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planning in patients undergoing liver resection for 
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INTRODUCTION
Safer liver surgery requires a holistic approach to pre- 
operative assessment of the risk of post- hepatectomy liver 
dysfunction. Advances in systemic anti cancer therapy 
for colorectal liver metastases prior to surgical resection 
have resulted in significant gains, with partial responses 
seen in up to 50% of patients,1 allowing more individuals 
to be eligible for curative resection. However, pre- existing 
liver disease (typically undiagnosed) and chemotherapy- 
associated hepatotoxicity can strongly influence surgical 
outcomes, highlighting the need for careful pre- operative 
evaluation. Indeed, the incidence of post- hepatectomy 
liver failure (PHLF) in individuals undergoing surgery 
may exceed 20% in patients with chronic liver disease.2 
Contrast- enhanced liver MRI is now the preferred 

modality for detecting liver metastases and may also be 
used for pre- operative volumetric evaluation. Liver health 
can be assessed using imaging tests, liver biopsy or special-
ised assays, for example indocyanine green clearance, but 
no approach by far, has been able to objectively plan a 
safe resection, within permissible FLR limits.3–6 Accurate 
information about future liver performance is paramount 
in planning for safe liver resection, which depends upon 
both the quality and volume of the future functional liver 
remnant (FLR) to avoid PHLF.2,7–9 Although histological 
assessment by liver biopsy is considered the gold standard 
for diagnosing liver disease, it is not performed routinely 
due to its invasive nature and the potential risk of compli-
cations such as bleeding and bile leak.
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ABSTRACT

It is not uncommon for clinicians to encounter varying degrees of hepatic steatosis in patients undergoing resection 
for colorectal liver metastases (CRLM). Magnetic resonance imaging is currently the preferred investigation for identi-
fication and pre- operative planning of these patients. An objective assessment of liver quality and degree of steatosis 
is paramount for planning a safe resection, which is seldom provided by routine MRI sequences.
We studied two patients who underwent an additional pre- operative multiparametric MRI scan (LiverMultiScanTM) as a 
part of an observational clinical trial (HepaT1ca, NCT03213314) to assess the quality of liver. Outcome was assessed in 
the form of post- hepatectomy liver failure.
Both patients (Patient 1 and 2) had comparable pre- operative characteristics. Both patients were planned for an 
extended right hepatectomy with an estimated future liver remnant of approximately 30%. Conventional preopera-
tive contrast MRI showed mild liver steatosis in both patients. Patient one developed post- hepatectomy liver failure 
leading to prolonged hospital stay compared to patient two who had uneventful post- operative course. Retrospective 
evaluation of multiparametric MRI scan revealed findings consistent with fibro- inflammatory disease and steatosis (cT1 
829 ms, PDFF 14%) for patient 1 whereas patient two had normal parameters (cT1 735 ms, PDFF 2.4%). These findings 
corresponded with the resection specimen histology.
Multiparametric MRI can objectively evaluate future liver health and volume which may help refine surgical decision- 
making and improve patient outcomes
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T1 relaxation time in the liver can be used as a biomarker for 
fibrosis and inflammation.10 As fibrosis and inflammation 
increase, so does the amount of extracellular water in the liver, 
leading to an increase in T1 relaxation time. However, the 
magnetic properties of hepatic iron lowers the T1 measurement 
which, if unaccounted for, would result in an underestimate of 
the true T1 relaxation time. Iron- corrected T1 is achieved by 
measuring T2* relaxation time, from which iron concentration 
can be calculated. This can then be used to adjust the T1 measure-
ment, to give cT1 (iron- corrected T1 relaxation time). Liver-
MultiScanTM is a quantitative multiparametric MRI technology 
with high diagnostic accuracy for hepatic fibro- inflammation, 
steatosis and iron content,11,12 as well as predicting liver- related 
outcomes in patients with chronic liver disease.13

This technology has been developed into, HepaticaTM, that 
combines semi- automatic calculation of FLR volume with cT1 to 
predict future liver performance (FLP). In a recently conducted 
study on 77 patients, where ≥ 10% of liver volume was resected, 
the median length of hospital stay was found to be longer for 
those with a preoperative cT1 above the upper limit of normal 
compared to those with cT1 within the normal range.14

Briefly, the quantitative cT1 data are collected using five axial 
8 mm thick slices of T1 maps (modified Look- Locker inversion 

recovery) with 20 mm centre- to- centre spacing across the liver 
centred on the porta hepatis; the T1- shortening effect of hepatic 
iron is then corrected for by measuring T2* (fitting of the 
in- phase multiecho gradient echo images). Liver fat is measured 
using proton- density fat fraction mapping (PDFF) of five axial 
10 mm thick slices of multiecho gradient echo images analysed 
using the iterative decomposition of water and fat with echo 
asymmetry and least squares estimation method (IDEAL).15 Full 
images are typically acquired in 5–6 min with no use of contrast 
agents and are analysed centrally and returned to the physician.

Here, we present two individual clinical experiences that illus-
trate the potential utility of using augmented non- invasive MRI 
in the pre- operative evaluation of patients undergoing liver 
resection for colorectal metastases.

CLINICAL PRESENTATION
Two patients with similar disease presentation were studied 
retrospectively. The demographics, preoperative (Table  1) and 
post- operative patient characteristics were compared.

Patient 1
A 51- year- old male who had been surgically treated for a 
colorectal primary two years ago, presented with metachronous 

Table 1. Patient characteristics and baseline laboratory tests 2 weeks prior to surgery

  Patient 1 Patient 2

Age 51 58

BMI (kg/m2) 33.1 29.7

ECOG score 0 0

Known liver disease None None

Other comorbidities None Hypertension

Alcohol intake 1–10 units/week 1–10 units/week

Concomitant medications None Ramipril, Amlodipine, Bendroflumethazide, Mirtazapine, Citalopram, Ranitidine

Baseline laboratory value (normal reference values)

Platelets (109/L) (150-400) 228 118

INR (0.9–1.2) 0.9 1.0

Bilirubin (µmol/L)3–20 10 10

Albumin (g/L) (33-49) 41 35

AST (U/L) (5-30) 35 30

ALT (U/L) (5-30) 30 21

ALP (U/L) (50-100) 91 119

GGT (U/L) (6-50) 35 120

Operative characteristics

Operation Extended Right Hepatectomy Extended Right Hepatectomy

Duration of surgery (min) 210 150

Intermittent clamp time (min) 21 19

Blood loss (ml) 450 270

ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate transaminase; BMI, body mass index;ECOG, Eastern Cooperative Oncology 
Group;GGT, gamma- glutamyl transpeptidase; INR, international normalised ratio.

http://birpublications.org/bjr
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right- sided liver metastases. He underwent downstaging neoad-
juvant chemotherapy with 14 cycles of FOLFOX (folinic acid, 
5- fluorouracil and oxaliplatin) over the course of four months, 
resulting in a partial response. Conventional liver MRI showed 
mild steatosis and an estimated FLR of approximately 30%. After 
a 6- week break from chemotherapy, the patient was re- assessed 
and a plan for extended right hepatectomy was made (segments 
5,6,7 & eight with extension into 4B, sparing the middle hepatic 
vein). At surgery, the liver appeared fatty and the procedure was 
completed in 3.5 h with a Pringle clamp time of 21 min and 450 ml 
blood loss. There was no requirement for red cell transfusion.

Post- operatively, the patient developed liver failure compli-
cated by pleural effusion, infected ascites and paralytic ileus. 
The patient underwent intensive management with antibiotics, 
human albumin transfusions, diuretics and image- guided 
drainage of the effusion. He was discharged on post- operative 
day 15, this being substantially longer than the median hospital 
stay of 4 days in our unit. Histological assessment of the resected 
background liver parenchyma showed Grade two steatosis on the 
Kleiner- Brunt scale, 1.62% corrected steatosis by pixel classifica-
tion of whole- slide image with peri- central sinusoidal dilatation 
and accompanying sinusoidal fibrosis, 2.75% corrected fibrosis 
by pixel classification16 of whole- slide image (Figure 1: 2a,2b).

Patient 2
A 58- year- old male presented with metachronous right- sided 
colorectal metastases received six cycles of neoadjuvant FOLFOX 
with panitumumab, stopping treatment 8 weeks prior to liver 
resection following a partial response. Conventional liver MRI 
showed minimal steatosis with an estimated FLR of approxi-
mately 30%. He underwent a right hepatectomy with extension 
into segment 4B, sparing the middle hepatic vein. Surgery was 
completed in 2.5 h with a clamp time of 19 min and 270 ml of 
blood loss and the patient did not require red cell transfusion. 
Notably, the liver appeared healthy during the surgery.

The post- operative course was uncomplicated and the patient 
was discharged on day three following surgery. The resected 
background liver parenchyma showed no histological evidence 
of fat inflammation, ballooning, fibrosis or sinusoidal dilatation 
(Figure 1: 2c,2d).

These patients had been enrolled in an observational clinical 
trial (HepaT1ca, NCT03213314)17 and additional imaging using 
multiparametric liver MRI (LiverMultiScanTM, Perspectum 
Diagnostics, Oxford, UK) was performed as part of the study, 
with the care team blinded to the results. Liver steatosis was 
graded histologically according to the Kleiner- Brunt scale.18 
Outcomes were studied in the form of hospital stay and post- 
hepatectomy liver failure, defined as per the International Study 
Group of Liver Surgery (ISGLS) criteria.19

MULTIPARAMETRIC LIVER MRI FINDINGS
For Patient 1, the FLR was calculated as 23% and the iron- 
corrected T1 relaxation time (cT1) of the liver parenchyma 

measured 829 ms (normal <795 ms), indicating undiagnosed 
fibro- inflammatory disease while the MRI proton- density fat 
fraction (PDFF)11–13,20 of 14% (normal <5%) indicated steatosis 
(Figure 1:1a,1b). In contrast, Patient 2 was calculated to have a 
FLR of 29% with a cT1 of 735 ms and PDFF of 2.4%, which are 
both within the normal range (Figure 1:2a, 2b).

DISCUSSION
This report describes the valuable information offered by pre- 
operative quantitative multiparametric MRI used in two individ-
uals who presented seemingly similar surgical challenges at the 
outset, yet who had very different post- operative outcomes. The 
additional imaging revealed significant unsuspected liver disease 
in Patient 1. Identifying this pre- operatively could have changed 
the surgical decision- making to a two- staged procedure (portal 
vein embolization/ligation followed by right hepatectomy) 
which in turn might have averted post- operative liver failure and 
his delayed recovery.

Conversely, the additional imaging in Patient 2 confirmed healthy 
parenchymal liver tissue characteristics. This information would 
have justified the plan to proceed with a single- staged procedure.

It is widely understood that chemotherapy- associated steato-
hepatitis is an unpredictable phenomenon that occurs in some 
patients but not others. It is most commonly diagnosed histolog-
ically after surgery has taken place. These two patient’s experi-
ences highlight the significant potential of utilising pre- operative 
quantitative multiparametric MRI to accurately evaluate liver 
tissue health to help refine surgical decision- making and improve 
patient outcomes.

LEARNING POINTS
• Multiparametric MRI can help in analysis of liver tissue 

composition.
• Multiparametric MRI can objectively evaluate future liver 

health and volume, which may help refine surgical decision 
making.

• It may be possible to predict the outcomes of patients.
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Figure 1. 
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