Aalborg Universitet
AALBORG UNIVERSITY

DENMARK

Comparison of nuclear imaging techniques and volumetric imaging for the prediction
of postoperative mortality and liver failure in patients undergoing localized liver-
directed treatments

a systematic review

Espersen, Caroline; Borgwardt, Lise; Larsen, Peter Ngrgaard; Andersen, Trine Borup;
Stenholt, Louise; Petersen, Lars J.

Published in:
EJNMMI Research

DOl (link to publication from Publisher):
10.1186/s13550-021-00816-4

Creative Commons License
CCBY 4.0

Publication date:
2021

Document Version
Publisher's PDF, also known as Version of record

Link to publication from Aalborg University

Citation for published version (APA):

Espersen, C., Borgwardt, L., Larsen, P. N., Andersen, T. B., Stenholt, L., & Petersen, L. J. (2021). Comparison
of nuclear imaging techniques and volumetric imaging for the prediction of postoperative mortality and liver
failure in patients undergoing localized liver-directed treatments: a systematic review. EINMMI Research, 11(1),
[80]. https://doi.org/10.1186/s13550-021-00816-4

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

- Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
- You may not further distribute the material or use it for any profit-making activity or commercial gain
- You may freely distribute the URL identifying the publication in the public portal -


https://doi.org/10.1186/s13550-021-00816-4
https://vbn.aau.dk/en/publications/af8bbd2e-9ab5-4b69-8c92-b99893bb0890
https://doi.org/10.1186/s13550-021-00816-4

Espersen et al. EINMMI Res (2021) 11:80
https://doi.org/10.1186/513550-021-00816-4 EJ N M M I Resea rCh

REVIEW Open Access

: , , : ®
Comparison of nuclear imaging techniques ==

and volumetric imaging for the prediction

of postoperative mortality and liver failure

in patients undergoing localized liver-directed
treatments: a systematic review

Caroline Espersen'"®, Lise Borgwardt', Peter Nergaard Larsen?, Trine Borup Andersen?, Louise Stenholt* and
Lars J. Petersen”

Abstract

Background/aims: Although volumetric imaging by computed tomography (CT) is the gold standard for preop-
erative assessment of the future liver remnant, nuclear imaging studies have shown promising data. This systematic
review summarized the results from trials investigating volumetric and nuclear medicine imaging for the prediction of
postoperative mortality and liver failure (LF).

Methods: MEDLINE and Web of Science were searched for papers investigating nuclear imaging methods for the
prediction of postoperative clinical outcomes in patients undergoing local, liver-directed treatments. Only papers
investigating both preoperative nuclear imaging and CT or magnetic resonance imaging (MR) for the prediction of
postoperative mortality and/or LF were included.

Results: Twenty-five trials were qualified for this review. All trials but two used technetium-based tracers for the
nuclear imaging examination. Four papers used MR imaging and the remaining used CT for the volumetric evalua-
tion. Overall, the studies were heterogeneous both in terms of methodology and imaging technique. Of the thirteen
studies reporting on postoperative mortality, most were descriptive without detailed diagnostic data. A few with
detailed data found that nuclear imaging had better predictive value than volumetric imaging. Nineteen studies
investigated the prediction of postoperative LF of which seven papers investigated the predictive value of both
modalities in multivariable regression analysis. Two papers found that only nuclear imaging parameters were predic-
tive of LF, one paper found that the CT parameter was predictive, and four papers found that combined nuclear and
CT/MR imaging parameters were predictive of LF.

Conclusion: Both methodologies were useful in the preoperative assessment of patients scheduled for liver inter-
ventions, especially in combination, but nuclear imaging demonstrated better predictive value for postoperative
mortality and LF in a few trials. The overall technical and methodological heterogeneity of the included studies com-
plicates the ability to directly compare the clinical utility of the two imaging techniques.
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Introduction

The volume of the future liver remnant (FLR) assessed
by computed tomography (CT) is broadly considered the
gold standard for preoperative liver assessment both in
terms of determining eligibility for surgery and the extent
of surgery [1]. By assuming a uniformly distributed liver
function, CT-volumetry serves as an indirect assessment
of the functional capacity of the FLR along with global
liver function tests, biochemical markers, and clinical
scores. However, in patients with underlying parenchy-
mal liver disease, the functional capacity of the liver is not
necessarily homogenously distributed. If the liver mor-
phology and function are considered normal, 75-80% of
the total liver volume can be safely resected [2—8]. How-
ever, if the liver function is suspected to be impaired, for
example, due to chemotherapy or liver cirrhosis, the liver
volume to be resected is greatly reduced [5, 7, 8].

With nuclear medicine imaging, it is possible to evalu-
ate the function of the FLR directly. Therefore, one cutoff
level for a safe liver resection might suffice irrespective of
the underlying liver condition [9, 10]. Nuclear imaging
may therefore offer a better risk estimation prior to liver
surgery than volumetric assessments. Moreover, based
on a previously published systematic review from the
same literature search, preoperative nuclear imaging has
been shown to predict postoperative liver failure (LF) in
several studies [11]. Nonetheless, the incremental value
of nuclear imaging techniques over volumetric imag-
ing for preoperative assessment of the FLR has not yet
been thoroughly clarified. The purpose of this systematic
review was to summarize the studies investigating both
preoperative functional imaging with nuclear medicine
and volumetric imaging with CT or magnetic resonance
(MR) imaging for the prediction of postoperative mortal-
ity and/or liver failure (LF) in patients undergoing local
liver-directed treatments.

Methods

Literature search strategy

This review included papers from a previously published
systematic review investigating preprocedural nuclear
imaging methods for the prediction of postprocedural
clinical outcomes after local intervention in the liver [11].
In brief, the literature search was performed in two bib-
liographic databases with a deadline of search of May 27,
2020. The criteria for patients, interventions, compara-
tors, outcomes, and study design were customized for
each bibliographic database [11]. The systematic review

was conducted in accordance with the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [12].

Eligibility criteria and study selection

The eligibility criteria have been described in detail pre-
viously [11]. For this sub-study of the original system-
atic review, we identified original studies where patients
underwent a functional nuclear imaging-based examina-
tion as well as an anatomical examination by CT or MR
imaging prior to localized, liver-directed treatments with
the purpose of removing impaired liver tissue (e.g., liver
resection, cryotherapy, radiotherapy, etc.). The included
papers had to report the results of the preprocedural
imaging examination with regard to postprocedural
clinical outcomes, including mortality and/or LF. For this
analysis, we sought to investigate whether preprocedural
nuclear imaging was significantly better than CT/MR
imaging for the prediction of postprocedural mortality
and LF.

Data extraction

Two investigators reviewed relevant papers, and three
investigators extracted data. We extracted details regard-
ing study demographics, imaging technique and thera-
peutic interventions, and study methodology, such as
patient enrollment (prospective/retrospective), selection
(consecutive/non-consecutive), and outcome measures.
Classification of major versus minor surgery was based
on Couinaud’s criteria [13]. Extent of surgery (major
vs. minor) was not included as a volumetric parameter
for our data extraction, and only preoperative or com-
bined pre-/perioperative volumetric measurements were
included. Some studies analyzed mortality and LF as
part of a composite outcome; such papers were included,
denoted in the tables as =. Postoperative LF encompasses
both terms described as posthepatectomy liver failure,
hepatic insufficiency, liver dysfunction, and the like—in
our paper, it is referred to as postoperative LF under one
heading. Details on mortality and LF distinctions and
data extraction have been described in further detail pre-
viously [11].

Results

Study demographics of the included papers

From a total of 82 eligible studies included in the origi-
nal systematic review, 25 papers investigated both pre-
operative nuclear medicine and volumetric imaging
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82 papers included from the systematic review.

44 papers did not analyze preoperative
morphological volume (CT/MRI) with regard to
predefined postoperative clinical outcomes.

38 papers analyzed preoperative morphological
volume (CT/MRI) with regard to predefined
postoperative clinical outcomes.

13 papers did not analyze preoperative
morphological volume (CT or MRI) with regard
to postoperative mortality or liver failure.

25 papers analyzed preoperative morphological
volume (CT/MRI) with regard to postoperative
mortality and/or liver failure.

Fig. 1 Consort diagram of the inclusion of papers for this review. CT: computed tomography, MRI: magnetic resonance imaging

for the prediction of postoperative mortality and/or
LF (Fig. 1). These 25 papers constituted the system-
atic review of functional versus anatomical preopera-
tive imaging. Most trials were from Japan (n=13), the
Netherlands (n=5), and Belgium (n=3) (Table 1).
The median publication year was 2013. Six studies
enrolled patients prospectively. Consecutive recruit-
ment was ensured in 20 trials. The median number of
patients was 100 (range 11-625 patients). The surgical
procedures involved both major and minor surgery.
The nuclear imaging assessments commonly involved
technetium-based tracers: [*™Tc]Tc-galactosyl human

serum albumin (GSA) (#=12) and [*™TIc]Tc-mebro-
fenin (n=11). Two studies employed positron emis-
sion-based tracers [14, 15]. Most studies used CT for
volumetric imaging; only four studies applied MR
imaging. All studies used preoperative volumetric
assessments; two papers investigated a combined pre-/
peroperative volumetric parameter (resected paren-
chymal fraction) [16, 17]. Seven papers investigated
a combined functional and volumetric preoperative
parameter incorporating both volumetric and func-
tional assessments. Overall, there were notable vari-
ations in the technical methodology, both in terms of
the nuclear imaging parameters and calculations (also
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within the same tracer type) and the CT/MR imaging
parameters (data not shown).

Prediction of postoperative mortality

Thirteen papers reported on preoperative imaging for
the prediction of postoperative mortality of which five
were comparative studies with prespecified aims to com-
pare functional, nuclear imaging with volumetric imag-
ing for the prediction of postoperative mortality and/or
LF [18-22] (Table 2). Most studies investigated 90-day
mortality; mortality rates varied from 0 to 27%. Eight
papers reported outcomes in a descriptive fashion and/
or reported imaging parameters in patients with and
without a fatal outcome without any statistical analyses.
Four studies reported clinically relevant prognostic infor-
mation for both imaging modalities. Two studies com-
pared preoperative nuclear uptake values and CT volume
measurements in patients with and without postopera-
tive mortality [19, 23]. Dinant et al. found that uptake
in the FLR determined by nuclear imaging was signifi-
cantly lower in patients with LF-related mortality (mean
2.3 vs. 4.2%/min/BSA, p=0.02), whereas volume of the
FLR determined by CT was not significantly different in
patients with and without LF-related mortality (mean 45
vs. 52%, p=0.51) [19]. However, neither FLR uptake nor
volume was significantly different in patients with and
without overall mortality. Likewise, neither functional
nor volumetric assessment of the FLR was significantly
associated with 90-day mortality in patients with hepato-
cellular carcinoma undergoing liver resection [23].

In terms of the key diagnostic characteristics of the cut-
off levels, Dinant et al. found that FLR function and vol-
ume had an area under the curve (AUC) of 88% (95%CI
75-100%) and 61% (95%CI 21-100%), respectively, for
predicting LF-related mortality [19]. Olthof et al. found
that FLR function and volume had an AUC of 70%
(95%CI 57-82%) and 60% (95%CI 42—-79%) for predicting
posthepatectomy LF-related (PHLF) mortality [22]. None
of the papers directly compared the predictive value of
nuclear versus CT/MR imaging parameters for the pre-
diction of postoperative mortality. In univariable logistic
regression analysis, only marginal FLR function (OR 8.78,
»=0.008), and not FLR volume (OR 1.99, p=0.367), was
associated with an increased risk of postoperative mor-
tality [20].

Prediction of postoperative liver failure

Nineteen studies reported data for the prediction of post-
operative LF of which seven were comparative studies
with prespecified aims to compare functional, nuclear
imaging with volumetric imaging for the prediction of
postoperative LF [10, 18-22, 24] (Table 3). Most stud-
ies defined LF though the definitions varied across the

Page 6 of 17

studies (data not shown). The International Study Group
of Liver Surgery’s criteria [25] for the definition of post-
operative LF were used in several studies [18, 22, 23,
26-29]. The LF rate ranged from 1 to 33%. Seven papers
investigated the predictive value of a predetermined cut-
off value, eight papers established a post hoc cutoff value,
and three studies investigated both [10, 22, 30]. Several
studies (n=15) reported detailed diagnostic data on the
preoperative imaging tests for the prediction of postop-
erative LF (Table 4).

Fourteen studies compared the results of both preop-
erative nuclear and CT/MR imaging in patients with and
without postoperative LF. Eleven of these papers dem-
onstrated a significantly lower functional liver capacity
based on preoperative nuclear imaging in patients with
postoperative LF compared to those without. In con-
trast, eight of these papers reported a significantly lower
volumetric liver capacity or higher resected liver volume
based on preoperative CT/MR imaging in patients with
postoperative LF compared to those without. Four stud-
ies investigated the results of a combined nuclear and
CT/MR imaging parameter in patients with and without
LF [14, 17, 18, 26], of which three found a statistically sig-
nificant difference.

Overall, the sensitivity and specificity of the nuclear
imaging cutoffs for the prediction of postoperative LF
varied across the studies from 50 to 100% and 32 to 96%,
respectively. In comparison, the specificity and sensitiv-
ity of the CT/MR imaging cutoff varied from 57 to 78%
and 80 to 91%, respectively. Lastly, the combined nuclear
and CT/MR imaging parameters resulted in sensitivities
and specificities ranging from 57 to 92% and 46 to 98%,
respectively. The volumetric parameter (FLRV%) and the
combined nuclear and MR imaging parameter (eFLRF)
had a higher AUC than the nuclear imaging parameter
alone (HBSB%A) for the prediction of postoperative LE
[26]. Moreover, nuclear imaging with [*™Tc]Tc-GSA
was not significantly better in predicting LF than CT-
volumetry when comparing the AUC for the prediction
of LF for the nuclear (AUC: 0.97) and CT (AUC: 0.93)
imaging parameter [24]. Cho et al. found that the volu-
metric parameter had a higher AUC for the prediction of
postoperative LE, although not significantly better than
that of the other evaluated parameters including nuclear
functional imaging [14].

Five papers analyzed the predictive value of both a
nuclear and CT/MR imaging parameter for the predic-
tion of postoperative LF in univariable regression analy-
ses [14, 18, 20, 22, 26]. Two of these found that both
the nuclear and CT/MR imaging parameters were pre-
dictive of LF [18, 22]. However, whereas Hayashi et al.
only demonstrated a significant predictive value of mar-
ginal future remnant function but not volume [20], two
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Table 3 Overview of trials reporting on preoperative nuclear medicine imaging and computed tomography or magnetic resonance
imaging for the prediction of postoperative liver failure

Author LF defined LFeventrate Presetcutoff Posthoc Only LF versus Key diagnostic Cutoff value  Cutoff value
value studied cutoff value  descriptive no LF characteristics predictivein  predictive in
established analysis comparison  reported univariable multivariable
regression regression
analysis analysis
Chapelleetal.  Yes 14% NMI/MRI/ NMI: No No NMI/MRI/ NMI: No NMI: Yes NMI: No
[18] Combined: ~ MRI/Com- Combined:  MRI/Combined: MRI: Yes MRI: No
No bined: Yes® Yes Yes Combined: Yes Combined: Yes
Chapelleetal.  Yes 19° NMI: No NMI/MRI/ Yes NR NR NR NR
271 MRI: Yes Combined:
Combined:Yes ~ No
Chapelleetal.  Yes 15% NMI/MRI:No — NMI/MRI/ No NMI/MRI/ NMI/MRI/Com- NMI: No NMI: NR
[26] Combined:Yes  Combined: Combined: bined: Yes MRI: Yes MRI:NR
No Yes Combined: Yes Combined: Yes
Choetal. [14]  Yes 5% NMI/CT/Com-  NMI/CT/Com- No NMI/CT/Com- NMI/CT/Com- NMI: No NMI: NR
bined: No bined: Yes bined: Yes bined: Yes CT:Yes CT: No Com-
Combined:Yes  bined:Yes
Cieslak et al. Yes 2% NMI/CT: Yes NMI/CT: No Yes NR NR NR NR
[21]
de Graafetal.  Yes 16% NMI: No NMI: Yes No NMI/CT: Yes NMI/CT: Yes NMI/CT:NR NMI/CT: NR
101 CT:Yes CT:No
Dinant et al. Yes 13% NMI/CT: No NMI: Yes No NMI/CT: Yes NMI/CT: Yes NMI: Yes NMI: Yes
[19] CT:No CT:NR CT:NR
Hayashi et al. Yes 8% NMI/CT: Yes NMI/CT: No No NMI/CT:NR NMI/CT: NR NMI: Yes NMI/CT:NR
[20] CT:No
Hiraietal.[24]  Yes 23% NMI/CT: No NMI/CT: Yes No NMI/CT: Yes NMI/CT: Yes NMI/CT: NR NMI/CT:NR
Kokudo et al. Yes© 13% NMI/CT/Com- NMI: No No NMI/CT/Com-  NMI/CT/Com- NMI/CT/Com- NMI: No
[17] bined: No Combined: Yes bined: Yes bined: NR bined: NR CT:NR
CT:No Combined: Yes
Nanashima Yes 6% NMI/CT: No NMI/CT: Yes No NMI/CT: Yes NMI/CT: NR NMI/CT: NR NMI: No
etal.=[32] CT: Yes
Nanashima No 4% NMI: Yes NMI/CT: No Yes NR NR NR NR
etal. [37] CT:No
Okabe et al. Yes PLD: 7% NMI: No NMI:Yes (PLD)  No NMI/CT: Yes NMI: Yes (PLD) NMI/CT:NR NMI: Yes
[30] LF: 2% CT:Yes CT:No (PLD) CT:NR CT:NR (PLD)
Olthof et al. [22] Yes 23% NMI/CT: Yes NMI/CT: Yes No NMI/CT: Yes NMI/CT: Yes NMI/CT: Yes NMI: Yes
CT:No
Rassam Yes 10% (LF only) ~ NMI: Yes NMI: No No NMI/CT: Yes NMI/CT:NR NMI/CT:NR NMI/CT: NR
etal.=[23] CT:No CT:No
Serenari et al. Yes 20%¢ NMI/CT/MRI: - NMI: Yes No NMI/CT/MRIE: - NMI: Yes NMI/CT/MRE: NMI/CT/MRI:NR
[28] No CT/MRI: No Yes CT/MRI: NR NR
Serenari et al. Yes 33% NMI: No NMI/CT: No NMI: No NMI: Yes NMI/CT: NR NMI/CT:NR NMI/CT: NR
[29] CT:Yes CT:Yes CT:NR
Yoshida et al. Yes 6% NMI/CT/Com-  NMI/Com- No NMI/CT: Yes NMI/Combined: NMI/CT/Com-  NMI: Yes
[31] bined: No bined: Yes Combined: NR Yes bined: NR CT:No
CT:No CT:NR Combined: NR
Yumoto et al. Yes© 17% NMI/CT: No NMI: Yes No NMI/CT: Yes NMI: Yes NMI/CT:NR NMI/CT: NR
[16] CT:No CT:NR

LF: liver failure; NMI: nuclear medicine imaging; CT: computed tomography; MRI: magnetic resonance imaging; NR: not reported; and PLD: postoperative liver
dysfunction

2 Only patients with a preoperative FLRV% > 25% were resected and included in the study

b 1% of patients in the interventional group developed LF postoperatively, but in the 88 patients in the prior study by Chapelle et al. the liver failure rate was 14%, also
reported in the table above

€ Signs of postoperative LF

9 Including four patients who developed LF after stage 2 of the ALPPS procedure and excluding one patient who developed LF after stage 1 of the ALPPS procedure

papers demonstrated a significant predictive value of the  [14, 26]. Moreover, three papers found that a combined
CT/MR imaging parameter alone and not the nuclear nuclear and volumetric imaging parameter was predic-
imaging parameter in univariable regression analyses tive of LF in univariable regression analyses [14, 18, 26].
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Seven papers investigated the predictive value of both
nuclear and CT/MR imaging parameters or a combina-
tion of both in multivariable regression analysis. Two
papers demonstrated a significant predictive value of the
nuclear and not CT imaging parameter for the prediction
of postoperative LF [22, 31], whereas Nanashima et al.
only demonstrated a significant predictive value of the
estimated resected volume (%) from the CT examination
for overall postoperative complications including LF in
multivariable analysis [32]. Four papers analyzed the pre-
dictive value of a combined functional and morphologi-
cal parameter (combined nuclear and CT/MR imaging)
[14, 17, 18, 26]. These papers found that the combined
parameters were predictive of LF in both univariable
and/or multivariable analysis. Three of these papers also
investigated strictly nuclear and/or the CT/MR imaging
parameters and found that they were not predictive of
postoperative LF in multivariable analysis [14, 17, 26].

In terms of historical comparisons, mortality and LF
rates were significantly higher in an observational study
using only FLR volume ratio for determining eligibil-
ity for hepatectomy compared to a prospective inter-
ventional study employing the FLR function cutoft for
determining eligibility (6 vs. 0%, p=0.016 and 15 vs. 14%,
p=0.001, respectively) [27].

Discussion
Several studies have investigated both preoperative
nuclear and CT/MR imaging for predicting postop-
erative clinical outcomes in the same study setup. Both
functional nuclear imaging and volumetric imaging with
CT/MR were useful in the preoperative assessment of
patients undergoing liver surgery, especially in combina-
tion. However, nuclear imaging demonstrated a better
predictive value for postoperative mortality and LF than
CT/MR imaging alone in a few studies. Yet, the meth-
odology, imaging techniques, and parameters across the
studies were heterogeneous and detailed diagnostic data
were limited, especially in terms of postoperative mor-
tality. Only a few of the trials included prespecified aims
to compare preoperative nuclear imaging with volumet-
ric imaging for the prediction of postoperative mortal-
ity and/or LE. As a result, despite theoretical advantages
of nuclear imaging, it is difficult to directly compare the
clinical utility of the two imaging techniques across the
included studies and determine whether nuclear func-
tional imaging offers incremental value as opposed to
CT/MR volumetric imaging for the prediction of both
postoperative mortality and LF.

Our review of the published reports revealed very
limited detailed diagnostic data on the association
between preoperative nuclear and CT/MR imaging and
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postoperative mortality. Among the few studies with
detailed diagnostic data, the AUC for predicting LEF-
related mortality was higher for the nuclear imaging
techniques compared to CT, although no statistical com-
parison of difference in the AUC was conducted. Moreo-
ver, one study found that the preoperative FLR functional
uptake and not FLR volume was significantly lower in
patients with postoperative LF-related mortality com-
pared to those without [19], whereas neither function nor
volume of the FLR was associated with overall mortality.
Only one paper [20] investigated the predictive value of
both CT and nuclear imaging in univariable analysis and
found that only marginal FRL function and not marginal
FRL volume was predictive of postoperative mortality.

There were several studies with detailed diagnostic data
on the predictive value of preoperative nuclear and CT/
MR imaging parameters with regard to postoperative LF.
Overall, more papers demonstrated significant differ-
ences in preoperative nuclear imaging uptake values in
patients with and without postoperative LF as opposed
to differences in the preoperative CT imaging param-
eters (11 vs. 8 papers). Moreover, nuclear imaging more
often proved to be an independent significant predictor
of postoperative LF in multivariable analyses compared
to CT/MR imaging (in 2 vs. 1 paper). However, the differ-
ences were too small for firm conclusions about the pre-
dictive value of nuclear vs. CT/MR imaging. Moreover,
two studies compared the predictive value of the nuclear
versus CT imaging parameters directly and found no sig-
nificant differences in the AUC of the nuclear and CT
imaging technique for predicting postoperative LF [14,
24]. However, in all but one of the comparative studies
with prespecified aims to compare nuclear imaging with
volumetric imaging for the prediction of postoperative
LE, nuclear imaging, or combined nuclear/volumetric
imaging proved to be better than volumetric imaging
alone for predicting postoperative LF [10, 18—22]. These
studies highlight the theoretical and clinical impor-
tance of functional nuclear imaging in the preoperative
assessment.

Interestingly, when combining the preoperative func-
tional and volumetric imaging results in a single param-
eter, the combined parameter demonstrated optimized
predictive value for estimating the risk of postoperative
LF [14, 17, 18, 26]; the combined parameter showed bet-
ter predictive potential for postoperative LF than did
nuclear or CT/MR imaging alone. These findings under-
score the importance of both volumetric and functional
assessments of the FLR and the added potential of incor-
porating both in the preoperative assessment.

Overall, there was a great heterogeneity in the included
studies both in terms of methodology, aims, study
populations as well as the nuclear imaging acquisition
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techniques and calculation of the nuclear and CT/MR
imaging parameters. In a minority of studies, the pre-
specified primary or secondary aims involved comparing
functional nuclear imaging with volumetric imaging for
predicting postoperative mortality and/or LF [10, 18-22,
24]. Other studies evaluated several pre- or perioperative
factors associated with postoperative outcomes including
nuclear and volumetric imaging [30, 32]. In most stud-
ies, however, the volumetric evaluation with regard to
postoperative mortality and/or LF was part of additional
results not necessarily pertaining to the main objec-
tives of the study. Moreover, the study populations var-
ied both in terms of the number of patients included, the
underlying indication for liver surgery, and the involved
surgical technique (major vs. minor surgery, and staged
hepatectomy). Moreover, the small samples sizes of some
of the original studies may cause selection bias due to
the effective use of functional imaging in these patient
groups. The methodological and technical differences in
the studies complicate the comparison of functional ver-
sus volumetric imaging across the studies and warrant a
standardization of methodology and imaging techniques.
This would offer a better comparison of nuclear imaging
versus CT/MR imaging in the preoperative assessment of
postoperative risk in patients undergoing liver surgery.

Whereas volumetric imaging with CT is a well-estab-
lished routine examination prior to liver surgery for eval-
uating resectability and eligibility for surgery, there are
still no widely accepted international guidelines or con-
sensus statements on the use of nuclear imaging in the
preoperative assessment. Nonetheless, nuclear imaging
has gained increasing use in the preoperative assessment
over the last decade. The limitations of volumetric imag-
ing as an indirect estimate of the functional capacity of
the FLR seem to be overcome by the potential of nuclear
imaging to directly estimate the regional function of
FLR and thus the actual postoperative functional capac-
ity. Indeed, our previously published systematic review
focusing solely on the predictive value of nuclear imaging
techniques for the prediction of postoperative mortality
and LF revealed that despite technical and methodologi-
cal heterogeneity across the studies, a notable number of
trials found a significant predictive value of nuclear imag-
ing for the prediction of postoperative LF.

As this review is based on studies included in a previ-
ously published systematic review of nuclear medicine
imaging methods [11], the literature search was set up
to find original research papers investigating preopera-
tive nuclear imaging for the prediction of postoperative
clinical outcomes and not necessarily papers compar-
ing nuclear to CT/MR imaging for the prediction of
postoperative clinical outcomes which was the focus
of this review. Therefore, this analysis should not be

Page 150f 17

regarded as a systematic review of anatomical imaging
methods: There are likely many trials examining ana-
tomical methods without comparison to nuclear medi-
cine methods. The literature search for original papers
covered papers published up until May 27, 2020, so we
may have missed very recent reports. Moreover, some
groups published several similarly appearing papers
with increasing number of included patients and we did
not contact individual authors to enquire about over-
lapping data. This may, therefore, cause a potential bias
due to overlapping data.

Conclusion

In conclusion, 25 papers investigated both preoperative
nuclear imaging and CT/MR imaging for predicting post-
operative clinical outcomes in patients undergoing local,
liver-directed treatments. Both volumetric imaging and
nuclear imaging were useful in the preoperative assess-
ment of postoperative risk, especially in combination,
but nuclear imaging demonstrated a better predictive
value for postoperative mortality and LF than volumet-
ric imaging alone in a few trials. However, the abundant
technical and methodological heterogeneity across the
included studies complicates the ability to directly com-
pare the results of functional nuclear imaging with that
of volumetric imaging with CT/MR for the prediction of
postoperative mortality and LF. Larger, prospective stud-
ies would be beneficial in order to establish the added
benefit of nuclear imaging to the standard of care, CT/
MR imaging, in the preoperative assessment.
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