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Abstract
BACKGROUND 
Diagnosis of prosthetic vascular graft infection with [(18)F]fluorodeoxyglucose 
positron emission tomography/computed tomography (18F-FDG PET/CT) 
allows for early detection of functional changes associated with infection, based 
on increased glucose utilization by activated macrophages and granulocytes. 
Aseptic vascular grafts, like all foreign bodies, can stimulate an inflammatory 
response, which can present as increased activity on 18F-FDG PET/CT. Conse-
quently, distinguishing aseptic inflammation from graft infection, though 
important, can be difficult. In the case of endovascular aneurysm repair (EVAR), a 
minimally invasive procedure involving the transfemoral insertion of an 
endoprosthetic stent graft, the normal postoperative appearance of these grafts on 
18F-FDG PET/CT can vary over time, potentially confounding study interpreta-
tion.

AIM 
To investigate the visual, semiquantitative, and temporal characteristics of aseptic 
vascular grafts in patients status post EVAR.

METHODS 
In this observational retrospective cohort study, patients with history of EVAR 
who underwent 18F-FDG PET/CT for indications other than infection were 

https://www.f6publishing.com
https://dx.doi.org/10.4329/wjr.v15.i8.241
mailto:pbennett1@northwell.edu


Bennett P et al. Aseptic vascular grafts on 18F-FDG PET/CT

https:/WJR 242 August 28, 2023 Volume 15 Issue 8

identified retrospectively. All patients were asymptomatic for graft infection - no abdominal pain, fever of 
unknown origin, sepsis, or leukocytosis - at the time of imaging and for ≥ 2 mo after each PET/CT. Imaging studies 
such as CT for each patient were also reviewed, and any patients with suspected or confirmed vascular graft 
infection were excluded. One hundred two scans performed on 43 patients (34 males; 9 females; age = 77 ± 8 years 
at the time of the final PET/CT) were retrospectively reviewed. All 43 patients had an abdominal aortic (AA) 
vascular graft, 40 patients had a right iliac (RI) limb graft, and 41 patients had a left iliac (LI) limb graft. Twenty-
two patients had 1 PET/CT and 21 patients had from 2 to 9 PET/CTs. Grafts were imaged between 2 mo to 168 mo 
(about 14 years) post placement. Eight grafts were imaged within 6 mo of placement, including three that were 
imaged within three months of placement. The mean interval between graft placement and PET/CT for all 102 
scans was 51 ± 39 mo. PET/CT data was reconstructed with region-of-interest analysis of proximal, mid and distal 
portions of the grafts and background ascending aorta. Maximum standardized uptake value (SUVmax) was 
recorded for each region. SUVmax-to-background uptake ratios (URs) were calculated. Visual assessment was 
performed using a 2-pattern grading scale: Diffuse (homogeneous uptake less than liver uptake) and focal (one or 
more areas of focal uptake in any part of the graft). Statistical analysis was performed.

RESULTS 
In total, there were 306 AA grafts, 285 LI grafts, 282 RI grafts, and 306 ascending aorta background SUVmax 
measurements. For all 102 scans, mean SUVmax values for AA grafts were 2.8-3.0 along proximal, mid, and distal 
segments. Mean SUVmax values for LI grafts and RI grafts were 2.7-2.8. Mean SUVmax values for background were 2.5 
± 0.5. Mean URs were 1.1-1.2. Visual analysis of the scans reflected results of quantitative analysis. On visual 
inspection, 98% revealed diffuse, homogeneous 18F-FDG uptake less than liver. Graft URs and visual pattern 
categories were significantly associated for AA graft URs (F-ratio = 21.5, P < 0.001), LI graft URs (F-ratio = 20.4, P < 
0.001), and RI graft URs (F-ratio = 30.4, P < 0.001). Thus, visual patterns of 18F-FDG uptake corresponded statist-
ically significantly to semiquantitative URs. The age of grafts showing focal patterns was greater than grafts 
showing diffuse patterns, 87 ± 89 vs 50 ± 37 mo, respectively (P = 0.02). URs were significantly associated with graft 
age for AA grafts (r = 0.19, P = 0.001). URs were also significantly associated with graft age for LI grafts (r = 0.25, P 
< 0.0001), and RI grafts (r = 0.31, P < 0.001). Quartiles of similar numbers of graft (n = 25-27) grouped by graft age 
indicated that URs were significantly higher for 4th quartile vs 2nd quartile URs (F-ratio = 19.5, P < 0.001). When 
evaluating URs, graft SUVmax values within 10%-20% of the ascending aorta SUVmax is evident in aseptic grafts, 
except for grafts in the oldest quartiles. In this study, grafts in the oldest quartiles (> 7 years post EVAR) showed 
SUVmax up to 30% higher than the ascending aorta SUVmax.

CONCLUSION 
Characteristics of an aseptic vascular stent graft in the aorta and iliac vessels on 18F-FDG PET/CT include graft 
SUVmax values within 10%-20% of the ascending aorta background SUVmax. The SUVmax of older aseptic grafts can be 
as much as 30% above background. The visual uptake pattern of diffuse, homogeneous uptake less than liver was 
seen in 98% of aseptic vascular grafts, making this pattern particularly reassuring for clinicians.

Key Words: Aseptic vascular grafts; Endovascular aortic repair; [(18)F]fluorodeoxyglucose positron emission 
tomography/computed tomography

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In patients post endovascular aortic repair who undergo [(18)F]fluorodeoxyglucose positron emission 
tomography/computed tomography, aseptic vascular grafts show maximum standardized uptake value (SUVmax) within 10%-
20% of background ascending aorta SUVmax values. Older aseptic vascular grafts can show up to 30% higher uptake vs 
background compared with younger aseptic vascular grafts. The visual uptake pattern of diffuse, homogeneous uptake less 
than liver was seen in 98% of aseptic vascular grafts, making this pattern particularly reassuring for clinicians.

Citation: Bennett P, Tomas MB, Koch CF, Nichols KJ, Palestro CJ. Appearance of aseptic vascular grafts after endovascular aortic 
repair on [(18)F]fluorodeoxyglucose positron emission tomography/computed tomography. World J Radiol 2023; 15(8): 241-249
URL: https://www.wjgnet.com/1949-8470/full/v15/i8/241.htm
DOI: https://dx.doi.org/10.4329/wjr.v15.i8.241

INTRODUCTION
Diagnosis of prosthetic vascular graft infection with [(18)F]fluorodeoxyglucose positron emission tomography/computed 
tomography (18F-FDG PET/CT) allows for detection of early functional changes associated with infection, based on 
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increased glucose utilization by activated macrophages and granulocytes. 18F-FDG PET/CT can be an important 
diagnostic adjunct to CT, which depends on anatomic changes, such as perigraft air, fluid, soft tissue, fistula, and abscess 
for diagnosis of infection. However, sterile vascular grafts, like all foreign bodies, can stimulate an aseptic inflammatory 
response that presents as increased activity on 18F-FDG PET/CT. Consequently, distinguishing aseptic inflammation 
from vascular graft infection can be difficult, and standardized interpretation criteria for differentiating between these 
two conditions have not been universally adopted[1].

Currently, medical literature supports diagnostic sensitivity and specificity of 18F-FDG PET/CT in diagnosing vascular 
graft infection of 89%-98% and 59%-81%, respectively[2,3]. Note that the lower specificity raises the possibility of false-
positive interpretations of 18F-FDG uptake on PET/CT. This has important clinical consequences, including unnecessary 
long-term antibiotic therapy, invasive procedures, and potential for graft explantation which carries an 18%-30% 
mortality rate due to complications[1,4,5]. As the negative predictive value of 18F-FDG PET/CT for excluding vascular 
graft infection is high (about 93%), the expected physiological patterns of 18F-FDG uptake in uninfected vascular grafts 
should be identified to avoid false-positive interpretation[4,6].

However, evidence on the appearance of aseptic vascular grafts over time on 18F-FDG PET/CT is sparse, maximum 
standardized uptake value (SUVmax) cutoff values for aseptic grafts have not been clearly defined, and visual pattern 
analysis is often suggested to distinguish aseptic from infected vascular grafts[2,7-10]. In the case of endovascular 
aneurysm repair (EVAR), a minimally invasive procedure involving the transfemoral insertion of an endoprosthetic stent 
graft, the normal postoperative appearance of these grafts on 18F-FDG PET/CT can vary over time, potentially con-
founding study interpretation[11,12]. Thus, this study was performed to evaluate visual, semiquantitative, and temporal 
characteristics of aseptic endovascular aneurysm grafts on 18F-FDG PET/CT.

MATERIALS AND METHODS
Patients
In this observational retrospective cohort study, patients with history of EVAR who underwent 18F-FDG PET/CT for 
indications other than infection were identified retrospectively. All patients were asymptomatic for graft infection - no 
abdominal pain, fever of unknown origin, sepsis, or leukocytosis - at the time of imaging and for ≥ 2 mo after each PET/
CT. Imaging studies such as CT for each patient were also reviewed, and any patients with suspected or confirmed 
vascular graft infection were excluded. One hundred two scans performed on 43 patients (34 males; 9 females; age = 77 ± 
8 years at the time of the final PET/CT) were retrospectively reviewed. All 43 patients had an abdominal aortic (AA) 
vascular graft, 40 patients had a right iliac (RI) limb graft, and 41 patients had a left iliac (LI) limb graft. Twenty-two 
patients had 1 PET/CT and 21 patients had from 2 to 9 PET/CTs. Grafts were imaged between 2 mo to 168 mo (about 14 
years) post placement. Eight grafts were imaged within 6 mo of placement, including three that were imaged within three 
months of placement. The mean interval between graft placement and PET/CT for all 102 scans was 51 ± 39 mo. Types of 
graft material were obtained from the patients’ medical records, when available (n = 19). The Institutional Review Board 
approved this retrospective study and the requirement to obtain informed consent was waived. All data were handled in 
compliance with the Health Insurance Portability and Accountability Act of 1996.

Data acquisition
Data were acquired on 4 PET/CT systems: 2 Siemens Biograph mCT 64 (Munich, Germany) and 2 GE D710 (GE 
Healthcare, Chicago, IL, United States) systems. Data were reconstructed using manufacturer recommended 18F-FDG 
PET/CT reconstruction parameters on associated workstations at which data were acquired.

Image analysis
All reconstructed data were reviewed on a single GE AW workstation (GE Healthcare, Chicago, IL, United States). One 
nuclear medicine physician (MBT) analyzed all PET/CT images and obtained semiquantitative SUVmax using manually 
drawn region of interest (ROI) analysis. For each graft, a square ROI was drawn encompassing the width of the graft, 
cross-referenced on CT and confirmed on fused PET/CT images (Figure 1). ROIs were drawn around the proximal, mid, 
and distal portions of the AA graft, and SUVmax was recorded for each region. A similar ROI was used to measure SUVmax 
in the ascending aorta as the background (BKG) reference. SUVmax was also measured at proximal, mid, and distal 
portions of the RI and LI grafts when present. ROIs for each of the 3 locations along the grafts were placed equidistant.

Analyses were performed for SUVmax values to avoid underrepresentation of 18F-FDG uptake that could result from 
sampling tissue outside of graft tissues. To avoid the possibility of different PET/CT systems or software generating 
SUVmax values that were different from one another, the uptake ratio (UR) of SUVmax was calculated for each graft location 
using the formula: UR = SUVmax graft/SUVmax BKG. The URs were analyzed to minimize effects of using different PET/
CT systems and image reconstruction algorithms.

Visual assessment
The same nuclear medicine physician who placed ROIs for semiquantitative analysis also classified uptake according to 
two visual patterns for aseptic grafts: Diffuse and focal. Diffuse was defined as mild, homogeneous uptake less than liver. 
Focal was defined as one or more areas of focal uptake in any part of the graft. Reference for visual analysis was 18F-FDG 
uptake in the liver.
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Figure 1 Coronal [(18)F]fluorodeoxyglucose positron emission tomography/computed tomography showing example of region of interest 
analysis on an abdominal aortic graft (arrow). A: Non-contrast computed tomography (CT); B: Positron emission tomography (PET); C: Fused PET/CT 
images.

Statistical analysis
Analyses were performed using commercially available software (“MedCalc” Statistical Software version 20.110; 
MedCalc Software Ltd, Ostend, Belgium; https://www.medcalc.org; 2022). Values were reported as mean ± SD. The 
Kolmogorov-Smirnov method assessed whether continuous variables were normally distributed and provided means 
and distribution percentiles. ANOVA with Bonferroni correction compared SUVmax and URs grouped by age of grafts, 
ROI locations, and graft material. Significance of differences between mean values were assessed by the unpaired 
student’s t-test for normally distributed variables and by the Mann-Whitney test for non-normally distributed variables. 
Significance of changes over time was determined by linear regression of URs vs graft age. Linear regression of URs vs the 
time difference from the first through the last scan was performed for each patient with more than 1 PET/CT. Also, a 
separate subgroup analysis of patients with 3 or more scans was performed similarly with URs compared with the time 
difference from the first through the last scan of each patient. The Tukey test was applied to URs to detect outliers. For all 
tests, P < 0.05 was defined as statistically significant, or as adjusted by Bonferroni corrections for comparisons among 
multiple categories.

RESULTS
In total, there were 306 AA grafts, 285 LI grafts, 282 RI grafts, and 306 BKG SUVmax measurements. For all 102 scans, mean 
SUVmax values for AA grafts were 2.8-3.0 along proximal, mid, and distal segments (Table 1). Mean SUVmax values for LI 
grafts and RI grafts were 2.7-2.8. Mean SUVmax values for BKG were 2.5 ± 0.5 (Table 2). Mean URs were 1.1-1.2 (Tables 1 
and 2).

Of the 43 patients, graft material was identifiable for 10 patients who had polyethylene terephthalate (PT) grafts and 9 
patients who had polytetrafluoroethylene (PTFE) grafts. There were 87 SUVmax measurements of PT grafts and 78 SUVmax 
measurements of PTFE grafts. ANOVA indicated a modest difference (F-ratio = 5.1, P = 0.03) of AA graft URs between PT 
and PTFE graft materials (1.2 ± 0.3 vs 1.1 ± 0.2, P = 0.03).

URs were significantly associated with graft age for AA grafts (r = 0.19, P = 0.001) (Figure 2). URs were also 
significantly associated with graft age for LI grafts (r = 0.25, P < 0.0001), and RI grafts (r = 0.31, P < 0.001). Quartiles of 
similar numbers of graft (n = 25-27) grouped by graft age indicated that URs were significantly higher for 4th quartile vs 2
nd quartile URs (F-ratio = 19.5, P < 0.001) (Table 3). URs were similar for patients for whom graft placement was < 3 mo vs 
those with older grafts and were likewise similar for patients for whom graft placement was < 6 mo vs those with older 
grafts (F-ratio < 2.0, P > 0.05). While correlation of URs versus graft age was significant for all AA grafts (Figure 2), when 
analyzed separately by location, strongest correlation vs AA graft age was for proximal ROIs, less strong for mid ROIs, 
and not significant for distal ROIs (Figure 3). The highest UR value (2.89) corresponded to the patch region of the graft in 
one patient.

Patients with multiple PET/CT studies
A total of 80 18F-FDG PET/CTs were performed on the 21 patients with repeat scans: 5 patients had 2; 8 patients had 3; 3 
patients had 4; 3 patients had 6; 1 patient had 7; and 1 patient had 9 scans. Correlations of URs over time from the first 
through the last scan were not significant (r = 0.10, P = 0.09) (Figure 4). There were 210 URs evaluated for the subgroup of 
patients with 3 or more scans. For this subgroup, URs were not correlated with time from the first through the last scan (r 
= 0.12, P = 0.07).

https://www.medcalc.org
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Table 1 Maximum standardized uptake value and uptake ratios for aortic graft locations

Location SUVmax Uptake ratio

Proximal aortic graft 2.8 ± 0.8 1.1 ± 0.3

Mid aortic graft 2.9 ± 0.8 1.2 ± 0.3

Distal aortic graft 3.0 ± 0.9 1.2 ± 0.3

Background 2.5 ± 0.5 -

SUVmax: Maximum standardized uptake value.

Table 2 Maximum standardized uptake value for grafts and background (ascending aorta), uptake ratios are listed for grafts

Location SUVmax Uptake ratio

Aortic graft 2.9 ± 0.8 1.2 ± 0.3

Left Iliac graft 2.7 ± 0.8 1.1 ± 0.3

Right Iliac graft 2.8 ± 0.8 1.2 ± 0.4

Background 2.5 ± 0.5 -

SUVmax: Maximum standardized uptake value.

Table 3 Graft age and uptake ratios segregated into quartiles by graft age

Uptake ratio
Graft, age, quartile Graft age (mo)

Aortic graft L-Iliac graft R-Iliac graft

1 9 ± 4 1.2 ± 0.2 1.1 ± 0.2a 1.1 ± 0.2a

2 31 ± 10 1.1 ± 0.2a 1.1 ± 0.2a 1.1 ± 0.2a

3 60 ± 9 1.1 ± 0.3a 1.1 ± 0.3a 1.1 ± 0.4a

4 107 ± 24 1.3 ± 0.3 1.3 ± 0.4 1.4 ± 0.4

aP < 0.05 versus graft age quartile #4.

Figure 2 Graft uptake ratios vs graft age in months for abdominal aortic grafts. SUVmax: Maximum standardized uptake value.
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Visual analyses
Visual analysis of the scans reflected results of quantitative analysis (Table 4). On visual inspection, 98% revealed diffuse, 
homogeneous 18F-FDG uptake less than liver. Graft URs and visual pattern categories were significantly associated for 
AA graft URs (F-ratio = 21.5, P < 0.001), LI graft URs (F-ratio = 20.4, P < 0.001), and RI graft URs (F-ratio = 30.4, P < 0.001). 
Thus, visual patterns of 18F-FDG uptake corresponded statistically significantly to semiquantitative URs. The age of 
grafts showing focal patterns was greater than grafts showing diffuse patterns, 87 ± 89 vs 50 ± 37 mo, res-pectively (P = 
0.02).

Visual uptake patterns were similar for different graft materials, when known, in that similar percentages of PT grafts 
and PTFE grafts were scored with focal visual patterns (2% vs 1%, P = 0.63) (Table 5), and similar to the 2% (6/306) of 
focal visual patterns for all grafts (Table 4).

Tests for outliers
The Tukey test showed there were 3 outlier cases for 3 different patients among the 306 graft URs. Even after excluding 
these 3 cases, there was significant association with URs and graft age for AA graft URs (r = 0.19, P = 0.001) (Figure 2). 
Similarly, there was significant association with URs and graft age for LI graft URs (r = 0.25, P < 0.001) and RI graft URs (r 
= 0.31, P < 0.001). Thus, no results were altered by excluding the 3 outliers.

DISCUSSION
In this study, the 18F-FDG PET/CT appearance of aseptic vascular grafts was delineated on 43 patients post EVAR 
without clinical signs and symptoms of vascular graft infection who underwent 18F-FDG PET/CT for oncologic 
indications. Visual, semiquantitative SUVmax and graft-to-background UR analysis was performed for 306 AA grafts, 285 
LI grafts and 282 RI grafts. To our knowledge, this is the largest analysis of aseptic vascular graft appearance on 18F-FDG 
PET/CT to date.

All patients with aseptic aortic and iliac grafts showed graft SUVmax values of 3 or below. This is supported by a study 
by Tsuda et al[13] showing SUVmax below 4.5 in uninfected grafts, which was not dependent on time after surgery or 
whether the graft was placed in an open or endovascular fashion. Other studies have reported SUVmax values greater than 
3.8-4.5 as significant for infection, which is supported by this study showing lower SUVmax values in aseptic grafts[14,15].

As SUVmax values can vary based on differences in PET/CT scanners, reconstruction algorithms and quality control 
efforts, we chose to include graft-to-background URs in our analyses. When evaluating URs, graft SUVmax values within 
10%-20% of the ascending aorta SUVmax is evident in aseptic grafts, except for grafts in the oldest quartiles. In this study, 
grafts in the oldest quartile (> 7 years post EVAR) showed SUVmax up to 30% higher than the ascending aorta SUVmax.

The highest difference in URs was evident in PT grafts compared to PTFE grafts, although this modest difference is 
likely not clinically significant (1.2 ± 0.3 vs 1.1 ± 0.2, P = 0.03). When vascular grafts are encountered in the PET/CT clinic, 
two measurements of the ascending aorta and the graft can help to confirm a clinically noninfected appearance.

Visual analysis of vascular grafts in these patients was useful to detect a diffuse, homogeneous pattern of 18F-FDG 
uptake less than liver uptake, with results comparable to semiquantitative SUVmax and UR analysis. This suggests that 
visual comparison to the liver during image evaluation can be used to confirm a noninfected graft. The uptake pattern of 
18F-FDG in aseptic vascular grafts was usually diffuse (300/306 = 98%), making this pattern particularly reassuring for 
clinicians.

When considering graft age, our data show a tendency for older grafts to exhibit higher 18F-FDG uptake. Those in the 
oldest quartile of the study (mean age 107 ± 24 mo) had mean URs of 1.3-1.4. Grafts in the lower 3 graft-age quartiles had 
mean URs closer to 1.1. Therefore, clinicians should consider the possibility of graft SUVmax being as much as 30% above 
ascending aorta background for old vascular grafts, particularly in proximal graft regions.

Limitations of this study include its retrospective nature, with chart review analysis the only means available to 
confirm absence of vascular graft infection in these patients. In addition, not all patients had contrast-enhanced CT for 
correlation with presence or absence of findings of vascular graft infection on anatomic imaging. Information regarding 
graft material composition was not available on all patients, potentially limiting analysis based on graft material. Another 
limitation is that a sole reader evaluated all data points on the PET/CT scans, including SUVmax and visual analysis. 
Therefore, interobserver variability in interpretation was not analyzed. Finally, our study did not include analysis of 18F-
FDG PET/CT in patients with suspected or confirmed vascular graft infections, to compare with findings in aseptic 
vascular grafts in a similar patient population.

CONCLUSION
For 18F-FDG PET/CT interpreters, the visual, semiquantitative, and temporal characteristics of aseptic vascular stent 
grafts in patients’ status post EVAR can be useful in interpreting PET/CT, whether stent grafts are encountered as 
incidental findings on oncologic scans or on scans performed for suspected vascular graft infection. Our findings 
reinforce prior research in determining the characteristics of aseptic vascular grafts in a large cohort of grafts analyzed 
over time.
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Table 4 Frequency of visual uptake patterns for all grafts and uptake ratios

Visual uptake pattern n Uptake ratio

Diffuse 300 1.1 ± 0.3

Focal 6 1.8 ± 0.7a

aP < 0.05 versus “Diffuse”.

Table 5 Frequency of visual uptake patterns and uptake ratios analyzed by graft type

PT grafts PTFE grafts
Visual uptake pattern

n Uptake ratio n Uptake ratio

Diffuse 85 1.2 ± 0.3 77 1.1 ± 0.2

Focal 2 1.9 ± 0.7a 1 1.5

aP < 0.05 versus “Diffuse”.
PT: Polyethylene terephthalate; PTFE: Polytetrafluoroethylene.

Figure 3 Uptake ratios vs graft age in months. A: Proximal regions; B: Mid regions; C: Distal regions of abdominal aortic grafts.
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Figure 4 Uptake ratios of abdominal aortic grafts for all patients at all scan times. SUVmax: Maximum standardized uptake value.

ARTICLE HIGHLIGHTS
Research background
On [(18)F]fluorodeoxyglucose positron emission tomography/computed tomography (18F-FDG PET/CT), the inflam-
matory response caused by endoprosthetic stent grafts after endovascular aneurysm repair (EVAR) can show increased 
18F-FDG uptake. However, the visual, semiquantitative, and temporal characteristics of uninfected, or aseptic, 
endovascular aneurysm grafts has not been fully elucidated.

Research motivation
Characterization of aseptic vascular stent grafts on 18F-FDG PET/CT is important to distinguish the normal inflam-
matory response to graft material vs vascular graft infection.

Research objectives
The purpose of this study was to characterize aseptic vascular stent grafts over time.

Research methods
In this observational retrospective cohort study, patients with EVAR who underwent 18F-FDG PET/CT for routine 
oncologic indications were included. Any patients with suspected or confirmed vascular stent graft infection were 
excluded. Visual and semiquantitative region of interest (ROI) analysis with maximum standardized uptake value 
(SUVmax) and graft-to-background ascending aorta uptake ratios (URs) of the grafts were obtained. We compared visual 
analysis and semiquantitative values, grouped by age of grafts, ROI locations, and graft materials.

Research results
Characteristics of an aseptic vascular stent graft on 18F-FDG PET/CT include graft SUVmax values within 10%-20% of the 
ascending aorta background SUVmax. The SUVmax of older aseptic grafts can be as much as 30% above background. The 
visual uptake pattern of diffuse, homogeneous uptake less than liver was seen in 98% of aseptic vascular stent grafts.

Research conclusions
Aseptic vascular stent grafts post endovascular repair show mildly increased 18F-FDG uptake, with mean graft-to-
background URs of 1.1-1.2. Diffuse homogeneous 18F-FDG uptake less than liver in vascular stent grafts is particularly 
reassuring as a sign of an uninfected graft.

Research perspectives
This study reinforces prior research in characterizing aseptic vascular grafts on 18F-FDG PET/CT.
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Abstract
BACKGROUND 
Abernethy malformation is a rare congenital vascular malformation with a 
portosystemic shunt that may clinically manifest as cholestasis, dyspnea, or 
hepatic encephalopathy, among other conditions. Early diagnosis and classi-
fication are very important to further guide treatment. Typically, patients with 
congenital portosystemic shunts have no characteristics of portal hypertension. 
Herein, we report an 18-year-old female with prominent portal hypertension that 
manifested mainly as rupture and bleeding of esophageal varices. Imaging 
showed a thin main portal vein, no portal vein branches in the liver, and bleeding 
of the esophageal and gastric varices caused by the collateral circulation upwards 
from the proximal main portal vein. Patients with Abernethy malformation type I 
are usually treated with liver transplantation, and patients with type II are treated 
with shunt occlusion, surgery, or transcatheter coiling. Our patient was treated 
with endoscopic surgery combined with drug therapy and had no portal 
hypertension and good hepatic function for 24 mo of follow-up.

CASE SUMMARY 
This case report describes our experience in the diagnosis and treatment of an 18-
year-old female with Abernethy malformation type IIC and portal hypertension. 
This condition was initially diagnosed as cirrhosis combined with portal 
hypertension. The patient was ultimately diagnosed using liver histology and 
subsequent imaging, and the treatment was highly effective. To publish this case 
report, written informed consent was obtained from the patient, including the 
attached imaging data.

CONCLUSION 
Abernethy malformation type IIC may develop portal hypertension, and 
traditional nonselective beta-blockers combined with endoscopic treatment can 
achieve high efficacy.

https://www.f6publishing.com
https://dx.doi.org/10.4329/wjr.v15.i8.250
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Core Tip: Abernethy malformation is a rare congenital vascular malformation with portosystemic shunts that may clinically 
manifest as cholestasis, dyspnea, or hepatic encephalopathy, among other conditions. Typically, patients with congenital 
portosystemic shunts have no characteristics of portal hypertension. We reported an 18-year-old woman with Abernethy 
malformation type II and portal hypertension. This condition was initially diagnosed as cirrhosis combined with portal 
hypertension. The patient was ultimately diagnosed by liver puncture and biopsy with subsequent imaging.

Citation: Yao X, Liu Y, Yu LD, Qin JP. Rare portal hypertension caused by Abernethy malformation (Type IIC): A case report. World 
J Radiol 2023; 15(8): 250-255
URL: https://www.wjgnet.com/1949-8470/full/v15/i8/250.htm
DOI: https://dx.doi.org/10.4329/wjr.v15.i8.250

INTRODUCTION
Among patients accompanied by portal hypertension, Esophageal variceal bleeding is a frequent complication. However, 
although the prevalence of Abernethy malformation is approximately 1 in 30000–50000 people[1], and it typically 
presents no characteristics of portal hypertension, this congenital occult disease should not be ignored in clinical practice. 
As imaging studies have progressed, the diagnosis of Abernethy malformation has increased. The shunts of Abernethy 
malformation type II most often occur in the main portal vein (MPV) and in the mesenteric, gastric, and splenic veins[2]. 
To date, no reports have described the shunt entering the splenic hilum through the splenic vein and establishing 
collateral circulation, which then enters the inferior vena cava (IVC) through the splenorenal shunt. In addition, this 
patient developed portal hypertension, which was treated effectively.

CASE PRESENTATION
Chief complaints
An 18-year-old woman was admitted to our hospital with a 10-d history of left upper abdominal distension, pain, and 
discomfort, accompanied by hematemesis.

History of present illness
The patient had no history of present illness.

History of past illness
The patient had no history of past illness.

Personal and family history
The patient had no special personal history or family history.

Physical examination
Physical examination showed no abnormalities, except for the spleen palpable 2 cm below the left costal margin.

Laboratory examinations
On routine blood tests, the hematocrit was 25.6%, the hemoglobin concentration was 73 g/L, the red blood cell count was 
3.71 × 1012/L, the platelet count was 152 × 109/L, and the white blood cell count was 1.31 × 109/L. The results of 
laboratory examinations were Child–Pugh grade A liver function. Test results for hepatitis and autoimmune antibodies 
were negative. Ceruloplasmin was normal. Bone marrow (BM) smear displayed active proliferation of karyocytes, with 
59% granulocytes and 22% erythroid cells (granulocytes/erythroid cell ratio of 2.68); most of the mature red blood cells 
were expanded in the central light-stained area. Active proliferation of BM tissue was shown on BM puncture and biopsy 
without other special changes. Punctured hepatic tissue. The structure of hepatic lobules was normal, the hepatic 
sinusoids were not dilated, the diameter of the central vein was generally normal, and the hepatic parenchyma had no 
obvious inflammatory changes. No portal vein branch entering the hepatic lobule was detected. The number and shape of 
small bile ducts in the portal area were normal, and the stroma was infiltrated by a small number of chronic inflam-
matory cells (Figure 1).

https://www.wjgnet.com/1949-8470/full/v15/i8/250.htm
https://dx.doi.org/10.4329/wjr.v15.i8.250
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Figure 1 The number and shape of small bile ducts in the portal area were normal, and the stroma was infiltrated by a small number of 
chronic inflammatory cells. A and B: Punctured hepatic tissue with hematoxylin and eosin staining (× 400).

Imaging examinations
Colonoscopy suggested no abnormalities. Gastroscopy revealed severe esophageal varices (type G1OV1). Further 
imaging with 320-detector row computed tomography (CT) angiography and three-dimensional (3D) reconstruction of 
the portal vein showed a thin MPV, no portal vein branch in the liver, disordered vessels at the proximal MPV, and 
esophageal varices caused by collateral circulation upwards at the origin of the portal vein. The superior mesenteric vein 
and the splenic vein formed a common trunk. After entering the splenic hilum, the splenic vein formed collateral 
circulation along the lower left side of the vertebral body, resulting in a venous tumor thrombus, and then flowed into the 
renal vein and returned to the IVC (Figure 2). Ultrasound of the portal vein showed no portal vein branch in the liver, a 
thin MPV with blood flow, no thrombosis or cavernous transformation, reversed blood flow in the splenic vein, and 
thickened hepatic arteries suspected to be compensation. Cardiac ultrasound showed no abnormalities.

FINAL DIAGNOSIS
Abernethy malformation type IIC: Portal hypertension.

TREATMENT
Patients with Abernethy malformation type II can be treated with shunt occlusion and liver transplantation, and the 
patient selected conservative treatment. After the first endoscopic ligation of esophageal varices, endoscopic treatment 
was carried out 3 consecutive times at an interval of 1 mo. Simultaneously, 10 mg of oral propranolol hydrochloride was 
given 3 times/d. The heart rate was controlled at approximately 55 times/min.

OUTCOME AND FOLLOW-UP
Three months later, gastroscopy indicated esophageal varices (mild, RC-) and a local scar after ligation. Thus, 2.5 mg of 
warfarin per day was administered. The patient was followed up for 24 consecutive months and showed no portal 
hypertension and Child–Pugh grade A.

DISCUSSION
John Abernethy first reported Abernethy malformation, also known as a congenital extrahepatic portosystemic shunt, in 
1793. Abernethy malformation is a rare clinical disease with a prevalence of one case out of 30000–50000[1]. It is charac-
terized by the absence or dysplasia of the portal vein caused by abnormal development of fetal umbilical veins and 
vitelline veins, with abnormal shunts between the portal vein system and the vena cava system[3]. In 1994, Morgan et al
[2] defined Abernethy malformation type I as the absence of portal vein flow in the liver caused by the congenital absence 
of the portal vein. Abernethy malformation type II was defined as a significant reduction in intrahepatic blood flow 
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Figure 2 After entering the splenic hilum, the splenic vein formed collateral circulation along the lower left side of the vertebral body, 
resulting in a venous tumor thrombus, and then flowed into the renal vein and returned to the inferior vena cava. A: The main portal vein was 
thin, and no portal vein branch was found in the liver (arrow); B: The vessels were disordered at the proximal main portal vein, and esophageal varices were caused 
by collateral circulation upward at the portal vein origin. The superior mesenteric vein and the splenic vein formed a common trunk (arrow); C and D: After entering 
the splenic hilum, the splenic vein established collateral circulation (forming a venous tumour), flowed into the renal vein and returned to the inferior vena cava 
(arrow).

caused by a thin MPV. In type I Abernethy malformation patients, the superior mesenteric vein does not merge with the 
splenic vein, and merging of the superior mesenteric vein with the splenic vein is classified as type Ib. In 2011, Lautz et al
[4] classified patients with congenital portal vein dysplasia into type IIa (shunt occurring in the left or right portal vein of 
the liver, including patent ductus venosus), type IIb (shunt occurring in the MPV), and type IIc (shunt occurring in the 
mesenteric veins, gastric veins, or splenic veins) based on the different anatomical positions of the portosystemic shunts. 
However, this classification method includes patients with congenital intrahepatic portosystemic shunts and is not 
widely used.

The clinical manifestations of Abernethy malformation vary greatly, from incidental detection to hepatoenceph-
alopathy and hepatic failure, and depend on the type of abnormality. Patients may be asymptomatic or present with 
nonspecific symptoms, such as hypergalactosemia, hyperbilirubinemia, and hyperammonemia, due to delayed 
metabolism of these metabolites in the liver or their metabolism outside of the liver[5,6]. Abernethy malformation may 
also cause pulmonary venous congestion, leading to hepatopulmonary syndrome, which manifests as dyspnea caused by 
pulmonary hypertension and even syncope[7]. In addition, Abernethy malformation can be complicated by multiple 
malformations[2], such as congenital heart disease, skeletal muscle system malformations, and polysplenia. When 
patients visit with symptoms, including dyspnea and varicose veins of the lower limbs[8], misdiagnosis or missed 
diagnosis is likely. This patient was admitted due to rupture and bleeding of esophageal varices, which is easily misdia-
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gnosed as cirrhotic portal hypertension accompanied by cavernous transformation of the portal vein. Hepatobiliary 
abnormalities, such as cirrhosis, veno-occlusive disease, noncirrhotic portal fibrosis, and biliary atresia, were excluded 
based on the percutaneous liver biopsy. A BM smear and biopsy excluded hematological system-related diseases. The 
thin portal vein and no portal vein branches in the liver indicated Abernethy malformation. However, CT showed a 
similar cavernous transformation at the proximal portal vein, so Abernethy malformation needed to be differentiated 
from extrahepatic portal vein obstruction-related diseases.

Imaging is the preferred diagnostic method for Abernethy malformations. Abdominal ultrasound can be used as a 
preliminary screening tool. Portal vein CT angiography and 3D reconstruction can help identify abnormal development 
of the portal vein and the anatomy of extrahepatic shunts in Abernethy malformations. Webb et al[9] described the 
ultrasound display of the portal vein in Abernethy malformations as an intact empty hepatic hilum with portal vein block 
appearing as a wide, rhombic high-level echo band. Patients with congenital portosystemic shunts do not have character-
istics of portal hypertension, such as splenomegaly, varicosity, and collateral branches[10]. A recent study[11] suggested 
that acquired extrahepatic portosystemic shunts are usually detected in patients with cirrhosis. In addition, noncirrhotic 
portal vein thrombosis may also present manifestations similar to Abernethy malformation. In this patient, an ultrasound 
of the portal vein showed no portal vein branches in the liver, thrombosis, or cavernous transformation but showed thin 
MPV with visible blood flow signals and reversed blood flow in the splenic vein. Although the CT of this patient showed 
a similar cavernous transformation in the MPV, the author’s team believes that extrahepatic portal vein obstruction 
caused by chronic thrombosis and cavernous transformation of the portal vein was excluded by ultrasound. No shunt 
between the portal vein and the splenic vein was detected, but after entering the splenic hilum, the blood flowed back to 
the IVC in the form of a thick “spleen kidney” shunt through the collateral circulation, which is different from the usual 
form of Abernethy syndrome and may be another manifestation of Abernethy malformation type IIC. Several studies[12,
13] showed that various congenital malformations are related to Abernethy malformation, and cardiac abnormalities are 
the most common. This patient presented with no abnormalities on cardiac ultrasound, so cardiac malformations could 
be excluded. We speculate that this patient may have a congenital hypoplastic portal vein system. Because of the thin 
MPV and no portal vein branch, the “splenorenal communicating branch” that should degenerate during development 
continued to exist chronically. The blood flow returning to the liver was blocked at the portal vein origin, forming 
regional portal hypertension (consistent with the appearance of abundant capillary collateral circulation around the MPV 
origin on CT, which is similar to cavernous transformation). In addition, the blood flow of the splenic vein was reversed, 
causing splenic congestion and swelling, and then returned to the IVC through the splenic-renal communicating branch.

Hepatic damage in patients with Abernethy malformations is milder than the damage in patients with cirrhosis, and 
the increases in bilirubin and aminopherase are often not obvious[14]. This patient’s hepatic function was normal, with no 
hepatic encephalopathy, which is in line with previous research results[5,15]. Most patients with Abernethy malform-
ations have elevated blood ammonia, but fewer patients present with hepatic encephalopathy. Although the thin portal 
vein may lead to insufficient blood flow to the liver, the hepatic artery may play a compensatory role in the long-term 
course of the disease, which is consistent with hepatic artery thickening on portal ultrasound and compensatory 
performance.

Liver transplantation is the main treatment method for Abernethy malformation type I. Patients with Abernethy 
malformation type II are treated with shunt occlusion and liver transplantation[6,16]. The choice of an interventional or 
surgical method is based on the degree of extrahepatic portosystemic shunts, the anatomical position of shunts, and the 
diameter of the shunts. The liver tumors, hepatopulmonary syndrome, and hyperammonemia disappear after the 
occlusion of the abnormal shunts[4,15]. Portal hypertension caused by Abernethy malformation has not been reported; 
thus, we first recommended liver transplantation for this patient, and the patient finally chose conservative treatment. 
Endoscopic ligation may aggravate portal hypertension, slow portal vein blood flow, and form thrombi[17]. Therefore, 
nonselective beta-blockers and anticoagulant drugs were added. After 24 mo of follow-up, the patient presented with no 
complications of portal hypertension or portal thrombosis and good hepatic function. We will continue to monitor this 
patient.

CONCLUSION
Abernethy malformation type IIC may cause portal hypertension, and combining traditional nonselective beta-blockers 
with endoscopic therapy is an effective treatment.
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