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Abstract
BACKGROUND 
The coronavirus disease 2019 (COVID-19) pandemic has made it more challenging 
for patients to undergo yttrium-90 (Y-90) radioembolization (RE). Same day Y-90 
RE provides an opportunity to minimize logistical challenges and infection risk 
associated with COVID-19, thus improving patient access.

AIM 
To describe the use of same day Y-90 RE with routine single photon emission 
computed tomography/computed tomography (SPECT/CT) in order to optimize 
therapy.

METHODS 
All patients were selected for Y-90 RE through a multidisciplinary tumor board, 
and were screened and tested for COVID-19 infection per institutional protocol. A 
same day procedure was developed, consisting of angiography, imaging, and Y-
90 resin particle delivery. Routine SPECT/CT after technetium-99m macroag-
gregated albumin (Tc-99m MAA) administration was performed for assessment of 
arterial supply, personalized dosimetry, and extrahepatic activity. Post-treatment 
Y-90 bremsstrahlung SPECT/CT was performed for confirmation of particle 

https://www.f6publishing.com
https://dx.doi.org/10.4251/wjgo.v13.i5.440
http://orcid.org/0000-0002-2353-5409
http://orcid.org/0000-0002-2353-5409
http://orcid.org/0000-0001-9703-6461
http://orcid.org/0000-0001-9703-6461
http://orcid.org/0000-0003-0333-7242
http://orcid.org/0000-0003-0333-7242
http://orcid.org/0000-0003-3077-742X
http://orcid.org/0000-0003-3077-742X
http://orcid.org/0000-0003-1307-3770
http://orcid.org/0000-0003-1307-3770
http://orcid.org/0000-0002-2472-3815
http://orcid.org/0000-0002-2472-3815
http://orcid.org/0000-0002-2472-3815
http://orcid.org/0000-0001-7289-243X
http://orcid.org/0000-0001-7289-243X
http://orcid.org/0000-0001-7289-243X
http://orcid.org/0000-0001-5292-9995
http://orcid.org/0000-0001-5292-9995
http://orcid.org/0000-0002-9031-9837
http://orcid.org/0000-0002-9031-9837
http://orcid.org/0000-0003-0425-3008
http://orcid.org/0000-0003-0425-3008
http://orcid.org/0000-0001-7423-7236
http://orcid.org/0000-0001-7423-7236
http://orcid.org/0000-0002-4569-2720
http://orcid.org/0000-0002-4569-2720
mailto:kbehbah@emory.edu


Elsayed M et al. Same day Y-90 during the COVID-19 pandemic

WJGO https://www.wjgnet.com 441 May 15, 2021 Volume 13 Issue 5

approved by the local Institutional 
Review Board, and the need for 
written informed consent was 
waived.

Conflict-of-interest statement: No 
authors received specific funding 
for the development of this 
manuscript. Kokabi N conducts Y-
90 radioembolization research 
partially funded by Sirtex Medical 
Ltd; Duszak R receives research 
support from the Harvey L. 
Neiman Health Policy Institute.

Data sharing statement: No 
additional data is available.

STROBE statement: The authors 
have read the STROBE 
Statement—checklist of items, and 
the manuscript was prepared and 
revised according to the STROBE 
Statement—checklist of items.

Open-Access: This article is an 
open-access article that was 
selected by an in-house editor and 
fully peer-reviewed by external 
reviewers. It is distributed in 
accordance with the Creative 
Commons Attribution 
NonCommercial (CC BY-NC 4.0) 
license, which permits others to 
distribute, remix, adapt, build 
upon this work non-commercially, 
and license their derivative works 
on different terms, provided the 
original work is properly cited and 
the use is non-commercial. See: htt
p://creativecommons.org/License
s/by-nc/4.0/

Manuscript source: Invited 
manuscript

Specialty type: Gastroenterology 
and Hepatology

Country/Territory of origin: United 
States

Peer-review report’s scientific 
quality classification
Grade A (Excellent): A 
Grade B (Very good): 0 
Grade C (Good): C 
Grade D (Fair): 0 
Grade E (Poor): 0

Received: December 8, 2020 
Peer-review started: December 8, 
2020 

delivery, by utilization of energy windowing to limit signal from previously 
administered Tc-99m MAA particles.

RESULTS 
A total of 14 patients underwent same day Y-90 RE between March and June 2020. 
Mean lung shunt fraction was 6.13% (range 3.5%-13.1%). Y-90 RE was performed 
for a single lesion in 7 patients, while the remaining 7 patients had treatment of 
multifocal lesions. The largest lesion measured 8.3 cm. All patients tolerated the 
procedure well and were discharged the same day.

CONCLUSION 
Same day Y-90 RE with resin-based microspheres is feasible, and provides an 
opportunity to mitigate infection risk and logistical challenges associated with the 
COVID-19 pandemic and beyond. We recommend consideration of SPECT/CT, 
especially among patients with complex malignancies, for the potential to 
improve outcomes and eligibility of patients to undergo same day Y-90 RE.

Key Words: Yttrium-90 radioembolization; Same day; Selective internal radiotherapy; 
Transarterial radioembolization; Single photon emission computed tomography/computed 
tomography; Dosimetry; COVID-19

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Same day yttrium-90 (Y-90) radioembolization with resin-based 
microspheres is feasible, and provides an opportunity to mitigate infection risk and 
logistical challenges associated with the coronavirus disease 2019 pandemic and 
beyond. We recommend consideration of single photon emission computed 
tomography/computed tomography, especially among patients with complex 
malignancies, for the potential to improve outcomes and eligibility of patients to 
undergo same day Y-90 RE.

Citation: Elsayed M, Loya M, Galt J, Schuster DM, Bercu ZL, Newsome J, Brandon D, 
Benenati S, Behbahani K, Duszak R, Sethi I, Kokabi N. Same day yttrium-90 
radioembolization with single photon emission computed tomography/computed tomography: 
An opportunity to improve care during the COVID-19 pandemic and beyond. World J 
Gastrointest Oncol 2021; 13(5): 440-452
URL: https://www.wjgnet.com/1948-5204/full/v13/i5/440.htm
DOI: https://dx.doi.org/10.4251/wjgo.v13.i5.440

INTRODUCTION
Yttrium-90 (Y-90) radioembolization (RE) is an increasingly accepted minimally 
invasive procedure in which radioactive particles are injected into hepatic arteries 
feeding tumor[1,2]. In carefully selected patients with unresectable malignancy, Y-90 
RE improves survival compared to conventional treatments[3-6].

Despite the favorable safety profile and clinical benefits of Y-90 RE, a disadvantage 
of this procedure compared to other locoregional therapies is that it is typically 
performed as a staged procedure requiring at least two visits. Prior to definitive Y-90 
RE, an initial procedure is required in which angiographic mapping is performed to 
evaluate arterial anatomy and administer the radiotracer Technetium-99m macroag-
gregated albumin (Tc-99m MAA), which is used to determine lung shunt fraction 
(LSF)[1]. This procedure is also used to calculate the activity to be delivered to tumor 
and the presence of extrahepatic uptake. After this initial procedure, in most practices 
there is typically a 1-3 week waiting period for the delivery of Y-90 glass or resin-
based microspheres.

Recent publications have indicated that Y-90 RE can be safely performed during a 
single day, rather than as two separate procedures spaced over multiple days or 
weeks[7-9]. During this same day procedure, pre-treatment mesenteric angiography, 
LSF evaluation, and Y-90 RE is performed during the same visit[7,10]. By performing 
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Y-90 RE during that same day, this therapy becomes even more competitive with other 
locoregional therapies that do not require multiple procedures[7]. This is especially 
beneficial for patients with travel hardships, difficult vascular access, contrast 
allergies, and those who require monitored anesthesia care[7]. In addition, a same day 
procedure is likely to result in cost savings and fewer procedural complications[7].

Since the outbreak of the severe acute respiratory syndrome coronavirus (SARS-
CoV-2) global pandemic, it has been increasingly important to minimize patient visits 
while maintaining a high level of care. Safety for oncology patients is paramount, as 
COVID-19 infection among these patients is associated with high mortality[11-13]. 
Given the increased safety and logistical challenges of protecting patients in the time 
of the SARS-CoV-2 pandemic, same day Y-90 planning and therapy for eligible 
patients becomes an increasingly attractive care model.

Existing literature suggests that same day Y-90 RE should be more strongly 
considered among patients with small, solitary, and peripheral tumors[7,9]. The 
reasoning for this is that LSF tends to be low in these patients, making it simple to 
calculate a tumor dose which exceeds threshold activity[14]. This enables a shorter and 
less complex procedure, since planar scintigraphy without single photon emission 
computed tomography/computed tomography (SPECT/CT) can be performed after 
Tc-99m MAA administration. A study by Gabr et al[15] even proposed eliminating Tc-
99m MAA scans entirely in patients with United Network for Organ Sharing stage 
T1/T2 hepatocellular carcinoma (HCC) without prior transjugular intrahepatic 
portosystemic shunt (TIPS), since hepatopulmonary shunting is low and dose can be 
easily calibrated for segmental injections[15]. Conversely, more complex malignancies 
such as in patients with larger tumors, multiple lesions, prior TIPS placement, and 
other lesions at high risk for hepatopulmonary shunting may necessitate personalized 
dosimetry for good treatment response after Y-90 RE[16,17]. SPECT/CT analysis also 
enables detailed assessment of arterial supply and extrahepatic uptake[18]. In 
addition, post-treatment bremsstrahlung SPECT/CT imaging is useful for 
confirmation of adequate Y-90 dose delivery[19-24].

SPECT/CT for personalized dosimetry has been increasingly validated as a tool to 
improve outcomes in select patients. This is due to the ability to augment administered 
dose and deliver sufficient threshold activity to the tumor, which is correlated with 
increased pathological necrosis[25]. A study by Garin et al[17] demonstrates that 
personalized dosimetry with SPECT/CT improves overall survival without increasing 
liver toxicity among patients with HCC and portal vein thrombosis. A randomized 
multicenter trial examining personalized dosimetry among patients with advanced 
HCC (including at least one measurable lesion 7 cm or larger) also demonstrated 
greater rates of complete or partial response as well as improved survival. These 
findings reinforce the need for routine SPECT/CT in select populations[26].

To date, no series has described the use of same-day Y-90 in conjunction with the 
routine use of SPECT/CT. This report outlines our early experience with same day 
resin-based Y-90 RE during the COVID-19 pandemic, including the use of SPECT/CT 
after administration of Tc-99m MAA and Y-90 particles. We provide recommendations 
with regards to procedural technique and imaging in order to maximize the eligibility 
for patients to undergo Y-90 RE during a single day planning and treatment session.

MATERIALS AND METHODS
Patient Selection
This series has been approved by the local Institutional Review Board, and the need 
for written informed consent was waived. All patients were referred to interventional 
radiology for Y-90 RE through multidisciplinary tumor boards. Exclusion criteria at 
the authors’ institution consisted of a tumor burden of greater than 75% of the whole 
liver, serum albumin < 2.5 g/dL, serum bilirubin > 2 mg/dL, and aspartate 
aminotransferase and alanine aminotransferase > 5 times the upper limit of normal. 
Patients who underwent same-day angiography and LSF evaluation were also 
required to have vascular anatomy amenable to catheter-directed therapy and LSF low 
enough that would permit administration of desired activity of Y-90 microspheres 
without exceeding lung dose limit of less than 30 Gray (Gy) per session and 50 Gy per 
lifetime. LSF and vascular anatomy were determined during the mapping portion of 
the same day procedure. All eligible patients were screened for COVID-19 symptoms 
and high risk exposures per institutional protocol. As part of this protocol, all patients 
were tested for COVID-19 using nasal swab polymerase chain reaction (PCR) analysis 
24-48 h before the procedure day. The typical work flow of a same day procedure is 
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depicted in Figure 1.

Angiographic mapping and Tc-99m MAA imaging
All patients selected for Y-90 RE underwent visceral angiography and administration 
of Tc-99m MAA into the hepatic artery vasculature for evaluation of hepatopulmonary 
shunting. Access was obtained via the radial artery in all patients, as described in prior 
literature[27]. Prior to Tc-99m MAA administration, angiography was performed for 
procedural planning, and embolization was considered for branch vessels thought to 
be at high risk for non-target embolization. Cone beam CT was utilized in all cases to 
ensure perfusion of the targeted tumor(s). If the entire tumor(s) were not perfused 
from the microcatheter location, either the microcatheter position was adjusted and the 
process was repeated or Tc-99m MAA was injected in a split dose to ensure the entire 
treatment lobe or segment was covered. During contrast injection from the selected 
vessel, careful attention was placed on the presence of reflux into nearby non-target 
branches. If there was excessive reflux that could not be resolved by repositioning the 
microcatheter, a Sniper balloon occlusion microcatheter (Embolx, Sunnyvale, CA, 
United States) was utilized to deliver Y-90 particles while preventing non-target 
embolization.

After administration of Tc-99m MAA, the 5 French (Fr) base catheter and coaxial 
microcatheter were disposed of in a radioactive waste bin. Vascular access was 
maintained by securing the 5 Fr radial sheath (Terumo Medical Corporation, Somerset, 
NJ, United States) with multiple Tegaderm dressings (3M, St. Paul, MN, United 
States). All patients went to nuclear medicine for Tc-99m MAA planar scintigraphy for 
evaluation of LSF. Anterior and posterior acquisitions of the chest and upper abdomen 
were acquired with a gamma camera using a low energy high-resolution parallel 
collimator, as described in prior literature[28]. Region of interest boxes were manually 
drawn over the liver and lung fields. Using the region of interest boxes, LSF was 
obtained by calculating the geometric mean of the counts.

After planar scintigraphy, Tc-99m MAA SPECT/CT images were obtained evaluate 
the tumor anatomy, assess the presence of extrahepatic activity, and perform person-
alized dosimetry. All patients were treated with resin-based Y-90 microspheres (Sirtex 
Medical Ltd, Woburn, MA). The partition dosimetry model was used in all 
patients[29]. In solitary tumors or tumors confined to a single segment (segmentec-
tomy) or 2 adjacent segments supplied by a single vessel (bi-segmentectomy), a target 
tumor dose of 200 Gy was used to calculate the desired activity. For all other scenarios 
including lobar treatment, a target tumor dose of 150 Gy to the most dominant tumor 
was used for activity calculation. Tumor to normal activity ratio was calculated by 
contouring the liver treatment area and targeted tumor. For lobar therapy, the dose 
was reduced as necessary to ensure a non-tumoral liver dose of < 70 Gy. All dosimetry 
planning was performed using MIM Sureplan® (MIM Software, Cleveland, OH, 
United States).

The decision to order which calibration of resin microsphere using the Sirtex 
FLEXDosimetry program was made based on the targeted tumor(s) size and the 
volume of the liver to be treated approximately 2 wk before the day of planning/ 
therapy (https://www.sirtex.com/us/clinicians/flexdose-delivery-program/). For 
tumors in which segmentectomy or bi-segmentectomy was anticipated, a 3-d pre-
calibrated activity was ordered. For lobar treatments with tumors > 8cm, 1-d pre-
calibrated activity was ordered. For every other scenario, 2-d pre-calibrated activity 
was used. The rationale behind the calibration was based on the volume of the 
targeted the tumor(s) and the desire to have adequate coverage of the target with 
microspheres. In general, we opted to use resin calibrations which had greater activity 
per particle (“hotter”) for small tumors, which would allow adequate delivery of dose 
with a relatively small amount of particles. Resin calibrations with lower activity per 
particle (“colder”) for larger tumors were used to allow the delivery of more particles 
and adequate coverage of tumor.

Y-90 particle delivery and bremsstrahlung SPECT/CT
After imaging, all patients returned to the peri-procedural area. Once Y-90 dosimetry 
planning was completed, patients returned to the interventional radiology suite for 
subselective catheterization of the hepatic artery via the pre-existing radial access and 
Y-90 RE was performed. The desired activity was administered via microcatheter from 
the same location where Tc-99m MAA was injected. After administration, access was 
removed and hemostasis was achieved using a hemostatic compression band as 
described in prior literature[30].

https://www.sirtex.com/us/clinicians/flexdose-delivery-program/
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Figure 1 Flow-chart during a same day planning and therapy session. Green: Time spent in the angiography suite; Pink: Time spent in the nuclear medicine department including for treatment planning; Purple: Time spent in periprocedural 
areas. COVID-19: Coronavirus disease 2019; Tc-99m MAA: Technetium-99m macroaggregated albumin; SPECT/CT: Single photon emission computed tomography/computed tomography; Y-90: Yttrium-90; RE: Radioembolization; CBCT: Cone beam 
computer tomography.

After Y-90 RE, bremsstrahlung SPECT/CT imaging was performed in order to 
confirm sufficient coverage of tumor. This was performed by using a high energy 
window of activity in order avoid including activity originating from the previously 
administered Tc-99m MAA. The spectral analysis of Tc-99m MAA and Y-90 as well as 
the reasoning behind using the high energy window during the bremsstrahlung 
SPECT/CT is summarized in Figures 2 and 3. Patients were discharged on the same 
day following embolization. Follow up imaging with CT or MRI 4-6 wk after therapy 
as well as a telemedicine appointment with the interventional oncology clinic was 
arranged.

RESULTS
Patient and Tumor Characteristics
There was a total of 15 patients initially selected for a single session Y-90 RE between 
April and June 2020. All patients were asymptomatic and tested negative for COVID-
19 via PCR testing. Y-90 RE was not performed in a single patient due to an occluded 
celiac artery which could not be traversed on angiography, leaving 14 patients who 
underwent single session treatment. Additionally, superior mesenteric artery 
collaterals to the hepatic arteries were extremely tortuous and could not be safely 
cannulated with a microcatheter for delivery of Y-90 microspheres. Among the treated 
patients, 5 patients had HCC, while the remaining 9 patients had metastatic 
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Figure 2 Spectral analysis of Technetium-99m macroaggregated albumin and yttrium-90 during the same-day session. A: Technetium-99m 
macroaggregated albumin (Tc-99m MAA) gamma-ray spectrum showing Compton scatter typical of Tc-99m MAA imaging of the liver. The 140 keV, 20% energy 
window is shown bracketing the 140 keV photopeak (red); B. Yttrium-90 (Y-90) bremsstrahlung exhibits a broad spectrum with no peaks other than the lead x-ray 
peak that originates in the collimator. Each point on the spectrum is a combination of original bremsstrahlung photons and Compton scatter from higher energy 
bremsstrahlung. If the only activity present is Y-90, the 108 keV, 32% energy window (blue) is used as it has a good combination of counts and contrast; C: If imaging 
of Y-90 bremsstrahlung is attempted with Tc-99m already present in the liver, the spectrum is a combination of both Tc-99m gamma-rays and Y-90 bremsstrahlung. A 
significant portion of the 108 keV, 32% energy window will be from scattered Tc-99m gamma-rays and will not accurately represent the distribution of Y-90 
microspheres. A 22% energy window centered at 180 keV (green), however, can be used to demonstrate the activity of Y-90 microspheres without significant 
contribution from Tc-99m MAA delivered earlier in the day. Tc: Technetium.

malignancies (Table 1). Age range of treated patients was 44-83 years. There were 9 
female patients while the remaining 5 were male. All patients had an Eastern 
Cooperative Oncology Group status of 0. All patients with HCC had Model for End-
Stage Liver Disease scores ranging from 6-11. One patient with HCC had a Child-Pugh 
score of A8, while the remaining had a Child-Pugh score of A5.

Planning and therapy were performed for multifocal lesions in 7 patients, while the 
remaining 7 patients had planning and therapy for a single lesion. Prophylactic 
embolization of non-target vessels was performed in two patients (gastroduodenal 
artery and right gastric artery). Mean LSF was 6.13% (range 3.5%-13.1%). No patient 
required dose adjustment based on LSF, as all projected lung doses were < 20 Gy. The 
largest treated lesion measured up to 8.3 cm. No extra-hepatic activity was noted on 
SPECT/CT scans.
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Table 1 Characteristics of Patients Treated with same day yttrium-90 radioembolization

Patient Sex Age Diagnosis ECOG 
status

MELD 
score

Child-Pugh 
Score

Number of lesions 
treated

Largest treated tumor size 
(cm)

LSF 
(%) Access Dose 

(mCI)
Extrahepatic 
activity

Embolized non-target 
vessel

1 F 65 HCC 0 11 A5 1 6.1 × 5.1 × 5.7 3.75 Radial 33.8 No NA

2 F 65 HCC 0 10 A5 1 2.8 × 2.3 × 2.3 4.46 Radial 59.8 No NA

3 F 44 Breast 0 NA NA 1 3.0 × 2.2 × 2.3 3.50 Radial 40.1 No NA

4 M 60 Colon 0 NA NA 3 4.7 × 3.9 × 4.1 5.69 Radial 40.48 No NA

5 F 65 Ovarian 0 NA NA 1 5.0 × 3.7 × 4.8 7.48 Radial 45.8 No NA

6 F 72 HCC 0 6 A5 1 2.0 × 2.3 × 2.5 6.61 Radial 75.01 No NA

7 M 69 HCC 0 10 A5 1 8.3 × 8.0 × 9.0 13.1 Radial 82.58 No NA

8 F 83 Colon 0 7 NA 2 1.4 × 1.1 × 1.3 3.84 Radial 35.82 No NA

9 F 38 Breast 0 NA NA 1 3.2 × 3.2 × 3.5 3.70 Radial 53.48 No NA

10 F 68 Colon 0 NA NA 5+ 1.9 × 1.8 × 1.9 3.59 Radial 45.38 No GDA

11 F 68 Neuroendocrine 0 NA NA 2 7.8 × 5.5 × 6.4 8.10 Radial 47.81 No Right gastric

12 M 63 HCC 0 11 A8 2 3.1 × 2.8 × 2.5 9.93 Radial 52.16 No NA

13 M 58 Colon 0 NA NA 2 2.0 × 1.8 × 2.3 3.57 Radial 32.93 No NA

14 M 71 Uveal 
melanoma

0 NA NA 2 5.4 × 5.0 × 5.2 8.49 Radial 59.85 No NA

LSF: Lung shunt fraction; HCC: Hepatocellular carcinoma; GDA: Gastroduodenal artery; ECOG: Eastern Cooperative Oncology Group; MELD: Model for End-Stage Liver Disease; NA: Not available.

The time between Tc-99m MAA administration and Y-90 delivery was approx-
imately 90-120 min. After Y-90 particle delivery, all patients underwent 
bremsstrahlung SPECT/CT imaging demonstrating adequate delivery of particles into 
tumor. Figure 3 depicts the differences in bremsstrahlung SPECT/CT obtained after 
administration of Tc-99m MAA and subsequently with Y-90 when using medium 
energy vs high energy windows. All patients tolerated the procedure well and were 
discharged home. Case examples are described in Figure 4 (segment 6 HCC treated 
with radiation segmentectomy) and Figure 5 (ovarian cancer treated with a posterior 
right lobe infusion).
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Figure 3 Patient with bilobar metastatic breast cancer to the liver. Technetium-99m macroaggregated albumin (Tc-99m MAA) was injected in a split 
dose fashion to right and left hepatic artery. A: Tc-99m MAA single photon emission computed tomography/computed tomography (SPECT/CT) planning images, 
using a 140 keV, 20% energy window; B: Bremsstrahlung SPECT/CT images after administration yttrium-90 (Y-90) particles, using a 108 keV, 32% energy window. 
This results in an image which includes activity from both the previously administered Tc-99m MAA and Y-90 particles, obscuring evaluation; C: Bremsstrahlung 
SPECT/CT with a 180 keV, 22% energy window which results in adequate filtration of Tc-99m MAA activity and accurate assessment of Y-90 microsphere 
distribution.

DISCUSSION
The COVID-19 global pandemic has led to unprecedented challenges for oncology 
patients, their physicians, and other caregivers. Decreased screening, diagnosis, and 
treatment of cancer patients are anticipated to result in significant excess deaths[31]. 
Delays in care may also result in progression of malignancy which can preclude 
patients from certain treatments. This has resulted in a critical analysis of how to best 
care for oncology patients.

According to the American Society of Clinical Oncology, the overarching duty of a 
clinician during this pandemic is to maximize health outcomes while equitably 
allocating resources[32]. This is corroborated by the Society of Interventional 
Radiology, which recommends that treatments are prioritized according to the risk of 
future morbidity[33]. The interventional radiologist thus has competing obligations of 
providing effective and timely oncologic treatments while minimizing the risk of 
COVID-19 infection in patients and associated healthcare workers. Such challenges 
have resulted in re-examination by interventional radiology groups of how to treat 
patients with hepatic malignancies. For example, Garin et al[34] suggest that transar-
terial chemoembolization can be considered in lieu of Y-90 RE for certain patients, so 
that a staged procedure can be avoided.

Rather than opting for other systemic or locoregional therapies, we developed a care 
pathway to preserve patient access to Y-90 RE. This single day service offers a 
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Figure 4 65 year old female with cirrhosis and a segment 6 hepatocellular carcinoma measuring 2.1 cm. A: Angiography demonstrates a 
vascular tumor supplied by the posterior division right hepatic artery; B: Single photon emission computed tomography/computed tomography (SPECT/CT) after 
Technetium-99m macroaggregated albumin administration demonstrates adequate tumoral coverage; C: Post yttrium-90 (Y-90) bremsstrahlung SPECT/CT confirms 
adequate treatment with Y-90 particles; D: Pretreatment magnetic resonance imaging (MRI); E: Post-treatment MRI 4 wk after Y-90 RE demonstrating successful 
treatment.

profound opportunity to provide effective therapy while minimizing complications 
related to COVID-19 infection by reducing visits to healthcare facilities. Prior series 
have already established that same day Y-90 RE can be safely performed in certain 
patients[7-10]. In the majority of cases within these series, the only imaging performed 
for dose calculation was planar scintigraphy, which allows for a short time interval 
between mapping and delivery. However, planar scintigraphy does not provide 
necessary information for more personalized dosimetry, which can maximize 
therapeutic effect while minimizing adverse events in certain patients[16,17,26].

Our series demonstrates the feasibility of offering same day Y-90 RE with routine 
Tc-99m MAA SPECT/CT as well as post-treatment bremsstrahlung SPECT/CT. 
Although this care pathway requires more time for acquisition of SPECT/CT images, 
it has the benefit of allowing more personalized dose calculation, detailed assessment 
of extra-hepatic activity, and confirmation of dose delivery. Additionally, with the 
advent of FLEXDosimetry products by Sirtex Medical, as discussed above, practically 
any type of Y-90 RE strategy can be performed including radiation segmentectomy of 
a small solitary tumor to lobar treatment of multifocal liver tumors. This approach is 
particularly attractive in less busy interventional oncology practices that may not have 
a large supply of glass microsphere vials of different activity readily available during 
the same day Y-90 RE.

Overall, the studied care pathway can increase the scope of patients who can be 
treated with same day Y-90 RE, including patients who have tumors with complex 
arterial supply and multifocal disease. In addition, the use of personalized dosimetric 
analysis likely results in better patient outcomes[26,35]. As previously mentioned, a 
randomized trial of patients with HCC by Garin et al[26] found that personalized 
dosimetry with SPECT/CT resulted in improved response rates and overall survival in 
patients with advanced HCC. As proposed in recent literature, a potential strategy 
may be the use of only planar scintigraphy (or even no LSF fraction evaluation) in 
patients with small peripheral tumors, and the use of SPECT/CT in patients with more 
complex malignancies who are likely to benefit from personalized dosimetry[16]. More 
research is necessary to elucidate an optimal treatment algorithm for same day 
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Figure 5 Ovarian cancer treated with a posterior right lobe infusion. A: Computed tomography (CT) scan of a 65 year old female with ovarian cancer 
and a centrally necrotic metastatic lesion centered within segment 7; B: Procedural cone beam prior to Technetium-99m macroaggregated albumin (Tc-99m MAA) 
administration demonstrates tumoral supply from the posterior division of the right hepatic artery; C: single photon emission computed tomography (SPECT) /CT after 
Tc-99m MAA administration confirms dominant arterial supply of the tumor and a necrotic central portion; D and E: Adequate coverage with Y-90 particles confirmed 
by post-treatment bremsstrahlung SPECT/CT.

therapy. Ultimately, we believe that more widespread adoption of same day Y-90 with 
resin microsphere and use SPECT/CT among patients with advanced malignancies 
will meaningfully optimize care for patients eligible for Y-90 during the COVID-19 
pandemic and beyond.

CONCLUSION
Same day Y-90 RE with resin-based microspheres is feasible and provides an 
opportunity to mitigate infection risk and logistical challenges associated with the 
COVID-19 pandemic. We recommend consideration of SPECT/CT, especially among 
patients with complex malignancies, to improve outcomes and eligibility of patients to 
undergo same day Y-90 RE.

ARTICLE HIGHLIGHTS
Research background
Yttrium-90 (Y-90) radioembolization (RE) is an intra-arterial targeted liver therapy for 
patients with hepatic malignancies. Recent publications demonstrate that Y-90 RE can 
be performed as a single combined procedure, rather than a staged procedures 
performed over multiple days.

Research motivation
Given the coronavirus disease 2019 (COVID-19) pandemic, there has been an increased 
need to mitigate infection risk and logistical challenges. By reducing the number of in-
person visits, same day Y-90 RE provides an opportunity to improve patient care for 
oncology patients during the COVID-19 and beyond. However, existing literature 
describing same day Y-90 RE predominantly report the use of planar scintigraphy 
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without single photon emission computed tomography/computed tomography 
(SPECT/CT), which may limit the ability to optimize therapy for patients with more 
advanced malignancies. This retrospective analysis describes the use of pre- and post-
treatment SPECT/CT with personalized dosimetry during the COVID-19 pandemic.

Research objectives
Describe the use of same day Y-90 RE with routine SPECT/CT.

Research methods
A same day procedure was developed, consisting of angiography, imaging, and Y-90 
resin particle delivery. Routine SPECT/CT after Tc-99m MAA administration was 
performed for assessment of arterial supply, personalized dosimetry, and extrahepatic 
activity. Post-treatment Y-90 bremsstrahlung SPECT/CT was performed for 
confirmation of particle delivery, by utilization of energy windowing to limit signal 
from previously administered Tc-99m MAA particles.

Research results
A total of 14 patients underwent same day Y-90 RE with SPECT/CT. Mean lung shunt 
fraction was 6.13% (range 3.5%-13.1%). Y-90 RE was performed for a single lesion in 7 
patients, while the remaining 7 patients had treatment of multifocal lesions. All 
patients tolerated the procedure well and were discharged the same day.

Research conclusions
Same day Y-90 RE with resin-based microspheres is feasible, and provides an 
opportunity to mitigate infection risk and logistical challenges associated with the 
COVID-19 pandemic. Consideration of routine SPECT/CT is recommended, especially 
among patients with complex malignancies, for the potential to improve outcomes and 
eligibility of patients to undergo same day Y-90 RE.

Research perspectives
Further studies of long-term patient outcomes and cost-benefit analyses would be 
useful to validate the utility of same day Y-90 with SPECT/CT.
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