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Should We Have Blind Faith in Liver Volumetry?
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Introduction: Liver volumetry is a routine procedure performed before major hepatectomy or living donor liver
transplantation (LDLT) to anticipate the remnant liver volume and prevent liver failure. However, many parameters
may impact its accuracy and no large-scale studies have evaluated inter-rater variabilities. We aimed to determine
the reliability of volumetric assessments for whole organs in deceased-donor liver transplantations (DDLT) and
partial organs in LDLT settings.

Patients & Methods: Eight operators (four surgeons + four radiologists) analysed 30 preoperative CT scans (15
whole cirrhotic livers in the DDLT group + 15 partial healthy grafts in the LDLT group), using five software
systems. The computed volumes were compared with liver weight; liver density being considered as1.

Results: Inter-rater and inter-software concordances were excellent with coefficients of correlation >0.9. However,
calculations overestimated the real volumes in 25 cases by a mean of 249 + 206 [14-771] ccin the
DDLT group and 138 + 92cc [39-375] in the LDLT group. The mean calculations were significantly higher than
liver weights in the LDLT group only (p=0.04). The radiologists overestimated the surgeons’ assessment in 24
cases, the differences exceeding 6% in some cases. The type of software used significantly impacted results in the
DDLTgroup.

Conclusions: Despite its unanimously recognised utility, we highlight significant discrepancies between estimated
and real liver volumes. The global overestimation may lead to leave of too small remnant liver, with potentially
dramatic consequences. In case of border-line estimations, we recommend a repetition of the evaluation by another
operator (surgeon + radiologist working in concert).

© 2019 Nicolas Golse. Hosting by Science Repository.

Introduction

schedule living donor liver transplantation (LDLT), as the surgical
indication depends mainly on the ratio between the future liver remnant
(FLR) and body weight [1-5]. This matching is designed to prevent

Liver volumetry has become a worldwide standard of care in modern postoperative liver failure [6’ 7] Many open sources or commercial
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Are liver volumetric tools reliable and reproducible?

software programs are available, and their accuracy is a prerequisite that
is unanimously accepted because numerous studies have reported a
strong correlation between estimated and real volumes [8, 9].

However, no quality controls or consensual methodologies are required
to perform liver segmentation and many parameters are known to
significantly impact the volumetric calculation: type of imaging
modality used for volume assessment, presence of cirrhosis, slice
thickness of the CT scan, volume calculation from a 2- or 3-dimensional
reconstruction and use of manual vs semi-automatic vs automatic
software are the most influential determinants [9-18].

Surprisingly, when evaluating pulmonary metastases, some studies have
highlighted the discrepancy between software and significant inter-
observer variability, so that a message of caution regarding the
interpretation of volume/size is recommended and widely accepted in
the thoracic surgical community [19-21].

In terms of liver volumetric calculations, some authors have also
reported clinically significant inter- and intra-observer variability, but
the reliability of this tool remains widely accepted because of the
statistically strong correlation between estimates and intraoperative
measurements in most series [22, 23]. Given this apparent contradiction
(statistical vs clinical significance), our goal was to evaluate the
reliability of volumetric assessment in the settings of deceased-donor
liver transplantation (DDLT) (cirrhotic livers) and LDLT (healthy
livers), aiming to determine the true difference between volumetric
estimations and intraoperative measurements.

Patients and Methods
Study Populations

This study reviewed 30 patients who underwent surgery in our tertiary
centre (Centre Hépato-Biliaire, Paul Brousse Hospital, Villejuif,
AP/HP):

e  Fifteen cirrhotic recipients waiting for deceased-donor liver
transplantation (LT) were assessed (DDLT group). Their LTs were
performed consecutively between September 2016 and December
2016. This cirrhotic group was chosen to evaluate the accuracy of
volumetric software since we hypothesised that the “human bias”
might be very limited in the case of global volumetric calculations
without any section plan being necessary. We also wanted to
determine the accuracy of volumetric assessments on pathological
parenchyma.

e  Fifteen living donors (healthy livers) were evaluated (LDLT
group). The LTs were performed between June 2013 and May
2017. We included five right grafts and ten left grafts. This group
was selected to assess both software programs and human bias (if
any) because the observers were required to define a virtual section
plane.

The inclusion criteria were: intraoperative graft or liver weight available
from medical records, age >18 years, pre-LT CT scan with portal phase
available in our picture archiving and communication system (PACS).
The latest CT scan performed prior to LT was studied.
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All patients gave their informed consent to research on their personal and
anonymised data.

Surgical Procedures

Deceased donor LT and LDLT were performed using previously
described techniques [24,25]. The preoperative main criteria for LDLT
acceptance were:

. Right liver (segments V, VI, VII, VIII): donor’s remnant liver
volume >30% TLV and/or remnant liver/donor body weight ratio
estimated at >0.5.

o Left liver (segments II, III, IV): recipient’s graft volume/body
weight ratio estimated at >0.8 (or 0.7 in the absence of portal
hypertension).

The livers were weighed by surgeons after explantation, without any
vascular inflow. We assumed that liver parenchyma density was 1g/mL
(no Wilson disease or hemochromatosis diseases included). The same
balance was used for all patients.

Liver Planning Software and Volumetric Assessment (Figure 1)

Despite the retrospective design of this study (inclusion of patients who
had already undergone surgery), we re-calculated all the liver volumes
and did not consider the volumetric determinations performed at the time
of surgical management (before surgery). Five software programs (So)
were used during this study for volumetric evaluations of the liver:

So 1: Myrian XP-Liver from Intrasense (France), version 2.3.3

So 2: Visible Patient Lab (France), version 1.0.10

So 3: Hepatic VCAR from General Electric (USA), version 12.3-4.151
So 4: IntelliSpace Portal from Philips (The Netherlands), version 9.0
So 5: Synapse 3D from Fujifilm (Japan), version 4.4 Eu.

Figure 1: Examples of a 3D reconstruction before LDLT (A-B) or
DDLT (C-D, note the right hepatic atrophy and signs of portal
hypertension) obtained using the Visible Patient software.

IVC: inferior vena cava; MHV: middle hepatic vein; PV: portal vein;
RHV: right hepatic vein.

Eight experienced users (four HPB surgeons [Su 1 to Su 4] and four HPB
radiologists [Ra 1 to Ra 4]) evaluated the volumetry of the 30 patients
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included. Each operator only used one software program for the
calculations, that usually employed in daily practice (experience with the
software >1 year). Two software programs were used by >2 operators:
So 1 was used by Su 1 and Su 2, and the So 3 was used by Su 3, Ra 2
and Ra 4.

Until 2015, all patients were examined using a Philips Brilliance 40 CT
Scanner. Thereafter, a Revolution HD GSI (GE Medical Systems
Healthcare, Milwaukee, USA), dual energy CT scan was employed, with
a 64-section multi-detector. The volumes were measured on the scans
obtained during the hepatic venous phase at 60-70 seconds after
administration of 2 ml per kilogram of body weight of non-ionic contrast
material. The slice thickness of all the CT scan was of 1.25 mm. Each
operator received the same 30 DICOMs files.

Each observer was blinded from the results of initial volumetric
evaluations (not assessed during the study), the calculations of other
operators and intraoperative measures. They received the same
standardised instructions for volumetric measurements, as follows:

e  DDLT group: volume of the whole liver, excluding the gallbladder,
the main vessels (inferior vena cava, right and left portal veins,
hepatic veins) and major fissures. Tumours were included in the
TLV.

e  LDLT, right liver group: segments V to VIII. Vertical section to
the right of the middle hepatic vein, this vein being excluded from
the volume calculation. The gallbladder and main vessels were also
excluded from the analysis.

e  LDLT, left liver group: segments Il, 11l and IV. Vertical section to
the right of the middle hepatic vein, this vein being included in the
volume calculation. Segment | was excluded from the volumetric
calculation, as were the gallbladder and main vessels.

All these software programs ensured a semi-automatic detection of
vessels and the surface contour of the liver. However, in the event of
poor contrast or aberrant contour delimitation, hand-tracing was applied.
The parenchymal transection plane was obtained manually.

Statistical Analysis
To obtain an inter-observer concordance of 0.9 with a standard error of

20%, an o risk of 5%, and a B risk of 20%, the required sample size was
of 30 patients.

Table 1: Inter-rater concordance

Quantitative variables were expressed either as a mean + standard
deviation (SD) or as a median (range) for the calculation of variations in
volume. Patients were compared using an unpaired Student’s t test for
continuous variables with a parametric distribution, and a Mann-
Whitney U test for those with a nonparametric distribution. Qualitative
variables were expressed as counts (percentage) and compared using a
Chi-square test with a Yates correction if appropriate, or Fisher’s exact
test.

To determine the concordance between raters in terms of graft volume
and total liver volume, the concordances were presented on an inter-rater
basis (IRC, inter-observer concordances) and 95% confidence interval
(95% CI) and compared using the Wilcoxon Mann Whitney test.

The threshold for statistical significance was set at p<0.05. Statistical
analysis was performed using PASW software (version 22.0, SPSS Inc.,
Chicago, IL).

This study was performed according to the STROBE guidelines.
Results
Features of the study population

In the DDLT group, there were ten men and five women with a mean
age of 56 + 13 years. All these recipients were cirrhotic (alcohol n=9,
cryptogenic n=2, primary biliary cirrhosis n=1, non-alcoholic steato-
hepatitis n=1, HCV n=1, HBV n=1) and the mean interval between the
CT scan and LT was 76 + 54 days.

In the LDLT group, the donors were ten men and five women, with a
mean age was of 43 + 9 years. All patients had healthy livers. The mean
interval between the CT scan and LT was 105 + 55 days. Characteristics
of recipients were not assessed in this group.

Inter-Observer Concordance

Asillustrated in (Table 1) (shaded lines), the inter-rater concordance was
excellent, whatever the type of observer (surgeons or radiologists). In the
DDLT group, the IRC between surgeons or between radiologists or
surgeons versus radiologists were respectively 0.994, 0.997 and 0.996.
In the LDLT group, the concordances were respectively 0.926, 0.971 and
0.943. In both groups, there was also a strong concordance between the
software findings (0.996 and 0.943).

Inter-rater 95% confidence Inter-rater 95% confidence

concordance interval concordance interval

DDLT Group LDLT Group
Surgeon vs. Surgeon 0.994 0.987 — 0.998 0.926 0.740 — 0.991
Surgeon vs. Intraoperative data 0.967 0.930 —0.988 0.931 0.777 - 0.992
Surgeon #1 vs. Intraoperative data 0.929 0.800 — 0.979 0.951 0.863 — 0.984
Surgeon #2 vs. Intraoperative data 0.925 0.789 —0.980 0.892 0.712-0.961
Surgeon #3 vs. Intraoperative data 0.901 0.726 — 0.973 0.908 0.750 — 0.964
Surgeon #4 vs. Intraoperative data 0.900 0.718 — 0.967 0.921 0.605 — 0.996
Radiologist vs. Radiologist 0.997 0.994 — 0.999 0.971 0.939 - 0.989
Radiologist vs. Intraoperative data 0.967 0.932 -0.987 0.953 0.905 —0.982
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Radiologist #1 vs. Intraoperative data 0.915 0.765 - 0.970 0.935 0.819 - 0.978
Radiologist #2 vs. Intraoperative data 0.911 0.756 — 0.969 0.893 0.712 - 0.963
Radiologist #3 vs. Intraoperative data 0.912 0.759 - 0.970 0.930 0.804 - 0.976
Radiologist #4 vs. Intraoperative data 0.900 0.729 - 0.965 0.913 0.760 — 0.970
Software vs. Software 0.996 0.992 - 0.999 0.943 0.831 -0.993
Software #1 vs. Intraoperative data 0.952 0.891 - 0.982 0.945 0.875-0.979
Software #2 vs. Intraoperative data 0.915 0.765 - 0.970 0.935 0.819 - 0.978
Software #3 vs. Intraoperative data 0.956 0.908 - 0.983 0.930 0.856 — 0.973
Software #4 vs. Intraoperative data 0.912 0.759 - 0.970 0.930 0.804 - 0.976
Software #5 vs. Intraoperative data 0.900 0.718 — 0.967 0.921 0.605 — 0.996
Surgeon vs. Radiologist 0.996 0.992 - 0.999 0.943 0.831 -0.993

Although statistically not significant, (Figure 2) shows the mean
differences between the evaluations made by surgeons and radiologists
using a more visual and realistic presentation (radar diagram). In some
cases (patients 3, 4, 7, 12 and 13), this difference exceeded 6% and the
radiologists overestimated liver volumes (by comparison with the
surgeons) in 24/30 cases (14 and 10 cases in the DDLT and LDLT
groups, respectively).

Assessment of graft in cirrhotic patients ——Assessment of graft in healthy patients

Pt#15 Pt#2

Pt#13

PL#5

PLHE

PLH10 Pt#7

PL#9 PtH#g

Figure 2: Radar Diagram. Variations in assessments by radiologists
when compared with those of surgeons regarding liver volumes in
cirrhotic and healthy patients.

For each patient, the difference between the mean assessments obtained
by radiologists and surgeons is represented as a percentage. A positive
value (>0%) represents an over-estimation by the radiologists when
compared to the surgeons.

When the same software was used in the DDLT group, the mean inter-
observer difference was 39cc+46 whereas it reached 78+68cc in case of
different software (p<0.05). In the LDLT group, the mean inter-observer
difference was 132+83cc if the same software was used and 140+40cc
in case of different software (p=0.38).

Accuracy of Estimates (Validity)
By comparing the estimates obtained by each observer with the
corresponding intraoperative data (Table 1, white lines), we also

demonstrated a relatively good concordance, with most r values >0.9. In

the DDLT group, all users achieved a concordance >0.9, whereas in the
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LDLT group, one surgeon (Su 2) and one radiologist (Ra 2) obtained a
concordance <0.9.

However, there was a non-negligible discrepancy between the
performance of raters in anticipating organ volumes; in particular, Su 1
and Ra 1 achieved the best concordance in both groups, whereas the
concordance of Ra 2 with real volumes was poorer.

Measured Versus Estimated Volumes in the Whole Cohort
(n=30)

In the DDLT group, the mean estimate of liver volume was 1416 + 761cc
and the mean intraoperative volumes were 1279 + 591cc (p=0.45). In the
LDLT group, the mean estimate of graft volume was 695 + 281cc,
significantly higher than the mean intraoperative volume of 555 + 207cc
(p=0.04). There was no significant difference between the surgical and
radiological evaluations, whichever the group.

As shown in (Table 2), the mean overestimation was greater among
radiologists than surgeons. The mean overestimation of volumes by all
observers (vs real volumes) was 249 + 206 [14-771] cc in the DDLT
group and 138 + 92cc [39-375] in the LDLT group, and the mean
percentage of error [(calculated-weighed volumes) *100/weighed
volume] was 19.4% and 23.7%, respectively (p=0.14).

Table 2: Mean differences between estimated and measured volumes
according to the operators.
Assessment by Assessment by

surgeons radiologists
Liver volume in DDLT group 235.1+201 261.5+ 211
(cc) mean + SD*
Graft volume in LDLT group 131+91 143 £ 93
(cc) mean = SD

* the difference corresponds to the absolute difference as patients # 1, 6,
8 and 10 had negative average differences with the weighted volume.
SD: standard deviation

As illustrated in Table 3 (LDLT group only), the reliability of volume
calculations was significantly poorer for right livers than left livers, with
a weaker concordance between estimated and measured right livers
(p<0.05 for right liver only).
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Table 3: Comparison between estimated and weighed livers in LDLT group for right or left graft

Right liver Left liver

A Concordance A Concordance

212+110cc? 0.913 91+46cc* 0.949
Surgeons

[103 - 381] [0.147 —0.984] [30 - 181] [0.810 — 0.987]

237+ 96 cc® 0.934 96 + 45 cc ¢ 0.965
Radiologists

[122 - 369] [0.420 — 0.994] [39 - 188] [0.808 — 0.987]

A4 : difference between estimated and real volumes Statistical analysis compared estimated versus real volumes. a: p=0.012, b: p=0.006, c: p=0.81, d:

p=0.71
Measured Versus Estimated Volumes in Individuals

In the whole cohort, the difference between estimated and actual liver
volumes exceeded 10% in 77% of all cases. In the DDLT group, for each
patient, the mean maximum difference (max. estimation — min.
estimation) of TLV observed between operators (equivalent to intra-
individual variability in inter-rater interpretations) averaged 14+6%
[range: 9-33], or 177+108cc [84-539]. Twelve estimates exceeded the
real volume by more than 500cc, or even 800cc in four cases (maximum
difference: +1015cc).

ed graft volume (cc)

1Ly

Assessment by surgeons W Assessment by radiologists

Average difference with the wei

LDLT Group Patients #

|
e ””“
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Atan individual level in the LDLT group, the mean maximum difference
in graft volume observed between operators was an average of 26+9%
[13-47], or 151+76cc [58-374]. Twenty-two estimates exceeded the real
volume by more than 200cc, or even 400cc in four cases (maximum
difference: +472cc).

Figures 3 show the quantitative difference between weight estimations
and intraoperative data, respectively. For whole livers, an overestimation
was seen in 66.7% of cases (10/15) whereas 100% of calculations were
overestimated with respect to partial grafts.
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Figure 3: Differences between software estimates and real volumes in the DDLT and LDLT groups (positive values mean a preoperative overestimation of

weight). Mean * SD for each patient

Clinical Impact of Variability in Volumetric Assessments

By focusing on the LDLT group only, it was possible to highlight the
consequences of a miss-assessment of liver volume. One recipient
presented with a graft volume/body weight ratio <0.7, whichever rater
analysed the data. Another recipient presented with a graft volume/body
weight ratio <0.7 or >0.7 depending on the rater considered [range: 0.67-
0.87]. In both cases, the graft volumes had been evaluated as being
sufficient at the pre-LT assessment (ratios >0.8). These two patients
developed primary non-function and required an emergency re-LT.
Retrospectively, the low graft volume remains the main explanation for
these outcomes. One can assume that a better volumetric assessment
might have avoided such complications.

In the ten cases of left graft LDLT, we tried to determine whether
working in a pair might improve the reliability of estimations (Table 4).

Surg Case Rep doi: 10.31487/j.SCR.2019.01.003

We observed that a duo of two surgeons or two radiologists would not
significantly improve the calculations, but a surgeon and radiologist
working together were able to reduce overestimations in more than 50%
of cases.

Table 4: Percentage of improvement in the left liver volume’s
calculation per series of cases per rater considering the assessment by
another rater (pair working)
Reference: Reference:
Type of duo . .
surgeon radiologist
Surgeon + radiologist
(n =32 unique possibilities)
Surgeon + surgeon
(n =12 unique possibilities)
Radiologist + radiologist
(n = 12 unique possibilities)

0-14.3% 51.7 - 100%

0-14.3% /

/ 0-14.3%
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Discussion
Statement of principal findings

During this study, we were able to confirm the excellent statistical
concordance between preoperative liver volumetric estimates and real
volumes. The calculations appeared to be reproducible whatever the
observer (surgeon or radiologist) and the type of software used. These
results are in line with numerous publications and thus justify the
widespread use of preoperative volumetric assessment in daily practice
[8, 23, 26].

We also demonstrated that the concordance test used in most of the
publications to assess the reproducibility of volumetric values appeared
to be insufficient and did not adequately reflect reality. Most of the
volumetric values tended to overestimate the real volumes, this trend was
bigger for radiologists than surgeons but not significant statistically.
Although this problem of overestimation is not new and could be
explained by a lack of liver perfusion during the intraoperative
measurement, it seems to be generally unknown to surgeons, and the
routine use of a conversion factor is not applied as a consequence [10,
27].

Moreover, the difference observed between estimated and weighed
volumes could not solely be explained by this absence of organ perfusion
(thus underestimating the true weight) because:

e the volumes were underestimated in five cases (so the difference
would have been even greater using perfused, weighed livers),

e  during the volumetric calculations, intravascular volumes were
excluded from the analysis so that the assessment should not differ
from that of a non-perfused organ.

e the overestimates often exceeded hundreds of cm?, which was
much more than the vascular bed content: intrahepatic vessels
accounted for only 70-120cm?® in our series (data not shown).

This constant overestimation, associated with the lower inter-rater
concordance in this group, could have dramatic consequences when
potential living donors are accepted, there being a high risk of small-for-
size syndrome [5]. Estimates of right grafts appeared to be less reliable
than those of left grafts, but an overestimation of right graft should not
lead to serious consequences for the recipient. To the best of our
knowledge, the poorer accuracy of partial volume assessments in the
LDLT setting has not previously been reported. It should also be noted
that underestimates were also found, with mismatches exceeding 400cc
in some cases.

One of the major findings of our study remains the extremely broad
range of incorrect estimates that were unpredictable and non-correctable
using a unique conversion factor, as recommended by Karlo et al. [10].
In the DDLT group, this was all the more surprising because volumetry
only concerned TLV calculations, without any segmentation. One might
have supposed that TLV estimates would be a reliable procedure. We
think that the differences observed could in part be explained by the poor
quality of CT scans in cirrhotics because of haemodynamic disturbances
(Figure 4). The irregularity of contours and the poor visualisation of
inner vessels may have highlighted software performance. Applying a
conversion factor would have reduced the differences with true weights
in the event of overestimations but increased the gap if there was an

Surg Case Rep doi: 10.31487/j.SCR.2019.01.003

underestimation. Moreover, inter-observer variability would have
remained very high so that we have no clear explanations for such
misevaluations.

We were also able to show that the use of specific distinct software
programs had different impacts as a function of group: same inter-rater
concordance in the LDLT group whichever software was used, whereas
lower concordance in the DDLT group using different software. We can
assume that a computational bias was clearly highlighted when only
delimiting liver contours (DDLT group) involving little human
intervention, whereas in the case of segmentation (right/left in LDLT
group), human bias can predominate (determination of the liver cut
surface) over any algorithm bias which no longer appeared to be
statistically significant.

Figure 4: Examples of CT scans from the DDLT group (A, B) and
LDLT group (C, D) at the portal phase.

Compared with healthy livers, cirrhotic livers present a poor vascular
enhancement and automatic contour delimitation is often incorrect,
requiring manual intervention.

Interpretation with reference to other studies

In almost all publications, the authors considered the marked
concordance between estimated and real liver volumes. We are broadly
in agreement with such conclusions and obviously we perform routine
volumetric assessments for surgical indications. However, we were
struck by the massive margins of error reported by many publications in
some patients, but not clearly described: inter-observer variability of
>200cc and a difference between measured and estimated volumes of
>500cc according to Dello et al., errors affecting semi-automatic
segmentation of >200cc in the LDLT described by Hermoye et al., a
mean error ratio of 13.4% between actual and estimated FLR volumes
(maximum difference: 180cc) found by Itoh et al., an error reaching
700cc for Kitajima et al. using ultrasound assessments, and a graft
overestimation of up to 300 cc (meaning a discrepancy of 32%)
described by Sakamoto et al. in the LDLT setting [11, 12, 23, 28, 29].
The mean overestimation that we reported therefore seems in agreement
with the literature and confirms the risk of an inappropriate decision [30].
There is therefore a risk that operators may be mistaken reassured by
volumetric findings and may not perform portal embolization before
major hepatectomy or accept procurement from a living donor and
transplant a graft that is too small. In our experience, this probably
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explained two cases of primary non-function during the study period.
Clearly, the errors observed in the DDLT group did not have any major
consequences (native liver removed), but just highlighted the problem of
predicting the volume of cirrhotic livers. These margins of error should
be taken into consideration when preparing for elective surgery on
cirrhotic patients.

Despite this risk, there is currently no alternative to imaging volumetry
so that, for the time being, it remains the gold standard technique. Some
authors have tried to estimate TLV based on a patient’s body surface
area. The formula proposed by Vauthey et al. appears to be the most
widely applied [31]. However, this formula has since been tested and
some major errors reported: a difference of up to 1693cc when
estimating the TLV and 40% for FLR, and a difference of up to 2000cc
for TLV according to Simpson et al. [32, 33]. Currently, volume
estimates based on body surface area cannot replace conventional
computerised volumetry. In terms of borderline estimates (near to the
predefined cut-off points), we therefore propose two options to prevent
the risk of small-for-size and postoperative liver failure:

e the results should be verified by another operator, and particularly
by an HPB surgeon if the initial evaluation was made by a
radiologist,

e aconversion factor (<1) should be applied. However, in the rare
cases of underestimations, this may lead to the exclusion of
potentially operable patients.

e the “liver compliance” should be also investigated, particularly in
border-line volumetries (small recipient’s graft volume/body
weight ratio) and perhaps that volumetric analyses should be
performed in enhanced phases to be more realistic in LDLT setting
[34].

Strengths and weaknesses of the study

To the best of our knowledge, this is the first study to have evaluated the
performance of liver volumetry involving numerous software programs
and clinicians (multicentic evaluation) because most previously
published studies only compared two or three software used by a few
operators [8, 9, 11, 15, 22, 23, 30]. Our work therefore reflects the
practices actually applied in French HPB centres.

It is also the first report to have compared the accuracy of liver
volumetric assessments of normal and pathologic livers, because very
few authors have reported studies involving underlying cirrhosis [14,
35].

All the software programs included in this work used semi-automatic
delimitation algorithms so that the results given combined both the
software and the user’s performances. This is of particular interest
because cirrhotic livers often require manual adjustments to liver
contours.

One potential criticism of our protocol concerns the weighing of livers
without a true volume assessment (water displacement technique). First,
it is widely accepted that liver density is close to 1 whatever the quality
of the parenchyma. As demonstrated by Goumard et al., severe cirrhotic
patients (Meld>15) present a liver density of 0.98(14). In the DDLT
cohort, only three patients presented with a lower Meld score, thus
justifying our approximation. Secondly, it is well known that a healthy
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parenchyma has a density of about 1.06 kg/l [36, 37]. For these reasons,
we also approximated density in the LDLT group.

Although statistically justified, the small cohort size also limits the scope
of the message. At last, the interval elapsing between the CT scans and
surgery may appear long. However, only patients with a chronic
pathology or healthy liver were studied, and we can honestly assume that
their liver volumes remained constant during the few months before
surgery.

Conclusion

The computerised calculation of liver volumetry is the only tool
available to anticipate the volume of total and remnant liver, as well as
graft volume. Concordance of the values found with actual volume is
good, but major differences between estimated and real volumes are
frequent. This margin of error must be taken into account when taking a
decision as to surgery. Working in a pair could, in some cases, reduce
these errors and avoid dramatic consequences.
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