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From The Editor

Diseases, Drugs and Dust
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According to data from the Epidemiology Division of the Ministry of Public 
Health, from 1 January to 20 June 2024, there were 186,900 reported flu cases  
resulting in 14 deaths in various regions of Thailand [1].  The first case of a new 
lethal variant of mpox, which the World Health Organization (WHO) termed a 
worldwide health crisis, was confirmed on Thailand on 21 August 2024. The affected  
person likely carrying the strain is a European visitor who traveled from Africa 
to Thailand. Although mpox has been known for decades, a new and more lethal 
strain known as Clade 1b has recently caused a surge in mpox cases resulting in 
deaths in about 3.6% of cases, with children being more susceptible, according to 
the WHO. Over the past few months, the surge has mainly been central to Africa  
with outbreaks reported in countries like the Democratic Republic of Congo,  
Burundi, Kenya, Rwanda, and Uganda. The Democratic Republic of Congo  
reported over 16,000 cases and 500 deaths from mpox this year alone. On 15  
August 2024, the first case of the Clade 1 variant was confirmed outside Africa in 
Sweden and only 6 days later in Thailand [2].
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Thailand's Ministry of Public Health has announced plans to reclassify cannabis  
and hemp as illegal narcotics starting 1 January 2025. Opponents of the 
move called for public demonstrations to protest the reclassification to keep  
cannabis accessible to the populace while proponents of the bill argued that the  
reclassification is necessary to prevent misuse and protect public health, ensuring 
that the plant's benefits are utilized responsibly and safely [3].

The need to protect children from the health risks associated with vaping was  
emphasized on 31 May, the World No Tobacco Day. According to the Southeast 
Asia Tobacco Control Alliance (SEATCA), five out of 10 countries in the region 
ban e-cigarettes. These include not only Thailand and Singapore, which have 
some of the strictest vaping bans in the world, but also places like Brunei, Taiwan, 
and Hong Kong. In Thailand, vaping has been prohibited since 2014. Possessing 
an e-cigarette could face fines of up to 30,000 baht in Thailand and up to 2,000  
Singapore dollars in Singapore [4].

Thailand started Lung Cancer Screening (LCS) in the Regional Health-1 covering 
Chiang Mai, Chiang Rai, Lamphun, Lampang Nan, Phayao, and Mae Hong Son. 
The low-dose CT will be utilized as a screening tool and the target group includes 
smokers or those with family history of lung cancer aged 55-75 years old that  
reside in Regional Health-1 for more than 20 years. The reason to start LCS in  
Regional Health-1 is that there is a high prevalence of lung cancer and a high level 
of PM 2.5 which raise deep concerns to public that they might be related. This first 
organized LCS in Thailand was presented and discussed as well as recommenda-
tions, guidelines and protocols on other chest diseases among radiologists during 
26-28 July 2024.

Tanomkiat W.
ASEAN J Radiol 2024; 25(2) : 89-92
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Original Article
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Findings of abdominal computed tomography 
in COVID-19 patients with abnormal abdominal
symptoms In Siriraj Hospital

Background: The coronavirus (COVID-19) is caused by the severe acute respiratory  
syndrome coronavirus 2 (SARS-CoV-2). Chest imaging findings of COVID-19 
disease have been widely published. Only a few studies of abdominal imaging  
findings have been documented. The majority of these studies demonstrate  
thrombotic events associated with COVID-19. Previous studies were mainly  
conducted in the USA, Europe and China which limited the applicability in  
Southeast Asia (SEA) including Thailand.

Objective: To provide a summary of various abdominal imaging findings of 
COVID-19 patients admitted to xxx Hospital with findings associated with  
clinical outcomes.

Abstract

Punyavik T., et al.
ASEAN J Radiol 2024; 25(2) : 93-115
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Materials and methods: All CT abdominal imaging of adult patients who tested  
positive for COVID-19 performed from January 1st, 2020 to August 31st, 2022 
were retrospectively reviewed. We collected clinical data, abdominal signs and 
symptoms, laboratory data and various CT findings, for example; bowel-wall 
thickening, bowel ischemia, fluid-filled colon and bleeding manifestations. The 
clinical outcomes were gathered as death confirmation, invasive mechanical  
ventilation, days of invasive mechanical ventilation and days of hospitalization.

Results: A large number of patients who had stage 3-5 chronic kidney disease 
(CKD), abdominal distension, abnormal bowel findings and longer days of  
hospitalization were significantly observed in a group with worse clinical  
outcomes. Abnormal intestinal imaging findings were related to a higher risk of 
worse outcomes, invasive mechanical ventilation, death and days of hospitalization  
without statistical significance.

Conclusion: Abdominal CT scans performed on COVID-19 patients frequently  
revealed abnormal bowel findings, which were strongly associated with poor  
clinical outcomes. Radiologists need to be concerned about abnormal bowel  
findings and point them out to clinicians and surgeons.

Keywords: Abdominal imaging, Abdominal symptoms, Coronavirus, COVID-19.

Punyavik T., et al.
ASEAN J Radiol 2024; 25(2) : 93-115
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The coronavirus (COVID-19), caused by severe acute respiratory syndrome  
coronavirus 2 (SARS-CoV-2), was originally identified in China in 2019. By 
July 29, 2020, around 17 million people were diagnosed with coronavirus, and 
more than half a million people died as a consequence of this infection. Non- 
specific common clinical signs included flu-like symptoms like fever, coughing,  
exhaustion, and dyspnea [1-3]. As the number of cases expanded globally,  
gastrointestinal (GI) symptoms such as nausea, vomiting, diarrhea, abdominal 
discomfort, and lack of appetite were also noticed [4-7]. The pathophysiology of 
SARS-CoV-2 is well known by accessing cells via surface expression of angiotensin- 
converting enzyme 2 (ACE-2) [8]. ACE-2 has been found mostly in alveolar  
epithelial cells and the enterocytes of the small intestine and hepatobiliary cells [4, 
9-11].

Chest imaging findings of COVID-19 disease have been widely published. Only 
a few studies of abdominal imaging findings have been documented [12-15]. 
The majority of these studies demonstrate thrombotic events associated with the  
disease, including bowel wall involvement, hepatitis, pancreatitis, gallbladder 
sludge, portal and upper mesenteric vein thrombosis [12-16]. Limitations of  
previous studies were mainly conducted in the USA, Europe and China which 
limited the applicability in Southeast Asia (SEA) including Thailand. The objective  
of this retrospective study is to provide a summary of the abdominal imaging  
findings of COVID-19 patients with the associated clinical outcomes.

Introduction

Study population
The ethics committee of Siriraj Hospital accepted our retrospective study, and the 
institutional review board approved it (797/2564) (IRB3). All data were collected in 
Siriraj Hospital which is a large quaternary care academic institution. The patient 
databases at the institutions relevant to COVID-19 were eventually maintained. 

Materials and methods

Punyavik T., et al.
ASEAN J Radiol 2024; 25(2) : 93-115
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The inclusion criteria were adult patients, not younger than 18 years old who tested  
positive for COVID-19 (PCR).  The patients underwent abdominal CT imaging 
from January 1st, 2020 to August 31st, 2022. The exclusion criteria were duplicated 
data and abdominal findings were associated with alternative comorbidities. The 
final research population consisted of fifty-nine patients.

Data collection (demographic, clinical and laboratory)
The clinical and laboratory data were collected from medical record reviews  
using a standardized data form. The clinical data were reviewed: age, gender and, 
a presence of comorbidities including diabetes, hypertension, dyslipidemia, stage 
3-5 chronic kidney disease (CKD), obesity (BMI>25kg/m2), cancer and chronic  
lung disease (COPD, asthma). Abdominal signs and symptoms on performed  
abdominal CT imaging included abdominal pain, diarrhea, nausea and vomiting, 
abdominal distension, GI bleeding, fever with chills, hematuria, an anticoagulant 
drug for venous thromboembolism (VTE) prophylaxis or treatment and bleeding 
manifestations. 

Patient outcome
Following a standardized form, a medical record review was used to obtain the 
clinical and laboratory data, including death confirmation, invasive mechanical 
ventilation and days of invasive mechanical ventilation and hospitalization. There 
were two groups of patients: good clinical outcomes and worse clinical outcomes. 
Patients who needed an intensive care unit (ICU) or died were classified as having 
worse clinical outcomes.

Image acquisition
A 64-slice or 256-slice CT scanner was used in all CT scans. Two patients  
underwent upper abdomen contrast-enhanced CT and 57 patients underwent 
whole abdomen contrast-enhanced CT. Images were acquired in the arterial 
phase (35-40 seconds following intravenous contrast injection), the portovenous  
phase (70–80 seconds following intravenous contrast injection). Intravenous  
contrast injection of 1.5-2 ml/kg of iodinated contrast (concentration 300-370 
mgI/ml, Iopromide (UltravistTM), Iopamidol (IopamiroTM), Iodixanol (VisipaqueTM)  

Punyavik T., et al.
ASEAN J Radiol 2024; 25(2) : 93-115
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adopted a power injector with a rate of 2−4 ml/second followed by 30 ml saline 
flush. Axial images were generated using a thickness of 1.25 mm and 5 mm. 
Five mm-thickness of sagittal and coronal reconstructions was obtained.

Imaging analysis
Independently reviewing the abdominal CT, two board-certified abdominal  
radiologists reached a consensus after discussing different opinions on some 
cases. The radiologists were blinded to clinical, treatment and outcome data. 
The intestinal findings were reviewed: bowel-wall thickening (small bowel, 
large bowel, described as a single wall thickness greater than 3 mm in distended  
bowel loops and greater than 5 mm in collapsed bowel loops), bowel ischemia  
(decreased bowel wall enhancement, vessel occlusion, and pneumatosis  
intestinalis/portal vein gas),  intestinal perforation (a presence of peritoneal or  
retroperitoneal air), intestinal distension (>3 cm for small bowel and >6 cm for large 
bowel), a fluid-filled colon (homogeneous, low-attenuation fluid-filled bowel),  
solid organ infarction (hypoattenuation of organ parenchyma), pancreatitis  
(pancreatic edema and peripancreatic fluid), hepatitis (gallbladder wall thickening  
and heterogeneous liver parenchyma) and submucosal edema of the stomach. 
The manifestation of bleeding included intra-abdominal bleeding, retroperitoneal 
bleeding and abdominal wall hematoma.

Statistical analysis
SPSS (IBM SPSS Statistics for Windows, Version 28.0. Armonk, NY: IBM Corp) 
was employed for all statistical analyses.

Demographic and imaging data (such categorical variables as sex, comorbidities, 
abdominal signs and symptoms, and bleeding complications) were presented by the 
frequency and the percentage. Continuous variables like age, invasive mechanical  
days (days of invasive mechanical ventilation) and the length of stay were presented  
by the median and the range.

Clinical outcomes were reported as good outcomes and worse outcomes (including  
ICU admission and death).

Punyavik T., et al.
ASEAN J Radiol 2024; 25(2) : 93-115
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The association between clinical outcomes and categorical variables (demographic,  
imaging data and complications) was performed by Chi-square or Fisher’ Exact  
test and significant difference testing between clinical outcomes in continuous  
data such as age, invasive mechanical days (days of invasive mechanical  
ventilation) and the length of stay, were analyzed by Mann Whitney U-test,  
respectively.

For the multivariate analysis, logistic regression analysis was measured to figure  
out the factors for intestinal imaging findings which reported Adjusted Odd  
Ratio (95%CI). In case of time to event analysis, Kaplan Meier and Cox-Regression  
analysis were analyzed to obtain factors for an invasive mechanical ventilator, 
ICU admission and death events which were reported by crude and Adjusted 
Hazard Ratio (95%CI) and we selected the enter selection method of univariate 
analysis with p<0.1. The selection of variables for the final models is based on  
predetermined variables associated with COVID-19 prognosis. Statistically  
significant difference was regarded as a P- value lower than 0.05.

All 59 patients with 59 studies were included, 34/59 (58%) were male. The average 
age was 65 years (ranging from 19 to 92), 59/59 (100%) were inpatients. The most 
frequent comorbidities were hypertension (37/59, 63%), dyslipidemia (24/59, 41%) 
and diabetes (21/59, 36%). For comorbidities, stage 3-5 chronic kidney disease 
(CKD) significantly associated with patients with worse outcomes [12/42 (29%) vs 
1/17 (6%), p=0.040]. The rest of the comorbidities were not significantly different 
in both groups. 

For abdominal signs and symptoms, the majority of the patients had fever with 
chills (41/59, 70%), abdominal pain (36/59, 61%) and abdominal distension 
(22/59, 37%). Fourteen patients (14/59, 24%) had gastrointestinal bleeding. Ten 
patients (10/59, 17%) had nausea and vomiting, and eight patients had hematuria 
(8/59, 14%). Abdominal distension was significantly associated with patients with 
worse outcomes. [21/42 (50%) vs 1/17 (6%), p=0.002]. Only nausea and vomiting  

Results

Punyavik T., et al.
ASEAN J Radiol 2024; 25(2) : 93-115
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were significantly found in patients with good outcomes. [2/42 (5%) vs 8/17 (47%), 
p<0.001]. Table 1 summarizes the abdominal signs and symptoms of the included 
patients.

Thirty-four patients (34/59, 58%) also received anticoagulant drugs for venous 
thromboembolism prophylaxis and treatment including enoxaparin (28/59, 47%), 
warfarin (3/59, 5%), fondaparinux (1/59, 2%) and bemiparin (2/59, 3%). Regarding  
bleeding manifestations, patients had intra-abdominal bleeding (11/59, 19%),  
retroperitoneal bleeding (6/59, 10%) and abdominal wall hematoma (4/59, 7%). 
Between good and worse outcomes, there was no significant difference in bleeding 
manifestations. Table 2 summarizes bleeding manifestations. 

For abdominal findings on CT, the majority of patients had abnormal bowel  
findings (32/59, 54%) including a fluid-filled colon (27/59, 46%), colitis (14/59, 
24%), small bowel thickening (4/59, 7%), intestinal perforation (3/59, 5%), bowel 
ischemia (2/59, 3%) and intestinal distension (2/59, 3%). Other abdominal CT 
findings were hepatitis (9/59, 15%), submucosal edema of the stomach (9/59, 
15%), solid organ infarction (6/59, 10%) and pancreatitis (4/59, 7%). A higher  
proportion of patients who had abnormal bowel findings [28/42 (67%) vs 4/17 
(24%), p=0.029), fluid-filled colon [25/42 (60%) vs 2/17 (12%), p=0.001] and  
submucosal edema of the stomach [9/42 (21%) vs 0/17 (0%), p=0.048] were  
significantly found in the group with worse clinical outcomes. Other abdominal 
findings on CT were not significantly different in both groups. Table 2 summarizes 
abdominal imaging features.

Considering the groups of clinical outcomes, forty-two patients had worse  
outcomes (42/59, 71%), including death (17/59, 29%) or being admitted to  
intensive care units (42/59, 71%). Thirty-four patients (34/42, 81%) with the worse 
outcome group were on invasive mechanical ventilators. Seventeen patients (17/59, 
29%) had good clinical outcomes. Additionally, the overall days of hospitalization 
rate increased among patients with worse outcomes with a statistical difference 
[32 (3-186) vs 8 (3-74), p=0.010). Table 2 summarizes clinical outcomes of the 
included patients.

Punyavik T., et al.
ASEAN J Radiol 2024; 25(2) : 93-115



THE ASEAN JOURNAL OF RADIOLOGY

Volume XXV Number II MAY-AUGUST 2024100

ISSN 2672-9393

Number of 
patients

N(%)

Good 
clinical

outcome 
N(%)

Worse 
clinical

outcome 
N(%)

P-value

Number of patients 59 17 (29%) 42 (71%) -

Age years (range) 65 60 (19-90) 67 (28-92) -

Male 34 (58%) 10 (59%) 24 (57%)
0.900

Female 25 (42%)   7 (41%) 18 (43%)

Comorbidities
Number of 

patients
N(%)

Good 
clinical

outcome 
N(%)

Worse 
clinical

outcome 
N(%)

P-value

Diabetes 21 (36%)   4 (23.5%) 17 (40.5%) 0.200

Hypertension 37 (63%)   8 (47%) 29 (69%) 0.100

Dyslipidemia 24 (41%)   5 (29%) 19 (45%) 0.260
Stage 3-5 chronic kidney 
disease (CKD) 13 (22%)   1 (6%) 12 (29%) 0.040

Obesity   8 (14%)   1 (6%)   7 (17%) 0.400

Cancer   4 (7%)   1 (6%)   3 (7%) 1
Chronic lung disease 
(COPD, Asthma)   7 (12%)   3 (18%)   4 (10%) 0.400

Table 1. Patients’ characteristics on performed abdominal CT imaging and 
comparison between patients with good clinical outcomes and worse clinical  
outcomes (intensive care unit (ICU) admission or death).

Punyavik T., et al.
ASEAN J Radiol 2024; 25(2) : 93-115
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All patients 
N(%)

Good 
clinical

outcome 
N(%)

Worse 
clinical

outcome 
N(%)

P-value

Abdominal signs and 
symptoms

Abdominal pain 36 (61%) 12 (70%) 24 (57%) 0.340

Diarrhea   7 (12%)   3 (18%)   4 (10%) 0.390

Nausea and vomiting 10 (17%)   8 (47%)   2 (5%) <0.001*

Abdominal distension 22 (37%)   1 (6%) 21 (50%) 0.002*

GI bleeding 14 (24%)   2 (12%) 12 (29%) 0.300

Fever with chills 41 (70%) 11 (64%) 30 (71%) 0.600

Hematuria   8 (14%)   2 (12%)   6 (14%) 1

On anticoagulant 34 (58%)   6 (35%) 28 (67%) 0.027

(Enoxaparin, Bemiparin, 
Warfarin, Fondaparinux)

Table 1 (Continued). Patients’ characteristics on performed abdominal CT imaging 
and comparison between patients with good clinical outcomes and worse clinical 
outcomes (intensive care unit (ICU) admission or death).

Punyavik T., et al.
ASEAN J Radiol 2024; 25(2) : 93-115
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Number of 
patients N(%)

Good clinical
outcome N(%)

Worse clinical
outcome N(%) P-value

Abnormal bowel findings
(included colitis, small bowel 
thickening, bowel ischemia, 
intestinal perforation, 
intestinal distension and a 
fluid-filled colon)

32 (54%) 4 (24%)   28 (67%) 0.029

    • Colitis (colonic and rectal  
       abnormalities) 14 (24%) 2 (12%) 12 (29%) 0.300

    • Small bowel thickening   4 (7%) 1 (6%)   3 (7%) 1
    • Bowel ischemia
       (decreased bowel wall 
       enhancement, vessel 
       occlusion, Pneumatosis 
      intestinalis/Portal vein 
      gas)

  2 (3%) 0 (0%)   2 (5%) 1

    • Intestinal perforation 
       (presence of free peritoneal  
       or retroperitoneal air)

  3 (5%) 1 (6%)   2 (5%) 1

    • Intestinal distension   2 (3%) 0 (0%)   2 (5%) 1

    • Fluid-filled colon 27 (46%) 2 (12%) 25 (60%) 0.001*

Solid organ infarction   6 (10%) 1 (6%)   5 (12%) 0.660

Pancreatitis   4 (7%) 1 (6%)   3 (7%) 1
Hepatitis (GB wall thickening, 
heterogeneous liver 
parenchyma)

  9 (15%) 4 (24%)   5 (12%) 0.420

Submucosal edema of 
stomach   9 (15%) 0 (0%)   9 (21%) 0.048

Bleeding manifestations 16 (27%) 2 (12%) 14 (33%) 0.120

Intra-abdominal bleeding 11 (19%) 2 (12%)   9 (21%) 0.500

Retroperitoneal bleeding   6 (10%) 0   6 (14%) 0.170

Abdominal wall hematoma   4 (7%) 0   4 (10%) 0.300

Table 2. Abdominal findings on computed tomography among all patients, patients  
with good clinical outcomes and worse clinical outcomes (intensive care unit  
admission (ICU) or death).

Punyavik T., et al.
ASEAN J Radiol 2024; 25(2) : 93-115
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Regarding the association between anticoagulants for VTE prophylaxis or  
treatment and bleeding manifestations, anticoagulants significantly increased the 
incidence of all bleeding manifestations (P=0.025) and retroperitoneal bleeding 
(P=0.034) but not significantly associated with intra-abdominal bleeding and  
abdominal wall hematoma. Table 3 summarizes the association between  
anticoagulant use for VTE prophylaxis or treatment and bleeding manifestations.

In regard to multivariate analysis, abnormal intestinal imaging findings were  
associated with a higher risk of worse outcomes without a statistical significance. 
(RR=1.17, p=0.646), and also longer days of hospitalization were also observed 
(adjusted difference: +14.3 days, p=0.103). Table 4 summarizes the association  
between abnormal intestinal findings on CT scan and patients’ outcomes. 

Additionally, ventilator free time was higher (RR=1.86, p=0.140), and survival 
free time was longer (RR=2.08, p=0.218) in patients without abnormal intestinal  
imaging findings (blue line) compared to patients with abnormal intestinal  
imaging findings (red line), but no statistical significance (Figure 1).

No Yes P-value

All bleeding manifestations 21 (49%) 13 (81%) 0.025

Intra-abdominal bleeding 26 (54%)   8 (73%) 0.300

Retroperitoneal bleeding 28 (53%)   6 (100%) 0.034

Abdominal wall hematoma 30 (55%)   4 (100%) 0.130

Table 3. Association between anticoagulants for VTE prophylaxis or treatment 
and bleeding manifestations. The number of patients on anticoagulant for VTE  
prophylaxis and treatment (Enoxaparin, Bemiparin, Warfarin, Fondaparinux) 
= 34/59 (58%).

Punyavik T., et al.
ASEAN J Radiol 2024; 25(2) : 93-115
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No intestinal 
imaging findings 

N(%)

Abnormal 
intestinal 

imaging findings 
N(%)

Crude 
Hazard Ratio

(95% CI)

Fully adjusted 
Hazard Ratio*

(95% CI)

Worse clinical outcome 14/27 (51.9%) 28/32 (87.5%)
RR=1.22 

(0.64-2.33)
P=0.553

RR=1.17 
(0.60-2.26)

P=0.646

Death   4/27 (15.0%) 13/32 (41.0%)
RR=1.81 

(0.58-5.60)
P=0.305

RR=2.08 
(0.65-6.70)

P=0.218

Invasive mechanical 
ventilation 10/27 (37.0%) 24/32 (75.0%)

RR=1.46 
(0.69-3.09)

P=0.318

RR=1.86 
(0.82-4.24)

P=0.140

No intestinal 
imaging findings 

N(%)
13/32 (41.0%) RR=1.81 (0.58-

5.60) P-value

Hospital length
(days) 28.7 (28.6%) 43 (36.3%)

+14.30 
(-2.98-31.56)

P=0.103

1.03
(0.97-1.10)

P=0.289

Invasive mechanical 
ventilations length 
(days)

33.2 (35.8%) 28.7 (31.4%)
4.53 

(-29.59-20.52)
P=0.715

0.96 
(0.89-1.04)

P=0.287

Table 4. Association between presences of intestinal finding on computed tomog-
raphy and patients’ outcomes.

*Adjusted Odd Ratio variables associated intestinal imaging findings with p<0.1 in univariate analysis by 
any abdominal bleeding, GI bleeding, abdominal distension, abdominal pain, stage 3-5 CKD, respectively.

Punyavik T., et al.
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Figure 1. Kaplan-Meier curves of invasive mechanical ventilation events (Figure A) 
and combined worse outcomes (Figure B), including death and invasive mechanical  
ventilation, comparing patients with and without intestinal imaging findings on 
computed tomography.

A

B

P=0.140

P=0.218

Punyavik T., et al.
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Coronaviruses are a group of viruses that mostly manifest with respiratory symptoms  
and also have extra-pulmonary effects. Involvement in the gastrointestinal tract in 
COVID-19 was caused by direct tissue damage and also because of inflammation- 
mediated cytotoxicity attributable to the strong affinity between angiotensin  
converting enzyme 2 (ACE2) receptor and SARS-CoV-2 [7, 9, 11, 17, 18].

Abdominal symptoms are the primary symptoms of the COVID-19 infection, such 
as abdominal pain, diarrhea, nausea and vomiting [4, 11, 18] also a hepato-biliary 
tract injury of an uncertain origin [12].

In previously published studies by Natally et al., fever with chills and abdominal  
pain were the 1st and 2nd most common clinical symptoms for abdominal CT 
scanning with 69% and 44%, respectively [9]. Similar to our study, the most  
common clinical symptoms were fever with chills (70%) followed by abdominal  
pain (61%). For nausea and vomiting which were significantly associated with 
good clinical outcomes were discordant with previous studies that found no  
significant difference in both groups [12, 19, 20]. No previous study considered 
abdominal distension which was significantly associated with patients with worse 
outcomes in our study.

In our research, for abdominal CT findings, abnormal bowel findings were  
significantly observed in patients with worse outcomes (P=0.029) corresponding 
to two previous published studies by Rajesh et al. (P=0.040) [12] and Natally et 
al. (P=0.03) [19] A fluid-filled colon, which possibly indicates diarrhea, was the 
most common CT finding (46%) which was significantly found in patients with 
worse outcomes (P=0.001) consistent with a previous study by Rajesh et al., which 
found a fluid-filled colon (43%), significantly evident in ICU patients. (P=0.01) 
[12]. However, inpatients with COVID-19 commonly develop gastrointestinal  
symptoms, including diarrhea, which might be unrecognized [5]. Although  
fluid-filled colons on CT scans are mostly unreported on CT images, this report 
could be an important clue for COVID-19 patients with abnormal GI symptoms. 

Discussion

Punyavik T., et al.
ASEAN J Radiol 2024; 25(2) : 93-115
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Colonic, rectal abnormalities (29% vs 12%, p=0.3) and small bowel thickening 
(7% vs 6%, p=0.3) were mostly detected in patients with worse outcomes but not 
significantly different in both groups, in concordance with the prior studies [12, 
19].

COVID-19 is a disease-related consequence that could be deadly due to acute 
mesenteric ischemia (AMI), results from systemic inflammation, which results in 
hypercoagulability [21-23]. We encountered one case of acute bowel ischemia. CT 
imaging reveals non-enhancement of the bowel wall of sigmoid and a descending 
colon with a filling defect at the proximal inferior mesenteric artery (IMA) which 
typically indicates acute mesenteric ischemia (AMI) [24] (Figure 2). However, 
bowel ischemia and intestinal perforation in our study were rare findings, with 3% 
and 5% line with recent studies [12, 19].

A B

Figure 2. CT whole abdomen axial view (A) and coronal view (B), a 64-year-old 
female known case of COVID-19 infection with septic shock, abdominal pain and 
distension. CT imaging revealed a filling defect at the proximal IMA (A) and non- 
enhancement of the bowel wall of sigmoid and a descending colon (arrow), which 
typically indicate acute mesenteric ischemia (AMI) (B).

Punyavik T., et al.
ASEAN J Radiol 2024; 25(2) : 93-115
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A previous study on solid organ infarction showed splenic infarctions in COVID-19, 
a rare finding in the published literature, as they are frequently accidentally found 
on contrast-enhanced CT chest (CECT) [25]. In our study, we found about 10% 
of solid organ infarction. Additional studies are required in order to clarify and 
correlate with serum biomarkers such as D-dimer levels.

Our study found imaging of hepatitis at 15% which is higher than the previous 
study [12, 19]. Only a small amount of research has examined the role of abdominal  
imaging in the assessment and definite imaging features of hepatic involvement 
in COVID-19, which is still being researched [26]. Further research is needed to 
establish the significance of COVID-19-related hepatobiliary dysfunction.

The propensity of hypercoagulability in COVID-19 patients increased bleeding 
manifestations [27]. Regarding the incidence of bleeding in COVID-19 patients, 
the amount of literature is insufficient, either because of coagulopathy or secondary  
to anticoagulation treatments [28]. More importantly, the possibility of bleeding  
complications is increased in anticoagulant treatments with hypercoagulable  
patients [29]. The majority of studies have reported that the most common bleeding  
manifestation in seriously ill COVID-19 patients was abdominal hematomas, of 
which the retroperitoneal compartment was the most common site of bleeding  
[30-33]. In line with our research, we found all bleeding manifestations up to 
27% of which intra-abdominal bleeding was the most common finding (19%) 
followed by retroperitoneal bleeding (10%) and abdominal wall hematoma (7%).  
Anticoagulants for venous thromboembolism (VTE) prevention and treatment 
significantly increased the incidence of all bleeding manifestations (P=0.025) and 
retroperitoneal bleeding (P=0.034), but did not significantly increase the incidence 
of intra-abdominal bleeding or abdominal wall hematoma. However, all bleeding  
manifestations were not significantly associated with worse clinical outcomes. 
We showed a case of COVID-19 infection on enoxaparin for VTE treatment and  
developed active bleeding at the left iliacus and left iliopsoas muscles with a large 
retroperitoneal hematoma. Angiography showed contrast extravasation along the 
territory of the left L3, L4 lumbar artery and left iliolumbar artery. He underwent 
gelfoam embolization (Figure 3).

Punyavik T., et al.
ASEAN J Radiol 2024; 25(2) : 93-115
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We also reported patients with abnormal bowel findings would have a higher risk 
of worse outcomes, invasive mechanical ventilation and death, similar to the result 
of the previous study [12], but there were no significant statistical correlations. 
Abnormal bowel findings also indicate higher days of hospitalization but also no 
significant statistical correlations.

A

C

B

D

Figure 3. CT whole abdomen axial view arterial phase (A, C) and portovenous phase 
(B, D), a 68-year-old male, a known case of COVID-19 infection, given Enoxaparin 
thromboembolic treatment and developed active bleeding at left iliacus, left iliopsoas 
muscle (A, B) with large retroperitoneal hematoma (C, D). Angiography showed 
contrast extravasation along the territory of the left L3 and L4 lumbar arteries, and 
the left iliolumbar artery (arrow). He underwent gelfoam embolization.

Punyavik T., et al.
ASEAN J Radiol 2024; 25(2) : 93-115
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In conclusion, abdominal CT scans performed on COVID-19 patients frequently  
revealed abnormal bowel findings, which were strongly associated with worse 
prognosis. Clinicians and surgeons must be concerned about the disease's  
abdominal signs and symptoms. Finally, radiologists need to be concerned about 
the abnormal bowel findings and point them out to clinicians and surgeons.

Furthermore, in regard to upcoming research, we believe that multi-center  
collaborations would produce higher numbers of patient registrations than  
single-center studies, resulting in a greater data pool and a shorter time to explore 
topics of concern. Results seem to be statistically significant and represent the  
entire population.

The limitations of this study included a retrospective study design and a small 
sample size. Also, there was no inter-reader agreement evaluation and determining  
imaging findings by consensus. Radiologic-pathologic correlations were not  
established, and clinical follow-up was not available. Our findings are unable 
to determine which reported findings are strongly associated with COVID-19.  
Prospective research with larger samples is needed.

Conclusion
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Comparison between the use of one and 
two CT scans for attenuation correction of 
rest-stress myocardial perfusion SPECT 
with Tc-99m sestamibi

Background: The standard protocol is to use separate computed tomography (CT) 
scans acquired during rest and stress for attenuation correction (AC) of myocardial  
perfusion (MP) single photon emission computed tomography (SPECT) imaging. 
Recently, there have been attempts to reduce the radiation dose by using one CT 
instead of two CTs.

Objective: To compare between the use of one and two CTs for AC of  
rest-stress MP SPECT with Tc-99m sestamibi in quantification of MP and left 
ventricle (LV) function.

Abstract
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Materials and methods: Gated rest-stress MP SPECT images of 107 patients were 
reprocessed using 3 different AC methods: 1) rest CT for AC of rest SPECT and 
stress CT for AC of stress SPECT (2CT); 2) rest CT for AC of both rest and stress 
SPECT (1CT-rest); and 3) stress CT for AC of both rest and stress SPECT (1CT-
stress). SPECT images obtained from 2CT and 1CT were used for quantification of 
MP values and LV function values. The values from 2CT and 1CT were compared. 

Results: The MP values of 2CT and 1CT showed a strong correlation (r≥0.712) and 
they did not differ significantly (p=0.106 to 0.931). In contrast, the LV function  
values of 2CT and 1CT exhibited a very strong correlation (r≥0.960), but they  
differ significantly (p=<0.001 to 0.004).

Conclusion: The use of one and two CTs for AC in rest-stress MP SPECT with 
Tc-99m sestamibi can be interchanged for the quantification of MP, but not for the 
quantification of LV function.

Keywords: CT-based attenuation correction, Gated SPECT, Left ventricle 
function, Myocardial perfusion SPECT, Tc-99m sestamibi.

Myocardial perfusion single photon emission computed tomography (MP SPECT) 
imaging has for several decades been one of the most widely used examinations  
in the diagnosis, risk stratification, and evaluation of treatment efficacy in  
patients with a suspected or known coronary artery disease (CAD) [1-6]. This  
perfusion imaging uses an intravenously administered radiopharmaceutical, such  
as technetium-99m (Tc-99m) sestamibi, to depict the distribution of blood flow in the 
myocardium. Myocardial perfusion SPECT imaging at rest and during cardiovascular  
stress allows differentiation between myocardial ischemia (limitations in blood 
flow) and infarction (absence of blood flow) [7, 8]. In addition to regional  
perfusion, acquiring MP SPECT data with electrocardiographic (ECG) gating 
(gated MP SPECT), allows measurement of cardiac function index such as left 

Introduction
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ventricle volume, ejection fraction (EF), and regional wall motion and thickening.  
Gated MP SPECT, with the ability to evaluate both myocardial perfusion and  
cardiac function, has become a routine protocol, and it expands the clinical utility 
of myocardial perfusion SPECT [7, 9-13].

Although gated MP SPECT is a valuable diagnostic tool, soft-tissue attenuation 
in the abdomen, breasts, diaphragm, and lateral chest wall causes attenuation  
artifacts, with an attendant decrease in the interpretive confidence of the reader  
and the diagnostic accuracy of the examination [14-16]. Computed tomography- 
based attenuation correction (CTAC) is a methodology that applies an attenuation 
map derived from computed tomography (CT) to SPECT in order to compensate  
for this degradation. Attenuation correction (AC) produces qualitative and  
quantitative data that can more accurately represent relative myocardial per¬ 
fusion and improve the performance of myocardial perfusion SPECT interpreta-
tion, especially the specificity of myocardial ischemia [7, 17-20]. 

Common gated rest-stress MP SPECT requires two scans taken at rest and after  
exercise or pharmacologic stress. For accurate CTAC, it is standard to acquire  
separate CT scans during rest and stress, causing additional radiation exposure 
to the patient. Recently, there have been attempts to reduce the radiation dose 
from MP SPECT while maintaining diagnostic accuracy [21, 22], and it has been 
proposed that one CT may be sufficient for AC of both rest and stress SPECT to 
reproduce accurate quantification of myocardial perfusion. The effectiveness of 
using one CT for this purpose has been evaluated previously [23-26]; however, few 
studies have been performed of the efficacy of using one CT for AC of gated rest-
stress MP SPECT in quantification of the left ventricle (LV) function. 

The aim of this study was to compare the use of one and two CTs for AC of gated  
rest-stress MP SPECT imaging with Tc-99m sestamibi in quantification of  
myocardial perfusion and LV function.

Narawong T., et al.
ASEAN J Radiol 2024; 25(2) : 116-143
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Study population
This study retrospectively analyzed the data of 107 patients who underwent gated 
rest-stress MP SPECT/CT imaging with Tc-99m sestamibi between March 2020 
and December 2021. The image data from patients who were unable to complete  
gated rest-stress myocardial perfusion (MP) SPECT/CT imaging, including rest 
SPECT, rest CT, stress SPECT, and stress CT scans, as well as patients with a  
significant liver, gall bladder, and bowel activity, which led to interference in  
myocardial uptake as observed in SPECT images, were excluded from this study. 
Table 1 shows the demographics of the study population. The proportion of male 
and female patients was approximately equal. This study was approved by the  
research ethics committee of Rajavithi Hospital (#221/2564).

Gated MP SPECT data acquisition
All 107 patients were imaged with the dual-headed detector SPECT system, NM/
CT 870 DR (GE Healthcare), using a standard one-day rest/stress imaging proto-
col with CT acquired for AC both at rest and during stress. Firstly, SPECT and CT 
data were acquired at rest (rest SPECT and rest CT) and the data were acquired 3 
hours later. The imaging protocol of one-day rest/stress MP SPECT/CT is shown 
in Figure 1.

Materials and methods

Patient characteristics Forum program

Male sex 52 (48.6%)

Age (years) 63 ± 12

Body-mass index (m2/kg) 25.8 ± 5.4

Abnormal MP SPECT (ischemia or infarction)a 38 (35.51%)

Table 1. Demographics of the study population (n = 107).

Data are mean ± standard deviation (SD) or number, with percentages in parentheses.
ªThe interpretation results reported by nuclear medicine radiologists.

Narawong T., et al.
ASEAN J Radiol 2024; 25(2) : 116-143
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At rest, patients were intravenously injected with 10 mCi of Tc-99m sestamibi, 
and gated MP SPECT imaging was performed 1 hour after injection. Two SPECT  
detectors coupled with low energy high resolution sensitivity (LEHRS) parallel- 
hole collimators were positioned at 90° to each other (L mode) and were rotated 
180° from the right anterior oblique (RAO) 45° to the left posterior oblique (LPO) 
45° with a view angle of 3°. Matrix sizes were set at 64 × 64 with the zoom factor 
of 1.5 and data were acquired for 20 seconds at each view. The energy windows 
were set at 140 keV ± 10% for the main window and 120 keV ± 5% for the scatter  
window. The gated data were acquired with 8 frames per R-R intervals. CT  
acquisition for AC was performed immediately after the SPECT acquisition with 
free breathing. The CT data was acquired at 120 kV, 20 mA and a slice thickness 
of 5 mm.

Figure 1. Imaging protocol of one-day rest/stress MP SPECT/CT.

Narawong T., et al.
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Stress tests were started at 3 hours after injection of Tc-99m sestamibi with  
patients in a resting condition.  Pharmacological stress with adenosine was used 
in 90% of the patients and exercise stress was used for the remainder. The 30 mCi 
dose (3 times greater than the rest activity) of Tc-99m sestamibi was intravenously 
injected into the patients under the stress condition. The stress SPECT data was 
acquired before CT acquisition. The patient positioning and acquisition protocols 
of stress SPECT and CT were similar to those of the rest protocols, except for the 
time per view of SPECT acquisition. The time per view of SPECT acquisition for 
stress SPECT (15 seconds) was shorter than that of rest SPECT (20 seconds) in  
order to minimize the effects of cardiac and respiratory motions on the MP SPECT 
images during stress. All patients were scanned in a supine position with feet first, 
arms raised on the armrest, both at rest and under stress, to maintain the same 
positioning between acquisitions.

Image reconstruction & Quantitative analysis
The SPECT data (gated and non-gated) and CT data for both rest and stress 
(rest SPECT, rest CT, stress SPECT and stress CT) were used for SPECT image  
reconstruction with CTAC and quantitative analysis. The rest and stress SPECT 
images were reconstructed using ordered subset-expectation maximization (OS-
EM) with 2 iterations and 10 subsets on a Xeleris workstation (GE Healthcare). 
Left ventricular activity was masked from liver, gall bladder and bowel activities. 
Scatter correction was based on the subtraction of projection data, with no method  
for motion correction. Butterworth filter was applied to reconstruct images with 
cut-off frequency of 0.45 and 0.548 cycles/cm and order of 10 and 12.6 for rest 
SPECT and stress SPECT, respectively.

CTAC was performed during SPECT image reconstruction. A single radiological 
technologist with expertise in gated MP SPECT analysis (> 20 years of experi-
ence) processed all gated MP SPECT studies with different CTAC methods (Fig-
ure 2) in order to investigate this research aim. The standard CTAC method was 
to use rest CT for AC of rest SPECT and stress CT for AC of stress SPECT, noted 
as 2CT (Figure 2a). The alternative method was to use rest CT for AC of both 
rest and stress SPECT, noted as 1CT-rest (Figure 2b). Another alternative method 
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was to use stress CT for AC of both rest and stress SPECT noted as 1CT-stress  
(Figure 2c). The software for image reconstruction automatically performed image 
registration between SPECT and CT images for CTAC, and the alignment of the 
SPECT and CT images was visually confirmed and adjusted in the axial, sagittal, 
and coronal planes for every patient.

Figure 2. SPECT image reconstruction with different CTAC methods: (a) standard 
CTAC method (2CT): using rest CT for AC of rest SPECT and stress CT for AC of 
stress SPECT; (b) alternative CTAC method (1CT-rest): using rest CT for AC of both 
rest and stress SPECT; and (c) alternative CTAC method (1CT-stress): using stress 
CT for AC of both rest and stress SPECT.
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We used Quantitative Perfusion SPECT (QPS) and Myometrix software for the 
quantitative analysis of gated MP SPECT imaging because these methods are  
routinely used in our hospital. The reconstructed MP SPECT images with different 
CTAC methods from non-gated data were used for quantification of myocardial 
perfusion values, including summed rest score (SRS), summed stress score (SSS) 
summed difference score (SDS), rest total perfusion deficit (rest TPD), stress total  
perfusion deficit (stress TPD) and transient ischemic dilation ratio (TID) [8, 
27]. The MP SPECT images were automatically compared with a normalized  
database with QPS software to produce sum scores according to anatomic regions 
on a 17-segment American Heart Association polar map. The SRS and SSS were  
calculated as the sum of the individual scores from the 17 segments of the polar 
map obtained during rest and stress. The SDS was calculated by subtracting the 
SRS from the SSS (SDS = SSS-SRS). These values indicate the severity of myocardial  
ischemia. TPD was calculated based on both the extent and severity of ischemia. 
The TID, which is the ratio of the stress LV volume to rest LV volume, was quantified  
using Myometrix software; this value is one of the markers of severe myocardial 
ischemia. 

The reconstructed MP SPECT images obtained from different CTAC methods 
from gated data were used for quantification of LV function values, including rest 
end diastolic volume (EDV), stress EDV, rest end systolic volume (ESV), stress 
ESV, rest ejection fraction (EF), and stress EF using Myometrix software. The  
percentage of EF was calculated as follows: EDV-ESV/EDV*100 [13]. The EF is 
clinically used as an index for evaluation of the cardiac function.

Statistical analysis
All quantitative values were represented as mean ± standard deviation (SD).  
Pearson’s correlation was used to test the correlation between quantitative values 
obtained from 2CT and 1CT. An arbitrary classification for Pearson’s correlation 
was: ≥0.800, very strong; 0.600-0.799, strong; 0.400-0.599, moderate; 0.200-0.399, 
weak; and <0.200, very weak. The quantitative values between 2CT and 1CT were 
compared using paired t-test, and p < 0.05 was considered statistically significant.
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Table 2 summarizes the findings, with mean ± SD of all quantitative values, and the 
correlation and the comparison of quantitative values of 2CT and 1CT. There was 
a very strong correlation between myocardial perfusion values obtained from 2CT 
and 1CT for SRS of 2CT and 1CT-stress, SSS of 2CT and 1CT-rest, SDS of 2CT 
and 1CT-stress, Rest TPD of 2CT and 1CT-stress, Stress TPD of 2CT and 1CT-
rest, TID of 2CT and 1CT-stress, and TID of the 2CT and 1CT-rest (r ≥ 0.915), as 
shown in Table 2. The correlation coefficient of SDS between 2CT and 1CT-rest  
(r = 0.712), which indicated a strong correlation, was lower than that of other 
myocardial perfusion values. This corresponded to the 3D scatter plots in Figure 
3 in which the variability in the SDS from 2CT and 1CT-rest was seen to be the 
highest (Figure 3d) among other myocardial perfusion values (Figure 3a, 3b, 3c, 
3e, 3f, 3g and 3h).  However, the comparison results showed that there was no 
significant difference between myocardial perfusion values from 2CT and 1CT, as 
shown in the last column of Table 2. 

Results
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Quantitative Values
(2CT vs. 1CT)

Mean ± Standard Deviation
(2CT vs. 1CT)

Correlation 
Coefficient (r)

Difference
(p value)

Myocardial Perfusion Values

SRS2CT vs. SRS1CT-stress 3.7 ± 8.3 vs. 3.7 ± 8.4 0.991a   0.931 

SSS2CT vs. SSS1CT-rest 6.9 ± 9.1 vs. 7.0 ± 9.2 0.974a   0.647

SDS2CT vs. SDS1CT-stress 3.1 ± 2.6 vs. 3.1 ± 2.8 0.920a   0.931

SDS2CT vs. SDS1CT-rest 3.1 ± 2.6 vs. 3.2 ± 2.9 0.712b   0.647

Rest TPD2CT vs. Rest TPD1CT-stress 6.2 ± 9.5 vs. 6.2 ± 9.1 0.980a   0.918

Stress TPD2CT vs. Stress TPD1CT-rest 7.7 ± 9.6 vs. 7.7 ± 9.7 0.986a   0.680

TID2CT vs. TID1CT-stress 1.1 ± 0.1 vs. 1.1 ± 0.1 0.915a   0.571

TID2CT vs. TID1CT-rest 1.1 ± 0.1 vs. 1.1 ± 0.1 0.924a   0.106

LV Function Values

Rest EDV2CT vs. Rest EDV1CT-stress (mL) 82.7 ± 52.2 vs. 89.4 ± 50.1 0.982a <0.001*

Stress EDV2CT vs. Stress EDV1CT-rest (mL) 89.1 ± 54.4 vs. 92.9 ± 54.5 0.987a <0.001*

Rest ESV2CT vs. Rest ESV1CT-stress (mL) 41.6 ± 46.6 vs. 45.3 ± 47.1 0.973ª   0.001*

Stress ESV2CT vs. Stress ESV1CT-rest (mL) 45.7 ± 48.0 vs. 48.7 ± 49.9 0.979a   0.023*

Rest EF2CT vs. Rest EF1CT-stress (%) 58.7 ± 17.7 vs. 57.7 ± 17.8 0.960a   0.031*

Stress EF2CT vs. Stress EF1CT-rest (%) 57.0 ± 16.9 vs. 6.1 ± 17.4 0.983a   0.004*

Table 2. Correlation and comparison of quantitative values obtained from 2CT and 
1CT.

Pearson’s correlation was used to determine the correlation between quantitative values from 2CT and 1CT.
avery strong correlation (r in the range of 0.800-1.000); bstrong correlation (r in the range of 0.600-0.799). 
Paired t-test was used to determine the significance of the differences (p values) between quantitative values 
from the 2CT and 1CT.
*significant difference (p<0.05).
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Figure 3. Correlation between myocardial perfusion values from 2CT and 1CT: 
(a) SRS2CT vs. SRS1CT-stress; (b) SSS2CT vs. SSS1CT-rest; (c) SDS2CT vs. SDS1CT-stress;  
(d) SDS2CT vs. SDS1CT-rest; (e) Rest TPD2CT vs. Rest TPD1CT-stress; (f) Stress TPD2CT vs. 
Stress TPD1CT-rest; (g) TID2CT vs. TID1CT-stress; and (h) TID2CT vs. TID1CT-rest.
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The SDS was of interest in this study because it can be clinically used as an index 
for diagnosis of myocardial ischemia. The SDS was 3.1 ± 2.6 for 2CT and 3.1 ± 
2.8 for 1CT-stress, and these values were not significantly different (p = 0.931). 
The SDS of 1CT-rest was 3.2 ± 2.9 and did not significantly differ from that of 
2CT (p = 0.647). Figure 4 and 5 shows a comparison of 2CT and 1CT when the 
SDS values were classified into four groups: no ischemia (SDS 0-1); mild ischemia 
(SDS 2-4); moderate ischemia (SDS 5-6); and severe ischemia (SDS ≥ 7). There 
was concordance between diagnoses using SDS in 2CT and 1CT-stress in 91.7%, 
91.3%, 58.3% and 100.0% of patients with no ischemia, mild ischemia, moderate 
ischemia, and severe ischemia respectively (Figure 4a). The overall concordance 
between diagnosis using SDS in 2CT and 1CT-stress was 88.8% (95 from 107  
patients) while the discordance was 11.2% (12 from 107 patients) (Figure 4b).  
Figure 5a shows the concordance of diagnosis using SDS with 2CT and 1CT-
rest: 75.0%, 71.7%, 33.3% and 69.2% in patients with no ischemia, mild ischemia,  
moderate ischemia, and severe ischemia respectively. The overall concordance of 
diagnosis using SDS with 2CT and 1CT-rest was 68.2% (73 from 107 patients) 
while the discordance was 31.8% (34 from 107 patients) (Figure 5b).
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Figure 4. (a) Concordance between 2CT and 1CT-stress for classification of SDS  
defined as no ischemia (0-1), mild ischemia (2-4), moderate ischemia (5-6), and  
severe ischemia (≥ 7) and (b) pie chart showing numbers of patients with concordance  
in each classification and discordance between 2CT and 1CT-stress.
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Figure 5. (a) Concordance between 2CT and 1CT-rest for classification of SDS  
defined as no ischemia (0-1), mild ischemia (2-4), moderate ischemia (5-6), and severe 
ischemia (≥ 7) and (b) pie chart showing the number of patients with concordance  
in each classification and discordance between 2CT and 1CT-rest.
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Figure 6. Correlation between LV function values in 2CT and 1CT: (a) Rest EDV2CT 
vs. Rest EDV1CT-stress; (b) Stress EDV2CT vs. Stress EDV1CT-rest; (c) Rest ESV2CT vs. Rest 
ESV1CT-stress; (d) Stress ESV2CT vs. Stress ESV1CT-rest; (e) Rest EF2CT vs. Rest EF1CT-stress; and 
(f) Stress EF2CT vs. Stress EF1CT-rest.

Figure 6 depicts the correlation between LV function values in 2CT and 1CT. There 
was a very strong correlation between 2CT and 1CT for all LV function values  
(r ≥ 0.960) (Table 2). However, there were significant differences between values 
for rest EDV, rest ESV, stress EDV, stress ESV, rest EF and stress EF in 2CT and 
1CT, as shown in the last column of Table 2. 
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The EF was considered because it is clinically used as an index for interpretation 
of the cardiac function. The rest EF values, 58.7 ± 17.7 for 2CT and 57.7 ± 17.8 
for 1CT, were significantly different (p = 0.031). The stress EF was 57.0 ± 16.9 for 
2CT and 56.1 ± 17.4 for 1CT, and these differences were also statistically different  
(p = 0.004). Figures 7 and 8 show a comparison between 2CT and 1CT when 
the EF levels were categorized into three groups: reduced EF (EF 0-40%);  
borderline EF (EF 41-49%); and normal EF (EF ≥50%). There was concordance of  
interpretation using rest EF in 2CT and 1CT-stress in 87.5%, 50.0% and 97.6% of 
patients for reduced EF, borderline EF, and normal EF, respectively (Figure 7a). The 
overall concordance of rest EF interpretation was 93.5% (100 from 107 patients) 
while the discordance was 6.5% (7 from 107 patients) (Figure 7b). The comparison 
between stress EF in 2CT and 1CT when the EF values were categorized into the 
same three groups is shown in Figure 8a. There was concordance of interpretation 
using stress EF in 2CT and 1CT-rest in 100%, 66.7% and 95.0% of patients with 
reduced EF, borderline EF, and normal EF respectively. The overall concordance 
of stress EF interpretation was 92.5% (99 from 107 patients) while the discordance 
was 7.5% (8 from 107 patients) (Figure 8b).
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Figure 7. (a) Concordance between 2CT and 1CT for interpretation of categories 
of EF defined as reduced rest EF (0-40%), borderline EF (41-49%) and normal EF 
(≥50%) and (b) pie chart showing the number of patients with concordance in each 
category and discordance between 2CT and 1CT of rest EF.
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Figure 8. (a) Concordance between 2CT and 1CT for interpretation of categories 
of stress EF defined as reduced EF (0-40%), borderline EF (41-49%) and normal EF 
(≥50%) and (b) pie chart showing the number of patients with concordance in each 
category and discordance between 2CT and 1CT of stress EF.
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Four image acquisitions are required for conventional rest-stress MP SPECT  
imaging: rest SPECT, rest CT, stress SPECT and stress CT. The standard CTAC 
method (two CTs) is to use rest CT for AC of rest SPECT and stress CT for AC of 
stress SPECT. This study aimed to compare the use of two CT scans (2CT) and one 
CT scan (1CT-stress or 1CT-rest) for AC of gated rest-stress MP SPECT with Tc-
99m sestamibi in quantification of myocardial perfusion and LV function values. 
This allowed us to evaluate the reliability of using just one CT for AC instead of 
two. Elimination of an extra CT for AC without affecting the myocardial perfusion 
and LV function values obtained from gated rest-stress MP SPECT could reduce 
patients’ radiation exposure without having any impact on diagnostic results. Even 
though patients receive only a small amount of radiation exposure from CT for AC 
(0.4 mSv) [28], eliminating one CT for AC should be considered, in accordance 
with the principle of keeping radiation exposure as low as reasonably achievable 
(ALARA). 

Several previous studies have examined the effectiveness of using one CT for AC 
of rest and stress MP SPECT in quantification of myocardial perfusion values 
such as SRS, SSS and SDS. Ahlman et al. [24] found that a single rest or stress CT 
was not sufficient for AC of both rest and stress MP SPECT; however, their study  
adopted a small number of patients (40) with abnormal perfusion only, and it  
included a mixture of patients who underwent thallium-201 (201Tl)/ 99mTc (dual  
isotope) and 99mTc/99mTc (single isotope) one-day rest/stress protocols. The 99mTc emits  
gamma rays with single energy of 140 keV while 201Tl emits smaller numbers of 
gamma rays at energies of 135 keV and 167 keV. The attenuation effects of 201Tl 
and 99mTc may vary as a result of their different energies; therefore, it may be  
difficult to compare the use of one and two CTs for AC in a mixture of dual isotope 
and single isotope protocols.

Wells et al. [25] studied the use of a single CT, choosing stress CT for AC of both 
rest and stress MP SPECT. Their study included 154 patients who underwent one-
day rest/stress MP SPECT with Tc-99m tetrofosmin, and they found that the use 

Discussion
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of stress CT for AC of both rest and stress SPECT images caused a significant  
increase in SRS and a rise in the variability of SDS compared with the use of two 
CTs. However, the variability in SDS between the use of one and two CTs was seen to 
be less than the inter-observer variability, suggesting that the differences resulting  
from one CT are unlikely to be clinically significant. 

Fukami et al. [26] examined the effectiveness of the single CTAC method in gated 
stress-rest MP SPECT with 201Tl-chloride (201TlCl) in 106 patients. Like Wells et al., 
they chose stress CT (rather than rest CT) for AC comparison, with two CTs for 
AC. They concluded that there was no significant difference between SRS, SSS and 
SDS obtained by two CTs and a single CT. 

Unlike Fukami et al., we studied gated stress-rest MP SPECT with Tc-99m  
sestamibi. The Tc-99m sestamibi MP SPECT provides significantly better image  
quality and higher specificity in detection of CAD than 201TlCl MP SPECT [29]. 
In addition, we compared 3 different CTAC methods: 2CT, 1CT-rest and 1CT-
stress. However, the results of Wells’s study, Fukami’s study and our study in  
comparing 2CT and 1CT-stress were similar. Our results showed that there was a 
strong correlation between SRS, SSS and SDS obtained by 2CT and 1CT with no 
significant differences. Therefore, 1CT and 2CT can be used interchangeably for 
the quantification of MP values. Because SDS can be clinically used to diagnose  
the degree of ischemia [8], we have conducted further studies regarding the  
diagnosis of myocardial ischemia using SDS values. In our study, the concordance  
of diagnostic results based on the SDS between 2CT and 1CT-stress was high: 
91.7% for patients with no ischemia, 91.3% for patients with mild ischemia, 
100% for patients with severe ischemia, and 88.8% for all patients except those 
with moderate ischemia, resulting in a diagnostic concordance of 58.3%. The  
concordance of diagnostic results based on the SDS from 2CT and 1CT-rest was 
quite high but lower than that achieved by 2CT and 1CT-stress: 75.0% for patients 
with no ischemia, 71.7% for patients with mild ischemia, 69.2% for patients with 
severe ischemia, and 68.2% for all patients except those with moderate ischemia, 
yielding a diagnostic concordance of 33.3%. These results suggest that using stress 
CT for AC is better than using rest CT for AC of both rest and stress SPECT. 
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Although the concordance of diagnostic results based on the SDS between 2CT 
and 1CT was relatively high, there are still some differences in diagnostic results 
among certain patients, especially those with moderate ischemia. The SDS was 
calculated from the SRS and SSS. Therefore, if the SRS and SSS obtained from 2CT 
and 1CT were different, it affected the SDS value and diagnostic results based on 
the SDS. When interpreting diagnostic results based on the SDS, if a patient falls 
into the category of moderate ischemia, which lies between mild ischemia and  
severe ischemia, even a slight difference in SDS values obtained from 2CT and 
1CT can lead to divergent diagnostic results. However, the comparison of 1CT 
and 2CT for the diagnosis of myocardial ischemia from 99mTc-sestamibi rest-stress 
MP SPECT should be further investigated using visual inspection of SPECT  
images by nuclear medicine radiologists. Other myocardial perfusion values,  
such as rest TPD, stress TPD and TID, were included in our study, and no  
statistically significant difference was identified between myocardial perfusion  
values from 2CT and 1CT. These results suggest that 1CT can be used in place of  
2CT in quantification of myocardial perfusion values from 99mTc-sestamibi  
rest-stress MP SPECT imaging. The use of stress CT for the 1CT approach revealed 
that the variability between SDS from 1CT and 2CT was less than that resulting 
from using rest CT. 

In addition to the myocardial perfusion values, we also studied LV function values 
including rest EDV, rest ESV, stress EDV, stress ESV, rest EF and stress EF. Fukami 
et al. compared EF from 2CT and 1CT, and their results showed no significant  
differences. In contrast, our results revealed statistically significant differences 
in rest EF, stress EF and other LV function values obtained from 2CT and 1CT.  
However, the correlation between these LV function values obtained by 2CT and 
1CT were very strong. The left ventricle EF was clinically used for assessment of 
the cardiac function [13]. In our study, the concordance of interpretation of LV 
function from rest EF between 2CT and 1CT was high: 87.5% for patients with 
reduced EF, 97.6% for patients with normal EF, and 93.5% for all patients except 
those with borderline EF, which yielded a concordance of interpretation of 50.0%. 
Regarding stress EF, the concordance of interpretation of the cardiac function  
between 2CT and 1CT was high: 100.0% for patients with reduced EF, 95.0% for 
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patients with normal EF, and 92.5% for all patients except those with borderline 
EF, resulting in a concordance of interpretation of 66.7%. Even though interpreting  
the LV function from the EF values obtained from 1CT yielded similar results 
to those obtained from 2CT in more than 90% of patients, it can still lead to  
misinterpretations in patients with borderline EF values (41-49%).  

Myocardial perfusion values were obtained from non-gated SPECT data while 
LV function values were derived from gated SPECT data. The LV function values 
from 2CT and 1CT were significantly different. The myocardial perfusion values 
from 2CT and 1CT were not significantly different, but these values obtained from 
2CT and 1CT were not equal in all patients. This can be caused by a change in the  
distribution of attenuating tissues between SPECT and CT acquisitions in both rest 
and stress image sessions. Mis-registration of CT and SPECT images can cause an 
error in attenuation correction and influence regional tracer distribution on MP 
SPECT images [30]. This error may be due to changes in the patient position,  
the movement of arms, the movement of gas in the bowel, as well as the respiratory  
and cardiac motion during and between image acquisitions in rest-stress MP 
SPECT/CT imaging. Differences in the cardiac motion and the respiratory  
motion between patients who underwent exercise stress (resulting in an increased 
heart rate and contractility) and patients who underwent pharmacologic stress 
with adenosine (which causes vasodilation in coronary vessels) [31] may also  
result in a varying degree of mis-registration of SPECT and CT images. CT yields 
rapid acquisition while SPECT is slower, with free breathing. Stress and rest CT 
images may be acquired in different phases of the cardiac and respiratory cycles, 
and the aforementioned events may lead to a mismatch of attenuating tissues and 
errors in attenuation correction, which is applied at a single time point in the  
cardiac and respiratory cycles. It is, therefore, very important to set exactly the 
same patient positions and minimize the patient motion as much as possible 
during and between the image acquisitions, especially when using one CT for AC. 
In our study, automated fusion of SPECT and CT was used, and then alignment 
of the SPECT and CT images was visually confirmed. In case of misalignment 
between the images, the CT image was shifted to match the borders of the left  
ventricle in the SPECT image. Apart from attenuation, scatter is another factor 
affecting quantitative values obtained from MP SPECT images. The model-based 
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and energy-window-based methods are widely-used scatter correction techniques  
in MP SPECT imaging [32, 33]. The first method uses an attenuation map from 
CT to define the scattering medium. With this method, the mis-registration 
of SPECT and CT images and error in attenuation correction will also lead to  
inaccurate scatter correction [25]. Instead of using transmission (CT) data, the 
energy-window-based technique uses scatter data acquired simultaneously with 
that of photopeak emission. In our study, we used energy-window-based scatter 
correction, which is likely to be more suitable for the use of one CT for AC in rest-
stress MP SPECT imaging.

The main limitations of this study were that we processed gated rest-stress MP 
SPECT data retrospectively, and that the proportion of normal and abnormal  
patients were not equal. This study used image data from patients who underwent 
rest-stress MP SPECT/CT without separating patient data between those who  
underwent exercise stress and those who underwent pharmacological stress. We 
used automated quantitative values (rather than qualitative or visual interpretation)  
for the statistical analysis to eliminate inter-individual variability of MP SPECT 
interpretation; thus, visual interpretation, which is used in many institutions, was 
not included in this study.

The myocardial perfusion values from 2CT and 1CT were not significantly  
different and exhibited a strong correlation. When using stress CT for the 1CT  
approach, the variability in SDS from 1CT and 2CT was observed to be less than 
that resulting from using rest CT. However, the comparison of 1CT and 2CT for 
the diagnosis of myocardial ischemia from 99mTc-sestamibi rest-stress MP SPECT 
should be further investigated using visual inspection of SPECT images by nuclear  
medicine radiologists. The LV function values from 2CT and 1CT exhibited a 
very strong correlation but were significantly different. In conclusion, the use of 
one and two CTs for AC in rest-stress MP SPECT with Tc-99m sestamibi can be  
interchanged for the quantification of myocardial perfusion, but not for the  
quantification of LV function.

Conclusion

Narawong T., et al.
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Body composition between obstructive and 
non-obstructive bladder cancer: A retrospective 
study

Background: Body composition measurement during cancer follow-up would  
increase its role in improving the nutritional status. Using a CT scan for nutritional  
evaluation with scheduled cancer screening or follow-up would add other useful  
information to help the physician gain a better understanding of the patient’s  
nutritional status, especially in adipose tissue.

Objective: To compare the measured adipose tissue and the skeletal muscle  
between obstructive and non-obstructive uropathy in bladder cancer on a CT scan.

Materials and methods: A total of 69 patients, who underwent a CT scan of the  
abdomen including the pelvis before surgery and/or chemotherapy between  
January 2013 and December 2022, were enrolled.  Analyses of the volume of  
visceral adipose tissue (VAT), subcutaneous adipose tissue (SAT), and skeletal 
muscle tissue (SMT) calculated based on CT images were performed.

Abstract
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Results: There was significantly lower VAT (p = 0.012) in the obstructive group 
than in the non-obstructive group.  SAT, SMT, age, weight, height, BMI, and  
tumor size were not significantly different between both groups.

Conclusion: In patients with bladder cancer, those with obstructive uropathy 
showed lower VAT than non-obstructive uropathy.

Keywords: Bladder cancer, Body composition, Computed tomography, Skeletal 
muscle, Subcutaneous fat, Visceral fat.

Urinary bladder cancer was the 10th most commonly diagnosed worldwide in 
2020 and the 9th most common cancer in the Thai population (2.6%) [1].  The 
most common histology is urothelial carcinoma of the bladder, accounting for 
90% of all urinary bladder cancers [2].  Cancer growth consumes massive energy.   
During progression, the patient usually loses appetite leading to anemia, poor  
immunity, weight loss, and cachexia.  In a cachexic state, the patient would lose 
the body weight, the skeletal muscle, and the adipose tissue [3-4].  Cancer cachexia  
may half the quality of life, the mental health, the treatment response, and the 
survival [5].

Body mass index (BMI) is one of the fundamental indicators used to evaluate the 
nutritional status and cachexia, but only represents the total body composition 
and does not differentiate the ratio and alteration of fat and muscle mass.  The 
muscle mass is significantly associated with the overall body condition and the 
nutritional status of cancer patients [6].

Body composition measurement during cancer follow-up would increase its role 
in improving the nutritional status. Because of the high price and the fact that 
it is rather time-consuming, some devices, such as Densitometry, MRI, TOBEC 
(total body electrical conductivity), and TBK (whole body potassium scanning), 
are hard to make a practical workflow in the situation of abundant patients on the 
same day [7].

Introduction
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Computed tomography (CT) is used for high-risk cancer patients or even an  
ongoing treatment to prove clinical suspicion and follow-up cancer progression 
or treatment response. It could show the whole body in the same period, vividly  
faster than the body composition measurement device. Using a CT scan for  
nutritional evaluation with scheduled cancer screening or follow-up would add 
other useful information to help the physician gain a better understanding of the 
patient’s nutritional status, especially in adipose tissue [8-10].

The objective of this study was to compare the measured adipose tissue and  
skeletal muscle between obstructive and non-obstructive uropathy in bladder  
cancer on a CT scan.

Ethical consideration
A retrospective descriptive diagnostic study was conducted at a university-based 
tertiary referral center in Thailand.  The study was conducted following the  
Declaration of Helsinki, and the protocol was approved by the Ethics Committee 
for Human Research.

Study population
The medical records and CT scans of the abdomen including the pelvis of urinary 
bladder cancer patients from January 2013 to December 2022 were retrospectively 
reviewed. If patients underwent multiple studies of CT scan, the latest study prior 
to treatment was selected.

Inclusion criteria
1. Patients who were diagnosed with pathology-confirmed urinary bladder cancer
2. Patients who underwent CT scans of the abdomen including the pelvis

Materials and methods

Aphinives A., et al.
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Exclusion criteria
1. Patients who underwent a surgery and/or a chemotherapy before undergoing  
 the CT scan
2. Patients who had a previous history of some other type of cancer or concomitant  
 diagnosed cancer at the examined date

Hardware and data acquisition
All images were performed by SOMATOM Definition Flash (SIEMEN®) with 
and/or without intravenous contrast before the surgery. The protocol of CT whole  
abdomen (pre-contrast phase, arterial phase, and portovenous phase) or CT  
urography (pre-contrast phase, nephrographic phase, and excretory phase) were 
used. The slice thickness and interval ranged from 3 to 10 mm with a median of 5 
mm.

3D Slicer 5.2.2 (www.slicer.org, The Slicer Community) was used to measure  
using a semiautomatic segmentation method. The images were separated into 
three main components: visceral adipose tissue (VAT), subcutaneous adipose  
tissue (SAT), and skeletal muscle tissue (SMT) [8]. 

Image interpretation
The definition of obstructive uropathy was defined as at least 3 mm of ureter  
diameter or unilateral or bilateral dilated ureter [11].

The CT attenuation value of adipose tissue was defined as -100 to -50 Hounsfield 
units (HUs). Three-dimensional (3D) volumes at the level of the costophrenic  
angle to the iliac crest and two-dimensional (2D) cross-section areas at the level of 
the third lumbar spine (L3) mid-vertebra were measured for VAT, SAT, and SMT 
[12-15].

Aphinives A., et al.
ASEAN J Radiol 2024; 25(2) : 144-155
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Statistical analysis
Statistical analyses were performed using IBM SPSS v28.0.0.0 (IBM Corp.,  
Armonk, NY, USA). The descriptive analysis was used for demographic data (such 
as gender, age, weight, height, etc.). Differences between obstructive and non- 
obstructive uropathy were performed using independent T-test or chi-square test 
(or Fisher's exact test as appropriate). A p-value < 0.05 was considered statistically 
significant.

Out of 136 patients, 67 were excluded (27 for non-bladder cancers, 16 with  
concomitant cancers, and 24 without a pre-treatment study). Only 69 patients 
were eligible for enrollment. There were 57 patients with obstructive uropathy and 
12 patients with non-obstructive uropathy.

Most patients were male with 48 (84%) in the obstructive group and 11 (92%) in 
the non-obstructive group. The mean age, height, BMI, and tumor size were not 
different between groups. More than half of the patients in both groups were in 
clinical stage III (Table 1).

Results

Parameters Obstructive Non-obstructive p-value

Patients (Male : Female)   57 (48: 9)   12 (11: 1) -
Age (Years)   65.4 + 9.9   70.5 + 9.0 0.590
Weight (kg)   60.5 + 10.6   60.8 + 10.7 0.737
Height (cm) 163.3 + 7.6 164.3 + 7.8 0.798
BMI (kg/m2)   22.7 + 3.9   22.4 + 3.1 0.522
Tumor size (cm3)   34.4 + 84.0   38.5 + 87.6 0.770

Clinical stage I
Clinical stage II
Clinical stage III
Clinical stage IV

    0 (0%)
    1 (1.7%)
  37 (64.9%)
  19 (33.3%)

    0 (0%)
    3 (25%)
    7 (58.3%)
    2 (16.7%)

N/A
0.015
0.746
0.321

Table 1. Patients’ demographic data.

Aphinives A., et al.
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A body composition analysis was performed using a semiautomatic segmentation, 
3-dimensional (3D) volume at the level of the costophrenic angle to the iliac crest, 
and 2-dimensional (2D) cross-section areas at the level of 3rd lumbar spine (L3) 
(Figure 1).

The mean VAT volume in the obstructive group was 851.9 cm3, which is significantly  
lower than the non-obstructive group (mean = 1137.9 cm3, p = 0.012). Other  
variables showed no statistically significant difference between groups (Table 2). 

Figure 1. Example of abdominal computed tomography for body composition analysis  
(upper left: axial plane, lower left: coronal plane, lower right: sagittal plane, upper 
right: 3D model, bottom: measured variables in 3D and 2D at the level of L3). Visceral  
adipose tissue (green), subcutaneous adipose tissue (yellow), and skeletal muscle  
tissue (red) were segmented.

Aphinives A., et al.
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*Statistical significance

Parameters Obstructive (Mean + SD) Non-obstructive (Mean + SD) p-value

BMI (kg/m2)     22.7 + 3.9     22.4 + 3.1 0.522
VAT (cm3)   851.9 + 579.8 1137.9 + 579.8 0.012*
SAT (cm3)   758.9 + 459.7   756.3 + 395.5 0.884
VAT-L3 (cm2)     76.7 + 67.4     86.3 + 99.9 0.266
SAT-L3 (cm2)     66.2 + 122.5     59.8 + 67.0 0.811
SMT (cm3) 1493.2 + 419.2 1542.4 + 419.2 0.461
SMT-L3 (cm2)   213.2 + 59.2   215.7 + 65.9 0.454
Tumor volume (cm3)     34.4 + 84.0     38.5 + 87.6 0.770

Table 2. Significant difference analysis between obstructive and non-obstructive 
uropathy.

There was no report of a correlation between obstructive and non-obstructive 
uropathy in bladder cancer that was measured by computed tomography [12-
15]. There was one systematic review that collected related bladder cancer [9]. 
Previous studies were focused on a prognosis and the clinical outcome between 
pre-treatment and post-treatment with a multi-treatment plan by skeletal muscle 
index [16-19]. There was no study focusing on the correlation between variables 
in pre-treatment patients.

From the result, the VAT showed a statistic significance between obstructive and 
non-obstructive uropathy but not in the SAT which showed a similar result to  
previous studies [8]. Also, it was compatible with the previous meta-analysis studies  
or hypothesis that VAT was more vulnerable to prognosis than SAT or even BMI [9]. 
The obstructive group presented with lower VAT which was compatible with clinical  
prognosis revealing that obstructive uropathy tended to have a worse clinical  
outcome compared to the non-obstructive group. Lastly, the VAT showed more 
sensitive differences in patients’ nutritional status than BMI [8, 12-15].

Discussion

Aphinives A., et al.
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Obstructive uropathy was an obstruction of the urinary tract that could be caused 
by either structural or functional problem. The obstruction could present with 
typical combination of micturition, acute urinary retention, or lower abdominal 
discomfort and distension [20]. Untreated obstructive uropathy would eventually  
lead to chronic kidney damage or a disease that could reduce muscle mass via 
spontaneous reduction of albumin absorption [21].

The living quality of the patients with obstructive uropathy would be a vicious cycle  
as dysuria leads to nocturia, causes inadequate sleep, deterioration, and fatigue 
that causes dysuria again which is a cause of an excessive power expenditure over 
nights [22]. Combined with malnutrition, the insufficient energy to maintain daily 
activity forces the body to use the reserved tissue to survive [23].

Adipose tissue is a primary source of nutrition with a rapid process of lipolysis for 
turning the fat into glycerol for gluconeogenesis and ketone bodies as a direct fuel 
source for many tissues, including the brain. Also, it is the first in the three phases of 
response to the deprivation of nutrition. When fat depots are depleted, the skeletal  
muscle will be degraded by proteolysis to support the gluconeogenesis in the liver.  
In this situation, the body mass will rapidly decrease that can be shown in the  
reduction of BMI [24-25].

Further studies should be conducted with multiple hospitals to enroll sufficient 
patients to make the data solid. A comparison between groups of obstructive and 
non-obstructive uropathy with localized and metastatic cancers could potentially  
specify the prognosis that could create adequate data for clinicians to better  
understand patients’ status and treatment planning, not only in the disease control 
but also in the overall quality of life.

Several limitations need to be considered when interpreting the results. The  
retrospective nature of the small sample size in the single-center study might lead 
to a selection bias and lower the confidence of the result.  Non-structural records 
in the hospital digital clinical data and partially paper-based clinicians might  
contribute lower than the actual number of patients.

Aphinives A., et al.
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To our knowledge, this is the first study to have evaluated the difference in body 
composition of patients with urinary bladder cancer affected by obstructive  
uropathy. Obstructive uropathy showed lower VAT than non-obstructive uropathy. 

Conclusion
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Case Report

Fatty menace: A case report of superior 
ophthalmic vein fat embolism due to 
autologous fat grafting
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Autologous fat grafting is among the many procedures used for facial rejuvenation 
and reconstruction, and its popularity has been increasing in Asia and worldwide. 
This procedure carries a risk of arterial or venous occlusion, which can lead to  
serious consequences. Venous embolism following autologous fat grafting is rarely 
reported. Here, we present a case of superior ophthalmic vein fat embolism and  
orbital compartment syndrome in a patient who underwent autologous fat grafting.  
Timely diagnosis, appropriate referral, and comprehensive multidisciplinary  
assessment are crucial for achieving favorable clinical outcomes.

Keywords: Autologous fat grafting, Fat embolism, Orbital compartment syndrome,  
Superior ophthalmic vein.
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Autologous fat grafting has been increasingly used in Asia and worldwide for  
facial rejuvenation and reconstruction. Despite the familiarity with this technique, 
many complications have been reported, including facial edema and ecchymosis, 
cellulitis and granuloma, skin irregularities, skin blistering, scarring, and vascular 
complications [1-4]. Isolated venous fat embolism following autologous fat grafting  
is rarely mentioned. This case report presents a rare case of superior ophthalmic  
vein fat embolism and orbital compartment syndrome due to autologous fat  
grafting. 

Introduction

A healthy 38-year-old female presented to our emergency department (ED) with 
a sudden onset of pain, swelling, and a blurred vision in her right eye for the past 
3 hours. Upon taking her medical history, it was revealed that she had undergone 
autologous fat grafting at a clinic. Approximately 45 ml of fat graft were harvested  
and injected into bilateral temporal and right periorbital areas. The symptoms  
began to manifest about 2 hours after the procedure. She denied a history of  
previous surgery or trauma.

Upon arrival, she was fully conscious, and her vital signs were within normal limits. 
A physical examination of her right eye revealed a visual acuity (VA) of 20/70, an 
intraocular pressure (IOP) of 53 mmHg, and a negative relative afferent pupillary 
defect (RAPD). Additionally, she had chemosis, injected conjunctiva, and limited  
upward and downward gaze. The physical examination of her left eye yielded  
normal results, and her neurologic examination was also normal.

Emergency CT venography of the orbit was performed. The CTV revealed a tubular- 
shaped fat-attenuation (-60 Hounsfield unit; HU) filling defect in the dilated right 
superior ophthalmic vein, along with right intraconal fat stranding, right proptosis,  
stretching of the right optic nerve, and engorgement of the right extraocular  
muscles (Figure 1). Based on her clinical presentation and CT findings, a diagnosis 
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Figure 1. Axial (A and B) and coronal-reformatted (C) CTV images show a dilated 
right superior ophthalmic vein with intraluminal fat-attenuation (-60 HU) filling 
defect (red arrows in A and C). Additionally, right eye proptosis, right retrobulbar fat 
stranding, stretching of the right optic nerve, and engorgement of the right extraocular  
muscles are noted, suggesting orbital congestion. 

The initial treatment consisted of 250 mg of oral acetazolamide followed by 250 
mg every 6 hours, 50 ml of 50% oral glycerol followed by 80 ml every 8 hours,  
brimonidine 0.2% ophthalmic solution every 12 hours, and timolol 0.5%  
ophthalmic solution every 12 hours. Unfortunately, there was no improvement 
in her VA and IOP after the medical treatment. Consequently, lateral canthotomy  
and inferior cantholysis were performed. Shortly after the surgery, her right eye 
VA improved to 20/20, and the IOP of the right eye was 16 mmHg.  She also  
reported an improvement in right eye pain. As a result, the planned endovascular  
treatment with transvenous embolectomy was postponed. Additionally, 1000 mg of 
intravenous methylprednisolone was administered, followed by oral prednisolone  
at 50 mg per day for two weeks. She was discharged without any complications  
after 5 days of hospitalization. At the three-month follow-up, she had achieved 
complete clinical recovery, denying any blurred vision or eye pain. Her right eye VA  
remained at 20/20, and the right eye IOP was 15 mmHg. Follow-up CTV at 3 
months (Figure 2) revealed decreased filling defects in the right superior ophthalmic  
vein and resolution of right orbital congestion.

of superior ophthalmic vein fat embolism and orbital compartment syndrome was 
established. Ophthalmologists and interventional neuroradiologists were consult-
ed to participate in the patient’s care.

A B C
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Figure 2. Axial (A and B) and coronal-reformatted (C) CTV images at 3-month  
follow-up show decreased filling defect in the right superior ophthalmic vein (red  
arrows in A and C). Also note resolution of right orbital congestion. 

A B C

Autologous fat grafting, also referred to as autologous fat injection or transfer, 
is a procedure that involves harvesting adipose tissue from areas like the flank,  
inner thigh, or abdomen, and then injecting it into recipient sites at desirable  
locations. This technique is one of many procedures used for facial rejuvenation and  
reconstruction, and its popularity has been increasing in Asia and globally [5].

Despite the favorable outcomes of this technique, many complications of autologous  
fat grafting have been reported. These complications include facial edema and  
ecchymosis, cellulitis, granuloma, skin irregularities, skin blistering, and scarring. 
In some cases, the patient may suffer blindness or stroke due to the retrograde 
movement of fat particles into the ophthalmic artery, central retinal artery, and 
internal carotid artery [1-4]. Isolated venous fat embolism following autologous 
fat grafting is rarely reported [6]. The embolized fat particle may cause mechanical 
obstruction of the vessel (macroscopic fat embolism) or trigger an inflammatory 
cascade, resulting in local blood vessel damage and endothelial injury (microscopic  
fat embolism) [7]. 

To the best of our knowledge, there is no published literature regarding orbital 
compartment syndrome as a complication of autologous facial fat grafting. We  

Discussion
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propose that a macroscopic fat particle caused a blockage in the superior ophthalmic  
vein, which serves as an outflow venous drainage of the orbit. This blockage resulted  
in orbital congestion and a subsequent rise in intraorbital pressure. Given that the 
orbit is a closed conical space surrounded by bony walls, it is highly susceptible  
to any sudden increase in pressure, which can lead to impaired perfusion and  
ischemia of the optic nerve and retina. 

Symptoms of orbital compartment syndrome include impaired VA, marked  
proptosis, and evidence of increased intraorbital pressure. Diagnosis of orbital  
compartment syndrome primarily relies on clinical assessment, and emergent  
intervention is needed before permanent visual loss occurs. CT imaging may aid in 
diagnosis in equivocal cases. Contrast-enhanced CT can demonstrate thrombosis 
or filling defects in the dilated superior ophthalmic vein, as observed in our case. 
Other findings of increased intraorbital pressure, such as proptosis, stretching of 
the optic nerve, posterior globe tenting, and retrobulbar fat stranding should be 
evaluated [8,9]. Besides identifying signs of increased intraorbital pressure, CT 
can help locate potential causes such as hematoma, emphysema, foreign bodies, or 
soft tissue expansion, which can guide further orbital decompression [8].

We described a rare complication of superior ophthalmic fat embolism and orbital  
compartment syndrome resulting from autologous fat grafting in the face. To  
prevent this complication, surgeons should perform the procedure with meticulous  
attention. Radiologists’ awareness of this condition can facilitate timely diagnosis.  
Prompt detection, appropriate referral, and comprehensive multidisciplinary  
assessment are crucial for achieving favorable clinical outcomes.

Conclusion
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Classic Case

Calcific uraemic arteriolopathy: A rare but 
devastating complication of end-stage renal 
failure
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Calcific uraemic arteriolopathy is a rare complication of end-stage renal failure. 
It carries a grave prognosis with 1-year survival of under 50%. It occurs due to  
subcutaneous small vessel calcification, thrombosis, with subsequent tissue necrosis. 

We described a case of calcific uraemic arteriolopathy in a 58-year-old man who 
presented with violaceous indurations over bilateral lower limbs, as well as large 
necrotic ulcer with adjacent eschars at the lower abdomen. Although skin biopsy 
is the gold standard for diagnosis, it is often avoided due to potential poor wound 
healing. On the other hand, in radiographs or computed tomography, fine linear  
or serpiginous subcutaneous calcifications are typical manifestations, which  
represent underlying small vessel calcifications. Radiological examinations,  
therefore, play an important role to establish the diagnosis.

Keywords: Calcific uraemic arteriolopathy, Calciphylaxis, Renal failure.
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Subcutaneous calcifications may often be dismissed, especially if there is  
significant pathology in the visceral organs or the skeletal structures. This  
article demonstrates a classic case of calcific uraemic arteriolopathy, a rare but  
serious complication of end-stage renal failure, which manifests as subcutaneous  
calcifications.

A 58-year-old man was delivered to the emergency department in May 2023 with 
bilateral lower limb pain. He had morbid obesity, diabetes mellitus, and end-stage 
renal failure on peritoneal dialysis. Physical examination showed violaceous and 
plaque-like indurations over bilateral lower limbs, without open wound or signs 
of infection. Radiographs of bilateral lower limbs showed extensive subcutaneous 
fine linear calcific densities (Figure 1). He was discharged after the pain subsided 
with non-opioid analgesics.  

In November 2023, he was admitted to the renal ward for blocked Tenckhoff  
catheter. A large necrotic ulcer with adjacent eschar was discovered at the left lower  
abdomen (Figure 2). The patient reported progressive pain and pruritis from his 
lower abdomen to bilateral lower limbs in the past month. He developed fever 
during his hospital stay, and computed tomography of the abdomen and pelvis 
was performed, showing subcutaneous small arteriole calcifications of the lower 
abdomen (Figure 3). While some calcified plaques were noted along the aorta, 
there were no extensive calcifications of the visceral organs, such as the kidneys, 
adrenals or pancreas (Figure 4). Clinical and radiological features were suggestive  
of calcific uraemic arteriolopathy. Wound swab showed multi-drug resistant  
Acinetobacter baumannii, and intravenous cefoperazone / sulbactam, metronidazole  
and minocycline were prescribed. Wound debridement was performed, and a  
histopathological examination of the excised skin tissue showed necrosis in the 
dermis and subcutis, as well as small vessel wall calcifications and thrombi, which 
were consistent with calcific uraemic arteriolopathy (Figure 5). Unfortunately, the 
patient deteriorated clinically, and succumbed due to multi-organ failure in one 
month.

Background

Case summary

Lam P.L., et al.
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Figure 1. Radiographs of the patient’s bilateral lower limbs show extensive subcutaneous  
fine linear calcific densities (white arrows), suggestive of calcific uraemic arteriolopathy. 
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Figure 2. Image of the patient’s left lower abdomen lateral and caudal to the  
Tenckhoff catheter insertion site shows a large 20cm x 15cm necrotic ulcer with  
adjacent eschar.
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Figure 3. Non-contrast computed tomography of the patient’s abdomen and pelvis  
shows subcutaneous small arteriole calcifications of the lower abdomen (white  
arrows), suggestive of calcific uraemic arteriolopathy.
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Figure 4. Non-contrast computed tomography of the patient’s abdomen and pelvis 
shows some calcified plaques along the aorta, though there are no extensive calcifications  
of the visceral organs, such as the kidneys, adrenals or pancreas. 
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Figure 5. Micrographs of the specimen (haematoxylin and eosin stain, 400x  
magnification) from debrided skin tissue from the patient’s left lower abdominal 
wound show small vessel wall calcifications (black arrows) and thrombi (black  
asterisks), consistent with calcific uraemic arteriolopathy.
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Calcific uraemic arteriolopathy, also known as calciphylaxis, is a rare complication 
of end-stage renal failure, occurring in less than 5% of patient on dialysis [1]. It 
carries a grave prognosis with 1-year survival of under 50% [2]. Its pathogenesis 
has yet been entirely elucidated, although hyperparathyroidism, deranged calcium 
and vitamin D levels, as well as chronic inflammation are postulated to play key 
roles. Risk factors include obesity, diabetes and female sex, the first two of which 
are present in this patient [2-3].

Calcific uraemic arteriolopathy typically presents with intense pain, pruritus and 
subcutaneous induration in the regions of greatest adiposity, more commonly 
in the lower limbs and the abdomen. It initially appears violaceous, which may  
eventually progress to eschars, and non-healing ulcers with cutaneous necrosis 
[1]. While it is usually diagnosed clinically, skin biopsy remains the gold standard.  
Histopathological examination usually shows small vessel calcification, endovascular  
fibrosis, thrombosis, as well as subcutaneous tissue necrosis [1-2]. Yet, skin biopsy  
is often avoided due to potential poor wound healing, especially when there is a 
superimposed infection. Radiological examinations, as illustrated in this case, are 
helpful to establish the diagnosis. In plain radiographs, fine linear subcutaneous  
calcifications are seen, which represent underlying small vessel calcifications. They 
are usually present in the lower limbs and the abdomen, corresponding to the 
symptomatic regions with skin and subcutaneous changes. Of note, this contrasts 
with tumoral calcinosis, another uncommon manifestation associated with chronic  
renal failure, which shows lobular calcified masses at periarticular locations with 
calcium sedimentation. Computed tomography can better delineate the distribution  
of calcification in small vessels, as well as exclude any presence of deep-seated  
infection [4-5].

There is no established treatment for calcific uraemic arteriolopathy in current  
literature. In view of a high infection risk, meticulous wound care and debridement  
of necrotic tissue are essential [2-4]. 

Discussion
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To conclude, calcific uraemic arteriolopathy is a rare but devastating complication  
in patients with end-stage renal failure. It has distinctive radiological features 
which can help establish the diagnosis.

The patient was treated in accordance with the Declaration of Helsinki. He provided  
informed consent for all treatments and procedures. The patient’s next-of-kin  
provided informed consent for publication.

All authors declared no conflicts of interest. This research received no specific grant 
from any funding agency in the public, commercial, or not-for-profit sectors.
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ASEAN Movement in Radiology

Value-based radiology in Asia-Oceania: 
Current status and future directions

The Asian Oceanian Society of Radiology (AOSR) is primarily a federation of 24 
radiological organizations from Asia-Oceania (https://theaosr.org) with varied  
cultures, languages, population sizes, country-land areas, economies, and  
geopolitics. AOSR has no low-income country members [World Bank] [1].  
The AOSR is made up of 10 lower-middle-income [1] (LMIC), 5 upper-middle- 
income [1] (UMIC) and 9 high-income [1] territory/country radiological societies  
and a few  individual members. Radiology has been recognized as a contributor  
to increasing healthcare costs and must work towards reducing low-value care 
[2,3]. The understanding and practice of VBR is diverse amongst the AOSR society  
members [4], ranging from not being aware of the term to those who practice it 
[5].

In 2021, the AOSR leadership participated in the International Society for  
Strategic Studies in Radiology value-based radiology (VBR) strategic planning 
workshops. This provided (or proved to be) the impetus for the AOSR to formulate 
an action plan for advancing VBR in our region.
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2022 VBR Survey
The AOSR value-based radiology (VBR) survey was conducted from May 5th 
to June 30th, 2022, to assess the extent to which VBR was practiced and barriers  
encountered. The feedback on the survey was encouraging. For those who had not 
considered VBR, they were now aware, and interested in learning more about it 
whilst comments from open-ended questions provided useful insights. 

The survey questions in English were approved by the AOSR Councilors and  
converted to an online Google Form. The AOSR office emailed the online survey link 
to member societies’ administrative offices for distribution to their membership.  
For those with limited access to the Google form, they could respond to the  
survey in Microsoft Word document. Those responding on behalf of a radiological  
organization were to answer as objectively as possible to reflect their respective  
practices. As this was also meant to generate VBR awareness, there was no  
limitation on the number of respondents, even if they came from the same center 
of practice. Responses were accepted from any individual in the region. 

The survey questions pertained to clinical practice of multidisciplinary teams 
(MDTs), reducing duplicate and redundant follow-up examinations, appropriate  
use criteria (AUC), a clinical decision support system (CDSS), key performance  
indicators (KPIs) to measure patient outcomes related to modalities and  
procedures, and communications with various stakeholders. 

Questions were designed in a “yes or no” format, on a Likert scale or with free text 
answers covering four domains: barriers to establishing MDTs, systems preventing 
duplicate/redundant examinations, KPIs for patient outcomes and provision of 
lay language reports to patients. Respondents were contacted for clarifications, if 
their answers were ambiguous or for those from the same centers with apparently 
incongruous answers.

2022-2024: VBR Survey-Webinar-Workshop

Ho E.L.M., et al.
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Respondents were informed that the 
report of the survey findings would be 
on the condition of anonymity apart 
from their region/country of origin. 
The survey results were tabulated on 
Microsoft Excel. No statistical analysis 
was required, as this was primarily a 
cross-sectional study of prevalence of 
practice patterns.

There were 48 respondents (45 senior 
and 2 junior radiologists, 1 resident) 
from 19 different countries/regions/
territories (Table 1). Fifteen were from 
high-income (HIC), 11 from upper 
middle-income (UMIC) and 22 from 
lower-middle-income countries/terri-
tories/regions (LMIC). Eighteen of our 
24 radiological societies participated  

in the survey. The countries/regions/territories represented about 2.58 billion  
people in 2022 (https://www.worldometers.info/world-population/). Six responded  
on behalf of their societies. Respondents were from a variety of institutions –  
government, academic, private centers and were located in cities or larger towns.

Survey findings indicated variable VBR awareness, understanding and practice 
amongst AOSR members (Table 2). Many respondents worked in practices that 
had MDTs, collaborating with various medical specialties with the majority serving 
to understand each other’s needs. Only about half of the respondents (about half 
each as well within HICs and LMICs) had systems in place to prevent duplicate 
and redundant follow-up examinations. Access to imaging was available within 
the center but dropped dramatically once it was outside the center.

Ho E.L.M., et al.
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Table 2: AOSR Value-based Radiology Survey Results Summary
Multidisciplinary Teams (MDTs) Yes No Total

Your practice has MDTs involving radiologists, referring practitioners and other relevant personnel to:

Understand each other’s needs 45 (94%) 3 (6%) 48 (100%)
Improve response to gaps in healthcare management 35 (73%) 13 (27%) 48 (100%)
Optimize utilization of existing resources 35 (73%) 13 (27%) 48 (100%)
Develop resources of the future 30 (63%) 18 (38%) 48 *(101%)

There are systems in place to prevent duplicate or redundant follow-up examinations in your department/center or region 
or country. If yes, please answer the following:

23 (48%) 25 (52%) 48 (100%)

There is access to patient imaging and reports within a center 23 (100%) 0 (0%) 23 (100%)
There is access to patient imaging and reports within a state/region of the country 11 (48%) 12 (52%) 23 (100%)
There is access to patient imaging and reports within the country 10 (43%) 13 (57%) 23 (100%)
Patients have a record book to log their examinations 10 (43%) 13 (57%) 23 (100%)
There are other systems in place for reducing duplicate or redundant examinations. 
If the answer was yes, briefly state what these systems were [1]:

7 (30%) 16 (70%) 23 (100%)

Does your center use any form of AUC to guide selection of the most appropriate imaging examination to answer the 
clinical question? If yes, give details [2]:

22 (46%) 26 (54%) 48 (100%)

Do you involve non-radiologist clinicians/specialists in developing AUC including ‘no need to image’? 31 (65%) 17 (35%) 48 (100%)

Does your center use any form of CDSS? If yes, please elaborate briefly [3]: 3 (6%) 45 (94%) 48 (100%)

Do you work with or are you aware of healthcare stakeholders working with imaging industry partners to develop 
software/apps that gather information on KPIs? If yes, please give brief details [4]:

8 (17%) 40 (83%) 48 (100%)

Will you be interested to work with your non-radiology colleagues to develop KPIs? 45 (94%) 3 (6%) 48 (100%)

**Agree Neutral **Disagree Total
Key stakeholders should work with imaging industry partners to develop relevant KPI software 34 (71%) 11 (23%) 3 (6%) 48 (100%)
At equipment purchase, there should be appropriate training related to deployment and interpretation of information 
provided by the KPI software

39 (81%) 5 (10%) 4 (8%) 48 *(99%)

Communications and Lay Language Reports
There should be training to enable radiologists to improve the ability to communicate with patients 40 (83%) 3 (6%) 5 (10%) 48 *(99%)
There should be training to enable radiologists to improve the ability to communicate to mass media 34 (71%) 11 (23%) 3 (6%) 48 (100%)
There should be a specially designated person/s for communication with mass media 41 (85%) 3 (6%) 4 (8%) 48 *(99%)
Research on direct patient communication is important even in radiology 40 (84%) 5 (10%) 3 (6%) 48 (100%)
A tool/apps developed to provide patients with disease/imaging specific information is important 38 (79%)  8 (17%) 2 (4%) 48 (100%)
A tool/apps developed to provide patient-friendly decision support will improve radiology-patient interactions and 
understanding of what imaging/procedure is most appropriate

38 (79%) 8 (17%) 2 (4%) 48 (100%)

Patients should have access to their imaging/procedure reports in lay language 20 (42%) 15(31%) 13 (27%) 48 (100%)

Yes
Do not know 

or not sure No Total

There is a specially designated person/s within your radiology organization/center for communication with mass media 17 (35%) 11(23%) 20 (42%) 48 (100%)
There is research on direct patient communication in your center/area/region/country? 9 (19%) 14 (29%) 25 (52%) 48 (100%)

2. 14 were clinical and other referral guidelines (developed in-house, own health ministry, own professional body), local and foreign  (American College of Radiology, European Society of 
Radiology, National Comprehensive Cancer Network, National Institute for Care and Excellence, neighbouring country); 3 were specific clinical presentations and/or departments for 
example in ER, for stroke & backpain; 4 were related to vetting each request for appropriateness: short interview with patients/check logbook, vetting requests to make decision on 
appropriate imaging, direct discussion with radiologist; 1 did not give further details.

3. Artificial intelligence CDSS tool for stroke and specific disease conditions which informs both radiologists and referring physicians to aid in diagnosis and treatment

4. Collection of KPIs (such as turnaround time, stroke outcome) by government hospital network, use of the ACR as reference, use of commercial software (RadimetricsTM), and 
development within a university AI department.

Preventing Duplicate and Redundant Follow-up Examinations

Appropriate Use Criteria (AUC)

Clinical Decision Support System (CDSS)

Key Performance Indicator/s (KPIs) that measure patient outcomes in relation to modalities and procedures

*Rounding reason; **sum of the strongly agree/agree and strongly disagree/agree responses

1. A central clinical management system with a pop-up prompt once it detected duplicate inputs within a specified time frame requiring a reason for the order entry; national health 
insurance system that required pre-approval; hospital management cost and quality control team decision; scheduling and archive comparison.

Ho E.L.M., et al.
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Overall, nearly half of the respondents used any form of AUC: 40% HIC,  
45% UMIC, 50% LMIC. A few respondents considered personally vetting for  
appropriateness, a form of AUC. Most of the others used locally developed clinical 
practice guidelines, established foreign guidelines or a combination of the two. An 
overwhelming majority of our respondents did not have any CDSS integrated into 
the radiology order entry system.

Only a fifth of respondents were aware of or working with industry partners to  
develop software applications that gather KPIs for measuring patient outcomes 
related to modalities and procedures.  However, an overwhelming majority  
indicated interests in working with non-radiology colleagues to develop such 
software. Most of the respondents agreed that key stakeholders should work with 
imaging industry partners to develop relevant KPIs and that there should be  
appropriate training at the time of equipment purchase for deployment and  
interpretation of the KPIs. 

Factors like manpower shortage, lack of money and time, restrictive policies  
including data privacy laws and lack of unified national policies, self-centered 
physician behaviors as well as poor communications between stakeholders and 
poor patient compliance, were consistently mentioned as barriers across the  
domains surveyed (establishment of MDTs, usage of KPIs for patient outcomes 
and reduction of duplicate examinations). 

For MDTs, other barriers were the lack of incentives from hospital administration  
for non-interpretive activities and the lack of interest and teamwork training 
amongst physicians. Many were skeptical about the use of KPIs, as it was perceived 
as an imperfect tool that could create conflicts among healthcare professionals. 

The absence of and deficiencies in information technology (IT) were cited as  
major barriers to prevent duplicate examinations. Incompatible systems and  
privacy laws prevented cross-accessibility. Physicians’ failure to review available 
records required additional pop-up alerts in the order entry system.  Patients who 
registered with different names confounded the problem. In manual systems,  

Ho E.L.M., et al.
ASEAN J Radiol 2024; 25(2) : 173-183



THE ASEAN JOURNAL OF RADIOLOGY

Volume XXV Number II MAY-AUGUST 2024178

ISSN 2672-9393

physicians’ failure to take a complete history and patients’ inability to keep 
track of even their own logbook were other factors. Another detractor was the  
radiologists’ lack of authority in denying seemingly duplicate or redundant  
examinations in some regions.

For some of our respondents, an insurance system that required pre-approval 
helped reduce duplicate and redundant examinations. However, such an insurance 
system could result in denial of legitimate urgent requests if the same imaging  
modality was requested within a defined time period, even if it was meant for  
different anatomical regions or clinical indications. Such system imperfection 
had resulted in user dissatisfaction and led physicians to seek ways to bypass the  
system.  

The respondents agreed with the importance of research in direct patient  
communication and had a high level of interest in improving their skills in  
communicating with patients. While many also acknowledged the importance 
of engaging mass media, most preferred a specially designated person for this  
function. Many also agreed it was important to develop digital applications with 
disease/imaging specific information to improve radiology-patient interactions 
and allow patients to understand the most appropriate imaging/procedure for 
their conditions.

Respondents were ambivalent about the provision of lay language reports to  
patients with less than half agreeing to the idea regardless of their country’s  
economic status or their level of agreement when asked to give their comments. A 
few respondents indicated that directly talking to the patients about their findings 
could obviate a lay language report especially where the reporting language and 
the spoken languages were different.

Reasons in support of lay language reports were broadly categorized into ‘patients’ 
right to a report in a language they could understand’ and ‘improved patient  
outcomes’. Better patient outcomes might result from a better understanding of 
their condition, timely access that allayed patient anxiety and improved patient 

Ho E.L.M., et al.
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satisfaction with overall better compliance especially for those needing to travel 
great distances to urban centers to seek medical treatment. 

Reasons against the use of lay language reports were possible poorer patient  
outcomes, increased medicolegal risks and heavier radiologist workload from  
providing 2 reports per patient. Reduced report accuracy as a result of  
oversimplification and imprecise translation into the vernacular language raised 
the fear of medicolegal risks. A lay language report with complex findings or a 
diagnosis of malignancy may cause undue anxiety that might otherwise have been 
tempered during consultation with their primary physician. Patient outcomes 
might also be worse if they misunderstood their lay language report and decided 
to self-treat, sought alternative medicine, and defaulted follow-up, which might 
lead to radiologist with referring non-radiologist physician conflict.  

The data from the survey is small with a skewed sample size. The AOSR also could 
not dictate how each society member promoted the survey to its own membership.  
As the survey was in English, only those proficient in English responded whilst 
some responses were from society leadership only. Most of the respondents were 
also from urban hospitals.  

There was an initial attempt to see if there were differences in responses from 
LMICs and HICs but these were not significant because of the small and skewed 
sample size. Anecdotally, unexpected findings were in the level of agreement to 
provide lay language reports and a similar lack of a system to reduce duplicates or 
that proportionately more of LMICs seemed to have some form of AUC compared  
to HICs. These seeming discrepancies may be related to how having IT systems 
does not automatically help reduce duplicates, and also on how each respondent 
defined AUC. HICs might consider AUC as specific software, whilst manual  
systems amongst LMICs were considered a form of AUC. Commonalities  
highlighted were the relationship of the radiologist with the non-radiologist  
physician as well as communication difficulties with perceived or real inabilities 
for the radiologist to be heard and respected. Such insights from the information 
provided the AOSR guideposts to chart the next steps.

Ho E.L.M., et al.
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Feedback was encouraging with 78% and 22% stating the webinar was very useful 
and useful, respectively. There were 246 registrations and 101 who attended live, 
mostly from 11 countries/region in Asia-Oceania as well as a handful of attendees 
from Lithuania, Saudi Arabia and Portugal. 

2023 The Connected Radiologist Webinar

To this end, a webinar was organized 
in January 2023 on how to be confi-
dent beyond the radiology reporting 
room, promoting communication and 
collaboration of radiologists with other  
medical disciplines, patients and having 
meaningful community engagement. 
Dr Chantsalsuren Galbaatar, spoke 
on ‘Engaging Colleagues in Medicine’,  
giving her experience on how she jug-
gled time as a radiologist and led the 
activities as CEO of the Mongolian 
Medical Women’s Association. Dr 
Geraldine McGinty, a past American 
College of Radiology president spoke 
on ‘The Visible Radiologist’ whilst Dr 
Angelica Robinson from University of 
Texas shared her experience and “how 
to” on community engagement in her 
talk on ‘Captivating Communicator’.  
A guest panelist Dr Charles Goh from 
Singapore joined the discussion. The 
webinar ended with a very robust panel 
discussion.

Ho E.L.M., et al.
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2024 VBR Track and Workshop: Radiology Leadership Intensive: ‘How to Lead 
the Way in Becoming a Visible Radiologist?’
At the recently concluded Asian Oceanian Congress of Radiology 2024 
(AOCR2024) in March, Taipei, a VBR track with didactic lectures followed by a 
breakout session with small groups and ensuing wrap up session was conducted. 
The AOSR recorded its appreciation to Dr Geraldine McGinty and Dr Frank J. 
Lexa for leading the way in this track and workshop. ‘Why every radiologist must 
be a leader’, ‘Negotiations – it’s more than just money’ and ‘Speaking up and lead-
ing change without being seen as a troublemaker’ were the focus. For the breakout 
sessions, participants were given scenarios to play out and discuss.

What Next? Future Directions
One of our favorite quotes is attributed to Lao Tzu, ‘The Journey of a Thousand Miles 
Begins with A Single Step’. Without labelling our activities as such, we had already 
taken our first steps into VBR. In 2021, the AOSR Emerging Trends Committee  
embarked on developing and adopting disease specific structured reporting 
templates in more than 1 language (soon to be available on https://theaosr.org/) 
amongst the membership to ensure the patient’s results would be communicated 
consistently and provided all the essential information to the management care 
team. AUCs should be promoted and multidisciplinary development of AUCs  
encouraged. 

The various small groups regrouped for a wrap up session and discussion followed by 
a group photo for memories of a very productive workshop.

Ho E.L.M., et al.
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In the same year, AOSR officially launched AsiaSafe [6] with its website https://
asiasafe.org/. AsiaSafe originally started with a vision for building a radiation safety  
culture but early on had its mandate extended to other aspects of safety including 
MR safety and even contrast safety.  Both of these ventures ensure better outcomes 
for the patient – adding value to radiology and healthcare in our region.

After the 2022 AOSR VBR survey, the results of the survey were shared with 
the society membership through the AOSR President’s Roundtable. Despite the  
cultural differences, widely varying resources and language differences, it was 
agreed that all could improve communication skills with patients and other  
stakeholders in healthcare, and even amongst the other members within an MDT. 
A train-the-trainers for leadership and communications might be an area to work 
on, so that these can be replicated in the various languages of each territory/ 
region and have a wider reach.  Consistent and persistent efforts which are resource  
stratified and practical in our region will be needed.  In the meantime, a VBR track 
is in the pipeline for the AOCR2025 (Chennai, India) in January 2025. 

Our revamped AOSR website https://theaosr.org/ in 2024, would also be useful 
for promoting and sharing resources and ideas. We hope that through our various  
efforts, AOSR can assist the radiology communities within the Asian-Oceanian  
region to develop future thought leaders, who will contextualize global best  
practices to be implemented in their respective health systems, and thereby  
increase the value of radiology and radiologists. 

The authors thank the present and past executive councilors of the AOSR for their 
support, commitment, and efforts; all who participated in the survey; our friends 
of the AOSR- Dr Geraldine B. McGinty and Dr Frank J. Lexa who were our VBR 
track and workshop speakers/facilitators; the speakers/panelists who participated 
in the 2023 communications webinar as well as the organizing committees of the 
AOCR2024 and AOCR2025 for incorporating the VBR tracks.
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Letter to the Editor and Reply

Subclinical tuberculosis

We read with great interest the article "Tuberculosis: Important lessons from 
AOCR 2023, Bangkok, Thailand" by Pakkal M, et al., published in The ASEAN 
Journal of Radiology (2023; 24(2): 180-198). We congratulate and thank the  
authors for their insightful summary of the current state and imaging  
advancements in tuberculosis (TB) across various societies. Here, we would 
like to make some contributions and expand on the discussion by sharing our  
viewpoints on the emerging TB continuum concept and the crucial role of  
imaging in TB control.

First and foremost, the article's discussion on the new concept of the TB  
spectrum, including subclinical TB, is highly commendable. Subclinical TB is 
a significant concern as it may be a major contributor to TB transmission due 
to its asymptomatic nature and potential for spreading the pathogen [1]. Most  
individuals with subclinical TB are detected through screening approaches,  
particularly chest X-rays (CXR). For example, recent work at a university hospital 
in Bangkok, Thailand, showed that the majority (69.2%) of healthcare workers 
with pulmonary TB from 2018-2022 were subclinical and mainly detected through 
routine health checks [2]. Additionally, data from the same hospital found that 
22.2% to 29.8% of such cases had positive culture results, implying that roughly a 
quarter of individuals with subclinical TB may be contagious [2,3]. Importantly, 
diagnosing subclinical TB enables early treatment initiation, preventing further 
TB transmission within the community.

Second, we would like to address the use of the term "incipient TB" in Figure 6, 
which is intended to depict the radiologic progression of TB. Incipient TB refers to 
a transitional stage of TB infection that precedes subclinical and active TB disease. 
However, there is currently no clear diagnostic method for identifying incipient 
TB, and its definition remains ambiguous. According to Drain PK et al., incipient  
TB does not show radiographic abnormalities or microbiologic evidence [4]. 
In this case, a small nodule observed on CT (Figure 6C) may be retrospectively  
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considered incipient TB, which later progressed to subclinical TB, as depicted in 
Figure 6D. Noteworthily, Yoon et al. provided an interesting visualization of this 
new concept of the TB spectrum [5].

Third, subclinical TB, an early stage of the disease, often presents less severe  
radiologic abnormalities [6]. We agree with the article's endorsement of computer- 
aided diagnosis (CAD) as a valuable tool for TB screening and triage. However, 
it is important to note that deep learning models developed using data from one 
population may perform differently in another [7]. Furthermore, the proportion 
of subclinical TB cases in the training dataset may still be uncertain. As a result, 
including subclinical TB cases, particularly from local populations, in the training  
dataset is necessary for effectively developing deep-learning models for TB  
screening.

Fourth, we found the article's reference to various imaging modalities for TB  
diagnosis particularly compelling. From our experience, LDCT facilitates earlier  
TB diagnosis, especially in subclinical cases. Low-dose CT (LDCT) improves  
diagnostic accuracy while offering lower radiation exposure compared to  
conventional-dose CT. At our center, individuals typically undergo CXR as part 
of routine health checks, and those with abnormal findings are referred to chest 
physicians within the health check service. Patients with equivocal radiographic  
findings often receive an LDCT scan on the same day to aid in diagnosis as  
appropriate. Given the availability of CT, we support utilizing LDCT in such cases 
to reduce diagnostic delays.
 
In conclusion, emphasizing the modern concept of the TB spectrum in symposia 
underscores the commitment to the end-TB movement. Indeed, radiology plays a 
key role in diagnosing TB disease. We advocate that prioritizing subclinical TB is 
immensely important for TB control, and detecting and treating TB at this stage 
could be highly beneficial. In addition, we thereby believe it is crucial to revisit the 
policy on using CXR for widespread TB screening in countries with high burdens 
of TB. Research and collaborative efforts among clinical, radiology, and public 
health sectors are vital for tackling the TB epidemic and ultimately achieving its 
eradication.
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I read with great interest the Letter to the Editor by Chansaengpetch and  
Dumavibhat regarding my publication “Tuberculosis: Important lessons from 
AOCR 2023, Bangkok, Thailand.”

One of the main goals of my presentation was to discuss the situation and the role 
of radiology in tuberculosis.

First, I agree that most individuals with asymptomatic TB are detected through 
screening tools, especially chest X-ray (CXR). I commend the authors' finding 
that among healthcare workers who developed pulmonary tuberculosis from 2018 
to 2022, the majority (69.2%) had subclinical tuberculosis. We also showed that 
97 of the 8,044 cohort participants experienced spontaneous healing from latent  
tuberculosis, as confirmed by chest X-ray (CXR) [1].

The author replies:
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Second, as noted in the commentary by Chansaengpetch and Dumavibhat, 
it is known that patients diagnosed with incipient TB may benefit from early  
intervention to prevent progression to active tuberculosis [2]. Indeed, incipient 
TB is an ambiguous concept as it encompasses a spectrum of different stages that 
may or may not progress to active TB. Incipient TB does not show radiographic  
abnormalities or microbiologic evidence. CT stands out as a more sensitive  
imaging modality compared to CXR when it comes to identifying parenchymal 
lesions associated with incipient TB. Yoon et al. noted that advanced imaging tools 
such as CT and 18-fluorodeoxyglucose PET may help further stratify individuals  
intensely exposed to M. tuberculosis on a continuous spectrum from latent  
tuberculosis to incipient, subclinical, and active tuberculosis [3].

Third, I fully agree with the opinion that including subclinical TB cases, especially  
those from local populations, in training datasets is essential for effectively  
developing deep learning models for TB screening.

Fourth, CT is significantly superior to CXR in consistently identifying TB,  
especially subclinical TB. Low-dose CT could be used as an alternative to  
standard-dose CT for the detection of latent TB. Digital tomosynthesis (DTS) can 
offer a reasonable option for detecting lung lesions in individuals who have had 
contact with TB patients [4]. The imaging modalities for screening ITB or latent 
TB may vary depending on the circumstances of each country. For example, since 
the cost of DTS is lower than that of CT, DTS may be preferred over CT in some 
cases.
 
Overall, we appreciate and concur with Chansaengpetch and Dumavibhat's  
opinion. Additionally, further prospective studies are needed to better define  
incipient tuberculosis.
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