TS-1: n = 429;
XELOX: n = 155)*

OS differs for stages llA (p = 0.024) and IIB (p = 0.015)
Prognostic factor(s):

XELOX vs TS-1: HR = 0.47; 95% Cl = 0.25-0.89; p = 0.021 in
stage Il only

Korea OS/DFS:

No difference in DFS
Inferior OS for TS-1 for stages IIIB (65.8% vs 68.6%; p = 0.019)
and IlIC (48.4% vs 66.7%; p = 0.002) compared to XELOX

Korea OS/DFS:

No statistically significant difference in OS and DFS
Prognostic factor(s):

Nodal stage (HR = 5.639; 95% Cl = 1.297-24.522; p = 0.021)
and cycle completion (HR = 5.734; 95% Cl = 3.007-10.936;
p < 0.001) are independent predictors of OS

Korea OS/DFS:

No statistically significant difference in DFS

Prognostic factor(s):

Tumour stage (T4 vs T1: HR = 11.667; 95% Cl = 1.595-85.351;
p = 0.016), nodal stage (NO vs N3: HR = 2.788; 95% Cl =
1.502-5.174; p = 0.001), and completion of chemotherapy

(HR =2.213; 95% Cl = 1.618-3.028; p < 0.001) are
independent prognostic factors of DFS

Abbreviations: Cl = confidence interval; DFS = disease-free survival; HR = hazard ratio; OS = overall survival; TS-1 = tegafur/gimeracil/oteracil;

XELOX = capecitabine plus oxaliplatin.
* Propensity score-matched.

of micrometastases.”” NLR and PLR are two readily
accessible clinical parameters and may serve as simple
prognostic tools in addition to performance status, stage,
and age.

Our study revealed that the RTDI is an independent
prognostic factor for disease recurrence. Inadequate
chemotherapy dose intensity is either attributed to
excessive dose reduction or failure to complete scheduled
cycles within the planned time interval. It is noteworthy
that severe adverse events of chemotherapy (= Grade 3)
have been shown to be quite uncommon (<6%) with TS-1
in a large-scale clinical trial,® although these patients
were generally frailer and older. For elderly patients
who may be more vulnerable to chemotherapy toxicity,
proper geriatric assessments (such as comorbidity and
frailty indices) are needed, as biological age is not a
reliable indicator for chemotherapy dose adjustment, and
an adaptive dose optimisation approach is recommended
based on patients’ tolerance of each cycle.

This study has several limitations. First, it is only a
single-centre retrospective study in which the small

sample size limits its statistical power. Second, there is
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imbalance between the baseline characteristics of the
two groups of patients. Similar to the Korean studies,'”*
patients in the TS-1 group were generally older and had a
worse ECOG performance status. There is a tendency for
clinicians to prescribe a more conservative chemotherapy
dosage in this group of patients, which may explain the
lower dose intensity of TS-1 than XELOX. Propensity
score matching should be performed in a larger cohort
to reduce the bias due to these confounding variables.
Third, a much large sample size is needed to further
evaluate the prognostic power of NLR and PLR on OS
and DFS in the adjuvant setting. In our cohort, high PLR
appeared to correlate with patients with more advanced
disease (stage III), which is an important confounding
factor.

CONCLUSION

In conclusion, we compared the OS and DFS between
adjuvant XELOX and TS-1 in our local gastric cancer
patients. Clinical outcomes were statistically better with
XELOX- than TS-I-treated patients. However, the
results should be viewed with caution because of the
limited sample size and obvious imbalance in baseline
characteristics. ECOG performance status score of 2

Hong Kong J Radiol. 2023;26:91-99



and advanced nodal stage of N2 to N3 are independent
adverse prognostic factors associated with poor OS
and a higher rate of disease recurrence. NLR and
PLR are readily available markers that may be further
explored as prognostic markers for gastric cancer after
radical surgery. We also speculated that the RTDI of
chemotherapy of <70% might affect the risk of disease
relapse.
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ABSTRACT

Introduction: This research aims to evaluate accuracy and interobserver agreement on the correlation between the
Prostate Imaging Reporting and Data System version 2.1 (PI-RADS v2.1) and the International Society of Urological
Pathology (ISUP) scores.

Methods: We examined patients who underwent prostate multiparametric magnetic resonance imaging (MpMRI) prior
to transrectal ultrasound—guided cognitive fusion biopsy between April and December 2019. MpMRI examinations
were evaluated by two radiologists according to PI-RADS v2.1. Interobserver agreement was recorded and the final
PI-RADS category was decided by consensus. The correlation of cognitive fusion biopsy results with PI-RADS v2.1
score was evaluated. Lesions with Gleason score =7 were considered to be clinically significant prostate cancer.
Results: A total of 84 patients with 106 lesions were included in the study. The rates of prostate cancer in the PI-
RADS groups 1,2, 3,4, and 5 were 0%, 0%, 22.2%, 56%, and 94 45%, respectively. There was a positive correlation
with an area under the curve value of 0.814 between the PI-RADS v2.1 and the ISUP score. Using PI-RADS =3 as
the cut-off value in the peripheral zone (PZ) and the whole gland, the negative predictive value for malignancy was
100%. For PI-RADS =4, it was 76 47% for PZ and 80.65% for the whole gland. Without applying cut-off values,
the interobserver agreement for PI-RADS score was » = 0.562.

Conclusion: Our data support the notion that PI-RADS v2.1 facilitates the evaluation of MpMRI and improves
interobserver agreement.
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INTRODUCTION

Prostate cancer (PCa) is the most commonly observed
cancer in men in the world and the second most common
cause of cancer-related deaths.! A study of 1,056 men
who died from causes other than PCa found that 68% to
77% of men aged 60 to 79 years had occult PCa identified
at autopsy, indicating a high prevalence of the disease.>”
Advanced-stage PCa poses a high risk of morbidity and
mortality. Recent studies have focused on distinguishing
between lesions expressed as ‘silent disease’ with almost
no malignant potential, such as tumours with a Gleason
score (GS) of 6 and high-grade cancers.* Due to limited
sensitivity and specificity of serum prostate-specific
antigen (PSA) screening, digital prostate examination,
and transrectal ultrasound (TRUS)-guided biopsy,
advanced imaging methods are needed to perform
target-specific biopsies and to reduce the negative
biopsy rate.> Advanced methodology is needed to direct
patients to treatment or active surveillance. To ensure
standardisation and reduce differences emerging in the
selection of parameters and interpretation of images
in prostate magnetic resonance imaging (MRI), the
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European Society of Urogenital Radiology issued
relevant guidelines in 2012.5¢ Rapid developments in
this field and limitations encountered during the use of
the Prostate Imaging Reporting and Data System version
1 (PI-RADS v1) led to an update of the PI-RADS, and
PI-RADS v2 was subsequently published in 20157
In 2019, PI-RADS v2.1, including changes ensuring
more accurate and reproducible interpretations, was
published.??

This study aimed to investigate the correlation of the
PI-RADS v2.1 score with the histopathological result
and the International Society of Urological Pathology
(ISUP) score in patients with suspected PCa undergoing
multiparametric MRI (MpMRI) examinations scored
with PI-RADS v2.1 and diagnosed with TRUS-guided
cognitive fusion biopsy and to assess the compatibility
between different experience levels of the radiologists.

METHODS

In this single-centre study, 166 consecutive patients
who underwent MpMRI for PCa between April and
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December 2019 were evaluated. Ethical approval was
obtained from our institution, and oral and written
consents were obtained from all patients. Twelve patients
with unsuitable image quality for evaluation, 26 patients
with a previous biopsy and with PCa treatment before
testing, and 44 patients with no tissue diagnosis due
to PI-RADS 1 or who declined biopsy were excluded
from the study. A total of 106 lesions in 84 patients
diagnosed with TRUS-guided cognitive fusion biopsy
in our hospital were included in the final study group.
Patients’ age, serum PSA value, PSA density (PSAd),
and prostate volume were recorded. The prostate
MpMRI was performed with a 1.5T scanner (Siemens
MAGNETOM Aera; Siemens Inc, Erlangen, Germany)
with an 18-channel pelvic coil according to the protocols
shown in Table 1. All sequences were assessed on a
syngo.via workstation (Siemens, Erlangen, Germany).

Assessment of Images and Histopathological
Correlation

MpMRI images were evaluated before biopsy according
to the PI-RADS v2.1 guidelines by two radiologists with
25 years of experience (reader 1) and 2 years of experience
(reader 2) in abdominal MRI. The appearance, location,
and dimensions of lesions were first independently
assessed by the two radiologists. Lesion location was
defined according to the sector map in the PI-RADS

v2.1 guidelines. Lesions including both the peripheral
zone (PZ) and transitional zone (TZ) or lesions with
extraprostatic extension were defined as diffuse cancer.
Lesions were scored according to PI-RADS v2.1
criteria on T2-weighted imaging (T2WI) and diffusion-
weighted imaging (DWI). Dynamic contrast-enhanced
(DCE) imaging-MRI was defined as ‘negative’ or
‘positive’ and each lesion was given a PI-RADS v2.1
(category 1-5) score for later evaluation of interobserver
agreement. Differences in PI-RADS scores between the
readers were settled by consensus in 28 lesions (Table
2). Interobserver agreement on these variables and
histopathological correlation with PI-RADS v2.1 score
were evaluated. Negative MpMRI findings were scored
as PI-RADS 1.

The biopsy decision was based on MpMRI findings
and clinical suspicion of PCa. MpMRI TRUS-guided
cognitive fusion biopsy was performed with an 18-gauge
automatic biopsy needle (Tru-Cut; Merit Medical,
South Jordan [UT], United States). MpMRI TRUS-
guided cognitive fusion biopsy is done by determining
suspicious areas through MpMRI, approximately
defining this area with TRUS and then carrying out the
biopsy procedure. The hypoechogenic-hyperechogenic
foci of ultrasound images during MpMRI TRUS-guided
cognitive fusion biopsy were considered, where two

Table 1. Multiparametric magnetic resonance imaging (MpMRI) protocols (1.5T Siemens MAGNETOM Aera).

Sequence Slice No. of  Voxel size, Fieldof TE,ms TR,ms Gap, b Value, Flip
thickness, slices mm? view, mm mm s/mm?* angle
mm
T2W coronal HASTE 5 30 14x1.4x5 360 x 360 92 1400 1 180°
T2W axial HASTE 6 30 1.5x1.5x6 380 x 380 91 1400 1.2 180°
T2W sagittal HASTE 5 30 1.2x1.2x5 300 x 300 92 1400 0 180°
T2W coronal TSE 3 20 0.7x0.7x3 224x224 96 5490 0 160°
T2W axial TSE 3 24  06x06x3 200 x 200 101 6620 0 160°
DWI 3 20 0.8x0.8x3 200 x 200 80 5000 0 50, 800, -
1200, 1800,
20007
T1W axial (for evaluating TSE 4 26 09x09x4 300 x 300 20 5562 0.8 167°
lymph nodes)
T1 map axial VIBE 3,5 20 14x14x35 260 x 260 1,9 4,11 0 2°,
15°
T1W DCE-MRI* VIBE 3,5 20 1.4x1.4x35 260x260 1,58 4,46 0 12°
Post-contrast T1W axial TSE 4 34 0.6x06x4 360 x360 11 606 0.8 180°

Abbreviations: DCE = dynamic contrast-enhanced; DWI = diffusion-weighted imaging; HASTE = half-Fourier acquisition single-shot turbo
spin echo; T1W = T1-weighted; T2W = T2-weighted; TE = time of echo; TR = time of repetition; TSE = turbo spin echo; VIBE = volumetric

interpolated breath-hold examination.

* There is no widely accepted optimal ‘high b value’ beyond the requirement for a DWI set with a b value 21400 s/mm?.°

T Calculated b value.

* In DCE imaging, a gadolinium-based contrast agent with an automatic injector at 0.1-0.2 mmol/kg concentration and 2-4 mL/s injection
rate via intravenous were used and T1 axial sections were obtained over 240-300 s once every 7 s before, during, and after administration

covering the entire prostate.
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Table 2. Distribution of Prostate Imaging Reporting and Data System (PI-RADS) scores assigned to lesions by two readers before

consensus.

Variable PI-RADS score of the 1st reader Total
PI-RADS score of the 2nd reader 1 2 3 4 5

1 5 0 0 0 0 5
2 0 2 14 1 0 17
3 0 2 37 5 1 45
4 0 0 2 17 2 21
5 0 0 1 2 15 18
Final PI-RADS score 5 4 54 25 18 106

samples were taken from each lesion by correlating
them with the foci defined in MpMRI and marked on
the sector map.” In addition to cognitive fusion biopsy,
12-core systematic biopsy was performed for the safety
of the patients. To improve the accuracy of biopsy
localisation, one of three experienced urologists (with
15, 18 and 22 years of experience) performed the TRUS-
biopsy procedure with assistance from both radiologists
to pinpoint the lesion location. Biopsy specimens were
evaluated by a urogenital pathologist. Lesions with GS
>7 was considered as clinically significant PCa (csPCa).
Lesions were grouped according to the ISUP scoring
method (ISUP 1, GS 3+3; ISUP 2, GS 3+4; ISUP 3, GS
4+3; ISUP 4, GS 4+4; ISUP 5, GS = 9)."° On MpMRI,
lesions with a PI-RADS v2.1 score =3 were recorded
as positive, while lesions scoring <3 were recorded as
negative.

Statistical Methods

In descriptive analyses, continuous variables are
presented as mean + standard deviation or median
(interquartile range) and categorical variables as a
percentage (%). The compliance of the data to normal
distribution was evaluated using the Shapiro—Wilk test.
If the data had a normal distribution, a ¢ test was used to
compare two groups; under non-parametric conditions,
the Mann—Whitney U test was used. Comparison of
continuous variables between three and more categories
was made using the one-way analysis of variance or
the non-parametric equivalent of the Kruskal-Wallis
test. The strength of the correlation between two
continuous variables was assessed using the Spearman’s
rank correlation coefficient. Accordingly, correlation
coefficient (r) values <0.2 show very weak or no
correlation, values from 0.2 to 0.4 show weak correlation,
values from 04 to 0.6 show moderate correlation,
values from 0.6 to 0.8 show a high correlation, and
values >0.8 are interpreted as very high correlation.
Interobserver agreement was evaluated using kappa
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coefficients (%) and was assessed as follows: 0.01-0.20,
slight agreement; 0.21-0.40, fair agreement; 0.41-0.60,
moderate agreement; 0.61-0.80, substantial agreement;
and 0.81-0.99, almost perfect agreement. To evaluate
the success of the obtained variables, to diagnose PCa,
and to determine cut-off points, the area under the curve
(AUC) of a receiver operating characteristic, sensitivity,
specificity, positive predictive value (PPV), and negative
predictive value (NPV) were computed. SPSS (Windows
version 22.0; IBM Corp, Armonk [NY], United States)
and MedCalc (MedCalc Software Ltd, Mariakerke,
Belgium) were used for statistical analyses. A p value of
< 0.05 was accepted as statistically significant.

RESULTS

The mean age, PSA level, prostate volume, and mean
PSAd values for the 84 cases included in the study
were 63.5 £ 7.5 years, 11.68 = 17.34 ng/mL, 624 +
38.08 cm?, and 0.23 + 0.39 ng/mL?, respectively. There
were no statistically significant differences between
malignant and benign diseases for age and PSA values.
Prostate volume in the malignant group was found to be
significantly lower while PSAd was higher than that in
the benign group (both p < 0.001) [Table 3].

Of the 106 lesions examined in this study from the 84
patients, 26 (24.5%) were benign prostatic tissue, 36
(34.0%) were prostatitis, 43 (40.6%) were malignant
lesions, and one (0.9%) was high-grade prostatic
intraepithelial neoplasia. Among malignant lesions,
65.1% were localised in the PZ, 14% in the TZ, and
20.9% were diffuse cancers.

These 106 lesions were identified as PI-RADS category
1(n=5),2(n=4),3(n=54),4(n=25),and 5 (n=18).
No malignancy was detected in PI-RADS 1 or 2 lesions.
Systematic biopsy was performed on these patients with
the decision of the clinician due to the increase in PSA
level, rectal examination findings, and the age of the
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Table 3. Descriptive statistics of patients included in the current study.

Histopathological diagnosis

Malignant (n = 43) Benign (n = 63) p Value
Mean + standard Median (interquartile Mean + standard Median (interquartile
deviation range) deviation range)
Age, y 65.24 +7.90 65.0 (569.75-70.0) 62.07 +6.90 62.50 (57.0-66.0) 0.053
PSA level, ng/mL 15.24 + 2412 7.56 (5.28-11.19) 8.75+7.52 6.94 (4.00-9.71) 0.259
Prostate volume, cm? 46.11 + 29.21 39.37 (30.74-50.53) 75.94 + 39.51 72.50 (44.87-100.75) <0.001
Lesion volume, cm?® 0.71+0.94 NA 0.34 +0.34 NA 0.031
PSAd value, ng/mL? 0.37 £ 0.55 0.20 (0.11-0.33) 0.13 + 0.121 0.11 (0.07-0.147) <0.001
Abbreviations: NA = not applicable; PSA = prostate-specific antigen; PSAd = prostate-specific antigen density.
Table 4. Statistical parameters for cancer detection in peripheral zone (PZ) and transitional zone (TZ).
Zone Sequence Cut-off value Sensitivity  Specificity PPV NPV Accuracy
Pz
T2WI PI-RADS =3 +ve 100% 27.78% 51.85% 100% 59.38%
PI-RADS =24 +ve 32.14% 97.22% 90% 64.81% 68.75%
DWI PI-RADS =3 +ve 92.86% 13.89% 45.61% 71.43% 48.44%
PI-RADS =24 +ve 46.43% 91.67% 81.25% 68.75% 71.88%
MpMRI (T2WI, DWI and DCEl)  PI-RADS =3 +ve 100% 11.11% 46.67% 100% 52.98%
PI-RADS =4 +ve 71.43% 72.22% 66.67% 76.47% 71.87%
TZ
T2WI PI-RADS =24 +ve 33.33% 90.91% 50% 83.33% 78.57%
DWI PI-RADS =24 +ve 33.33% 59.09% 18.18% 76.47% 53.57%
MpMRI (T2WI, DWI and DCEl)  PI-RADS =24 +ve 33.33% 90.91% 50% 83.33% 78.57%

Abbreviations: +ve = positive; DCEI = dynamic contrast-enhanced imaging; DWI = diffusion-weighted imaging; MpMRI = multiparametric
magnetic resonance imaging; NPV = negative predictive value; PI-RADS = Prostate Imaging Reporting and Data System; PPV = positive

predictive value; T2WI = T2-weighted imaging.

patient. Of the PI-RADS 3, 4, and 5 lesions, the PCa
incidence was 22.2%, 56%, and 94.45%, respectively.

Table 4 shows the statistical parameters in PZ and TZ
when the cut-off value was PI-RADS =3 positive and
PI-RADS =4 positive for cancer detection on T2WI,
DWI, and T2WI, DWI and DCE imaging combination
(MpMRI). In TZ, there was no patient with PI-RADS
<3, hence the diagnostic parameters for this variable
were not calculated.

Expressed as median (interquartile range), the success of
the PI-RADS score to predict cancer was found to have
an AUC value of 0.764 (0.646-0.882) for PZ and 0.629
(0.347-0.910) for TZ. Evaluation by excluding the zonal
anatomy found successful cancer predictions had AUC
values 0of 0.773 (0.683-0.864),0.722 (0.621-0.824),0.740
(0.641-0.838), 0.619 (0.514-0.724), and 0.764 (0.646-
0.882) for T2WI, DWI, DCE imaging, combination
of T2WI and DWI (biparametric), and combination of
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T2WI, DWI and DCE imaging (MpMRI), respectively.

The sensitivity, specificity, NPV, and PPV values for
PCa detection according to PI-RADS v2.1 and regardless
of the zone, for T2WI and DWI independently, for
biparametric and MpMRI assessment when PI-RADS >3
and >4 positive, are summarised in Table 5. The results
for the cut-off values =3 and =4 are shown in Tables 4
and 5. The differences observed between sensitivity,
specificity, PPV, and NPV values with each cut-off
value were separately evaluated. Accordingly, when the
PI-RADS score cut-off value >4 was taken as positive,
the sensitivity and NPV decreased moderately, while
specificity and PPV increased.

A total of 43 lesions (40.56%) were categorised into
PI-RADS 4 and 5. Among these, 27 lesions (25.47%)
had ISUP score >1. When PI-RADS 3 lesions were
evaluated, 22.2% of these lesions were diagnosed as
PCa, whereas no lesions had ISUP score >1. There was
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Table 5. Statistical parameters for prostate cancer detection in the whole gland.*

Cut-off value Sensitivity Specificity PPV NPV Accuracy
T2WI PI-RADS =3 +ve 100% 22.58% 47.25% 100% 53.77%
PI-RADS =24 +ve 46.51% 93.75% 45.26% 94.04% 71.43%
DWI PI-RADS =23 +ve 95.35% 14.52% 43.62% 81.82% 47.62%
PI-RADS =24 +ve 54.55% 80.65% 23.84% 94.10% 69.81%
DCEI PI-RADS =23 +ve 79.07% 68.85% 64.15% 82.35% 80.21%
T2WI-DWI (biparametric) PI-RADS =3 +ve 100% 23.81% 47.25% 100% 54.85%
MpMRI (T2WI, DWI and DCEI) PI-RADS =3 +ve 100% 12.90% 44.33% 100% 49.06%
PI-RADS =4 +ve 72.09% 80.65% 72.09% 80.65% 77.36%

Abbreviations: +ve = positive; DCEI = dynamic contrast-enhanced imaging; DWI = diffusion-weighted imaging; MpMRI= multiparametric
magnetic resonance imaging; NPV = negative predictive value; PI-RADS = Prostate Imaging Reporting and Data System; PPV = positive

predictive value; T2WI = T2-weighted imaging.

* Sensitivity, specificity, NPVs, and PPVs for prostate cancer detection are shown for T2WI and DWI independently and MpMRI (T2WI, DWI
and DCEI), when PI-RADS =3 and =4 scores are taken as positive according to PI-RADS version 2.1.

Table 6. Assessment of lesions’ International Society of Urological Pathology (ISUP) scores according to their Prostate Imaging Reporting

and Data System (PI-RADS) version 2.1 score (p < 0.001).

Benign (n=63) ISUP score 1 ISUP score 2 ISUP score 3 ISUP score 4 ISUP score 5
(n=16) (n=16) (n=86) (n=6) (n=9)
PI-RADS 1 5 0 0 0 0 0
PI-RADS 2 4 0 0 0 0 0
PI-RADS 3 42 12 0 0 0 0
PI-RADS 4 11 4 4 3 2 1
PI-RADS 5 1 0 2 3 4 8
Total 63 16 6 6 6 9

Table 7. Correlation between International Society of Urological Pathology (ISUP) scores and diffusion-weighted imaging (DWI) scores of
Prostate Imaging Reporting and Data System (PI-RADS) 4 lesions in the peripheral zone.

PI-RADS 4 ISUP score

DWI score DCE imaging status 1 2 3 4 5 Total

3 Upgraded to Group 4 4 (57.1%) 2 (28.6%) 0 0 1(14.3%) 7
with DCE positivity

4 NA 0 2 (33.3%) 2 (33.3%) 2 (33.3%) 0 6

Total 4 4 2 2 1 13

Abbreviations: DCE = dynamic contrast-enhanced; NA = not applicable.

a positive correlation between PI-RADS v2.1 score with
ISUP score and the correlation value was 0.814 (p <
0.001) [Table 6].

In PZ, for ISUP grades 1,2, 3,4, and 5, there were four
(57.1%), two (28.6%), 0, 0, and one (14.3%) lesions
upgraded to PI-RADS 4 with DWI score 3 and DCE
positivity identified, respectively (Table 7). For lesions
with DWI score 4 and PI-RADS 4, 0, two (33.3%), two
(33.3%),two (33.3%), and O lesions were in ISUP grades
1,2,3,4,and 5, respectively. We divided the PI-RADS
4 lesions into two groups according to the DWI score
(DWI 3 and DWI 4). When we compared the lesions in
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these groups according to ISUP grades (ISUP 1 and >1
in Figures 1 and 2, respectively), we found that the DWI
4 group had higher ISUP grades (p = 0.03).

The interobserver agreement kappa value (») for the
PI-RADS score without applying the cut-off value was
0.562, which represents moderate agreement. When
stratified PI-RADS as <3 and =3, the » for agreement
between the two observers was 0.320, indicating a fair
level of agreement. When stratified PI-RADS as <4 and
>4, the » was 0.770, which corresponds to a substantial
agreement. When stratified PI-RADS as <3 and =3, the
interobserver agreement for T2WI was moderate with
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Figure 1. A 56-year-old man with prostate-specific antigen level of 5.6 ng/mL. Arrows indicated a Prostate Imaging Reporting and Data
and System (PI-RADS) version 2.1 category 4 lesion visible in the peripheral zone. (a) Axial T2-weighted magnetic resonance (MR) image
showing the lesion in the left-mid peripheral zone. The dimension of the lesion is 1.0 cm, which is consistent with a PI-RADS score of 3 on
T2-weighted imaging. (b and c) show that the lesion is hypointense on diffusion-weighted imaging (DWI) [b = 50 s/mm?] and hyperintense
on DWI (b = 1800 s/mm?). (d) Apparent diffusion coefficient map indicates that the lesion is mildly hypointense, giving it a PI-RADS score of
3 on DWI. (e) Pre-contrast T1-weighted and (f) dynamic contrast-enhanced MR images show early enhancement within the same location
as the lesion in (a-d) with early enhancement for overall PI-RADS version 2.1 score of 4. Transrectal ultrasound-guided cognitive imaging

fusion biopsy was defined as International Society of Urological Pathology score of 1.

% = 0.575 and reached the substantial agreement with
% = 0.814 when PI-RADS was stratified as <4 and =4.
Interobserver agreement for DWI was fair with » = 0.321
when PI-RADS was stratified as <3 and =3 but reached
the substantial level when PI-RADS was stratified as <4
and =4 (» = 0.757). For DCE investigation with positive
and negative scores evaluation, interobserver agreement
was at substantial levels with » = 0.721.

DISCUSSION

Our study revealed that serum PSA level did not
correlate significantly with malignant or benign disease,
and PSAd was significantly elevated in the malignant
group. Jue et al'' reported a sensitivity of 90% to 95%
for PSAd and, considering the 0.15 ng/mL/cm?® threshold
value, they suggested that a high NPV may prevent
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unnecessary biopsy in patients with proportional PSA
increase compared to prostate volume. There was a
negative correlation found between prostate volume and
malignancy diagnosis. This result is similar to the results
of studies by Al-Khalil et al'”> and Tang et al,'® suggesting
that the aetiologies for increasing prostate volume may be
interpreted as due to benign causes such as hyperplasia
and prostatitis. The study of Haas et al'* presented that
patients with PCa were of advanced age. Droz et al'
showed high mean age in the cancer group. In our study,
the mean age in the cancer group was consistent with the
literature and was higher compared to benign diseases
of the prostate gland; however, the difference was not
statistically significant (p = 0.053).

PI-RADS v2 is a scoring system widely used for
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Figure 2. A 67-year-old man with prostate-specific antigen level of 8.31 ng/mL. Arrows indicate a Prostate Imaging Reporting and Data
and System (PI-RADS) category 5 lesion visible in the peripheral zone. (a) Axial T2-weighted magnetic resonance (MR) image showing the
lesion in the right apex/peripheral zone. The diameter of the lesion is 2.0 cm, which is consistent with a PI-RADS score of 5 on T2-weighted
imaging. (b and c) show that the lesion is hypointense on diffusion-weighted imaging (DWI) [b = 50 s/mm?] and hyperintense on DWI (b =
1800 s/mm?). (d) Apparent diffusion coefficient map indicates that the lesion is significantly hypointense, giving it a PI-RADS score of 5 on
DWI. (e) Pre-contrast T1-weighted and (f) dynamic contrast-enhanced MR images show early enhancement within the same location as the
lesion in (a-d) with early enhancement for overall PI-RADS version 2.1 score of 5. Transrectal ultrasound—guided cognitive imaging fusion

biopsy detected prostate cancer with International Society of Urological Pathology score of 5.

the detection of PCa and its reliability has been
demonstrated by numerous studies.'®>* When we
examined these studies in the literature, the cut-off
value for detection of csPCa on MpMRI of PI-RADS 3
or 4 ranged from 85.7% to 94.5% for sensitivity, 23%
to 71% for specificity, 34% to 97% for PPV, and 50%
to 92% for NPV.'*2! Venderink et al** determined the
csPCarates (GS = 3+4) for PI-RADS 3,4, and 5 lesions
were 17%, 34%, and 67%, respectively. Mathur et al*
found the detection rates for csPCa were 6.1%, 33.3%,
and 64.4% for PI-RADS 3, 4, and 35, respectively, and
increased in proportion to the score. A study assessing
737 lesions with MpMRI-targeted TRUS-biopsy found
the PCa rates for PI-RADS 1,2, 3,4 and 5 lesions were
0%, 10%, 12%, 22% and 72%, respectively.** In our
study, the rates of PCa in PI-RADS 3, 4, and 5 groups
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were 22.2%, 56%, and 94.45%, respectively. None
of the malignant lesions in the PI-RADS 3 group had
ISUP score >1 pathology results (Table 6). As in all
PI-RADS versions, disease management after scoring is
not specified for patients in PI-RADS v2.1, in which it is
stated that ‘Category 3 lesions are of intermediate status
with an equivocal risk of presenting csPCa’. There are
limited studies in the literature regarding the selection of
cases for follow-up biopsy.”* Therefore, all PI-RADS
3 lesions were biopsied according to the clinician’s
preference.

There was a positive correlation between the PI-RADS
v2.1 score and the ISUP score (p < 0.001) [Table 6].
A study by Walker et al* found a positive correlation
between PI-RADS v2.1 scores and ISUP scores with a
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correlation value of 0.5 and with increase in malignancies
found with increasing PI-RADS score. Additionally,
consistent with the study findings by Walker et al *® we
also found that in the PZ when lesions with DWI score
3 were upgraded to the PI-RADS 4 group with DCE
positivity and PI-RADS 4 lesions with DWI score 4 are
compared, the PI-RADS 4 lesions with DWI score 4
were observed to have higher ISUP scores. These results
clearly show that as the PI-RADS v2.1 score increases,
the csPCa detection rate increases and can be interpreted
as the tumours having more aggressive histopathology.
This indicates that PI-RADS v2.1 is a valid and reliable
scoring system as PI-RADS v2 does. However, in our
study, the histopathological evaluation showed that
25.47% of lesions had ISUP score >1, while 40.56% of
lesions had PI-RADS scores of 4 or 5. Therefore, it is
clear that PI-RADS v2.1 also needs improvements and
more objective recommendations, and further research
may contribute to achieving this aim.

In our study, when cut-off values for PZ and whole gland
are accepted as PI-RADS =3, the NPV for malignancy
on MpMRI was 100%. For cut-off value of PI-RADS =4
lesions, the values were 76.47% for PZ, 83.33% for TZ,
and 80.65% for the whole gland, which were compatible
with the literature.””* The high NPV is very important
in terms of excluding cancer for patients without
performing a biopsy. The sensitivity, specificity, PPV,
and NPV analysis in terms of PI-RADS v2.1 sequences
and zones are summarised in Tables 4 and 5. However,
no study in the literature separately evaluated the
sequences in PI-RADS v2.1. When we compared with
meta-analyses performed for PI-RADS v2 in general,
the sensitivity, specificity, PPV, and NPV values for
the sequences were compatible with a meta-analysis by
Chen et al.* In a study comparing PI-RADS v2 and v2.1,
the diagnostic sensitivity, specificity, PPV and NPV for
PI-RADS v2.1 were 94.3%, 24.2%, 46.1% and 86.1%
for PZ and 93.8%, 42.1%, 45% and 93% for TZ when
PI-RADS =3 was positive for the detection of GS =7
tumours by site, respectively.’ In our study, taking the
PI-RADS score cut-off value as =3 positive for PZ, the
sensitivity for PCa was 100%, specificity was 11.11%,
PPV was 46.67%, and NPV was 100%, similar to levels
in the literature for PZ.

Although the PI-RADS v2 is well standardised and
expanded for MpMRI use, studies have reported that
interobserver agreement can be highly variable.
A study with three observers by Popita et al*® found
the interobserver ® were 0.643, 0.664, and 0.568. A
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study in which two radiologists examined 170 patients
determined that the interobserver agreement for
PI-RADS =3 was substantial (all zones ® = 0.63, PZ
% =0.62, TZ » =0.53) and for PI-RADS >4 was almost
perfect (all zones x =091,PZ % =091, TZ » =0.87).%
Smith et al*’ found the interobserver agreement was fair
with % = 0.24. Experienced observers demonstrated a
higher level of compatibility in detecting both the whole
gland and PZ lesions than observers with moderate levels
of experience. When the sequence-specific interobserver
agreement is assessed, values were » = 0.24, 0.24, and
0.23 for T2WI, DWI, and DCE imaging, respectively.”’
When comparing two radiologists with different levels
of experience, we observed moderate compatibility for
the use of PI-RADS v2.1 without the cut-off value (all
zones ® = 0.562) and the cut-off value of PI-RADS
>4 (all zones » = 0.77). Our data show that the use
of PI-RADS v2.1 increases interobserver agreement
with more specific definitions. Increasing observers’
experience and future PI-RADS updates may increase
the agreement between inexperienced observers or
observers with similar experiences.

Limitations

There are two major limitations of this study. Firstly, since
the study was prospectively designed, there was no equal
number of lesions according to pathological diagnosis
and zones. Increasing the number of patients in the study
may provide better results and beneficial statistical data
for the literature. Secondly, the TRUS-guided cognitive
fusion biopsy is limited by the operator’s experience and
lack of standardisation, which can impact its success
rate.*®

CONCLUSION

Our study revealed that PI-RADS v2.1 was highly
effective in detecting lesions, determining patient
selection for biopsy, and identifying risk level for patients
with suspected PCa. Our data support the notion that
PI-RADS v2.1 has improved interobserver agreement
within the framework of PI-RADS, despite the presence
of weak points that need to be addressed. When the cut-
off value for cancer detection is increased to PI-RADS
=4 from PI-RADS =3, the significant increase in the
specificity, PPV, and interobserver agreement suggests
that the PI-RADS 3 criteria should be revised in new
versions of the PI-RADS. When lesions with DCE
positivity and DWI score 3 upgraded from PI-RADS
3 to 4 and PI-RADS 4 lesions with DWI score 4 are
compared, we identified significant differences between
ISUP scores. For this reason, we suggest there should be
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differences in the scoring of these groups. We believe
that, as more data are to be obtained with further studies,
PI-RADS guidelines will be more accurate.
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ABSTRACT

Introduction: Transradial approach (TRA) has become a popular alternative to traditional transfemoral approach
for catheter cerebral angiography, as it offers advantages such as improved patient comfort, safety profile, and
cost-effectiveness. This study aimed to evaluate the efficacy and safety of ‘radial-first’ approach in diagnostic
neuroangiography in our locality.

Methods: We retrospectively analysed our database of consecutive catheter cerebral angiographies performed via
TRA between September 2020 and July 2021. Patient demographics, procedural and radiographic metrics, radial
access site-related complications, and total procedural time were recorded.

Results: A total of 52 TRA diagnostic cerebral angiographies were performed. Radial artery access was successfully
obtained in all patients (n = 52). The rate of successful navigation through the brachial artery was 98.1% (n = 51),
with an overall femoral crossover rate of 1.9% (n = 1). Satisfactory diagnostic images were obtained in all TRA
cases (n = 51). Complications related to radial artery access were recorded in two cases (3.8%), including a case
of transient radial arterial spasm and a case of transient radial artery occlusion. No access site-related permanent
ischaemic symptoms were reported. Other severe access site complications such as pseudoaneurysm and arteriovenous
fistula were not demonstrated.

Conclusion: TRA is a safe and feasible technique for diagnostic cerebral angiography in our locality, with a low
complication rate.
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INTRODUCTION

Catheter cerebral angiography is a common diagnostic
method to examine cerebral vasculature. Traditionally,
the procedures have been performed via the transfemoral
route. However, the transfemoral approach (TFA) is not
always feasible. For example, it will be problematic
in patients with dissection of the thoracic aorta,
iliofemoral occlusive disease, and inguinal infections.
TFA angiography also requires patients to tolerate
uncomfortable groin compression and bed rest after the
procedures. Serious access site-related complications,
including pseudoaneurysm,retroperitoneal haemorrhage,
femoral artery dissection, and lower limb ischaemia are
well recognised.'*

There has been a notable trend of transition from TFA to
the transradial approach (TRA) in cerebral angiography
among the neuroangiography community. This transition
was primarily fuelled by robust findings of TRA’s
lower access-related complications, lower mortality
rates, decreased length of hospital stay, and increased
patient satisfaction in the cardiology literature.® Both
neuroangiography and interventional cardiology require
arterial catheterisation supplying the vital organs which
have narrow margin of error. Also, both of them first
started as TFA. Given these similarities between the
two fields, it was believed that the significant safety
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advantages of TRA for interventional cardiology might
be transferrable to neuroangiography. This has been
supported by recent data from the neuroangiographic
literature, which have demonstrated favourable safety
profiles, patient experiences, and cost-effectiveness of
TRA over TFA 37!

In light of the body of evidence demonstrating the clinical
benefits of TRA, our centre has adopted a ‘radial-first’
approach in neuroangiography since September 2020.
Here we present our initial experience in the transition
from the traditional TFA to a ‘radial-first’ approach for
diagnostic cerebral angiography, including the technical
feasibility, safety, and complications of the TRA
technique.

METHODS

Study Design

We retrospectively analysed our institutional database of
consecutive catheter cerebral angiographies performed
via TRA between September 2020 and July 2021.
Patient demographics, procedural and radiographic
metrics, radial access site-related complications, and
total procedural time were recorded.

Patient Selection

All patients underwent preprocedural ultrasound
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assessment in order to measure the diameter of the right
radial artery and its patency. Patients with a radial artery
diameter of <1.6 mm were excluded and the TFA was
used instead. Patients requiring intervention in addition
to diagnostic angiography were also excluded.

Operators

Transradial cerebral angiographies were performed
by three operators during this time, including a
neuroradiology trainee who had no prior endovascular
experience and performed the procedure under the direct
supervision of one of the two other Hong Kong College
of Radiologists fellowship—qualified radiologists,
who had performed a minimum of 500 TFA cerebral
angiographies each.

Transradial Access Techniques

All TRAs used the right arm as the initial access site. The
radial artery was accessed at a point 1 to 2 cm proximal
to the wrist crease (standard TRA). The more distal
radial artery was accessed at the anatomical snuffbox
site (distal TRA) according to operator’s preference.
The patient was prepared and draped with the right arm
placed at the patient’s right side and the puncture location
exposed. For a standard TRA, the patient’s right distal
forearm and hand were placed in a slightly supinated
position of around 60°. Full supination of the hand can
often result in discomfort and is not necessary. For distal
TRA, the patient’s arm was allowed to rest in a neutral
position and hand supination was not required. A total of
1 to 2 mL of 1% lidocaine was infiltrated into the skin
around the puncture site. Under ultrasound guidance,
the radial artery was punctured using a 20-gauge
needle via Seldinger or modified Seldinger technique
according to the operator’s preference. A 5-F vascular
radial sheath introducer (Glidesheath Slender; Terumo,
Tokyo, Japan or Prelude Radial Sheath; Merit Medical
Systems, Inc, South Jordan [UT], US) was then placed
over an 0.025-inch hydrophilic guidewire (Glidewire
Hydrophilic Coated Guidewire; Terumo, Somerset [NJ],
US). A cocktail containing 3000 units of heparin and
2.0 mg of verapamil diluted with 20 mL of blood prior to
the infusion in order to avoid patient discomfort during
injection was infused over 1 minute through the side-
port of the sheath for antithrombotic and antispasmodic
purposes, respectively. Heparin was withheld in cases
where brain haemorrhage was a concern.

Catheter Navigation and Selection of the

Great Vessels
After TRA was obtained, a 5-F Simmons 2 catheter (S2)
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(Radifocus Optitorque; Terumo, Somerset [NJ], US) was
navigated over a 0.035-inch guidewire into the ipsilateral
subclavian artery. The navigation of the forearm and
brachium was performed under a monoplane setup with
radial roadmap guidance (Artis zee biplane; Siemens
Healthineers, Erlangen, Germany) in all of our cases,
with the bed at a 10-degree clockwise rotation along
patient’s coronal plane. The radial roadmap is obtained
in order to elucidate any radial artery anomalies and to
avoid lodging the guidewire into small arterial branches
during access to the subclavian. Loops that were
difficult to pass with a 0.035-inch wire were navigated
with a microcatheter system (Progreat Micro Catheter
System; Terumo, Somerset [NJ], US) which would often
straighten out the loop. Once the Simmons catheter was
brought into the subclavian artery, the table was returned
to its neutral position and the lateral plane was brought
into position at 90° to the anteroposterior plane (Artis
zee biplane).

In cases where imaging of the posterior fossa was of
interest, we preferred to first catheterise the right vertebral
artery, as this is often the great vessel encountered
coming in from the right subclavian artery, and its
catheterisation does not usually require reforming the S2
catheter. The catheter was then navigated to the arch to
access the other great vessels. We preferred to reform the
reverse curve of the Simmons catheter in the descending
aorta first whenever possible. In cases where the aorta
was too unfolded or too capacious to allow access to the
descending aorta with the guidewire, we reformed it off
the aortic valve.

Catheterisation and angiograms of the rest of the
great vessels was then performed with a formed S2
catheter. In cases where it was difficult to select the left
vertebral artery, depending on the operator’s preference,
catheterisation of the vessel with a S3 catheter was
attempted. Alternatively, subclavian injection with a
blood pressure cuff around the left arm was performed.

Haemostasis Technique

All arteriotomy closures were achieved with haemostatic
compression bands. In standard TRA, a radial wristband
(TR Band; Terumo, Somerset [NJ], US) was secured
to the arteriotomy site and inflated. The sheath was
then removed with the band inflated. The band was
then slowly deflated until a small amount of bleeding
occurred, after which we injected another 1 to 2 cc of air.
By using the minimum amount of compression needed
for haemostasis, we maximise the chances of preserved
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Table 1. Departmental haemostasis protocol.

Release time of compression band (TR Band or PreludeSYNC
DISTAL haemostasis device)

Basic (5F vascular sheath, no
risk factor): 1 hour

Risk factors (+30 min each):
6F vascular sheath or above
Use of antiplatelet

Use of anticoagulant
Intraoperative heparin
Intraoperative integrilin
Platelet count <100

Other bleeding tendency

Release 3-4 mL of air every 15 min: inflate 1-2 mL of air back if
bleeding encountered and retry after 15 min

radial artery patency. A similar approach is used in the
closure of the distal TRA with a haemostasis device
(PreludeSYNC DISTAL; Merit Medical Systems, Inc,
South Jordan [UT], US).

We followed a departmental protocol for releasing
the compression band in the postoperative unit
(Table 1).

RESULTS

A total of 83 patients underwent diagnostic cerebral
angiography in our institution from September 2020
to July 2021. TRA was used as the primary access
technique in 52 patients (19 women and 33 men) with a
median age of 53 years, ranging from 20 to 81 years. The

results are summarised in Figure 1.

Radial artery access (including standard and distal TRA)
was successfully obtained in all 52 patients. Radial artery
anomalies, including a radial loop (Figure 2) and severe
radial artery tortuosity (Figure 3) were demonstrated
in two cases (3.8%). The rate of successful navigation
through the radial and subsequent brachial artery via TRA
was 98.1% (n = 51). A microcatheter-microwire system
(Progreat Micro Catheter System) was used in one of the
successful cases with severe radial tortuosity. In another
case, a tight loop was encountered in the proximal radial
artery (Figure 2) and the operator decided to crossover
to a TFA.

Satisfactory diagnostic images were obtained in cases
where catheters were successfully advanced past the
brachial artery (n = 51). None of these cases required
conversion to a TFA. The overall TFA crossover rate
was 1.9% (n = 1) in our cohort.

The mean diameter of the radial artery and distal radial
artery were 2.2 mm (range, 1.6-3.4) and 1.9 mm (range,
1-3), respectively. Distal TRA was attempted in 20
out of 52 cases. Access to the distal radial artery was
unsuccessful in two cases requiring crossover to a
standard TRA. Overall, standard TRA was performed
in 34 cases (65.4%) and distal TRA were performed
in 18 cases (34.6%). The mean diameter of the distal

1. Radial artery
<1.6 mm
2. Operators not
trained for TRA
31 TFA diagnostic
cerebral DSAs
performed

83 patients referred

Unsuccessful
navigation through

for diagnostic

cerebral angiography

Radial artery
=1.6 mm
52 TRA diagnostic
cerebral DSAs
performed
Mean radial artery
diameter: 2.2 mm

Successful radial
artery access in all
patients (n = 52)

brachial artery:
Tight radial artery
loop (1/52, 1.9%)

Femoral crossover
(1/52, 1.9%)

Successful
navigation through
brachial artery
(51/52, 98.1%)

Successful
completion of TRA
diagnostic cerebral

DSA in all cases
(51/51, 100%)

Figure 1. Flowchart showing subject recruitment and outcome.

Abbreviations: DSA = digital subtraction angiography; TFA = transfemoral approach; TRA = transradial approach.
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Figure 2. Proximal radial loop required femoral crossover.

Figure 3. Radial artery tortuosity required microcatheter-microwire
system.

radial artery of successful distal TRAs was 2.2 mm, as
compared to 1.7 mm in the two unsuccessful cases. The
mean diameter of the radial artery in successful standard
TRAs was 2.2 mm.

The mean total procedural time was 45 minutes (range,
7-98), while the mean number of supra-aortic vessel
angiograms performed was 4.7. Choices of diagnostic
catheters for successful angiograms of different vessels
in our series are described in Table 2.
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Figure 4. Transient radial artery spasm (arrow in [a]), resolved after
administration of 2-mg intra-arterial verapamil (arrow in [b]).

Complications related to radial artery access were
recorded in two cases (3.8%). This included a case
of transient radial arterial spasm (Figure 4) which
was managed with administration of 2-mg intra-
arterial verapamil. The angiogram was successfully
completed after the radial artery spasm was resolved.
No complications were encountered and the patient
was discharged on the day of the procedure. In the
second case (distal TRA), the patient complained of
reduced muscle strength of his right hand and fingers,
which recovered spontaneously over a 2-week period.
Sonographic assessment at initial presentation showed
partial radial artery occlusion at the puncture site (Figure
5). This was spontaneously resolved together with the
symptoms 2 weeks after the procedure. No access site—
related permanent ischaemic symptoms were reported.

Other severe procedure-related vascular complications
such as pseudoaneurysm, arteriovenous fistula, or
functional disability of the hand described in the
literature*”# were not demonstrated in our series.
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Table 2. Choice of diagnostic catheter used in successful angiograms.*

Patient Vessels catheterised with S2/Glidecath (in S2 tip)

Vessels catheterised with  Diagnostic catheter(s)

No. catheters other than S2/ used
Glidecath (in S2 tip)
1 Left CCA, Left VA Nil Nil
2 Left and right CCA, left and right ECA, left and right VA, left and right SCA Nil Nil
3 Left and right CCA, left and right ICA, right VA Nil Nil
4 Left and right CCA, left and right ICA Nil Nil
5 Left CCA, left ICA Nil Nil
6 Femoral crossover due to radial loop
7 Left and right CCA Right VA Vert
8 Left and right CCA, left and right ICA, left and right ECA, left and left VA Nil Nil
9 Right VA Nil Nil
10 Right CCA, right ICA, right VA Nil Nil
11 Left CCA, left ICA Nil Nil
12 Left and right CCA, left ICA, left and right ECA, left and right VA Nil Nil
13 Left and right CCA, left and right ICA, left and right ECA, left and right VA Nil Nil
14 Left and right CCA, left and right ICA, left and right ECA, right VA Left VA S3
15 Left and right CCA, right ICA, right ECA, left and right VA Nil Nil
16 Right CCA, right ICA Nil Nil
17 Left and right CCA, left and right ICA, left and right ECA Nil Nil
18 Left and right CCA, left and right ICA, left and right ECA, left and right VA Nil Nil
19 Left and right CCA, left ICA, left and right ECA Nil Nil
20 Left and right CCA, right ICA, right VA Nil Nil
21 Left and right CCA, left ICA, left ECA, left and right VA Nil Nil
22 Left and right CCA, right VA Nil Nil
23 Right CCA, right ICA, right ECA Left CCA, left and right VA S1
24 Left and right CCA, left ICA, left ECA, right VA Nil Nil
25 Left CCA, left ICA, left ECA, left internal maxillary artery Left facial artery XT27
26 Right CCA, right ICA, right ECA Left CCA, right VA S3
27 Left CCA, left ICA Nil Nil
28 Left and right CCA, left and right VA Nil Nil
29 Left and right CCA, left and right ICA, left and right ECA, left and right VA Nil Nil
30 Left and right CCA, left and right ICA, left and right ECA, left VA Nil Nil
31 Left and right CCA, left ICA, left and right ECA, left VA Nil Nil
32 Left and right CCA, right VA Nil Nil
33 Left and right CCA, left and right ICA, right ECA, left VA Left ECA S8 and Renegade
27 microcatheter
34 Left and right CCA, left and right VA Nil Nil
35 Left and right CCA, left and right ICA, right VA Nil Nil
36 Right CCA, right ICA Nil Nil
37 Left and right CCA, left VA Nil Nil
38 Left and right CCA, left and right ICA, left and right ECA, left and right VA Nil Nil
39 Left and right CCA, left ICA, left ECA, right VA Nil Nil
40 Left and right CCA, left ICA, left ECA, right VA Nil Nil
41 Left and right CCA, left and right ICA Nil Nil
42 Left and right CCA, left and right ICA, left and right VA Nil Nil
43 Left CCA Nil Nil
44 Left and right CCA, left and right ICA, left and right VA Nil Nil
45 Left and right CCA, right ICA Nil Nil
46 Left and right CCA, left ICA, left ECA, left and right VA Nil Nil
47 Left and right CCA, left ICA, left ECA, right VA Nil Nil
48 Right VA Nil Nil
49 Left and right CCA, left and right ICA, left and right ECA, left and right VA Nil Nil
50 Right CCA, right ICA, right ECA Nil Nil
51 Left and right CCA, left VA, left and right SCA Nil Nil
52 Left CCA, left ICA Nil Nil

Abbreviations: CCA = common carotid artery; ECA = external carotid artery; ICA = internal carotid artery; SCA = superior cerebellar artery;

VA = vertebral artery.

* Catheters: Glidecath = 5Fr Glidecath Hydrophilic Coated Catheter (Terumo, Somerset [NJ], US); Renegade 27 microcatheter = Renegade
HI-FLO Microcatheter (Boston Scientific, Marloorough [MA], US); S1 = Simmons 1 catheter (Radifocus Optitorque; Terumo, Somerset [NJ],
US); S2 = 5F Simmons 2 catheter (S2) (Radifocus Optitorque, Terumo, Somerset, [NJ], US); S3 = SIM3 (Torcon NB Advantage Catheter;
Cook Medical, Bloomington [IN], US); Vert = Vertebral (Radifocus Optitorque; Terumo, Somerset [NJ], US); XT27 = Excelsior XT-27
Microcatheter (Stryker, Fermont [CA], US).
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Figure 5. Colour Doppler ultrasound showed partial radial artery
occlusion (arrow) at the puncture site.

In all, 38 patients underwent elective TRA diagnostic
cerebral angiography and 13 cases were performed on an
emergency basis. For elective cases, most of the patients
were discharged on the same day as the procedure
(n = 32, 842%), while five were discharged the
following day according to different departmental
practice. One patient, who underwent elective superficial
temporal artery to middle cerebral artery bypass surgery
for moyamoya disease on the same admission, was
discharged 3 days after the TRA procedure.

Overall, a success rate of 98.1% (n = 51) for transradial
cerebral angiography was achieved. In the case where the
TRA was unsuccessful, the procedure was completed via
TFA, for an overall crossover rate to femoral approach of
1.9%. Cerebral angiograms were successfully obtained
in all cases when catheters were able to be advanced
beyond the brachial artery. The radial access site—related
complication rate was 3.8%.

DISCUSSION

Transradial Approach Benefits

All patients who underwent TRA cerebral angiography
in an outpatient setting were ambulatory immediately
after the procedure and most of them could be discharged
on the same day.

It is well-established that observation time after
TRA cerebral angiography is significantly shortened
as compared to TFA; this in turn reduces nursing
workload and hospital costs.” TRA is also associated
with significantly fewer access site complications."
Uncomfortable groin compression and prolonged bed
rest can be avoided for TRA procedures.
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Preprocedural Collateral Circulation
Assessment

We do not routinely perform preprocedural collateral
testing such as Barbeau or Allen tests in accordance with
recommendations from the American Heart Association,
as they have been proven to be unreliable in predicting
the incidence of hand ischaemia.'>'*

Radial Cocktail

Nitroglycerin is one of the most common vasodilators
applied prophylactically to prevent radial artery
vasospasm.>71%5 However, its use in patients with
potential neurovascular disease such as carotid stenosis
may lead to complications such as transient ischaemic
attack or even haemodynamic stroke due to an abrupt
fall in blood pressure.'s!” In our centre, we only included
2 mg of verapamil and 3000 units of heparin as a
standard radial cocktail to reduce the risk of vasospasm
during TRA. Overall, the rate of vasospasm, radial
access site complications, and femoral crossover were
all comparable to recent large-scale trials involving TRA
cerebral angiograms with prophylactic nitroglycerin 3710

Radial Artery Anomaly and Technical
Challenges

Anomalous radial artery anatomy, including a radial
loop, high-bifurcating radial origin, arterial tortuosity,
atherosclerosis, and accessory branches, is relatively
common. A recent study of 1540 patients reported the
overall incidence of radial artery anomalies was 13.8%,
and procedural failure was far more common in patients
with anomalous anatomy than in patients with normal
anatomy.'®

A radial roadmap was essential in identifying difficult
radial anatomy and therefore performed in all of our
cases. We encountered three cases of difficult radial
artery anatomy, including two cases of radial artery
anomalies (radial loop and severe radial tortuosity) and
a case of radial artery spasm despite pretreatment with
verapamil and heparin.

For the patient with severe radial tortuosity, a
microcatheter-microwire  system (Progreat Micro
Catheter System) was used to overcome the tortuous
vessel. An additional 2-mg intra-arterial verapamil dose
was used in the case with radial artery spasm. Successful
TRA cerebral angiography was subsequently performed
in both cases.

One patient failed TRA due to the presence of a tight
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radial loop. In retrospect, it is possible that this could
have been resolved with the use of a microcatheter or
soft tip guidewire.

Choices of Diagnostic Catheter

The 5-F S2 catheter was our catheter of choice for
diagnostic cerebral angiography, similar to many other
centres worldwide.”®!? First-pass success rate was 82.4%
(n = 42) of the cases. With the aid of a 5-F Glidecath
Hydrophilic Coated Catheter (Terumo, Somerset [NJ],
US) in S2 tip shape, 88.2% (n = 45) of cases were
completed. In our series, the right common carotid artery,
both internal carotid arteries, the right external carotid
artery, and both subclavian arteries were all successfully
cannulated by either a S2 or Glidecath (in S2 tip shape)
catheter.

The vertebral arteries are often different in diameter,
with the left side more frequently being dominant.?’ The
success rate of direct left vertebral artery catheterisation
from a right radial approach is known to be lower
compared to that of the rest of the great vessels.”
Specifically, the passage of a diagnostic catheter from
the aortic arch to the left vertebral artery through the
left subclavian artery could be difficult, and the success
rate depends on the angle of origin of the left vertebral
artery.?' Successful left vertebral artery catheterisation is
less likely if the angle between the left vertebral artery
and left subclavian artery is <90°.%!

In our series, 91.3% (21 out of 23) of left vertebral artery
angiograms were performed with a S2 or Glidecath (in S2
tip shape) catheter. The other two cases were performed
with S1 (Radifocus Optitorque; Terumo, Somerset [NJ],
US) and S3 (SIM3, Torcon NB Advantage Catheter;
Cook Medical, Bloomington [IN], US) -catheters,
respectively. There was difficulty in forming the S2
curve in the descending arch in one patient, and the
operator therefore switched to a S1 catheter to cannulate
the left-sided supra-aortic vessels, including the left
vertebral artery. In another case, a S3 catheter was used
to perform a left vertebral artery angiogram as the S2
catheter failed to catheterise the vessel securely.

Haemostasis Protocol

Allarteriotomy closures were achieved with ahaemostatic
compression band as mentioned (Table 1). None of our
patients experienced severe bleeding complications at
the radial artery access site, such as pseudoaneurysm or
significant haematoma.
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Limitations

Our study had some limitations, including its
retrospective design and small sample size. Larger-scale
studies are needed to validate our initial findings.

CONCLUSION

TRA is a safe and feasible way for diagnostic cerebral
angiographies, with a low complication rate.
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Retrievable Inferior Vena Cava Filters: A 10-Year Retrospective
Analysis
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ABSTRACT

Introduction: Inferior vena cava (IVC) filters are an effective form of venous thromboembolism prophylaxis when
treatment with anticoagulation is contraindicated. In recent times, the retrievable IVC filter has gained favour in
clinical practice as it circumvents the consequences of permanent filters, such as deep venous thrombosis. This study
is a retrospective review of the retrievability of IVC filters since their introduction in our department.

Methods: Retrospective analysis was conducted on 118 consecutive adult patients (mean age 63.6 years) who
underwent IVC filter insertion over a 10-year period. Patient data, including underlying medical condition, indication
for filter insertion, number of retrievals, and filter complications, were recorded. Dwell time was calculated using
Kaplan-Meier survival analysis.

Results: Among the 118 patients, the most common indication for filter insertion was bleeding due to anticoagulation
therapy. Mean dwell time for IVC filters was 101.7 days. One patient died before retrieval. The overall successful
retrieval rate was 89.0%. Among the 13 patients whose filters could not be retrieved, nine required lifelong
anticoagulation and four were lost to follow-up. Three patients developed lower limb deep venous thrombosis due
to delayed filter retrieval.

Conclusion: The majority of these filters can be retrieved successfully within the first year of insertion. Retrievable
IVC filters are a feasible alternative to traditional permanent IVC filters. Complicating factors occur in a small
percentage of these patients, which may prevent successful retrieval.

Key Words: Pulmonary embolism; Radiology, interventional; Vena cava filters; Venous thromboembolism; Venous
thrombosis
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INTRODUCTION

The use of inferior vena cava (IVC) filters to prevent
venous thromboembolism (VTE) is a proven and
effective treatment for patients with a contraindication
to standard anticoagulation therapy or refractory
VTE that has failed anticoagulation.! There have been
significant developments in IVC filters over recent
years. Permanent IVC filters were first introduced into
clinical practice over 30 years ago — these remain inside
the patient for life. However, evidence in the current
literature demonstrates that the rate of complications
increases with extended dwell times of IVC filters.>?
These complications can have significant detrimental
clinical implications, including filter thrombosis and
an increased risk of developing subsequent deep
venous thrombosis (DVT) which may require lifelong
anticoagulation.’ For this reason, the retrievable filter
was developed as an attractive alternative that avoids
the long-term implications of permanent filters while
still being able to provide protection against VTE in
the relevant setting. However, retrievable filters are
also subject to a series of complicating factors that
can prevent their successful removal. Certain filter
elements such as the hook, struts, and barbs are prone
to endothelial overgrowth. Misalignment, migration,
and fractures are also commonly encountered issues.*
Retrievability can be delayed by emboli trapped by the
filter.> According to the current literature, the incidence
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rates of these complications can vary significantly
between institutions.*

Because the risk of VTE requires individual assessment
and the intention of filtration is to prevent pulmonary
embolism (PE), discontinuation is recommended as soon
as the perceived risk of developing clinically significant
PE is acceptably low.> There is no consensus on the
recommended duration for filter dwell time. This study
is a retrospective review of the retrievability of an IVC
filter (Celect Platinum; Cook Medical, Bjaeverskov,
Denmark) since its introduction in our department more
than a decade ago.

METHODS

We reviewed 118 consecutive cases of adult patients
who underwent IVC filter insertion and retrieval at a
tertiary referral centre between 1 January 2008 and
1 August 2018. We excluded eight other patients as their
IVC filters were inserted external to our institution. One
patient died before any attempt at retrieval was feasible
and this patient was excluded from data analysis.
Patients’ age, sex, underlying medical conditions, and
indications for IVC filter insertion were recorded. Details
of the insertion, including approach and dates, were
noted. Details of subsequent retrieval attempts including
the date, number of attempts, reasons for failure (if any),
and complications were also recorded.
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Filter insertion was undertaken either through a right
jugular or right or left femoral venous puncture approach.
The IVC filter was chosen for insertion through a 7-Fr
introducer sheath. A cavagram was routinely performed
after deployment to confirm its position.

As part of our department’s filter retrieval procedure, an
initial cavagram was performed through a right internal
jugular venous puncture to exclude filter thrombus
and other complicating factors. Filter retrieval was
performed using a retrieval set (Giinther Tulip; Cook
Medical, Bjaeverskov, Denmark) through a right internal
jugular venous approach. An 11-F introducer sheath was
used for venous access. A 6.3-F retrieval loop system
using the loop-snare technique was used to engage the
filter hook. Kaplan-Meier analysis comparing successful
and unsuccessful retrieval was performed with SPSS
(Windows version 24.0; IBM Corp, Armonk [NY],
United States). Statistical significance was calculated
using Fisher’s exact test. A p value of < 0.05 was
considered to be statistically significant.

This study was prepared in accordance with STROBE
(Strengthening the Reporting of Observational Studies
in Epidemiology) reporting guidelines. Ethics approval
in accordance with the National Health and Medical
Research Council of Australia was obtained from the
Human Research Ethics Committee of Monash Medical
Centre, Melbourne, Australia.

RESULTS

Patient Demographics

Most patients had had an underlying medical condition
predisposing them to developing VTE (64.4%). The most
common underlying condition was malignancy (22.9%),
followed by intracranial haemorrhage (13.6%), trauma
(13.6%), sepsis (5.1%), chronic heart and lung disease
(34%), liver disease (2.5%), Crohn’s disease (1.7%),
and antiphospholipid syndrome (1.7%) [Table 1].

Indications for Inferior Vena Cava Filter
Insertion

Consultation and approval by our institution’s
haematology unit was required prior to filter insertion.
In all, 118 patients required IVC filters because
anticoagulation was contraindicated. The most
common reason for filter insertion was bleeding due to
anticoagulation (46.6%), followed by imminent surgery
(29.7%), extensive proximal DVT (11.9%), recent
surgery (5.9%), recurrent VTE despite anticoagulation
(3.4%), inability to monitor anticoagulation (1.7%), and

122

Table 1. Patient demographics (n = 118).*

Sex
Female 60 (50.8%)
Male 58 (49.2%)
Age, y (median [range]) 63.6 (28-92)

Underlying medical conditions

Malignancy 27 (22.9%)
Antiphospholipid syndrome 2(1.7%)
Chronic lung/heart disease 4 (3.4%)
Intracranial haemorrhage’ 16 (13.6%)
Liver disease 3 (2.5%)
Crohn’s disease 2(1.7%)
Sepsis 6 (5.1%)
Trauma 16 (13.6%)
Nil significance 42 (35.6%)

Abbreviation: CNS = central nervous system.

* Data are shown as No. (%), unless otherwise specified.

 Defined as any clinically significant intracranial bleeding during the
current inpatient admission.

Table 2. Indications for filter insertion (n = 118).

No. (%)
Bleeding 55 (46.6%)
Imminent surgery 35 (29.7%)
Thrombocytopaenia/coagulopathy 1(0.8%)
Recent surgery 7 (5.9%)
Recurrent VTE despite anticoagulation therapy 4 (3.4%)
Inability to monitor anticoagulation 2 (1.7%)
Extensive proximal DVT 14 (11.9%)

Abbreviations: DVT = deep vein thrombosis; VTE = venous
thromboembolism.

thrombocytopaenia/coagulopathy (0.9%) [Table 2].

There were 79 filters inserted through a femoral approach
and 39 inserted through a jugular approach. A total of
117 filters were successfully inserted without immediate
complications. One filter demonstrated tilt immediately
after being deployed but no attempts were made to
reposition it thereafter (Figure 1).

In all successful retrievals, there were no immediate
complications identified on routine post-retrieval
cavagram. All retrievals were attempted through a right
jugular approach.

Rates of Inferior Vena Cava Filter Retrieval

The indwelling time for filters was calculated using
Kaplan-Meier product limit estimation (median = 88.0
days; range, 6.0-348.0). Out of the 117 retrieval attempts,
105 were successful (90.0%) with six of these 105
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Figure 1. Cavagram in a 58-year-old male demonstrates significant
medial tilt filter. The filter hook has embedded into the left lateral
aspect of the caval wall. Multiple unsuccessful attempts were
made at snaring at the hook and the decision was made to leave
the filter in situ permanently.

filters requiring more than one attempt (5.7%) [Table
3]. Twelve filters could not be retrieved (10.3%); their
reasons are outlined below. A single retrieval attempt was
conducted in 106 patients. Two attempts were performed
in nine patients. Two patients underwent three retrieval
attempts [Table 3].

During the first attempt, 99 filters were successfully
retrieved (84.6%) while 18 filters could not be removed
(15.4%). The barriers to retrieval in these 18 filters
were endothelialisation of the filter hook in six patients
(33.3%) [Figure 2], a large trapped thrombus in another
six patients (33.3%) [Figure 3], thrombus formation
around the filter hook in four patients (22.2%), and
protrusion of the filter legs beyond the caval wall in two
patients (11.1%) [Figure 3]. A second attempt was not
performed in seven of these patients; in five, retrieval
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Table 3. Retrieval outcomes (n = 117).*

Dwell time, days
Mean 101.7

Median (range) 88.0 (6.0-348.0)
Retrieval outcome
Not retrieved 12 (10.3%)
Retrieved 105 (89.7%)
Attempts
1 106 (90.6%)
2 9(7.7%)
3 2(1.7%)
Patients undergoing their first attempt
Successful 99 (84.6%)
Unsuccessful 18 (15.4%)
Aborted after unsuccessful first attempt (n = 7)
Filter kept in situ permanently 5(71.4%)
Lost to follow-up 2 (28.6%)
Patients undergoing a second attempt (n = 11)
Successful 5 (45.5%)
Unsuccessful 6 (54.5%)
Aborted after unsuccessful second attempt
(n=4)
Filter kept in situ permanently 3 (75.0%)
Lost to follow-up 1(25.0%)
Patients who underwent their third attempt
h=2)
Successful 1 (50.0%)
Unsuccessful 1 (50.0%)

* Data are shown as No. (%), unless otherwise specified.

Figure 2. Cavagram in a 42-year-
old female demonstrates filter tilt
and endothelialisation of the filter
into the caval wall. Endovascular
forceps were used to carefully
dissect the endothelial tissue
incorporating the filter hook into the
inferior vena cava. This allowed the
hook to be freed and successfully
snared.
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(a)

of the filter was deemed technically too difficult. The
clinical haematology unit decided to keep them as
permanent filters and these patients were started on long-
term anticoagulation with warfarin. The remaining two
patients were lost to follow-up (Table 3).

Of the 18 patients who failed first retrieval attempts, 11
underwent a second attempt while two of them had a third
attempt. Among 11 patients who had the second retrieval
attempt, five were successfully removed (45.5%) and
six were not (54.5%). The reasons for a second failed
retrieval were an inability to snare due to thrombus
surrounding the filter hook (n = 3), filter thrombus
(n = 2), and protrusion of the filter legs beyond the
caval wall (n = 1). From these six unsuccessful second
retrieval attempts, three filters were kept permanently
and the patients were commenced on warfarin therapy.
One patient was lost to follow-up (Table 3).

In the two remaining patients who failed the second
retrieval attempt, a third retrieval attempt was
performed. One was successfully retrieved after a period
of anticoagulation for filter hook thrombus in addition to
the use of a loop wire snare to engage the filter hook. The
other retrieval was unsuccessful despite a third attempt
and the decision was made by the clinical haematology
unit to keep this as a permanent filter. The patient was
subsequently commenced on long-term warfarin therapy
(Table 3).
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Figure 3. (a) Cavagram in a 70-year-
old male demonstrates a large
thrombus inside the filter (arrow).
(b) There is penetration of the filter
struts beyond the caval wall of
the same patient on subsequent
contrast-enhanced computed
tomography (arrow). The filter could
not be removed due to significant
incorporation of the filter struts into
the caval wall from all sides.

Rates of Follow-up

From the total cohort of 105 successful retrievals, 69 of
these patients (65.7%) were reviewed by haematology
while 36 patients (34.3%) were not. Among the 12
unsuccessful retrievals, nine patients were commenced
on anticoagulation and were managed by a haematologist
and three were lost to follow-up (Table 4).

Reasons for Failed Filter Retrieval

There were several factors complicating successful
filter retrieval (Table 5). Eighteen patients had had
complications with their filter at the time of attempted
retrieval (15.3%) with some patients having more than
one concurrent complication. Two of the most prevalent
factors were trapped embolus within the filter (n = 8) and
endothelialisation of the filter hook into the caval wall
(n=_8). Filter tilt was seen in six patients. In four patients,
the filter hook could not be snared despite multiple
attempts at passing the retrieval wire, presumably due to
the presence of thrombus surrounding the hook. There
were two filters where elements other than the hook
(such as the struts) were incorporated into the caval wall.
In one patient, there was a combination of filter tilt and
endothelialisation of the hook, which led to failure of
retrieval (Figure 1). No subsequent attempts at retrieval
were made for this patient.

In all cases where retrieval could not be performed due to
a trapped embolus, a period of therapeutic low molecular
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Table 4. Follow-up status (n = 117).*

Not Removed
removed
Total 12 (10.3%) 105 (89.7%)
Reviewed by a haematologist 9(75.0%) 69 (65.7%)
after filter insertion
Not reviewed by a haematologist 3(25.0%) 36 (34.3%)
after filter insertion
Qutcomes
Lost to follow-up 3 (2.6%) 0
No referral was submitted to 0 36 (30.8%)
the haematology unit after filter
insertion
IVC filter left in situ 9 (7.7%) 0
Death before attempted retrieval 1(0.9%) 0

Abbreviation: IVC = inferior vena cava.
* Data are shown as No. (%), unless otherwise specified.

Table 5. Reasons for failed inferior vena cava filter retrieval (n =
118).

No. (%)
Total No. of patients with complications 18 (15.3%)
Tilt 6 (56.1%)
Endothelialisation 8 (6.8%)
Incorporation of other filter elements (struts and 2 (1.7%)
barbs) into the caval wall
Trapped filter embolus 8 (6.8%)
Inability to snare due to filter hook thrombus 4 (3.4%)

weight heparin was commenced by the haematology
unit for 3 months to reduce the thromboembolic load
before further attempts at retrieval were considered. This
occurred in four filters, three of which were thereafter
successfully removed on the second attempt.

One patient had filter tilt and endothelialisation of the
hook into the left side of the caval wall. After multiple
attempts at manipulating the hook using a variety of
snares and balloon insufflation to correct the tilt, the filter
tip was eventually freed through blunt dissection of the
hook from the caval wall using endovascular forceps and
removed without immediate complications (Figure 2).

Three patients developed bilateral lower limb DVT as
a result of prolonged dwell time of the IVC filter and
multiple non-retrieval attempts, requiring a period of
anticoagulation before successful retrieval.

DISCUSSION

This retrospective study provides insight into the
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management of retrievable IVC filters at our institution.
Specifically, the data confirm a high retrieval
performance in our department with 105 retrieved
(89.0%) successfully from a total of 118 filters inserted
over the 10-year study period.

A review of the current literature demonstrates that
retrieval rates elsewhere are highly variable, ranging
from 49.6% to as high as 96.6%.5° Nearly 60.0% of
our IVC filter retrievals occurred within the first 100
days of insertion with the final retrieval rate of 89.0%
achieved by 350 days after insertion. Previous studies
reveal that the retrieval of Celect filters is most likely to
be successful within 3 to 4 months of placement which is
also in keeping with our results.'

Currently, there is no well-documented consensus on a
safe dwell time for retrievable filters. It is recommended
that filters should be removed as soon as the risk of PE
has resolved due to the risk of complications, although
others have suggested that removal times be guided by
manufacturers’ guidelines.!" Further, additional delays
in retrieval can occur, especially if there are unforeseen
changes in the patient’s clinical trajectory during their
admission or follow-up.

Prolonged dwell times can be problematic and result in
a variety of complications as evidenced in our study.
Analyses have shown retrievable IVC filters to have an
overall complication rate ranging from 11.7% to 20.0%,
which is also consistent with our findings (15.3%).57
For instance, strut penetration is reported at a higher
rate among conical filters such as the Celect filter.'*!
While penetration is common among Celect filters, it is
rarely associated with breakthrough PE, retrieval failure,
or other local complications.'® An example is seen in
one patient where retrieval could not be performed on
two attempts due to extensive trapped thrombus within
the filter and strut penetration. The third attempt on the
same patient was complicated by filter tilt and hook
embedment into the posterior caval wall that prevented
successful snaring (Figure 3).

The inherent morbidity implicated by long-term filter
implantation should not be dismissed. In the PREPIC
(Prevention of Recurrent Pulmonary Embolism by Vena
Cava Interruption) trial, permanent IVC filters were
associated with increased odds of developing recurrent
DVT and a reliance on long-term anticoagulation.*!
This outcome was seen in seven patients who underwent
failed retrieval attempts and were subsequently subjected

125



Retrievable Inferior Vena Cava Filters

to lifelong warfarin. Short-term anticoagulation therapy
was also required for three patients who experienced
delays in filter retrieval and subsequently developed new
lower limb DVT.

Currently, IVC filter insertion at our institution requires
formal approval from the haematology unit prior to the
procedure. However, there is no protocol for follow-up
after their insertion. As a result, three patients were lost
to follow-up and no clear anticoagulation plan or plan
for filter removal was documented in their medical
records. Delays in filter retrieval result in prolonged
dwell times, which are detrimental from the increased
risk of developing DVT and, in some cases, may subject
patients to lifelong anticoagulation. A dedicated follow-
up system is therefore required so that all patients
undergoing IVC filter insertion are monitored by both
interventional radiologists and haematologists to ensure
appropriate filter retrieval timing and the optimal use of
anticoagulation therapy.

Limitations

This study was from a single tertiary radiology centre,
which was its major limitation. Another limitation was
the lack of direct contact with those patients who were
not followed up by the haematology unit.

CONCLUSION

Retrievable IVC filters are a feasible and safe alternative
to permanent filters in VTE prevention. Our study
demonstrates that a high retrieval rate can be achieved
within 1 year of insertion. However, it is important
to be aware that a small percentage of filters may be
complicated by several factors that may warrant the use
of advanced retrieval techniques. Prompt removal of
the IVC filter when safe to do so is necessary due to the
increased risk of developing DVT.
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Entering the Era of Non-fasting Intravenous Contrast-Enhanced
Computed Tomography
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ABSTRACT

An empirical fasting period of at least 4 hours prior to intravenous contrast administration for computed tomography
scans has been an age-old practice. This is associated with patient discomfort, adverse effects on diabetic control,
and limits the flexibility of scanning arrangements in urgent settings. The effect is further compounded by the rising
number of urgent imaging requests with some patients requiring repeated fasting while waiting for scanning slots.
International guidelines have been recently updated, stating that with the improved safety profile of contrast media,
fasting is no longer routinely required. In this article, we discuss the current evidence and its implications for our
local practice. We share our approach of a stepwise policy change with eventual full implementation of non-fasting
policy to all eligible patients in our institution, and the safety data we compiled. Adoption of a non-fasting policy for
contrast-enhanced computed tomography is a feasible and beneficial practice adhering to international standards.

Key Words: Contrast media; Nausea, Pneumonia, aspiration; Vomiting
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Non-fasting Contrast CT

INTRODUCTION
Computed tomography (CT) has been commercially

available since the 1970s and is one of the most widely
used imaging modalities.! Conventional intravenous
iodinated contrast emerged in the 1970s to 1980s,
allowing for its application in CT, and is now an almost
indispensable part of daily practice.? From then till now,
the contrast agents we use have undergone important
changes.

The intravenous contrast used in CT is iodine-based
and is classified based on osmolality. High-osmolar
contrast media (HOCM) was the first generation of
iodinated intravenous contrast and was associated with
a high rate of adverse events (5%-8% acute adverse
reactions, which essentially encompassed all contrast
reactions, and 1%-2% moderate non-life-threatening
adverse reactions, which included faintness, vomiting
[severe], urticaria [profound], facial edema, laryngeal
edema and bronchospasm [mild]).> The majority
of the chemotoxic effects are mainly related to the
hyperosmolality.> Nausea and vomiting are common
adverse effects with reported incidences of 4.58% and
1.84%, respectively.* Subsequently, since the 1990s,
iso-osmolar contrast media (IOCM) and low-osmolar
contrast media (LOCM), which are associated with
an overall much lower risk of adverse reactions, have
replaced HOCM. A retrospective review by Hunt et al’
reported an adverse reaction rate of 0.153% for LOCM
based on 298,491 doses, the prevailing majority of
which were mild reactions not requiring treatment.
The incidences of nausea and vomiting with the use of
non-ionic contrast media (including IOCM and LOCM)
are also substantially lower than their high-osmolar
counterparts, with a reported incidence of 0.05% to
1.99% for nausea, and 0% to 0.36% for vomiting.®

Historically, since the days of HOCM use, fasting
has been practised prior to intravenous contrast
administration due to the established emetic side-effects
of HOCM, based on the hypothesis that there is higher
risk of vomiting with a full stomach and to reduce the
risk of aspiration pneumonia. This practice has not been
changed for more than two decades despite the shift to
IOCM and LOCM, until very recently. To date, it is still
a common practice to adopt a period of fasting prior to
contrast media administration before CT scan in Hong
Kong and worldwide.”#

There has been increasing recognition of the low risk of
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gastrointestinal side-effects resulting from IOCM and
LOCM administration irrespective of fasting time, as
well as trials abolishing the empirical implementation of
fasting prior to contrast CT. Lee et al® reviewed existing
literature and found no case of aspiration in 2001 patients
who underwent contrast CT with prior fluid intake. A
prospective observational study involving 110,836 cases
found no significant difference in the incidence of nausea
and vomiting between solid food non-fasting and fasting
groups.’ Prospective randomised controlled trials, each
involving more than 2000 patients, were carried out in
both hospitalised patients and outpatients, and found no
significant difference in incidence of nausea and vomiting
between patients fasted for at least 4 hours and patients
without fasting, and no case of aspiration pneumonitis
was identified.'®!" There has been an additional report
of a statistically significant reduction in the incidence
of nausea after changing to a non-fasting policy in an
institution in Japan.'?

Latest Guidelines on Preparatory Fasting

In 2018, the European Society of Urogenital Radiology
(ESUR) published their Guideline on Contrast Agents
(v10.0), which stated that ‘fasting is not recommended
before administration of low- or iso-osmolar non-ionic
iodine-based contrast media or of gadolinium-based
agents’."* Later and most recently in 2021, the American
College of Radiology (ACR) published their latest
Manual on Contrast Media, stating that ‘given the
potential for negative consequences due to fasting and
a lack of evidence that supports the need for fasting,
fasting is not required prior to routine intravascular
contrast material administration’, with additional special
consideration required for patients undergoing conscious
sedation.'

Local Practice

Currently in Prince of Wales Hospital, the contrast agents
used include iohexol 300 and 350 (LOCM), and iodixanol
(IOCM), all of which have a well-established safety
profile and are known to have a low risk of nausea and
vomiting. As per department protocol of the Department
of Imaging and Interventional Radiology at Prince of
Wales Hospital, patients attending the department for
contrast-enhanced CT were previously required to fast
for at least 4 hours prior to study, unless in emergencies
or other limited special considerations. The fasting status
of hospitalised patients would be confirmed by the ward,
and outpatients would receive written instruction to fast
before the appointment.

Hong Kong J Radiol. 2023;26:127-32



A PRACTICAL APPROACH

TO POLICY CHANGE: LOCAL
EXPERIENCE

With the significant discrepancy between the fasting
policy between Prince of Wales Hospital and
international standards, we saw a pressing need to change
our clinical practice. In view of the potential impact
of policy change in terms of logistics, and potential
doubts or confusion from clinical departments in initial
implementation, we adopted a stepwise approach to
policy change, combined with ongoing data collection
to consolidate the local safety profile of contrast media
use under the new policy. The policy change was
implemented in four phases (Figure 1).

Phase 1: Preparatory Phase

We reviewed the potential practical issues to the policy
change. While a generic implementation of the non-
fasting policy would be convenient, we saw that there
would be circumstances and specific indications where
fasting would still be required. As there was no clear
consensus statement or guideline detailing exclusion
criteria to non-fasting policy, we decided on a list
of exclusion criteria based on consensus opinion of
specialists from our local institutes (Table 1).

We gathered data on the fasting time and any occurrence
of vomiting after contrast scanning for the patients

® Setting exclusion criteria
¢ Baseline safety data collection
Phase 1
 Pilot scheme with targeted population
(urgent cases from the departments of medicine, surgery
and oncology)
Phase 2 o Ongoing data collection
® Generalisation of policy to all urgent cases from all
departments
Phase3 ® Ongoing data collection
e Generalisation of policy to all cases from all departments
* Ongoing data collection
Phase 4

Figure 1. Action plan of policy change towards abolishment of
preparatory fasting for contrast-enhanced computed tomography
in Prince of Wales Hospital.
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Table 1. Local exclusion criteria for non-fasting policy in Prince of
Wales Hospital.

1. Ongoing, planned, or requirement for sedation/anaesthesia
Other indications for fasting not due to contrast use, e.g.,
preparation for potential intervention/surgery

Patients with increased risk of aspiration

Paediatric patient <6 years old

The examination is to assess for subtle gallbladder pathology
Patients undergoing computed tomography colonography
and enterography

N

o oW

coming to the radiology department at Prince of Wales
Hospital for 25 working days through a questionnaire
filled in by attending radiographers and nurses. The
electronic patient record of the patients who experienced
vomiting and their available subsequent chest
radiographs were reviewed to identify any aspiration
pneumonia complications. This served to establish a
baseline of our performance and compile a local safety
profile of contrast media use for CT. After confirming
a comparable incidence of vomiting and aspiration
pneumonia to international published data, we proceeded
with our pilot scheme, continuing to collect data through
all four phases.

Phase 2: Pilot Scheme

We identified the departments of medicine, surgery
and oncology at Prince of Wales Hospital as the three
main sources of referrals to the radiology department
for contrast-enhanced CT. A pilot scheme was then
implemented with these three departments, during
which the referred eligible patients (i.e., those not
under the pre-set exclusion criteria) undergoing urgent
contrast-enhanced CT were not required to fast prior to
examination.

Phase 3: Generalisation of Non-fasting Policy
to Urgent Cases

Subsequent to the pilot scheme, which was well-received
with smooth operation, we proceeded with Phase 3,
which was generalisation of the non-fasting policy
to all urgent cases from all departments. The eligible
patients referred from all departments undergoing urgent
contrast-enhanced CT were not required to fast prior to
examination.

Phase 4: Generalisation of Non-fasting Policy
to All Cases

After allowing for a period of familiarisation of all
departments with the new policy, we entered Phase 4,
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extending the non-fasting policy to all cases, irrespective
of urgent or elective setting. Previously, all patients
booked for elective contrast-enhanced CT would receive
fasting instructions. After the new policy was enforced,
newly booked patients would no longer receive fasting
instructions unless they fell into the exclusion criteria.
No specific instructions were given to previously booked
patients who had an appointment date after the new
policy launch in order to avoid unnecessary confusion.
For previously booked patients who arrived for contrast-
enhanced CT without adequate fasting but who were not
required to fast under the new policy, the scans were
performed without delay.

Establishing a Local Safety Profile for
Intravenous Contrast for Computed
Tomography

The same duration (25 working days) and methods of
data collection (questionnaire, electronic patient record,
and chest radiograph review) were applied to Phases 2

A total of 4357 attendances were recorded during our data
collection through the four phases. There was a steady
increase in the proportion of non-fasted attendances
(Figure 2). The incidence of vomiting remained low.
There was a total of six patients who vomited (0.13%),
all of whom had fasted and did not have documented
clinical or radiological evidence of aspiration pneumonia.
A total of 594 patients were non-fasted and no vomiting
occurred (Table 2).

DISCUSSION

Internationally, there is a shifting paradigm towards
abolishment of routine preparatory fasting before
intravenous contrast administration for CT scans. The
recent updates in the ESUR guidelines and the ACR
contrast manual provide a clear new international
standard. There is also abundant evidence and
international data confirming the safety profile of use of
IOCM and LOCM, which are the agents used locally. Our
experience with converting to a non-fasting preparation
for contrast-enhanced CT is concordant with the findings

through 4.
All cases

100
90
80
70
60
50
40
30
20
10 > 27.1
o WX

Phase Phase Phase Phase

%

M Non-fasted patients (%)

Urgent cases

Phase Phase Phase Phase

1 2 3 4 1 2
(total:  (total: (total: (total: (total:  (total:
1017) 1082) 1229) 1029) 252) 218)

Elective cases

29 8.2 9.4

Phase Phase Phase Phase

3 4 1 2 3 4
(total:  (total: (total:  (total: (total: (total:
375)  351) 765) 864) 854) 678)

[ Fasted patients (%)

Figure 2. Distribution of fasting preparation among patients through the four phases.

Table 2. Number of cases with vomiting by fasting status in each data collection phase.

Phase 1 Phase 2 Phase 3 Phase 4 Cumulative
Fasting cases with vomiting 3 2 1 0 6
Non-fasted cases with vomiting 0 0 0 0 0
Total cases with vomiting 3 2 1 0 6

130

Hong Kong J Radiol. 2023;26:127-32



Table 3. Potential disadvantages of universal preparatory fasting.
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Induces catabolic state in vulnerable patients

Decreases the flexibility of scan arrangement in urgent settings

o oA WD~

Causes patient discomfort, with potential higher risk of nausea and vomiting, and may cause irritability and uncooperativeness
Impacts glucose level and medication titration of diabetic patients

Causes dehydration, which increases risk of contrast nephropathy and exacerbates the negative consequence of vomiting

Delayed scans may prolong hospitalisation, bed occupancy and delay necessary treatment

of published studies, with a low incidence of vomiting
and no occurrence of aspiration pneumonia. From
a very early study by Oowaki et al'® to a recent study
by Tsushima et al,'” longer fasting times were found to
be associated with an increase in the adverse effect of
nausea.”® There are a number of potential disadvantages
of universal preparatory fasting, which are summarised
in Table 3. Fasting creates patient discomfort, disturbs
nutritional balance in the weak, especially older
adult and oncology patients, and potentially causes
negative impact on diabetic control and medication
titration. Fasting may also create dehydration, which
is contradictory to the need of adequate hydration
for prevention of contrast nephropathy, and further
exacerbates the negative fluid balance should vomiting
occur. For inpatients, dehydration can be avoided by
administration of intravenous fluid. For outpatients,
however, intravenous fluid is not a reasonable option.
At an administrative level, the need for consideration of
fasting duration also reduces flexibility in appointment
arrangement. Empirical adherence to preparatory fasting
can lead to unnecessary delays in management, as well
as prolonged hospitalisation and bed occupancy. With
the compelling evidence, a change in local practice is
imperative.

Practically, the implementation of the non-fasting
policy is not as simple as a one-off policy change, for
two main reasons. First, it is a deeply rooted concept
well-accepted by clinicians in Hong Kong that fasting
has a protective effect against contrast-induced emesis
and lowers the risk of aspiration pneumonia. It is also
a convenient practice as an admission order for the
majority of inpatients to avoid delay in investigations or
potential procedures. However, this practice is not in the
best interest of all patients, especially for the weak and
fragile. In our experience, many inpatients underwent
repeated episodes of prolonged fasting while waiting
for urgent contrast-enhanced CT examinations. Due to
rising demand despite limited resources, this would be
seen more frequently if the policy had not been changed.
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Second, it is a general statement that fasting is no longer
required prior to contrast administration. There are no
specific exclusion criteria stated by ESUR guidelines,
whereas the ACR manual on contrast media touched
upon that ‘for patients receiving conscious sedation,
anaesthesia guidelines should be consulted’."*!* Despite
the lack of specific instructions, it is imaginable that there
are specific scenarios where fasting may be necessary or
have added benefits. We devised our set of exclusion
criteria locally based on the consensus opinion of our
institutes’ specialists (Table 1). Each institution may
consider a variation of the exclusion criteria tailored to
the demographics of their patients. Our exclusion criteria
have two main bases: (1) There are patients at higher risk
of aspiration; and (2) There are specific needs for fasting
for image optimisation and interpretation.

Specific to certain risk groups, fasting may still be
required. Adding to the ACR manual’s note on patients
undergoing conscious sedation, we expanded the
exclusion to all patients receiving sedation/anaesthesia in
accordance with anaesthesia guidelines for preoperative
fasting, and for those expecting or potentially requiring
sedation/anaesthesia in order to avoid potential delay in
management. A similar rationale was used for patients
expecting to undergo intervention or surgery. On the
other hand, there is a group of patients who are inherently
at higher risk of aspiration, e.g., those with bulbar palsy
with impaired gag reflexes, and those with impaired
consciousness levels. In these groups, the preparatory
fasting aims mainly to reduce the volume of aspirate
should the rare event of vomiting occur, as they are more
vulnerable to the aftermath of vomiting. Another group of
patients requiring special consideration is the paediatric
population. ESUR guidelines" and the ACR contrast
manual'* did not specify a need for special consideration
for the paediatric population. Compared with the adult
population, there are, however, fewer published data
evaluating the risk of vomiting with contrast media use.
A small study by Ha et al'® involving 864 patients aged
from 1 day to 19 years (mean age = 8.4 £ 5.7 years) found
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the incidence of vomiting was 2.1% in the study group
with no occurrence of aspiration pneumonia. In Prince
of Wales Hospital, we used the age of 6 years as a cut-
off for the need for fasting in the paediatric population,
based on the need for sedation prior to CT for patients
under this age as suggested by our paediatric radiologist.

Specific to the potential impact on image interpretation,
there has not been any specific dedicated study to
evaluate the effect of a non-fasting policy on image
quality. The gallbladder is known to distend with
fasting, which may allow for better evaluation of
subtle gallbladder pathology, e.g., small polyps. Gross
changes in the gallbladder, e.g., acute cholecystitis,
do not require fasting preparation for assessment. In
addition, the duration of fasting may not necessarily
correlate with the degree of gallbladder distension. We
therefore only limited exclusion to indications to look
for subtle gallbladder pathology. CT enterography and
colonography require bowel preparation for optimal
image quality and accurate image interpretation and
were therefore excluded from the non-fasting policy.
So far, with these exclusion criteria in place, we did not
encounter any case where the interpretation has been
hindered by the non-fasting state.

Combining international guidelines and local consensus
opinion, we have implemented the non-fasting policy to
all patients undergoing iodinated contrast-enhanced CT
examinations in the radiology department with a set of
limited exclusion criteria. Through a stepwise approach,
we allowed time for adaptation and familiarisation by
the clinical departments, and the policy has been met
with a positive response with smooth transition. To our
knowledge, preparatory fasting is still practised in many
localinstitutions. Wehope toadvocate the implementation
of a non-fasting policy for eligible patients across centres
in order to provide patient-centred and evidence-based
care, adhering to international standards.

CONCLUSION

Non-fasting contrast-enhanced CT is a safe and
internationally recognised practice supported by evidence
and international guidelines. Our experience showed a
comparable safety profile with that of published studies
in terms of low incidence of vomiting and aspiration
pneumonia. Policy implementation is achievable through
a stepwise approach with need for consideration of pre-
set exclusion criteria.
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CASE REPORT

An Occult Androgen-Secreting Ovarian Tumour Revealed by
NP-59 Scintigraphy: A Case Report

SH Kwok, WT Ngai
Department of Nuclear Medicine, Pamela Youde Nethersole Eastern Hospital, Hong Kong SAR, China

INTRODUCTION

Androgen-secreting tumours constitute a rare but
important cause of hyperandrogenism, the possibility of
which needs to be considered and excluded in patients
with postmenopausal, severe, or rapidly progressive
hyperandrogenism. Conventional anatomical
imaging may help localise the source of androgen
hypersecretion but is occasionally inconclusive. We
describe a postmenopausal Chinese female with
severe hyperandrogenism whose initial investigations
were unrevealing. lodine-131 6-beta-iodomethyl-
19-norcholesterol (NP-59) scintigraphy successfully
localised an occult, small androgen-secreting ovarian
steroid cell tumour that was resected with subsequent
resolution of hyperandrogenism.

CASE REPORT
A 49-year-old Chinese female presented with a 2-year

history of hirsutism. She had early menopause at the
age of 41 years but medical history was otherwise
unremarkable. Clinical examination revealed hirsutism,
male-pattern alopecia and facial acnes, while breasts and
external genitalia were normal. She was also found to

be hypertensive with blood pressure measuring around
170/110 mmHg. Hormonal profile revealed markedly
elevated testosterone level of up to 33.9 nmol/L,
more than 13 times the upper limit of normal level
(<2.6 nmol/L). The rest of the hormonal profile and
tumour marker panel were unremarkable. Imaging
investigations to localise any androgen-secreting tumour
were performed.

Transvaginal ultrasonography visualised a uterus of
6-week size, but the ovaries were not clearly seen.
Contrast-enhanced computed tomography of the
abdomen and pelvis did not reveal any adrenal or
adnexal lesions, but several enhancing uterine nodules
up to 1.6 cm, thought to be fibroids, were seen. Further
BE-fluorodeoxyglucose positron emission tomography
was also negative.

A dexamethasone-suppressed NP-59 scintigraphy was
subsequently performed with intravenous administration
of 37 MBq of NP-59. To suppress physiological adrenal
uptake, oral dexamethasone 1 mg was prescribed 4 times
daily for 13 days, starting 7 days before NP-59 injection.
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Planar scintigraphic images of the abdomen and pelvis
were acquired from day 3 to 7 post-injection. Additional
single-photon  emission computed tomography—
computed tomography (SPECT-CT) images were
acquired ondays 4 and 7. A positive finding was indicated
by early visualisation of focal NP-59 uptake before
day 5. Planar scintigraphic images from day 3 showed
suspicious focal pelvic NP-59 uptake which persisted
until day 7 (Figure 1), and a right adnexal lesion with
NP-59 uptake was confirmed on SPECT-CT (Figure 2).

The patient underwent bilateral salpingo-oophorectomy.
During the operation, the right ovary was found to be
enlarged with a 2-cm unilocular cyst containing chocolate
material. Histological findings of the right ovary were
consistent with the presence of a small steroid cell
tumour with no malignant features. Following removal
of the tumour, her serum testosterone level normalised
with resolution of virilising features. She also became
normotensive.

DISCUSSION

Hyperandrogenism may manifest clinically as hirsutism
and virilisation. Hirsutism is defined as excessive
terminal hair that appears in a male pattern in women
such as on the chin, upper lip or abdomen. Virilisation
includes clinical features of more significant androgen
excess such as clitoromegaly, deepening of the voice or
increasing muscularity.! Causes of hyperandrogenism
can be non-tumourous, such as polycystic ovarian
syndrome, congenital adrenal hyperplasia, ovarian
hyperthecosis, obesity, endocrinopathies, or iatrogenic;
such causes can also be tumourous, such as adrenal or
ovarian tumours.> Androgen-secreting tumours constitute
a rare (5.8%) cause of hyperandrogenism although they
are relatively more prevalent in postmenopausal (21.4%)
than premenopausal women (2.0%).?

A clinical diagnostic algorithm for investigation of
hyperandrogenism commonly includes adrenal and/
or ovarian imaging to exclude an androgen-secreting
tumour, especially in case of onset after menopause,
severe clinical and/or biochemical hyperandrogenism,
rapid progression, or presence of virilisation. In particular,
very high serum testosterone (>150-200 ng/dL)
and dehydroepiandrosterone sulphate (>6000 ng/mL)
levels favour an androgen-secreting tumour of ovarian
or adrenal origin, respectively .

Ultrasonography and/or magnetic resonance imaging
(MRI) are recommended imaging modalities to identify
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ovarian tumours.?> Nonetheless androgen-secreting
ovarian tumours may be difficult to detect if they are small
in size. A recent study reported that ultrasonography
and MRI failed to detect four of 31 androgen-secreting
ovarian tumours (12.9%), ranging from 0.7 to 1.5 cm.*
Although CT and MRI are recommended for detection
of adrenal tumours,? incidental adrenal masses are
common and may occur in 3% to 7% of adults, most of
which are benign non-functioning adenoma.> Combined
ovarian and adrenal vein sampling may be considered
if ultrasonography, CT and MRI have failed to localise
the androgen-secreting tumours, although its application
has not been proven to reliably alter management. The
success rate for catheterisation of all four veins, i.e.,
bilateral adrenal and ovarian veins, has been reported to
be only 27%; hence, this technically difficult procedure
may be considered only in centres with expertise.®
Successful identification of  androgen-secreting
tumours with '8F-fluorodeoxyglucose positron emission
tomography has been reported in only a few isolated
cases.’

The application of NP-59 in functional imaging
commenced in the mid-1970s.® Steroid hormone
synthesis initiates with arrival of cholesterol in
adrenocortical cells by low-density lipoprotein. Twenty
percent of NP-59 is incorporated in low-density
lipoprotein and deposited in adrenocortical cells by a
specific receptor, which does not follow the metabolic
process and thus concentrates in the adrenocortical
cells. This allows scintigraphic localisation of the
hypersecreting adrenal and ovarian tumours in primary
hyperaldosteronism,  Cushing’s  syndrome, and
hyperandrogenism. Previous case studies demonstrated
the usefulness of NP-59 scintigraphy in localising both
tumourous and non-tumourous ovarian and adrenal
sources of androgen excess.”!' Among the reported
cases, unilateral uptake was seen in androgen-secreting
ovarian and adrenal tumours, and bilateral ovarian or
adrenal uptake was seen in ovarian hyperthecosis and
congenital adrenal hyperplasia. Normal scintigraphy
was seen in peripheral conversion and increased end-
organ sensitivity, while absent uptake (i.e., loss of
normal physiological uptake) was seen in adrenocortical
carcinoma. The unique role of NP-59 scintigraphy
in localising the site of androgen hypersecretion was
highlighted in two of the reported cases of adrenal
hyperandrogenism, where the incidental abnormalities
show absence of uptake. One patient had an adrenal
lipoid cell tumour detected on CT. The other had
congenital adrenal hyperplasia with adrenal glands
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Figure 1. lodine-131 6-beta-iodomethyl-19-norcholesterol (NP-59) scintigraphy with (a and b) day 3, (c and d) day 4, (e and f) day 5, and
(g and h) day 7 anterior and posterior planar images of abdomen and pelvis. There was suboptimal coverage of the pelvis on day 5 images
owing to initial assumption of pelvic activity (arrows) as physiological bowel activity. Day 3, 4 and 7 images raised the suspicion of possible
abnormal focal increase in right adnexal NP-59 uptake (arrows), requiring additional single-photon emission computed tomography-
computed tomography images for confirmation.
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Figure 2. lodine-131 6-beta-iodomethyl-19-norcholesterol (NP-59) scintigraphy with day 4 (a-c) coronal computed tomography (CT), single-
photon emission computed tomography (SPECT) and fused SPECT-CT images, (d-f) sagittal CT, SPECT and fused SPECT-CT images, and
(g-i) axial CT, SPECT and fused SPECT-CT images of pelvis. SPECT and fused images show an abnormal focal increase in NP-59 uptake
at the right adnexal region (arrows) that could be distinguished from adjacent physiological large bowel activity.

appearing normal on CT. Both had incidental findings
of ovarian masses, subsequently confirmed to be
polycystic ovaries that were not contributory to the
degree of hyperandrogenism. No false-positive NP-59
scintigraphic findings for hyperandrogenism have been
reported in the English literature to date. Due to the rarity
of this clinical condition, data on the diagnostic accuracy
of NP-59 scintigraphy in hyperandrogenism are scarce.

As presence of intense physiological activity along
the large bowel and its close proximity to androgen-
secreting ovarian tumours hampers evaluation by NP-
59 scintigraphy, preprocedural oral laxatives for bowel
preparation have been recommended.> The availability
of hybrid SPECT-CT technology, in addition to planar
imaging, allows accurate delineation of any focal
abnormal adnexal uptake from adjacent large bowel
activity. The usefulness of SPECT-CT is well illustrated
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in this case where the focal abnormal adnexal uptake was
difficult to appreciate on serial planar images but could
be confirmed on SPECT-CT images.

There are several drawbacks to the widespread use of
NP-59 scintigraphy in evaluation of hyperandrogenism.
These include suboptimal image quality with
iodine-131, relatively high radiation, prolonged
imaging time, relatively high radiopharmaceutical cost,
and potential adverse effects associated with use of
high-dose dexamethasone as a pre-medication. Thus,
NP-59 scintigraphy is often reserved for patients with
clinical and biochemical evidence of ovarian or adrenal
hypersecretion where conventional anatomical imaging
has been unrevealing. A "¥F version of NP-59 is being
developed for positron emission tomography imaging
with promising initial data in imaging cholesterol
trafficking and, specifically, uptake in adrenocortical
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tissue." It is expected that this '®F version of NP-59 will
become available for clinical use in the near future and
provide higher image quality with lower radiation dose
to help localise the site of hormone hypersecretion.

CONCLUSION

Accurate localisation of the source of androgen
hypersecretion is critical to appropriate management
in patients with suspected androgen-secreting tumours.
This case report highlights the unique role of NP-59
scintigraphy in providing functional information and
localising the site of androgen hypersecretion, which
may not have been achievable by other non-invasive
investigations. It is an indispensable and time-honoured
nuclear medicine procedure that produces the most
significant and conclusive results in such situations.
Nevertheless the limitations of NP-59 scintigraphy limit
its use to problem-solving rather than screening purposes.
It is especially helpful in selected patients where there is
a high suspicion of ovarian or adrenal hypersecretion but
inconclusive conventional anatomical imaging.
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PP Ng!, SCW Cheung?, CKL Ho?, KKY Man?, KKH Choi?

!Department of Radiology and Imaging, Queen Elizabeth Hospital, Hong Kong SAR, China
’Department of Radiology, Queen Mary Hospital, Hong Kong SAR, China
’Department of Cardiothoracic Surgery, Queen Mary Hospital, Hong Kong SAR, China

INTRODUCTION
Frozen elephant trunk (FET) technique has been

commonly used in the management of a wide variety
of thoracic aortic pathology. Postoperative kinking
of an FET stent graft resulting in clinically significant
aortic coarctation is rare. We report a challenging case
of a patient with chronic type B aortic dissection who
underwent FET repair that was complicated by clinically
significant FET graft kinking but successfully treated
with endovascular stenting.

CASE REPORT

A 47-year-old man with a history of chronic type B
aortic dissection had a dissection flap starting just distal
to the origin of the aberrant right subclavian artery
(SCA) and extending down to the aortic bifurcation.
Sequential computed tomography angiography (CTA)
showed progressive dilatation of an aortic arch dissecting
aneurysm (5.8 cm) and narrowing of the true lumen. In
May 2021, he underwent ascending and total aortic arch
replacement with FET graft (Thoraflex Hybrid; Terumo
Aortic, Renfrewshire, United Kingdom), aorto-right

axillary artery bypass and embolisation of the aberrant
right SCA with Amplatzer vascular plug (Abbott
Medical, Plymouth [MN], US).

Following the surgery, he developed persistent
hypertension  despite  multiple antihypertensive
medications and progressive respiratory distress. There
was significant upper and lower limb blood pressure
(BP) discrepancy up to 40 mmHg. Echocardiogram
demonstrated preserved left ventricular ejection fraction
(60%). CTA on postoperative day 5 revealed kinking of
the FET stent graft at the distal aortic arch with marked
luminal stenosis (Figure 1a and b). Another finding was
an endoleak from the aberrant right SCA, later managed
by surgical ligation of the right SCA origin. Aortic
angiogram confirmed high-grade stenosis of the FET
graft at the distal aortic arch (Figure 1c). Intra-arterial
BP measurement revealed a 53-mmHg pressure gradient
across the stenosis.

Endovascular stenting of the iatrogenic aortic coarctation
was performed with a bare-metal stent (BMS)
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Figure 1. (a) Double oblique sagittal view of contrast-enhanced computed tomography angiography maximal intensity projection image
and (b) three-dimensional reconstruction showing ascending and total aortic arch replacement with frozen elephant trunk (FET). There was
kinking and severe stenosis at the distal aortic arch (arrows in [a] and [b]), as well as presence of endoleak in false lumen along the aortic
arch and descending thoracic aorta (asterisk in [a]). (c) Digital subtraction angiogram in left anterior oblique view showing kinking of FET

trunk with high-grade stenosis at the distal aortic arch.

[Sinus-XL 34 x 100 mm; OptiMed, Ettlingen, Germany]
under local anaesthesia. Due to the acute angulation at the
aortic arch and tight stenosis, an attempt to deploy across
the stenosis within the FET was particularly challenging.
Difficulties were encountered during passage of the
delivery system across the stenosis as well as retraction
of the outer sheath for stent deployment. To overcome
these difficulties, balloon dilatation of the stenosis was
first performed. This was followed by partial deployment
of two-thirds of the stent within a 12-F sheath (Cook
Medical, Bloomington [IN], US) with the sheath tip
rested at the non-kinked portion of the FET. The entire
complex was then advanced proximally to the desirable
zone. The partially opened stent was deployed across the
stenosis by unsheathing the 12-F sheath with constant
forward pressure on the delivery system to avoid distal
migration. Post-stenting dilatation with a 32-mm Coda
balloon catheter (Cook Medical, Bloomington [IN], US)
achieved satisfactory luminal expansion (Figure 2). Post-
stenting BP gradient improved to 20 mmHg.

On day 3 post-stenting, the patient developed haemolytic
anaemia and syncope. Urgent CTA revealed no source
of bleeding. The BMS across the coarctation was
partially collapsed but there was interval luminal gain
when compared with preprocedural CTA (Figure 3).

Hong Kong J Radiol. 2023;26:138-41

The haemolytic anaemia was suspected to be stent-
related; a repeat aortic angiogram was performed on
postoperative day 14 and demonstrated a small residual
pressure gradient (8 mmHg) across the kinking. Since
the stent remained partially collapsed, repeat balloon
angioplasty was performed with 32-mm Coda balloon
(Cook Medical, Bloomington [IN], US) and 26-mm
Atlas balloon (Bard Medical, New Providence [NIJ],
US). Despite the lack of significant stent expansion
on fluoroscopy, the pressure gradient disappeared by
the end of procedure. The patient made an uneventful
recovery and was subsequently discharged.

Follow-up CTA performed 1 month post-stenting
revealed no interval collapse of the stent or luminal re-
stenosis. The patient was asymptomatic with no upper
and lower limb BP discrepancy or haemoglobin drop.

DISCUSSION

Although the FET technique is now widely used
to manage thoracic aortic dissection, postoperative
kinking of the stent graft that necessitates secondary
intervention has rarely been reported in the literature.
FET kinking often occurs at the junction of the distal
aortic arch and descending aorta.' Risk factors for graft
kinking include acute aortic arch angulation, marked true
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Figure 2. (a) Post-stenting and balloon
angioplasty radiograph showing
successful bare-metal stent deployment
(arrowheads) within the frozen elephant
trunk. Note the struts of the bare-metal
stent are more densely packed than that
of the stent graft. (b) Post-stenting and
balloon angioplasty digital subtraction
angiogram showing satisfactory luminal
expansion (arrow).

Figure 3. Double oblique sagittal contrast-enhanced computed
tomography angiography image showing partial collapse of the
bare-metal stent (white arrow) within the frozen elephant trunk
(black arrow) at the site of kinking. Note the interval expansion of
aortic lumen.

140

lumen narrowing, a rigid chronic dissection membrane,
reperfusion of false lumen, use of a low radial force
device or presence of a non-stent part in the FET graft.>*
Although rare, kinking can result in coarctation, graft
thrombosis, haemolytic anaemia, and heart failure.

Secondary surgery to rectify the kinked graft can be
complex and necessitate cardiopulmonary bypass.
Endovascular repair offers a minimally invasive option
that can be performed under local anaesthesia. Realigning
a stent within the kinked graft may provide adequate
scaffolding to maintain graft patency. Complications
include stent fracture, migration, and collapse.

Graft kinking in this patient was both clinically and
radiologically significant, as evidenced by the presence
of heart failure, haemolytic anaemia, marked luminal
narrowing on imaging, and significant pressure gradient.
Possible contributing factors in this case included acute
aortic arch angulation, rigid chronic dissection flap, and
stenotic true lumen. As angioplasty alone would not
have provided adequate scaffolding, alignment of the
FET with stent was chosen.

An ideal stent in this scenario would have high radial
force without compromised flexibility. Stent grafts are
often preferred since they are available in a wide range
of sizes, up to 46 mm in diameter, and with tapering
property; they also provide additional safety in case of
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Figure 4. Digital subtraction angiogram from a different patient
with post-thoracic endovascular aortic repair stent graft-induced
new entry (SINE) tear at the distal end of the stent, resulting in
significant true lumen narrowing and need for subsequent distal
stent graft extension. Post-stent graft extension showed persistent
narrowing (arrow) at the site of SINE due to insufficient mechanical
support from the fabric between the nitinol rings.

inadvertent aortic rupture during the procedure. In our
experience, better support can be achieved by positioning
the stent struts at the most stenotic point to maximise
mechanical support (Figure 4). This is more achievable
with BMS because their stent struts are more densely
packed compared with stent grafts where the nitinol
rings are typically separated by 10 to 15 mm of fabric.

Sinus-XL is a self-expanding uncovered nitinol stent
with a closed-cell design that has been proven to be safe
and durable in treating adult aortic coarctation.’ Despite
its low profile and the ability to deliver up to 36 mm stent
within a 10-F introducer, we experienced difficulties in
traversing the kink and stent deployment because the
acute angle prevented outer-sheath retraction by the
coaxial pull-back system. This would have been even
more challenging if a similarly sized stent graft had been
chosen since it would have required 20-F access.

Most stent manufacturers discourage operators from
deploying stents across an acute angle due to potential
entrapment of the delivery system. Nonetheless stent
deployment can be facilitated by methods that straighten
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the target coverage, as in our patient. Other methods
include use of buddy wires or the body flossing technique.
These techniques were less appropriate for our patient
given the recent surgical anastomosis; overcorrecting
the existing anatomy might have increased the risk of
anastomosis-related complications. Moreover, degree of
stent apposition does not necessarily correlate with the
pressure gradient across the kinking, as illustrated in this
case. Thus, in cases of tight stenosis, aggressive balloon
dilatation to pursue a ‘perfectly’ expanded stent may not
be necessary and should be avoided.

In conclusion, FET stent graft kinking is rarely
encountered but can result in significant haemodynamic
consequences. Endovascular stenting is a safe and
effective alternative to surgery. In our patient, we
illustrate the advantages of a BMS over a stent graft
in offering more focal support to the kinked portion
in a low-profile setting. Stenting across the severely
kinked graft can be technically challenging and require
additional manoeuvres, as demonstrated by our case.

To date, no study has compared BMS with covered
stents for treatment of aortic coarctation; head-to-head
bench comparison with reference to radial forces is
also lacking. Although we believe that endovascular
repair can be considered for patients with FET graft
kinking to avoid a second major operation, the decision
to use a BMS or covered stent should be tailored to the
individual and take account of the underlying pathology
and anatomy.
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Multidisciplinary Management of Ovarian, Fallopian Tube and
Peritoneal Cancers with Emphasis on the Role of Cross-Sectional
Imaging
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INTRODUCTION

Ovarian cancer is the eighth most common cancer
among women worldwide and the second most common
gynaecological cancer mortality after cervical cancer.!
In Hong Kong, ovarian cancer ranks as the sixth most
common cancer in female and the most common cause of
gynaecological cancer mortality in 2020.2 Approximately
two-thirds of patients with ovarian cancer are reported to
present with stage III-IV disease.>* High-grade serous
carcinoma accounts for about 70% of malignant ovarian
tumours.>

There is recent evidence that ovarian or peritoneal cancer
may have a common origin from the fimbrial end of the
fallopian tubes. The ovarian cancer staging system was
updated in 2014 to include cancer of the fallopian tubes
and peritoneum.?

One of the most important prognostic factors in ovarian
cancer is the volume of residual disease after surgery.

Cytoreductive surgery is the mainstay of treatment and
is considered optimal if there is no or <1 cm of gross
residual tumour and suboptimal if the residual tumour
is>1 cm.%7

In patients who present with advanced-stage disease,
preoperative imaging to assess the abdominopelvic
disease burden can help identify those at risk of having
>1 cm gross residual disease and help avoid futile
laparotomy. These patients may be first treated with
neoadjuvant chemotherapy followed by reassessment
imaging and interval debulking surgery if optimal
tumour debulking is deemed possible.?

At our institution, management of patients with ovarian,
fallopian tube and peritoneal cancers is discussed by a
multidisciplinary team consisting of gynaecologists,
radiologists, and oncologists. A multidisciplinary
approach to cancer management has been shown to
improve a patient’s quality of life and prognosis.??
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This article describes the role of imaging in the
management of patients with ovarian cancer. The anatomy
of common sites of peritoneal lesions is reviewed and
features that may preclude optimal debulking surgery are
highlighted.

ROLE OF IMAGING

The role of imaging in the management of ovarian
cancer is to delineate the disease extent so that primary
treatment can be planned and indicate possible sites for
image-guided core biopsy for histological confirmation
when necessary.*

Previous studies compared the diagnostic accuracy of
different imaging modalities for detection of peritoneal
carcinomatosis in ovarian cancer. Computed tomography
(CT), magnetic resonance imaging, and positron
emission tomography/computed tomography (PET/
CT) all demonstrated >90% accuracy when compared
with diagnostic laparoscopy.® Magnetic resonance
imaging has the advantage of providing better soft tissue
differentiation but is less readily available and motion
artefacts may affect image quality. PET/CT is useful
for whole-body assessment but is likewise not readily
available. CT remains the most commonly performed
pretreatment imaging since it has high accuracy and
accessibility.

Compared with diagnostic laparoscopy, CT has a high
accuracy of >90% for detection of peritoneal deposits.
It is also more accurate in detecting peritoneal disease
in upper abdominal regions when compared with
laparoscopy. Limitations of CT are nonetheless its
reported decreased sensitivity of <80% in depicting
implants <1 cm in size, and inferior accuracy compared
with laparoscopy in detecting disease in pelvic and small
intestinal mesenteric regions.!!

At our institution, CT of the abdomen and pelvis is
performed for pretreatment staging, with the lung bases
included in the scan range. The latter enables a search
for suspicious cardiophrenic lymph nodes and pleural
effusion that will require further investigations such as
pleural tapping to look for stage IV disease.* Looking
for stage IV disease is essential because this group of
patients may not be candidates for surgical debulking.

In patients with inoperable disease, interval debulking

is considered after two to three cycles of systemic
chemotherapy .’ As well as monitoring cancer antigen 125
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level, CT should be used to assess treatment response and
the feasibility of interval debulking surgery. PET/CT is
often supplementary when CT findings are inconclusive.*
Arrangement of timely follow-up imaging and planning
for interval debulking surgery following neoadjuvant
chemotherapy can be facilitated by a multidisciplinary
meeting.

PERITONEAL ANATOMY AND FLOW
OF PERITONEAL FLUID

Knowledge of the anatomy of the peritoneum and
flow of peritoneal fluid is important when assessing
peritoneal spread of disease. The internal surfaces
of the abdominopelvic cavity are lined with parietal
peritoneum. The visceral peritoneum lines the organs
that are intraperitoneal. The potential space between
these two layers of peritoneum is the peritoneal cavity
and generally contains a small amount of fluid to allow
frictionless movement of visceral organs within the
abdominal cavity. Ascites is often detected in a disease
state and may be due to increased capillary permeability
or obstructed lymphatics resulting in overall increased
peritoneal fluid."?

There are multiple peritoneal folds and reflections that
compartmentalise the abdominopelvic cavity. The
transverse mesocolon divides the peritoneal cavity into
the supracolic and infracolic spaces. The supracolic
space is separated by the falciform ligament into the left
and right. The right supracolic space contains the right
subphrenic space, subhepatic space, and the lesser sac.
The left supracolic space includes the perihepatic and
left subphrenic space. The infracolic space is further
divided by the small bowel mesentery into the larger left
and smaller right spaces. The small bowel mesentery
attaches from the ligament of Treitz at the left upper
quadrant to the ileocaecal junction at the right iliac fossa.

Initially, peritoneal fluid collects at a gravity-dependent
site, the pouch of Douglas in woman and the rectovesical
space in men. It travels in a cephalad direction, entering
the paracolic gutters and then the supracolic spaces. On
the left side, fluid passage is superiorly limited by the
phrenicocolic ligament, hence more peritoneal fluid
flows into the right paracolic gutter (Figure 1). The
flow of peritoneal fluid is slow or arrested at dependent
regions due to gravity, and fluid stasis allows tumour
cells to be deposited. The four dependent areas include
the rectouterine pouch, right lower quadrant, sigmoid
colon, and right paracolic gutters.
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Figure 1. (@) Coronal and (b) axial images of computed tomography
peritoneogram with intraperitoneal contrast to demonstrate
peritoneal cavity anatomy. Peritoneal fluid initially collects at the
pelvis, then travels cephalad due to pressure gradients produced
by inspirations (curved arrows in [a]). Fluid passage on the left side
is superiorly limited by the phrenicocolic ligament (open arrow in
[a]). The rectouterine pouch, right lower quadrant, sigmoid colon,
and right paracolic gutters (asterisks in [a] and [b]) are dependent
regions in which there is stasis of peritoneal fluid.

ASSESSMENT OF
ABDOMINOPELVIC DISEASE
BURDEN

The most frequent routes for dissemination of ovarian
cancer are by direct pelvic invasion and via transcoelomic
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peritoneal spread.”® Less frequently, it may also
spread along the lymphatics via the utero-ovarian,
infundibulopelvic and round ligament pathways.> The
most common lymphatic spread is along the utero-
ovarian pathway to the para-aortic and paracaval nodes
at the level of the kidney.” Haematogenous spread is rare
and seldom present at initial diagnosis.

Primary Tumour

The size and location of the primary ovarian tumour
should be described. Pelvic sidewall invasion is suspected
when the distance between the tumour and the muscular
pelvic sidewall is <3 mm, or when there is encasement
of >90% of the circumference of iliac vessels.”® Any
invasion to the adjacent organs such as the urinary
bladder or rectum should be noted since it may require
additional surgical input from other subspecialties to
achieve optimal debulking (Figure 2).

Peritoneal Carcinomatosis

Assessment of peritoneal carcinomatosis is crucial
since it affects staging and subsequent management.
The presence of ascites raises a suspicion of peritoneal
involvement and loculated ascites usually indicates
peritoneal metastasis. Signs of early peritoneal disease
are subtle and can be easily missed. Multiplanar
reformatted CT images are helpful in the assessment
of peritoneal lesions. Coronal and sagittal reformatted

Figure 2. Contrast computed tomography demonstrating large
heterogenous pelvic tumour blended with the uterus, with extension
to the pouch of Douglas and the rectum. Optimal debulking of this
tumour will likely require pelvic exenteration and requires input
from a colorectal surgeon.
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Figure 3. Contrast computed tomography image demonstrating
large left ovarian tumour (asterisk), loculated ascites and omental
stranding, suggestive of peritoneal metastases.

images improve detection of lesions on curved surfaces
such as the diaphragm, paracolic gutters, and pelvis
(Figure 3).7

The operability of peritoneal lesions is related to
multiple factors such as the location of peritoneal
deposits, their morphology and multiplicity, and their
size and relationship with adjacent organs. Peritoneal
carcinomatosis can present with a wide range of
morphological appearance on CT. Subtle soft tissue
infiltration, mild thickening or nodularity of the
peritoneum may be the only findings in early peritoneal
disease. Soft tissue peritoneal implants are usually
observed in advanced peritoneal disease. These can
present as solitary or multiple nodules, or coalesce to
form plaque-like lesions and larger masses. They may
show contrast enhancement; metastases from serous
cystadenocarcinoma may be calcified.'?

Upper Abdomen

The right subphrenic region is frequently involved since
there is preferential flow of peritoneal fluid along the
right side of the abdomen. Coronal and sagittal images
enable better assessment of peritoneal deposits at the
hemidiaphragm. Nodular- or plaque-like thickening may
be observed. Larger deposits at the subphrenic region
may cause scalloping of the liver or splenic contour. On
post-contrast phase, these implants are hypoenhancing
relative to the liver or splenic parenchyma (Figure 4).

In the upper abdomen, it is also essential to look for any
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Figure 4. Contrast computed tomography images demonstrating
right subphrenic deposits (arrows in [a] and [b]) that are best
appreciated on coronal image. (b) Larger subphrenic deposits can
cause scalloping of liver contour.

involvement of the peritoneal ligaments, including the
gastrohepatic and gastrosplenic ligaments (Figure 5).
Increased soft tissue stranding, thickening or nodular
deposits at these ligaments usually suggest involvement.

Any tumour deposits at the perihepatic spaces should be
specified, including the fissure for falciform ligament,
gallbladder fossa, porta hepatism, and lesser sac (Figure
6). Peritoneal lesions at these sites, particularly when
>2 cm in size, are probably non-resectable.* Any
subcapsular implants at the Morison’s pouch extending
to the inferior vena cava must be described because they
pose a surgical challenge due to increased bleeding risk.’

Since haematogenous metastases are extremely rare at
presentation, apparent parenchymal involvement of the
liver and spleen are more commonly caused by invasive
serosal surface implants rather than haematogenous
metastases (Figure 7). Differentiation of a surface lesion
versus parenchymal invasion lesion is particularly
important for the liver because partial hepatectomy may
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Figure 5. Contrast computed tomography images demonstrating
peritoneal deposits at the upper abdominal ligaments, where (a)
shows nodular deposits at the gastrohepatic ligament (arrows) and
(b) shows nodular deposits at the gastrosplenic ligament (arrows).

be required in the latter with assistance of a hepatobiliary
surgeon. Distinguishing between a surface lesion
and invasive parenchymal lesion at the spleen is less
important because splenectomy is more easily performed
(Figure 8).1

Paracolic Gutters, Omentum, and Mesentery
The bilateral paracolic gutters are also common sites of
peritoneal deposits because of peritoneal fluid stasis. It
is helpful to assess with both axial and coronal images.
Tumour deposits present as irregular thickening and
nodularity (Figure 9).

Infiltration of the omental fat can present as increased
soft tissue stranding and omental nodules of various
sizes. When these small nodules coalesce, they give
rise to larger omental plaques or mass-like lesions that
are commonly referred to as omental cakes. Greater
omental involvement usually does not preclude surgery
since omentectomy is routinely performed in debulking
surgery. Nonetheless extension of omental metastases to
the anterior abdominal wall or umbilicus may preclude
surgery (Figure 10).*!2

Infiltration of the mesentery can present as misty
mesentery or clustered soft-tissue nodules (Figure 11).
Peritoneal deposits at the mesentery can cause tethering
of the bowel loops and intestinal obstruction. Intestinal
obstruction is a common morbidity associated with
metastatic ovarian cancer, reported to occur in about

Figure 6. Contrast computed tomography images demonstrating peritoneal deposits at the perihepatic spaces, where (a) shows deposits at
the falciform ligament (open arrow) and gallbladder fossa (block arrow), (b) shows deposits at the Morison’s pouch (arrows), and (c) shows
deposits at the hepatic hilum (arrow). It is important to identify these peritoneal deposits on pretreatment imaging since they are difficult to
visualise on laparoscopy.
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Figure 7. (@) A subphrenic deposit with hepatic parenchymal
invasion (arrow) and (b) a haematogenous hepatic metastasis
(arrow). Presence of these lesions might require assistance from a
hepatobiliary surgeon for optimal bulking.
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50% of cases.!” Detection of segmental small bowel
obstruction and extensive tumour deposits on the small
bowel surface or at the mesenteric root is important
because these features may preclude surgery.'* Serosal
implants at the bowel loops are difficult to detect,
particularly in the absence of complications such as
intestinal obstruction. Involvement of the small bowel
may present as segmental mural thickening and soft-
tissue mass involving the serosa and adjacent mesentery.
Depending on the extent of involvement, these bowel
serosal implants may be resected with the assistance of a
gastrointestinal surgeon.

In the pelvis, common sites of deposits include the
surface of the urinary bladder, sigmoid mesocolon,
pelvic sidewall, pouch of Douglas, and surface of the
sigmoid and rectum. Lesions at the bilateral uterosacral
ligament and pelvic sidewall are better seen on axial and
coronal images. Lesions at the peritoneal surface of the
bladder, pouch of Douglas, and rectosigmoid regions are
better observed on sagittal images. Again, these deposits
can present as soft tissue thickening or a mass (Figure
12).

Lymphadenopathy

Lymphatic spread commonly involves the para-aortic
lymph nodes. An enlarged node with >1 cm short
axis suggests malignant lymphadenopathy."”® Apart
from increased nodal size, necrosis or clustering of
lymph nodes are also suspicious features of metastatic
involvement. Any enlarged lymph node at the suprarenal

Figure 8. Contrast computed
tomography images demonstrating
deposit on the splenic surface, with
(@) showing deposit at the splenic
hilum (arrow) and (b) showing
deposit at the posteromedial
surface of the spleen (arrow). As
these sites are difficult to assess on
laparoscopy, pretreatment imaging
is essential.
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Figure 9. (a) Axial
and (b) coronal
images from contrast
computed tomography
demonstrating  deposits
at the paracolic gutters
(arrows).

Figure 10. Contrast computed tomography images demonstrating the different morphologies of omental deposits, from mild increased
stranding at the omentum (brackets in [a]), small omental nodules (arrows in [b]), confluent nodules and plaque-like deposits (arrows in [c]),
to omental cake appearance with extension to the umbilicus (brackets in [d]).
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Figure 11. (a) Coronal and (b) axial images from contrast computed
tomography demonstrating nodular deposits at the mesentery
(arrows).

para-aortic, portacaval, porta hepatis or celiac axis
should be specified because these sites may preclude
surgery (Figures 13 and 14).

Lung Base

Assessment of the lung bases on preoperative CT is
crucial since these extraperitoneal sites are not accessible
by laparoscopy. The cardiophrenic lymph node is
considered enlarged when the short axis is >5 mm’'* and
may suggest stage IV disease. This precludes surgery.
Any pleural effusion should be further investigated
to look for stage IV disease that is deemed inoperable
(Figures 15 and 16).

Assessment for Interval Debulking Surgery

At our institution, follow-up imaging is performed after
three cycles of neoadjuvant chemotherapy in patients
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Figure 12. Contrast computed tomography images demonstrating
peritoneal disease at the pelvis, with (a) showing deposits at the
pouch of Douglas (arrow). (b) This image allows better appreciation
of deposits at the peritoneal surface of the urinary bladder
(arrowhead) and pouch of Douglas (arrow).

with inoperable disease. Images are reviewed at the
multidisciplinary meeting for consideration of interval
debulking surgery (Figures 17 and 18).

Cancer of the ovaries, fallopian tubes and peritoneum
share similar morphological and clinical features. In
patients with advanced disease, a tubal or ovarian origin
can be difficult to delineate because tumour growth may
obscure the primary site.® Preoperative assessment for
these patients should be similar.

Figure 19 summarises CT assessment of peritoneal
lesions and the Table lists potentially non-resectable
disease.

CONCLUSION

Pretreatment imaging is helpful to evaluate
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Figure 13. Malignant para-aortic lymphadenopathy above the level
of the renal vein (circle in [a]) and enlarged paracaval lymph node
(arrow in [b]). These are considered surgically difficult sites.

abdominopelvic disease burden in patients with ovarian,
fallopian tube and peritoneal cancers, and to identify
patients at risk of having suboptimal debulking surgery
in whom laparotomy would be futile. It has been shown
that CT has high accuracy in detecting peritoneal lesions.
Assessment of peritoneal involvement can be improved
by understanding the peritoneal anatomy, route of tumour
dissemination, as well as common sites of peritoneal
deposits. The role of radiologists in the multidisciplinary
team is to alert clinicians to the presence of lesions that
may complicate surgery or preclude optimal debulking.
Patient-centred management should be discussed
at the multidisciplinary meeting to decide which of
cytoreductive surgery or neoadjuvant chemotherapy is
most appropriate.
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Figure 14. (a) Contrast enhanced computed tomography
image demonstrating a solitary enlarged left para-aortic lymph
node (arrow). (b) Further evaluation with positron emission
tomography shows that this lymph node is hypermetabolic with
standardised uptake value of 11 (arrow), suggestive of metastatic
lymphadenopathy.

Figure 15. Contrast computed tomography image demonstrating
bilateral pleural effusion and an enlarged cardiophrenic lymph
node (arrow), worrisome of stage IV disease.
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Figure 16. (a) Contrast enhanced computed tomography image
showing right pleural effusion. (b) Positron emission tomography
shows increased fluorodeoxyglucose uptake along the pleura
(arrow), suggestive of metastatic deposits and stage IV disease.
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Figure 18. (a) Staging computed tomography (CT) image showing
extensive omental deposits (arrows). (b) Follow-up CT after
neoadjuvant chemotherapy showing interval shrinkage of omental
deposits (arrows). Development of calcifications at the omental
deposits is suggestive of post-treatment changes.

Figure 17. (a) Staging computed
tomography (CT) image showing
extensive peritoneal deposits at the
right subphrenic region (arrows),
which are surgically challenging.
The primary ovarian tumour with
solid components (dashed arrows)
is also detected. (b) Follow-up CT
after neoadjuvant chemotherapy
showing interval shrinkage of
the concerned right subphrenic
deposits (arrows). The primary
tumour also shows a decreased solid
component. Images were reviewed
at the multidisciplinary meeting and
the patient subsequently underwent
interval debulking surgery.

151



Role of Cross-Sectional Imaging

Upper abdomen
- Subphrenic region: diaphragm involvement
- Ligaments: gastrohepatic and gastrosplenic
- Perihepatic space:
fissure for falciform ligament, gallbladder
fossa, porta hepatis, and lesser sac
- Parenchymal involvement of liver/ spleen

Pelvis

- Primary tumour: invasion of pelvic
sidewall, urinary bladder, and rectum

- Peritoneal deposits: urinary bladder,
rectosigmoid, pelvis side wall, and
pouch of Douglas

Lung base
- Cardiophrenic lymph node
- Pleural effusion

Lymph node particularly suprarenal,
portacaval, porta hepatis, and celiac
axis

Assess for peritoneal deposits at
- Paracolic gutters

- Omentum

- Mesentery

Figure 19. Summary of computed tomography assessment of peritoneal lesions.

Table. Summary of potentially non-resectable diseases.

Implants >2 cm at the diaphragm, lesser sac, porta hepatis,
fissure for falciform ligament, gallbladder fossa, gastrohepatic
or gastrosplenic ligament

Haematogenous hepatic parenchymal metastases

Extensive involvement of the mesenteric root

Pelvic sidewall invasion

Involved lymph nodes superior to the level of renal vein
(including suprarenal para-aortic, portacaval, porta hepatis,
and celiac axis)

Pleural infiltration and cardiophrenic lymph nodes

R
1.
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PICTORIAL ESSAY

Hysterosalpingographic Findings from Uterus to Peritoneal Cavity:
A Pictorial Essay

SC Wong, KS Yung, RLS Chan, WH Luk
Department of Radiology, Princess Margaret Hospital, Hong Kong SAR, China

BACKGROUND

Withsocial trends of late marriage and increasing maternal
age, there is ongoing demand for assisted reproduction
and subfertility investigations. Since tubal occlusion is
an important cause of female subfertility,' assessment of
tubal patency is a crucial part of investigations to identify
the cause of subfertility.

Hysterosalpingography (HSG) is a fluoroscopic
examination of the uterus and fallopian tubes with
contrast instillation through the cervical canal. It has
remained a popular investigation of tubal patency in
modern reproductive medicine despite being invented
more than 100 years ago.? It is considered a standard
first-line test for assessment of tubal patency** in view
of its reliability, less invasiveness than laparoscopy, and
more efficient use of medical resources.*

With age-related fertility decline,* expeditious
management is essential. Severity of tubal disease
identified on HSG guides the management decision
for intervention.’> A finding of bilateral tubal occlusion
prompts early referral for consideration of in vitro
fertilisation. Detection of uterine cavity or contour
abnormalities on HSG can guide further imaging,

endoscopic  investigations, and intervention. A
radiologist’s familiarity with HSG interpretation and
awareness of the spectrum of pathology is advantageous
to overall patient care and outcome.

This article presents a pictorial review of HSG cases with
emphasis on a spectrum of pathologies including tubal
occlusion, tuboperitoneal pathologies, uterine contour
anomalies, and intracavity filling defects.

PERFORMING
HYSTEROSALPINGOGRAPHY

Prior to instrumentation of the uterine cavity, exclusion
of pregnancy and active pelvic infection are of utmost
importance.

The optimal time to perform HSG is between day 7 and
12 of the menstrual cycle.® This helps avoid pregnancy
and improve image interpretation with the thinner
endometrium of the early proliferative phase. Conducting
the examination during active menstruation may impair
assessment of the endometrial cavity configuration.
Contrast injection into an already distended uterine
cavity during active heavy menstruation may also cause
unnecessary patient discomfort.
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Salient Hysterosalpingography Findings

The patient should be positioned in a lithotomy position
for pelvic examination. Aseptic technique with cleansing
and draping of the perineum, speculum examination to
expose the cervical os, followed by cleansing of the
ectocervix and vagina are mandatory before catheter
insertion to minimise the risk of ascending infection.

Different catheters can be used for an HSG, including
infant Foley catheter (8 Fr) or commercially available
HSG S5F catheters (CooperSurgical, Trumbull [CT],
United States). In our institution, an 8-Fr infant Foley
catheter and water-soluble contrast (such as iohexol or
iodixanol) are used.

Flushing of the Foley catheter and all extension tubes
to eliminate dead space before catheterisation will
help reduce introduction of air bubbles into the uterus.
Catheter insertion followed by slow gentle inflation of the
balloon (around 1-3 mL of water) to secure the catheter
is required. Nulliparous patients generally tolerate a
lower volume of balloon distension than patients with
prior pregnancy.

With successful catheterisation, the patient is repositioned
supine for fluoroscopic examination. The standard
views in HSG are based on the recommendations of the
American College of Radiology’s Practice Parameter for
the Performance of Hysterosalpingography .’ Chapman
& Nakielny’s Guide to Radiological Procedures® is also
in consensus with the above references.

Based on the above recommendations, the standard set
in each HSG study should contain four images: (1) early
uterine filling (to assess small uterine filling defects);
(2) late uterine filling and tubal filling (to assess uterine
contour and tubal abnormalities); (3) peritoneal spillage
(to document tubal patency), and (4) an image taken after
Foley balloon deflation and catheter removal (to assess
the lower uterine segment and endocervical canal).

If tubal occlusion is suspected, manoeuvres such as
delayed screening, decubitus position, and use of
spasmolytic agents (glucagon or hyoscine butylbromide)
should be performed in an attempt to determine if it is
genuine.

HYSTEROSALPINGOGRAPHIC
FINDINGS

Normal Anatomy

The uterine cavity has a well-defined smooth border with
inverted triangular shape and no persistent filling defect
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Figure 1. (a) A 27-year-old woman with normal triangular uterine
cavity without filling defect on hysterosalpingography. (b) A
30-year-old woman with normal fallopian tube appearance. Note
the mucosal folds (arrows) in the ampullary portions of both tubes.

(Figure 1a). The fallopian tubes are evident as thin,
elongated smooth lines with a widening at the ampullary
portion and variable pelvic location.® Opacification
of the ampullary portion of the fallopian tube can be
confirmed by visualisation of mucosal folding (Figure
1b).% Free peritoneal contrast spillage from the fimbrial
end indicates tubal patency.

Tubal Pathology

Non-opacification of the fallopian tube or absence of
peritoneal contrast spillage can be due to cornual smooth
muscle spasm or genuine tubal pathology. The sensitivity
and specificity of assessing bilateral tubal patency or
occlusion on HSG has been reported to be 92.1% and
85.7%, respectively .’ There is no published consensus on
the most effective manoeuvre to relieve cornual spasm.
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Laparoscopy is considered as the traditional clinical
reference standard for diagnosis of tubal disease.>’
Chromotubation of the fallopian tubes with contrast dye
injection and visualisation of peritoneal dye spillage
provides assessment of tubal patency.

Tubal Occlusion

Tubal occlusion manifests as abrupt transition from
the contrast-filled proximal fallopian tube to a non-
opacified distal portion and absent peritoneal contrast
spillage (Figure 2). Tubal occlusion can be due to pelvic
adhesions from prior pelvic inflammatory disease,
endometriosis, or less commonly to congenital Miillerian
duct malformation.®1°

Tuboperitoneal Pathologies

Hydrosalpinx

Hydrosalpinx represents a distended fallopian tube with
serous fluid accumulation secondary to tubal blockage
(Figure 3)." Tt is associated with pelvic inflammatory
disease, endometriosis, or prior tubal surgery (e.g.,
ligation), tubal pregnancy or rarely tubal malignancy. On
HSG, hydrosalpinx manifests as contrast-filled dilated
fallopian tubes without distal contrast spillage into the
peritoneal cavity.5

RIGHT

Figure 2. A 32-year-old woman with distal left fallopian tube
blockage without hydrosalpinx. Delayed hysterosalpingography
images show persistent round contrast collection closely related
to the distal left fallopian tube. Normal mucosal fold pattern at
the non-distended ampullary portion is still visible (arrow) and
would not be present in hydrosalpinx. Peritoneal contrast spillage
originated from the patent right tube. Subsequent laparoscopic
chromotubation confirmed distal left fimbrial end blockage without
hydrosalpinx formation. Right tube was patent.
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Figure 3. A 33-year-old woman with left hydrosalpinx. Delayed
hysterosalpingography film demonstrated persistent absence
of peritoneal contrast spillage compatible with bilateral tubal
blockage. Distended contrast fills the left fallopian tube with
horizontal folds (arrows) resembling a cogwheel pattern, suggestive
of hydrosalpinx formation. Subsequent laparoscopic surgery
confirmed left 5 x 3 cm hydrosalpinx.

Peritubal adhesion and pelvic peritoneal loculated
collections

Pelvic inflammatory disease can result in pelvic and
peritoneal scarring and consequent adhesion bands
around the pelvic organs." Adhesions around the
fallopian tubes can result in tubal blockage with loculated
contrast collections.® A loculated pelvic collection can
manifest as a persistent localised contrast-filled region in
delayed screening on HSG (Figure 4).

Salpingitis isthmica nodosa

Salpingitis isthmica nodosa (SIN) is a fallopian tube
disease of unknown aetiology that is characterised by
proximal tubal (isthmic portion) nodular thickening,
associated diverticulosis of isthmic tubal epithelium
invading into the muscular layer with secondary smooth
muscle hypertrophy, and preserved smooth serosal
surface (Figure 5).!? Features are more often bilateral than
unilateral. The reported incidence of SIN is 0.6% to 11%
in healthy fertile females with a strong association with
infertility and ectopic pregnancy.” Although SIN can
be diagnosed on HSG from its distinctive appearance,
histological proof is the gold standard.'> The presence of
nodular outpouchings along the cornual isthmic portions
of fallopian tubes on HSG represents contrast-filled tubal
diverticula.®!° The tubal outpouchings may measure up
to 2 cm."?
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Figure 4. A 28-year-old woman with a history of pelvic

inflammatory disease. (a) Hysterosalpingography showing
loculated fluid collection (arrow). (b) Delayed film after ambulation
showing persistent localised contrast pooling at the left pelvic
region (arrow) suggests the presence of a loculated fluid collection.

Uterine Cavity Contour Abnormalities
Uterine cavity contour abnormalities can be categorised
as uterine cavity outpouching or extrinsic indentation
or irregular outline (that can be associated with prior
surgery, infection or inflammation).

Contour outpouching

Adenomyosis is the extension of endometrial glandular
tissue into the myometrium and can be diffuse or focal
in extent (Figure 6). When regions of endometrial glands
are connected to the uterine cavity, they can become
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opacified on HSG study and show as diverticula or
outpouchings in the uterine cavity.® Further imaging
with ultrasound or magnetic resonance imaging (MRI)
allows confirmation of the diagnosis and visualisation of
the extent of adenomyotic changes. Differentiation with
irregular cavity outline may be encountered if HSG is
performed during menstruation (Figure 7).

Uterine contour indentation

Leiomyoma is a benign tumour composed of uterine
smooth muscle (Figure 8). Sizable leiomyoma,
especially at a submucosal location, may be evidenced
by smooth indentation of the uterine cavity with cavity
distortion on HSG.5! Distorted endometrial cavity
contour may contribute to subfertility owing to changes
in endometrial receptivity, development, and hormone
environment.'°

Intracavity Filling Defects

Sensitivity of HSG in detecting intrauterine abnormalities
has been reported to be about 58.2%, compared with 82%
for ultrasonography.'® Intracavity filling defects can be
artefactual and due to air bubbles or intracavity pathology
such as endometrial polyps, intracavity leiomyoma, or
synechiae. Persistent and stationery filling defects are
more suspicious of intracavity pathology. Preprocedural
flushing of the catheter helps minimise the chance of air
bubble contamination.

Endometrial polyps

Endometrial polyps are benign focal proliferations
of endometrial tissue, usually seen as smooth oval
to roundish filling defects on HSG (Figure 9). Saline
infusion sonohysterography with ultrasound assessment
after saline instillation into the uterine cavity can help
distinguish the causes of an intracavity filling defect
with superior accuracy for endometrial polyps than
transvaginal ultrasound or HSG." Hysteroscopy is
the gold standard for diagnosis'* and can be applied
to provide therapeutic treatment with polypectomy or
adhesiolysis.

Synechiae

Intrauterine adhesions or synechiae result from insult
to the basal endometrial lining, such as prior surgery
(especially dilatation and curettage) or endometritis
(Figure 10). Asherman’s syndrome is the presence
of intrauterine adhesions with clinical manifestations
of abnormal menstruation (e.g., amenorrhoea/
hypomenorrhoea) and subfertility.* On HSG, adhesions
are more often linear, irregular or angulated.
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Figure 5. Three cases of salpingitis isthmica nodosa (SIN). (a and b) A 29-year-old woman with SIN, patent right tube and blocked left tube.
(@) Tiny nodular contrast-filled outpouching at bilateral isthmic fallopian tubes (arrows). (b) Further imaging showing peritoneal contrast
spillage (arrow), from patent right tube. (c) A 42-year-old woman with SIN with prior bilateral tubal ligation and right hydrosalpinx (ordinary
arrow). The patient requested reversal of tubal ligation. Hysterosalpingography shows bilateral tubal ligation clips (curved arrows). Nodular
outpouchings from bilateral proximal tubes (stars) were compatible with SIN. Bullous dilatation of right distal fallopian tube suggests
hydrosalpinx. (d) A 38-year-old woman with bilateral SIN and blocked distal tubes. Typical SIN features in bilateral isthmic portions (stars)
were more conspicuous on the left. Nondilated bilateral ampullary portions with normal mucosal fold pattern. Roundish contrast collections
adjacent to distal fallopian tube (arrows) with lack of peritoneal spillage suggest bilateral distal blocked tubes.

Variant Anatomy or Congenital scheme." Arcuate uterus arises from incomplete septal
Malformation resorption at the level of the uterine fundus resulting
Arcuate uterus in mild focal bulging. On HSG it manifests as broad
Arcuate uterus is classified as class VI Miillerian duct mild concavity of the fundal cavity contour (Figure
abnormality according to the American Fertility Society 11). Further imaging with three-dimensional ultrasound
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Figure 6. A 32-year-old woman with adenomyoma. Known
fundal adenomyoma was found on prior transvaginal ultrasound.
Hysterosalpingography demonstrates irregular uterine cavity
contour with small outpouchings at fundal aspects (arrows), in
keeping with deep extension of endometrial glandular tissues
within the myometrium.

Figure 7. A 32-year-old woman with menstruation-related cavity
changes mimicking diffuse adenomyosis. Hysterosalpingography
(HSG) was performed at day 6 of menstruation. Irregular uterine
cavity with multiple small contrast-filled outpouchings (arrows) are
evident. Subsequent pelvic ultrasound showed unremarkable uterus
without features of adenomyosis. No history of dysmenorrhoea
was reported. Performing HSG during menstruation may result
in diagnostic errors as cavity changes during menstruation may
mimic diffuse adenomyosis.

Figure 8. (a and b) A 29-year-old woman with leiomyoma indenting the uterine cavity. (a) Hysterosalpingography showed indentation
(star) of the right uterine cavity. (b) Follow-up computed tomography scan of the abdomen and pelvis showed a hypoenhancing uterine
mass (arrow) suggestive of leiomyoma with displacement and indentation of the right fundal uterine cavity. (c) A 36-year-old woman with
submucosal leiomyoma. Hysterosalpingography showed a filling defect at right cornual region (arrow) with smooth border. Hysteroscopy
showed a fundal polypoid lesion and polypectomy was performed. Pathology revealed submucosal leiomyoma.

or MRI to visualise the normal outer uterine contour is
helpful. It has been regarded as a normal uterine variant
without significant adverse impact on fertility.'>¢

Congenital uterine anomalies

The wide spectrum and complex pathogenesis of
congenital uterine anomalies are beyond the scope
of this pictorial review. The developmental stages of
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the uterus include organogenesis of paired Miillerian
ducts, fusion, and septal resorption. Disorders in these
developmental stages result in congenital uterine
anomalies with varying severity and implications for
fertility.'® HSG offers valuable information regarding
uterine cavity morphology and can suggest the presence
of a congenital uterine anomaly. Further evaluation with
three-dimensional pelvic ultrasound or MRI is warranted

Hong Kong J Radiol. 2023;26:153-60



Figure 9. Two cases of benign endometrial polyps. (a). A
33-year-old woman with left cornual endometrial polyp.
Hysterosalpingography revealed a filling defect with smooth border
at the left cornua (arrow), suspicious of endometrial polyp. Follow-
up hysteroscopy with polypectomy confirmed presence of a 1-cm
endometrial polyp with benign histology. (b) A 33-year-old woman
with intracavity endometrial polyp. Hysterosalpingography shows
a roundish intracavity filling defect with smooth border (arrow).
Hysteroscopy revealed endometrial polyp with polypectomy
performed and subsequent benign histology.

for assessment of outer or fundal uterine contour for
accurate diagnosis.

CONCLUSION

HSG is vital in reproductive medicine given its reliability
in diagnosing tubal occlusion with relatively low
invasiveness. Systematic interpretation of HSG findings
and understanding of the spectrum of pathologies,

Hong Kong J Radiol. 2023;26:153-60
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Figure 10. A 38-year-old woman with uterine synechiae with
Asherman’s syndrome. Intracavity irregular angulated filling defect
was observed on hysterosalpingography (arrow), confirmed by
subsequent hysteroscopy with adhesiolysis performed.

Figure 11. A 37-year-old woman with arcuate uterus.
Hysterosalpingography shows broad concavity at fundal cavity
contour (arrow). Prior computed tomography of pelvis and follow-
up transvaginal ultrasound showed smooth convex outer fundal
contour. Overall features were consistent with arcuate uterus.

including uterine contour changes, intracavity filling
defects, tubal patency, and tuboperitoneal pathology will
facilitate identification of the cause of female subfertility
and expedite management to improve reproductive
outcome.
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The Hong Kong Society of

Diagnostic Radiologists
Trust Fund
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Hong Kong Society of
Diagnostic Radiologists Research Grant

The Hong Kong Society of Diagnostic Radiologists (HKSDR) was founded in 1977

to promote interflow of professional knowledge in diagnostic radiology and to

foster close contact among doctors working in the field of diagnostic radiology. The
HKSDR Trust Fund was established in 1985.

Taking into account the rapid progress in imaging technology and thus the need
to promote research to advance our knowledge and to serve our patients better, the

Trust Fund offers three awards of up to HK$17,000 each and is open to application.

The application should be made by the principal investigator of the research project
related to the scientific or clinical aspects of diagnostic radiology to be conducted
in Hong Kong. The principal investigator should be a trainee/specialist in the
field of diagnostic radiology. He/she has to be a registered medical practitioner in

Hong Kong.

Application and enquiry can be directed to:
Dr. Lam Chiu Ying Flora, Hon Secretary of Trust Fund Working Group
c/o Ms. HY Ng, Department of Diagnostic & Interventional Radiology
Kwong Wah Hospital
25 Waterloo Road, Yaumatei, Kowloon, Hong Kong.
Tel: (852) 3517 5189




21st Annual Scientific Meeting of
Asian and Oceanic Society for
Paediatric Radiology

2nd-3rd SEPTEMBER
HONG E3
KONG &4

@ Hong Kong Academy of Medicine
Jockey Club Building

www.aospr2023.org
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