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Abstract 

Background:  Multi-slice computed tomography (MSCT) angiography is the gold standard imaging modality to 
evaluate the patency of Glenn shunt and the presence of veno–veno collaterals. The goal of this study is to evaluate 
the ability of two cardiac magnetic resonance imaging (MRI) techniques to assess the patency of Glenn shunt and the 
presence of veno–veno collaterals compared to MSCT angiography.

Results:  Patients with Glenn shunt had MSCT angiography and cardiac MRI using two techniques: TWIST (Time-
resolved angiography With Stochastic Trajectories) and the three-dimensional (3D) post-contrast whole heart 
techniques. MSCT angiography and cardiac MRI images were post-processed for quantitative and qualitative assess‑
ment of Glenn shunt and veno–veno collaterals. Our study included 29 patients (17 male, 59%) with Glenn shunt, 
the median age was 22 years (range 3–36 years). 3D post-contrast whole heart images give similar results compared 
to MSCT angiography results in the evaluation of Glenn shunt and veno–veno collaterals, 100% agreement in Glenn 
shunt visualization and agreement was 86.2% in the detection of veno–veno collaterals with a perfect agreement 
(kappa = 1) as regards their proximal connection to superior vena cava (SVC). While TWIST showed lower agreement 
compared to MSCT angiography results, 87.5% agreement in Glenn shunt visualization and agreement was 68.9% in 
the detection of veno–veno collaterals with poor agreement (kappa = 0.266) as regards their proximal connection to 
SVC.

Conclusions:  3D post-contrast whole heart MRI images have similar results as MSCT angiography in the evaluation 
of superior cavo-pulmonary anastomosis and can be a good and safer alternative to MSCT angiography.
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Background
Single ventricle pathophysiology is one of the most 
challenging congenital heart diseases (CHD) [1]. Cavo-
pulmonary anastomosis (Glenn, Kawashima, and Fon-
tan procedures) is the palliative surgical treatment for 

those group of patients. The aim of this palliative sur-
gical methods is the deviation of the systemic venous 
return into the pulmonary arterial circulation without 
passing through a ventricle to maximize systemic blood 
oxygenation and to maintain the functional capacity of 
the systemic ventricle [2]. The Glenn shunt (in which 
superior vena cava blood is rerouted directly into the 
pulmonary circulation) is usually the first stage of 
cavo-pulmonary anastomosis and is usually performed 
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in early childhood. The Fontan procedure (in which 
inferior vena cava blood is redirected into pulmonary 
circulation) is the completion of the cavo-pulmonary 
anastomosis and is performed later in life. In many 
developing countries, many adult patients with Glenn 
shunt have no access for completion of cavo-pulmonary 
anastomosis [3]. Development of veno–veno collater-
als is a common consequence for having Glenn shunt 
for a long time. Recanalization of the azygous vein 
is the most common type of veno–veno collaterals. 
However, numerous other venous channels may reo-
pen under increased filling pressure. This, sequentially, 
causes desaturation and impaired daily performance 
in those patients and requires embolization or ligation 
[4]. Having a proximal connection with superior vena 
cava (SVC) or brachiocephalic vein, give the option to 
be closed by coil or devise percutaneously which leads 
to significant improvement of patients’ condition [5]. 
Therefore, adult patients with Glenn shunt need follow-
up for assessment of Glenn shunt patency and devel-
opment of veno–veno collaterals. MSCT angiography 
is considered the gold standard imaging modality in 
the evaluation of the patient with Glenn shunt. How-
ever, high radiation dose and overlapping data acquisi-
tion is still the major inherent limitation, especially for 
children [6]. Cardiac magnetic resonance imaging has 
superior tissue contrast and spatial resolution in multi-
ple planes without ionizing radiation [7]. Also, cardiac 
MRI is superior in its inherent capability to identify 
intra-cardiac anatomical, functional, and structural 
abnormalities as well as postoperative complications 
following surgical procedures for congenital heart dis-
ease [8].

Time-resolved magnetic resonance angiography 
(MRA) sequences, known under some acronyms, one of 
them is TWIST, obtain a series of images displaying the 
passage of the contrast bolus. TWIST is very important 
in thoracic imaging as it allows venous mapping of the 
central veins of the chest and facilitates detection of 
stenosis and vascular anomalies and evaluation of the 
collateral flow to further define hemodynamic signifi-
cance [9].

The 3D post-contrast whole heart approach with res-
piratory navigator gating and electrocardiogram (ECG) 
triggering enables comprehensive evaluation of thoracic 
vasculature through detailed morphological information 
in patients with CHD [10].

The aim of our study is to evaluate ability of two cardiac 
MRI techniques, TWIST, and 3D post-contrast whole 
heart, in the evaluation of superior cavo-pulmonary 
anastomoses regarding patency of the Glenn shunt and 
presence of veno–veno collaterals in comparison with 
MSCT angiography findings.

Methods
All patients with Glenn shunt who were referred to our 
department in the period between March 2019 and 
March 2020 were included. All patients had MSCT angi-
ography and two cardiac MRI techniques (TWIST and 
3D post-contrast whole heart techniques) for evaluation 
of the patency of Glenn shunt and presence of veno–veno 
collaterals [11, 12].

Inclusion criteria: (1) When the Glenn shunt could 
not be evaluated by Echocardiography or (2) There was 
a reversal of flow over the shunt by echocardiography or 
(3) When patient recent complaints of shunt failure like 
cyanosis. Our study was approved by the research ethic 
committee of the radiology department of our university.

Exclusion criteria: (1) Claustrophobia to MRI machine 
or (2) Patients with cochlear implant or metallic ocular 
foreign body or non-compatible implanted pacemaker 
or (3) Established renal failure with impaired hepatic 
function.

MSCT angiography
All MSCT angiography examinations were performed 
using a 128 dual source multi-slice SOMATOM scan-
ner (Siemens, Erlangen, Germany). The examination 
was performed with retrospective electrocardiogram 
ECG gating and tube modulation to reduce the radia-
tion dose. The tube current modulation technique has led 
to a considerable reduction in radiation dose (60% dose 
reduction). Analysis was performed on the best phase 
with less artifacts either systolic phase or diastolic phase. 
The scanning parameters include detector collimation 
of 128 to 0.6  mm, gantry rotation time of 330  ms, and 
pitch of (0.3–0.4) adjusted according to heart rate. The 
tube potential was 100 to 120 kilovoltage peak (kvp). The 
rotation time was 0.28 s, and its temporal resolution was 
75 ms. We have used a nonionic contrast medium (Ultra-
vist 370), as 2 mL/kg at a rate of 1–2.5 mL/s followed by 
15–20 mL saline.

MRI examination
All cardiac MRI examinations were performed using a 
1.5 T Magnetom Aera (Siemens, Erlangen, Germany). All 
patients were examined in a supine position and head-
first. ECG leads and a phased-array cardiac coil were 
used. Two cardiac MRI techniques were used:

•	 A) TWIST: It was performed with a 3D spoiled gra-
dient-recalled echo acquisition in the coronal ori-
entation. It was performed after administration of 
0.2  mmol/kg of gadoterate meglumine (Dotarem). 
The contrast agent was administered at a flow rate 
of 0.9 mL/s, followed by a 15–20-mL saline flush at 
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the same flow rate. Image acquisition was started 
just before contrast administration and continued 
after contrast agent injection. The scan parameters: 
Reptation time/time to echo (TR/TE: 2.52/0.87), flip 
angle = 2.9°, bandwidth = 610  Hz/pixel; field of view 
(FOV) = 450 × 337  mm2 matrix = 256 × 134, phase 
resolution 70%, slice resolution 64%, temporal resolu-
tion = 3.87 s, voxel size = 1.8 × 1.8 × 1.3 mm.

•	 B) 3D post-contrast whole heart was performed 
after TWIST using an ECG-gated and respiratory-
triggered 3D balanced steady-state free precession 
sequence with T2 preparation and fat suppression. 
Respiratory triggering was performed using a naviga-
tor placed on the right hemidiaphragm with a 5 mm 
displacement window. 3D imaging was performed in 
either the coronal plane or the oblique sagittal plane. 
The scan parameters: TR/TE 264/1.39, flip angle 88°, 
slice thickness 1.5, and slice/slab 112.

 Imaging post-processing was performed on a worksta-
tion (View Forum, Philips Medical Systems, Best, The 
Netherlands). The multiplanar reformatting (MPR), 
maximum intensity projections (MIP), and 3D volume-
rendered technique (VRT) reconstructions were used to 
assess the Glenn shunt and veno–veno collaterals. The 
MSCT angiographic images as well as both cardiac MRI 
techniques have been analyzed for:

(A)	Glenn shunt assessment

(1)	 Qualitative assessment: visualization, throm-
bosis (defines as hypodense filling defect were 
assessed.)

(2)	 Quantitative assessment: diameter of Glenn 
shunt was measured at the insertion point with 
the pulmonary artery, and stenosis was defined 
as 50% reduction in lumen compared to the 
proximal part.

(B)	 Veno–veno collaterals assessment

(1)	 Qualitative assessment: presence and connec-
tion to SVC or brachiocephalic vein,

(2)	 Quantitative assessment: number of collaterals 
and diameter measured at the widest part.

Analysis of data
The agreement between MSCT angiography and each 
cardiac MRI technique for all qualitative assessment 
was analyzed by calculating kappa. Kappa below 0.4 was 
a poor concordance, kappa between 0.4 and 0.75 was a 
moderate concordance, and kappa between 0.76 and 1 
was a strong concordance [13]. The agreement between 
MSCT angiography and each cardiac MRI technique for 
all the quantitative assessment was analyzed by calculat-
ing the mean difference ± SD, for Bland and Altman, and 
interclass correlation (ICC). ICC below 0.4 was a poor 
concordance, ICC between 0.4 and 0.75 was a moderate 
concordance, and ICC between 0.76 and 1 was a strong 
concordance [14]. P < 0.05 was considered statistically 
significant.

Results
The study included 29 patients (17 male) with 32 Glenn 
shunts as there were 3 patients with bilateral Glenn 
shunts. The median age of patients was 22  years (range 
3–36 years). All children tolerated the examination with-
out sedation except one child (3-years old age) who was 
sedated by oral chloral hydrate (75 mg/kg).

(A)	Glenn shunt assessment:

•	Glenn patency, stenosis, and thrombosis:

	 There was 100% agreement between 3D post-con-
trast whole heart and MSCT angiography in visu-
alization and detection of any stenosis or throm-
bosis of Glenn shunt as shown in Tables 1, 2 and 
3. There is a strong agreement between MSCT 
angiography and 3D post-contrast whole heart 
in detection stenosis of Glenn shunt with kappa 
agreement = 1.

Table 1  Glenn shunt visualization

P-value > 0.05: Non significant; P-value < 0.05: Significant; P-value < 0.01: Highly significant

*: Chi-square test

N = 32 Glenn visualization Test value* P value Significance

MSCT 3D post-contrast whole heart

Yes 32 (100.0%) 32 (100.0%) 0.000 1.000 NS

MSCT TWIST Test value* P value Significance

Yes 32 (100.0%) 28 (87.5%) 4.267 0.039 S
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	 There was 87.5% agreement between TWIST and 
MSCT angiography in Glenn shunt visualization 
as seen in Table  1. TWIST could not visualize 4 
Glenn shunts due to (1) stealing of the contrast 
from the Glenn shunt via a mesh of multiple col-
laterals in one patient (2) improper timing of imag-
ing acquisition in three patients due to improper 
contrast bolus timing.

	 The agreement was 100% regarding detection of 
Glenn shunt stenosis and thrombosis, as shown in 
Tables 2 and 3.

•	Glenn diameter: Mean diameter by MSCT angi-
ography was 16.94 ± 5.76 mm, by 3D post-contrast 
whole heart was16.41 ± 5.05 mm, and by TWIST 
was 14.64 ± 5.25 mm. Bland Altman figure (Fig. 1) 
showed a strong correlation between MSCT angi-
ography and 3D post-contrast whole heart (P 
value < 0.081), also a strong correlation between 
MSCT angiography and TWIST (P value < 0.001) 
as seen in Fig. 2.

(B)	 Veno–veno collaterals assessment:

•	The total number of veno–veno collaterals by 
MSCT angiography was 49 collaterals in 21 
patients. The 3D post-contrast whole heart was 
able to detect 40 collaterals in 21 patients; there-
fore, the percentage of agreement was 86.2%. The 
3D post-contrast whole heart had missed 9 veno–
veno collaterals in five patients due to improper 

Table 2  Glenn shunt stenosis

P-value > 0.05: Non significant; P-value < 0.05: Significant; P-value < 0.01: Highly significant

*: Chi-square test

Stenosis of Glenn shunt Test value* P value Significance

MSCT 3D post-contrast whole heart

32 32

Yes 1 (3.1%) 1 (3.1%) 0.000 1.000 NS

MSCT TWIST Test value* P value Significance
28 28

Yes 0 (0.0%) 0 (0.0%) 0000 1.000 NS

Table 3  Glenn shunt thrombosis

P-value > 0.05: Non significant; P-value < 0.05: Significant; P-value < 0.01: Highly significant

*: Chi-square test

Thrombosis of Glenn shunt Test value* P value Significance

MSCT 3D post-contrast whole heart

32 32

No 32 (100%) 32 (100%) 0.000 1.000 NS

MSCT TWIST Test value* P value Significance
28 28

No 28 (100%) 28 (100%) 0.000 1.000 NS

Fig. 1  Bland–Altman figure plotting the difference between MSCT 
angiography and 3D post-contrast whole heart regarding the 
diameter of Glenn
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image acquisition due to extra-premature beats. 
While TWIST was able to detect 20 collaterals in 
12 patients, therefore the percentage of agreement 
was 68.9%. Thirteen veno–veno collaterals were 
missed in eight patients due to severe kyphosco-
liosis which makes tracing of the contrast very 
inaccurate, while 16 collaterals in ten patients 
were missed due to the small size, all of them are 
smaller than 4 mm in size.

•	Size of veno–veno collaterals: Mean diameter by 
MSCT angiography was 6.93 ± 3.40  mm, by 3D 
post-contrast whole heart was 6.93 ± 3.53  mm 
and by TWIST was 5.95 ± 2.68  mm. Bland Alt-
man figure (Fig.  3) showed a strong correlation 

between MSCT angiography and 3D post-contrast 
whole heart (P value = 1), also a strong correla-
tion between MSCT angiography and TWIST (P 
value = 0.006) as seen in Fig. 4.

•	Connection to SVC/brachiocephalic vein: MSCT 
angiography showed that 14 collaterals were con-
nected to SVC/or brachiocephalic vein as seen in 
Fig. 5. The 3D post-contrast whole heart detected 
them all with kappa agreement = 1, while TWIST 
detected four collaterals connected to SVC/or 
brachiocephalic vein as seen in Fig.  6 with lower 
kappa agreement = 0.266. TWIST did not detect 
ten collaterals connected to SVC in nine patients 
that may be attributed to the small size of collater-
als and blurring of the image.

Discussion
Our study evaluated the ability of two cardiac MRI tech-
niques, TWIST, and 3D post-contrast whole heart, in 
the evaluation of patients with superior cavo-pulmonary 
anastomoses regarding patency of Glenn shunt and pres-
ence of veno–veno collaterals compared to MSCT angi-
ography findings. We found that 3D post-contrast whole 
heart has a statistically significant agreement in qualita-
tive and quantitative assessment for both Glenn shunt 
and veno–veno collaterals. While TWIST showed lower 
agreement due to the improper timing of contrast bolus 
tracking, either due to arrhythmia, improper movement, 
kyphoscoliosis, or small size of the veno–veno collaterals 
(< 4 mm in size).

Fig. 2  Bland–Altman figure plotting the difference between MSCT 
angiography and TWIST regarding the diameter of Glenn

Fig. 3  Bland–Altman figure plotting the difference between MSCT 
angiography and 3D post-contrast whole heart regarding the size of 
collaterals

Fig. 4  Bland–Altman figure plotting the difference between MSCT 
angiography and TWIST regarding the size of collaterals
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MSCT angiography
MSCT angiography is the gold standard imaging 
modality in the evaluation of cavo-pulmonary anas-
tomosis and related complications such as throm-
bosis, stenosis, and development of veno–veno 
collaterals. The main advantages of MSCT angiography 
are the short acquisition time, high spatial resolution, 

and ability to image patients with various metallic 
stents, pacemakers, and defibrillators [2].

It has been reported that MSCT angiography is an 
accurate and reliable noninvasive examination in the 
assessment of morphological changes in patients with 
Glenn shunt, regarding visualization, stenosis, and 
thrombosis [8, 15].

A B C

D E

F G H

Fig. 5  A 3-year-old male child, known to have unbalanced CAVC and TAPVR treated with PA band and right-sided Glenn shunt A MSCT 
angiography coronal view showed aneurysmal dilation of right-sided Glenn that was connected to the right pulmonary artery. B MSCT 
angiography coronal view showed patent azygous vein. C MSCT angiography coronal view showed venous collateral along the left hemidiaphragm 
draining into IVC. D TWIST showed aneurysmal dilation of right-sided Glenn. E TWIST showed early rapid filling of paravertebral plexuses. F 3D 
post-contrast whole heart coronal view revealed aneurysmal dilation of right-sided Glenn that was connected to right pulmonary artery. G 
3D post-contrast whole heart coronal view revealed patent azygous vein. H 3D post-contrast whole heart sagittal view revealed azygous vein 
connected to the paravertebral venous plexus
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The major disadvantage to MSCT angiography is 
the use of ionizing radiation. Despite technological 
progresses that have decreased radiation exposure, 
for young patients that will require serial imaging, the 
cumulative radiation dose remains a concern. MSCT 

angiography always requires the use of iodinated con-
trast, which can be an issue for patients with chronic 
renal disease or contrast allergies. Also, technical 
expertize is essential, as the timing of the scan must be 
optimized for maximum contrast enhancement of the 

A B C

D E F

G H I

Fig. 6  An 11-year-old male with a history of D-TGA, LVOTO and ASD treated with right -sided Glenn shunt. A MSCT angiography sagittal view 
showed patent right-sided Glenn that was connected to the right pulmonary artery. B MSCT angiography coronal view showed patent azygous 
vein. C MSCT angiography -VRT showed azygous vein connected to SVC. D TWIST showed azygous vein and faint both pulmonary arteries on 
the first pass. E TWIST showed well visualized both pulmonary arteries and aorta in the next dynamic sequence. F TWIST showed lastly patent 
right-sided Glenn with no stenosis or thrombosis. G 3D post-contrast whole heart that showed patent right-sided Genn shunt. H 3D post-contrast 
whole heart that showed patent azygous vein which connected to SVC. I 3D post-contrast whole heart that showed patent azygous vein
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structure of interest as failure to properly address these 
structures may lead to unnecessary risk to the patient 
from radiation and contrast exposure with a low like-
lihood of answering the clinical question. Moreover, 
MSCT angiography requires ECG gating and irregular 
rhythms can make for challenging images [16].

3D post‑contrast whole heart sequence
3D post-contrast whole heart technique is a keystone 
cardiac MRI technique in the evaluation of patients with 
CHD. The comprehensive assessment of the thoracic 
vasculature it presents is uniquely suited to give detailed 
morphological information in CHD. It offers signifi-
cant advantages, no ionizing radiation; the ability to be 
run free-breathing; and higher signal-to-noise ratio and 
isotropic voxel resolution for multiplanar reformatting 
assessment. It is now frequently used and has a proven 
utility for diagnostic imaging in patients with CHD [17].

TWIST
TWIST is a technique that creates a sequential fast 
series of multiplanar images with a good spatial resolu-
tion during the passage of intravenous contrast medium. 
It generates a series of imaging datasets at different time 
points of the same intravenous contrast medium bolus 
(unenhanced, pulmonary venous, systemic arterial, 
early systemic venous, and late systemic venous) allow-
ing comprehensive assessment of the arterial and venous 
evaluation of clinical service [18].

Our results agree with Huf et  al. in 2020 that found 
TWIST although being a very fast sequence but still suf-
fered from loss of signal, resulting in a low SNR as well 
as blurring of small vessels [19]. However, TWIST pro-
vides a rapid overview of the status and patency of vas-
cular structures. With only small contrast material doses, 
TWIST may be utilized to detect intra- and extracardiac 
shunts, to evaluate dynamic vascular anatomy in thoracic 
vascular disease [18].

In contrast to our results, the results from Michael 
et  al. in 2007 found that Glenn shunt patency was bet-
ter using TWIST. However, the number of patients was 
only six patients which make the comparison very diffi-
cult [20].

To the best of our knowledge, no available published 
data regarding the assessment of Glenn shunt by 3D 
post-contrast whole heart sequence. However, results 
published in 2008 by Tomasian et al. demonstrated that 
3D whole heart sequence is optimal for evaluating the 
SVC as compared with MR angiography [21].

Also, results from Sonavane et  al. in 2015 confirmed 
that 3D whole heart images in the axial and coronal 

planes are useful in evaluating the SVC lumen and wall 
and adjacent mediastinal structures [22].

According to the obtained results, the accuracy of this 
sequence in the assessment of superior cavo-pulmonary 
anastomosis could be attained with the better spatial res-
olution of the 3D post-contrast whole heart in addition to 
the lack of need to trace the contrast and optimization of 
the imaging time.

To the best of our knowledge, our study is the first 
study to compare MSCT angiography with two cardiac 
MRI techniques TWIST and 3D post-contrast whole 
heart in the evaluation of superior cavo-pulmonary anas-
tomosis and systemic veno–venous collaterals based on 
quantitative and qualitative assessment.

The limitations for this study were the relatively small 
number of subjects and therefore further studies with a 
large patient population are warranted. Additionally, the 
study was done in a single center.

Conclusions
Although MSCT angiography is still the gold stand-
ard imaging modality for the assessment of superior 
cavo-pulmonary shunt and veno–veno collaterals, 3D 
post-contrast whole heart sequence is a good and safer 
alternative imaging modality compared to MSCT angiog-
raphy. While TWIST results are much lower in accuracy 
compared to MSCT.
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