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Non-Contrast Enhanced Magnetic Resonance Venography Using the Fast
Imaging Employing Steady-State Acquisition (FIESTA) Pulse Sequence in
Preoperative Evaluation of Liver Donors: Can it Replace CT Venography?
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ABSTRACT

Background: Liver transplantation has now become the preferred treatment for patients with liver failure. Pre-
operative assessment of hepatic/portal vein anatomy of donors is necessary for which CT venography is most
commonly used but it exposes the donors to huge radiation burden. To avoid this, non-contrast MR
venography is the most preferred alternative for evaluation of veins.

Objective: To determine diagnostic yield of magnetic resonance venography using Fast Imaging Employing
Steady-State Acquisition (FIESTA) pulse sequence in comparison to computed tomography venography for
the determination of portal/hepatic venous anatomy of potential liver donors.

Methods: Retrospective study was conducted in which the venous phase CT scan and FIESTA (b-SSFP)
sequence of 50 potential liver donors between 01-07-2021 and 30-11-2021 were reviewed. The hepatic and
portal venous anatomy was reviewed. The assessment comprised the type of portal venous anatomy, the
number of prominent tributaries from segment VIII and V of liver having diameter of 4mm or more emptying
into the middle hepatic vein and the total number of accessory inferior right hepatic veins from segment VI and
VII emptying into inferior vena cava (IVC).

Results: With 100% sensitivity and specificity, the FIESTA sequence precisely identified the portal vein
anatomy, total number of accessory inferior right hepatic veins, and the total number of 4 mm thick tributaries
from segment V and VIII draining into middle hepatic vein

Conclusion: We propose that magnetic resonance venography using FIESTA sequence can be used instead of
CT venography to determine hepatic and portal vein anatomy of liver donors.
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determining hepatic vascular anatomy is
conventional catheter angiography, however it is
an invasive technique with concerns of
endothelial damage and bleed.? It has since been
largely supplanted by non - invasive imaging
methods like CT/MR angiography.?

Currently, CT venography (CTV) is the most
frequently employed imaging tool for assessing
hepatic and portal venous anatomy.* However,
every measure should be taken to prevent
unnecessary risk  to donor during the
preoperative imaging screening. Excessive
radiation exposure by CT and nephrotoxic effect
of CT iodinated contrast media should be kept to
the minimum.

For this reason, non-contrast MR venography
(MRV) wusing balanced steady state free
precession (b-SSFP) pulse sequence is the most
preferred alternative for evaluation of veins.>®
This b-SSFP pulse sequence is a recent
application in the domain of vascular imaging.®
To the best of our knowledge, only one study in
literature has looked into the effectiveness of
this sequence for identifying HV and PV
anatomy in liver donors prior to LDLT.” This
retrospective analysis has the aim of comparing
the diagnostic performance of fast imaging
employing steady-state acquisition (FIESTA)
using the b-SSFP pulse sequence of MRV in
comparison to CTV for assessment of HV and
PV anatomy of liver donors in pre-operative
period.

METHODS

Institutional review board (IRB) approval
(Reference no: PKLI-IRB/AP/008) was obtained
before beginning this retrospective study. The
study was carried out at the Radiology
Department of Pakistan Kidney and Liver
Institute and Research Center, Lahore (PKLI &
RC). It was a comparative, cross-sectional study.
Given that this is a retrospective study, the
necessity to seek informed consent was waived.
We evaluated 50 consecutive potential liver
donor candidates between 18 to 44 years of age,
who underwent protocol multiphasic CT

abdomen for liver volumetry and magnetic
resonance cholangiopancreatography (MRCP)
examinations prior to liver transplant from July
2021 to November 2021. The study included all
potential liver donor candidates who came for

preoperative  examination prior to liver
transplant surgery irrespective of age and

gender. Individuals who had claustrophobia and
who had metallic devices inside them, were not
included in the study.

All the abdominal CT scans were carried out in a
supine position using a 128 slice multi-detector
CT scanner (GE Revolution Evo) after injecting
2 ml/kg of iodinated contrast media (Ultravist
370 mgl/mL) at a rate 5.5 ml per second via a
power injector system. In all patients a non-
contrast, early arterial phase at 20 seconds,
portal venous phase (PVP) at 35-40 seconds and
hepatic venous phase (HVP) at 60-65 seconds
were acquired. The upper abdomen was scanned
in the non-enhanced, ecarly arterial and PVP
phases, and the whole abdomen and pelvis were
scanned in the HVP.

MRCP scans were all done while the patient was
supine using the 1.5 Tesla MR equipment (GE
Healthcare Signa Voyager) using a 16-channel
body coil combined with a posterior spine coil.
Patients were asked to refrain from deep
breathing throughout the scan and to fast for
four to six hours prior the study.

Several routine pulse sequences were acquired
including axial/coronal T2-weighted SS-FSE,
axial/coronal FIESTA, axial dual echo, radial T2
SSFSE and 3D axial/coronal MRCP RT. Our
parameters for acquiring FIESTA sequence were
as follows: 70° flip angle, 3.9-ms TR, 1.7-ms
TE, 83.33 kHz bandwidth, 37-cm field of view,
1.7 x 1.7-pixel size, and 5-mm thickness with 5-
mm overlap. The axial FIESTA images included
32 slices with a mean acquisition period of
around 20 seconds.

Both the HV and PV anatomy was assessed on
the venous phase CT scan and FIESTA images
acquired during MRCP examination by two
independent consultant radiologists having more
than 5 years of experience in hepatobiliary
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imaging using a workstation (GE Advantage
windows workstation).

To minimize memory bias, the images were
analyzed in a separate session 2 months
following the database scan. The evaluation
included the PV anatomy and its variants based
on Cheng’s classification, number of accessory
IRHV draining independently into IVC
regardless of their diameter and the number of
prominent tributaries from segment V and VIII
of liver having diameter of 4 mm or more
draining directly into MHV. CTV phase images
were first assessed, and then FIESTA images
were studied to see if CTV data provided
additional information regarding the venous
anatomy as observed on FIESTA images.

Statistical Analysis

Data was recorded on Excel sheet and
subsequently exported to the Statistical package
for Social Sciences (SPSS) version 25 for
statistical analysis. Numerical variables were
measured as mean and standard deviations,
whereas categorical variables were expressed as
frequencies and percentages. Sensitivity and
specificity were calculated. Pearson's Chi-square
test was employed for comparison of both
methods. A p-value of 0.05 or less was regarded
statistically significant.

RESULTS

The 50 candidates selected for preoperative liver
donor evaluation had a age between 18-44 years.
Among them, 29 (58%) were males and 21
(42%) females. (Table 1). Among these 50
individuals, 18 candidates ultimately underwent
donor hepatectomy (10 males, 8 females).

Portal venous anatomy

Based on Cheng’s classification, three types of
PV anatomy were identified using CTV as the
reference standard. Conventional portal venous
anatomy (type I-classic ramification) was seen
in 45 of 50 individuals (90%) while variant PV
anatomy was seen in 5 of 50 individuals (10%).
Among them, 1 (2%) had trifurcation (type II) of
the main portal vein and 4 (8%) had early origin

of the right posterior portal vein from the main
portal vein (type III). FIESTA accurately
identified the PV anatomy and its variant in all
donors with 100% sensitivity and specificity.
(Table 2)

Accessory inferior right hepatic veins (IRHV)

No accessory IRHV was detected in 34 of 50
cases (68%) whereas 16 cases (32%) had
accessory hepatic veins. Among them, 10 (20%)
had one IRHV, 5 (10%) had two IRHVs and 1
(2%) had three IRHVs. FIESTA accurately
detected all these veins as well with 100%
sensitivity and specificity. (Table 2)

V5 and V8

There were four V5/V8 tributaries in 1 (2%)
case, three in 11 (22%) cases, two in 26(52%),
and one in 12(24%) cases detected with CTV.
FIESTA again accurately identified all the
tributaries of middle hepatic vein (MHV) for all
50 donors with 100% sensitivity and specificity.
(Table 2).

Figure 1 part A shows A) Axial CTV image
shows a large accessory inferior hepatic vein
IRHV (white arrow) from segment VI entering
the inferior vena cava separately from right
hepatic vein. Part B shows Axial FIESTA image
of the liver of same patient acquired during
MRCP also shows the same large accessory
inferior hepatic vein I[RHV(white arrow)
entering the inferior vena cava. Figure 2 part A
shows Axial image from a contrast enhanced CT
in venous phase through the liver demonstrates a
thick segment VIII tributary (white arrow) of
MHV. Part B shows Axial FIESTA image of the
liver acquired during MRCP of same patient also
shows the same thick segment VIII tributary of

Table 1: Demographics of the patients included
in the study
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Characteristic
Age
(Years) mean+SD 26.80+7.82
Male n (%) 29(58%)
Gender
Females n (%) 21(42%)
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Table 2: Diagnostic performance of Fast imaging
employing steady-state acquisition (FIESTA) in
comparison to CTV

CTV FIESTA p-value
Portal vein  (n)
anatomy
Typel 45 45/45 (100 %)
Type II 1 1/1 (100 %)
Type 111 4 4/4 (100%)
Total 50 50/50 (100%) <0.05
Accessory
IRHV
0 34 34/34 (100%)
1 10 10/10 (100%)
2 5 5/5(100%)
3 1 1/1 (100%)
Total 50 50/50 (100%) <0.05
VS5 and V8
1 12 12/12 (100%)
2 26 26/26 (100%)
3 11 11/11 (100%)
4 1 1/1 (100%)
Total 50 50/50 (100%) <0.05

Pearson Chi-Square test was applied; p-value < 0.05 is
considered statistically significant

Abbreviations: CTV= CT venography, FIESTA= Fast
imaging employing steady-state acquisition; IRHV=
Inferior right hepatic vein; V5= tributary of middle
hepatic vein supplying segment V; V8= tributary of
middle hepatic vein supplying segment VIII

MHV.

Figure 1: A= Axial CTV image and B = Axial
FIESTA, image of 28-year-old male who is a
potential Liver donor

Figure 2: = Axial CTV image and B = Axial
FIESTA, image of 30-year-old female who is a
potential Liver donor

DISCUSSION

Fast imaging employing steady-state acquisition
(FIESTA) is an MRI technique developed by GE
Healthcare that uses a b-SSFP pulse sequence.®
It is a two-dimensional gradient-echo technique
that uses much shorter repetition time (TR) to
shorten the scanning period without suffering
from severe signal loss or signal to noise ratio
(SNR) penalty.® There are number of technical
benefits to this sequence. First, it is a non-
contrast study. Second, this sequence is ultrafast,
with a maximum scanning period of about 10—
12 seconds only in one breath hold. Third, this
acquisition produces good results even in the
presence of rapidly moving blood and is
insensitive to flow void artifacts. So, in
nutshell, the FIESTA sequence main benefits
include insensitivity to flow void artifacts, crisp
edge definition, fast acquisition, high SNR, and
motion insensitivity.”!?

On FIESTA image, the contrast is not
exclusively T1- or T2-weighted. It is instead
governed by the tissues' T2-T1 ratio. So, fat and
fluid (which have differing T1 and T2 signals
but a comparable T2-T1 ratio) are frequently
bright while muscles are dark.®? For this reason,
this sequence was initially employed in cardiac
and coronary artery evaluation with a more
recent use in imaging of internal auditory canal,
the breast, fetus and also in small bowel
enteroclysis and MR colonography.®® The
FIESTA sequence also appears to offer an
accurate assessment of the vascular anatomy due
to its bright blood effect property (i.e. blood has
a higher signal intensity that is unrelated to flow
or contrast injection).® In our institution we have
included FIESTA sequence to regular abdominal
MRI imaging. It produces high SNR from
blood.® As a result, major vascular structures like
veins can be clearly seen without just depending
on postcontrast acquisition.

LDLT is a very challenging surgical operation.
The right hepatic vein (RHV) is kept in the
grafted liver during a right lobe LDLT (RL-
LDLT) while the left hepatic vein (LHV) is
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preserved in the grafted liver in left lobe LDLT
(LL-LDLT)."" The decision to preserve the
middle hepatic vein (MHV) is made based on
the individual's particular circumstances. The
drainage of the segments IV, V and VIII is
mainly by the MHV.!'? Therefore, the inclusion
or exclusion of MHV with the graft and whether
the MHV tributaries (V5, V8) should be
reconstructed in the recipient is of importance.'?
Currently, MHV is frequently retained in the
donor during RL-LDLT for the sake of donor
safety.!* Prior to surgery, it is also necessary to
identify accessory inferior right hepatic veins
(IRHV), since direct reimplantation of these
veins in the inferior vena cava (IVC) by
venoplasty may be necessary to improve the
graft's venous outflow.”” Hepatic venous
congestion might arise in recipients following
RL-LDLT without MHV if V5,V8 and IRHV
are not properly reconstructed ultimately leading
to graft malfunction with bad results.'® Similarly
knowledge of portal vein (PV) anatomy is
important as the reconstruction of PV is required
for graft survival as well.!”

A careful and accurate preoperative evaluation
of hepatic vessels is mandatory to reduce
morbidity of both donor and recipient. The
wellbeing of living donors should be given top
consideration as they are healthy people and are
willingly submitting to major surgery with
potential adverse outcomes. It is important to
minimize iatrogenic risk to healthy donors as
much as possible. Routine CTV necessities the
use of iodinated contrast agents and is also
linked with excessive radiation exposure. As an
alternative modality, we tried to exploit the
utility of FIESTA pulse sequence in the
determination of HV and PV anatomy in liver
donors.

The most frequent variant of the hepatic venous
system is the accessory IRHV, seen in upto 48%
of general population.'”® It drains mainly
posterior right hepatic lobe segments namely
(segments VI and VII) directly into IVC18 (Fig.
1). To avoid hepatic congestion, accessory

IRHV having a diameter of 5 mm or higher need
to be anastomosed separately to the IVC.'®
Therefore, prior to surgery, it is crucial to
identify these bigger accessory veins in all
donors. In this study, a total of 23 accessory
IRHV were detected with CTV. And FIESTA
also accurately identified equal number of
accessory IRHV joining IVC with 100%
sensitivity and specificity. RL-LDLT without
MHV is currently the standard method in adult
patients in Asia.' Since, MHV is typically kept
in the donor in view of donor safety, its thick
tributaries draining segment V & VIII having
diameter of 5 mm or more, need to be
reconstructed to avoid graft congestion. (Fig.2)
In our study, FIESTA identified all the 4 mm
thick V5 and V8 tributaries of MHV with 100 %
sensitivity and specificity.

Similarly, knowledge of PV anatomy is
important as well. In 20-35% of population, PV
variants are present.?’ Common variant patterns
include the main PV trifurcation (type II) and
the right posterior sectoral branch coming from
the main PV (type 1II).?° Preoperative detection
of these anatomical variants is crucial since their
unanticipated existence could be dangerous
during right lobectomy. In our study, type II
variant was seen in one (2%) and type Il in 4
(8%) cases with CTV. FIESTA again accurately
depicted all the PV wvariants with 100 %
sensitivity and specificity. With this new
technology (FIESTA), it is feasible to do
preoperative assessments of PV and HV
anatomy without causing injury or exposing
liver donors to radiation.

Similar to our results, Carr et al. also reported
100% sensitivity and specificity of b-SSFP
sequence in predicting HV and PV anatomy in
potential liver donors prior to surgery.” Since
there is only one study in the literature that has
compared the effectiveness of CTV with
balanced steady state free precession (b-SSFP)
pulse sequence for evaluation of veins, so we
cannot compare our study results with any other
study.
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There were few limitations to our study. First,
we used CTV images as a reference standard,
though surgical results would have been
preferable. Second, it is a retrospective study.
Third, special care is needed in MRCP while
acquiring images especially with breath hold
technique, otherwise abnormality can be missed.
CONCLUSION

The study determined the MRV FIESTA
sequence efficacy in evaluating hepatic/portal
venous anatomy, yielding images of top standard
without the requirement for contrast agent. It’s
sensitivity and specificity were both similar to
CTV. The significant features of this sequence
are its quick acquisition and resistance to flow
void artefacts. The FIESTA (b-SSFP) ultrafast
pulse sequence has the potential to substitute for
CT venography in the pre-surgical diagnostic
work-up for liver donors for assessment of
hepatic/portal vein anatomy. In this way we can
reduce the radiation burden to the healthy young
population.

Conflict of Interest:
All authors declared no conflict of interest.

Grant Support and Financial Disclosure:

No specific grant was taken for this research
from any funding agency in the public,
commercial or not-for-profit sectors.

Data Sharing Statement:
The data is available from the corresponding
author upon request.

Contributors:

HH: Central Idea, interpretation, drafting the
work

MSR: Drafting the work and revising it
critically for important intellectual
content.

SK: Data Collection, data entry.

TM: Review of the study, statistical analysis of
data.

BB: Proofreading, contribution in the
manuscript write-up.

KK: critical review, editing, proofreading

All authors approved the final version and

signed the agreement to be accountable for

all aspects of work.

REFERENCES

1.

Santopaolo F, Lenci I, Milana M, Manzia
TM, Baiocchi L. Liver transplantation for
hepatocellular carcinoma: Where do we
stand? World J Gastroenterol 2019; 25(21):
2591-2602.doi:10.3748/wjg.v25.i121.2591
Aktas H, Ozer A, Yilmaz TU, Keceoglu S,
Can MG, Emiroglu R. Liver transplantation
for Budd-Chiari syndrome: A challenging
but handable procedure. Asian J Surg. 2022;
45(7): 1396-1402.doi:10.1016/j.asjsur.2021.
09.007

Sahani D, Mehta A, Blake M, Prasad S,
Harris G, Saini S. Preoperative hepatic
vascular evaluation with CT and MR
angiography: implications for surgery.
Radiographics. 2004; 24(5):1367-1380.doi:
10.1148/rg.245035224

Vernuccio F, Whitney SA, Ravindra K,
Marin D. CT and MR imaging evaluation of
living liver donors. Abdom Radiol (NY).
2021; 46(1): 17-28.doi:10.1007/s00261-019-
02385-6

Liao CC, Chen MH, Yu CY, Tsang LC,
Chen CL, Hsu HW, et al. Non-contrast-
enhanced and contrast-enhanced magnetic
resonance angiography in living donor liver
vascular anatomy. Diagnostics (Basel).
2022;  12(2):498.doi:10.3390/diagnostics1
2020498

Schieda N, Isupov I, Chung A, Coffey N,
Avruch L. Practical applications of balanced
steady-state free-precession (bSSFP)
imaging in the abdomen and pelvis. J Magn
Reson Imaging. 2017; 45(1):11-20.doi:10.1
002/jmri.25336

Carr JC, Nemcek AA Jr, Abecassis M, Blei
A, Clarke L, Pereles FS, et al. Preoperative
evaluation of the entire hepatic vasculature
in living liver donors with use of contrast-
enhanced MR angiography and true fast
imaging with steady-state precession. J Vasc
Interv Radiol. 2003; 14(4): 441-449.doi:10.
1097/01.rvi.0000064853.87207.42.

Sen A. Unconventional abdominal uses of
FIESTA (CISS) sequence. Indian J Radiol

35

J Shalamar Med Dent Coll  Jan-June-2023 Vol 4 Issue 1



Imaging. 2013; 23(4): 386-390. doi:10.4103/
0971-3026.125588

Imaging. 2007; 32: 339-347.d0i:10.1007/s0
0261-006-9041-z.

9. Gaudiano C, Busato F, Ferramosca E, 15. Terayama M, Ito K, Takemura N, Inagaki F,
Cecchelli C, Corcioni B, De Sanctis LB, et Mihara F, Kokudo N. Preserving inferior
al. 3D FIESTA pulse sequence for assessing right hepatic vein enabled bisegmentectomy
renal artery stenosis: is it a reliable 7 and 8 without venous congestion: a case
application in  unenhanced  magnetic report. Surg Case Rep. 2021; 7(1):101.doi: 1
resonance angiography? Eur Radiol. 2014; 0.1186/s40792-021-01184-w
24(12): 3042-3050. doi: 10.1007/s00330-0 1 16. Demyati K, Akbulut S, Cicek E, Dirican A,
4-3330-7. Koc C, Yilmaz S. Is right lobe liver graft

10. Hasse FC, Selmi B, Albusaidi H, Mokry T, without main right hepatic vein suitable for
Mayer P, Rupp C, et al. Balanced steady- living donor liver transplantation? World J
state free precession MRCP is a robust Hepatol. 2020; 12(7): 406-412.doi:10.4254
alternative to respiration-navigated 3D /wjh.v12.17.406
turbo-spin-echo MRCP. BMC Med Imaging. 17. Kuriyama N, Kazuaki G, Hayasaki A, Fujii
2021; 21: 1-0.doi:10.1186/s12880-020-005 T, lizawa Y, Kato H, et al. Surgical
32-w procedures of portal vein reconstruction for

11. Balci D, Kirimker EO. Hepatic vein in recipients with portal vein thrombosis in
living  donor  liver  transplantation. adult-to-adult living donor liver
Hepatobiliary Pancreat Dis Int. 2020; 19(4): transplantation. Transplant Proc. 2020;
318-323. doi:10.1016/j.hbpd.2020.07.002 52(6): 1802-1806.doi:10.1016/j.transproceed

12. Ogiso S, Okuno M, Shindoh J, Sakamoto Y, .2020.01.155.

Mizuno T, Araki K, Goumard C, Nomi T, 18. Ahmed A, Baig AH, Sharif MA, Ahmed U,
Ishii T, Uemoto S, Chun YS. Conceptual Gururajan R. Role of accessory right inferior
framework of middle hepatic vein anatomy hepatic veins in evaluation of liver
as a roadmap for safe right hepatectomy. transplantation. Ann Clin Gastroenterol
HPB. 2019; 21(1): 43-50.doi:10.1016/j.hpb. Hepatol. 2017; 1:012-016.doi:10.29328/
2018.01.002 journal.acgh.1001004

13. Guo HJ, Wang K, Chen KC, Liu ZK, Al- 19. Zhang J, Guo X, Qiao Q, Zhao J, Wang X.
Ameri A, Shen Y, et al. Middle hepatic vein Anatomical study of the hepatic veins in
reconstruction in adult right lobe living segment 4 of the liver using three-
donor liver transplantation improves dimensional visualization. Front Surg. 2021;
recipient survival. Hepatobiliary Pancreat 8: 702280. doi: 10.3389/ fsurg.2021.702280
Dis Int. 2019; 18(2): 125-131.d0i:10.1016/]. 20. Carneiro C, Brito J, Bilreiro C, Barros M,
hbpd. 2019.01.006. Bahia C, Santiago I, et al. All about portal

14. Tamsel S, Demirpolat G, Killi R, Aydin U, vein: a pictorial display to anatomy, variants
Kilic M, Zeytunlu M, et al. Vascular and physiopathology. Insights Imaging.
complications after liver transplantation: 2019; 10(1):38.doi:10.1186/s13244-019-071
evaluation with Doppler US. Abdom 6-8.

J Shalamar Med Dent Coll  Jan-June-2023 Vol 4 Issue 1 36



