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ABSTRACT
Introduction
The incidence of primary non-function (PNF) after liver transplantation (LT) remains a major
concern with the increasing use of marginal grafts. Indocyanine green (ICG) fluorescence is an
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imaging technique used in hepatobiliary surgery and LT. Because few early predictors are
available, we aimed to quantify in real time the fluorescence of grafts during LT to predict their 3
months survival.
Patients and Methods
After graft revascularization, ICG was intravenously injected, then the fluorescence of the graft
was captured with a near infrared camera and postoperatively quantified. A multi-parametric
modelling of the parenchymal fluorescence intensity curve was proposed, and a predictive model
of graft survival was tested.
Results

Between July 2017 and May 2019, 76 LT were included, among which 6 recipients were retransplanted (re-LT+). No side effects of ICG injection were observed. The parameter a150
(temporal course of fluorescence intensity) was significantly higher in the group re-LT+ group
(0.022s-1 0.016-0.035 versus 0.012s-1 0.009-0.015, p=0.01). This parameter was the only
independent predictive factor of graft survival at 3 months (OR=2.4 CI95% 1.05-5.5 p=0.03). The
best cut-off for the parameter a150 (0.0155s-1) predicted the graft survival at 3 months with a

sensitivity of 83% and a specificity of 79% (AUC=0.82 0.67-0.98, p=0.01).
Conclusion
Quantitative assessment of intraoperative ICG fluorescence on the graft was feasible to predict
graft survival at 3 months with a good sensitivity and specificity. Further prospective studies
should validate these results over larger cohorts and evaluate the clinical impact of this tool.
INTRODUCTION
Liver transplantation (LT) is the best curative treatment for chronic liver diseases, hepatocellular
carcinoma and acute liver failure. Because of the current organs shortage, marginal grafts from
extended-criteria donors are routinely used (1)(2)(3). However, the main concern with these
marginal grafts is the higher risk of primary graft dysfunction (PGD), that negatively impacts
patient and graft survival (1)(2). PGD is defined as an early allograft dysfunction (EAD) and/or
primary non-function (PNF) (4)(5)(6)(7). EAD is defined by the presence of biological
abnormalities during the first 7 days after LT, according to the criteria described by Olthoff et al.
(4), whereas PNF is defined as the lack of graft function following LT leading to death or retransplantation within 7 or 10 days (5)(8). The incidence of EAD ranges from 9 to 25%, and that
of PNF ranges from 0.9% to 7% (4)(6).
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In the field of LT, many predictive factors of graft dysfunction and graft survival have been
reported (6)(7). However, these predictors require some days to be quantified and consequently,
the delay for decision-making process may be detrimental for graft and/or patient survival.
Despite a rich literature, there are very few early predictive factors to assess graft survival (5)(8),
in order to re-transplant rapidly the patient if required (9). As well, the decision to retransplant
remains difficult and based on non-consensual factors and cut-offs.
Indocyanine green (ICG) is a fluorescent dye used in hepatobiliary surgery to assess liver
function for planning the hepatic resection extent, due to its selective hepatic uptake and its
exclusive elimination in bile without enterohepatic recirculation and metabolism (10)(11). ICG is a
near-infrared (NIR) fluorophore, emitting fluorescence at 830nm when excited by a light with
wavelength from 750 to 810nm (10). Intraoperative ICG fluorescence imaging has been recently
reported to evaluate graft function and to predict PGD, by a qualitative assessment of the type of
graft fluorescence (8)(12). In a previous report, we showed that an abnormal ICG fluorescence
pattern was a predictor of PGD after LT (8). However, this qualitative analysis is subjective and
may be considered as operator-dependent. This technique has also been reported to assess liver
function, by a quantitative analysis of parenchymal fluorescence intensity (FI) before hepatic
resection (13)(14)(15). To the best of our knowledge, quantitative analysis of intraoperative ICG
fluorescence imaging has never been used in the LT setting as a predictor of graft survival.
The objectives were first to determine the tolerability and safety of this imaging technique, then to
quantify during LT the ICG fluorescence of the revascularized graft, and to predict the graft
survival at 3 months.
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PATIENTS AND METHODS
Study Population
This prospective monocentric study was carried out at a tertiary center. Patient 18 years old who
underwent LT were eligible, regardless of the indication for LT or the type of graft.
The study was conducted in accordance with the Declaration of Helsinki, and conformed to good
clinical practice guidelines. All patients provided written informed consent prior to enrolment.
Preparation of ICG and the NIR Fluorescence Imaging System
As a routine practice, the ICG fluorescent dye (Infracyanine, SERB Laboratories, Paris, France)
was used for NIR fluorescence imaging of the graft. ICG (25mg vials) was re-suspended in
100mL of 5% dextrose solution for injection to yield a stock solution of 0.25mg/mL. From this
solution, the dose of ICG administered was adapted to body weight (0.01mg/kg body weight).
The Fluobeam (Fluoptics SAS, Grenoble, France) fluorescence system for intraoperative
imaging was previously described (8). For stable acquisition, the Fluobeam was fixed on the
Fluopod (Fluoptics SAS, Grenoble, France), an articulated support arm. This imaging system
allows subsequent quantification of the intensity of the fluorescent signal.
Surgical Procedures
Deceased donor LT, split LT, domino LT or living donor LT were performed using previously
described techniques (16)(17)(18)(19). Before biliary anastomosis, intraoperative doppler
ultrasonography was systematically performed by the surgeons for vascular patency assessment
(Hitachi Aloka Medical, Tokyo, Japan). At the end of LT, a liver biopsy was always performed to
assess graft steatosis and ischemia-reperfusion lesions (20).
NIR Fluorescence Imaging of the Graft and Quantitative Analysis
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After revascularization of the graft (venous and arterial anastomoses performed) and
hemodynamic stabilization, ICG was injected intravenously as a bolus in central vein catheter
then flushed with 10mL of sterile water. The Fluobeam fixed on the Fluopod was placed 25
cm above the graft. Fluorescent signals were visualized in real-time, and images were recorded
for around 3 minutes. With this short duration, only the consequences of hemodynamics features
(arterial and portal perfusions, outflow and portosystemic shunts) and hepatic uptake could be
analysed, whereas biliary excretion could not be studied (13)(21). The camera exposure time was
set at 83ms for all patients.
Postoperatively, adjustment process of images was completed, the FI of the region of interest
(ROI) on the graft was quantified using the ImageJ software. The ROI was determined on the
right lobe of liver. The mean value of the measured pixel intensities in the ROI for each image
was calculated. In case of a heterogenous signal, the ROI was taken at the area of maximum FI.
A moving average for smoothing the values was used to obtain the curve of the temporal course
of the FI. To analyse the level of intensity, the initial value of the FI in the graft before ICG
injection was subtracted from each post-injection intensity value to remove the background signal
(22).

Modelling of the Fluorescence Intensity Curve
To avoid bias between the ICG injection and the start of recording trecord, only the measurements
starting from the time tinit such that FILiver,Obs (tinit) ≥ FILiver,Obs (trecord) + 5 Grayscales were taken into
consideration. Thus, time zero in the model corresponds to tinit of the recorded signal.

Assessment of the temporal course of the FI was performed using an exponential model. The
shape of the curves, increasing to reach a near plateau with a limit value, suggested that the
simplest fit was:

𝑭𝑰𝑳𝒊𝒗𝒆𝒓, 𝒇𝒊𝒕(𝒕) = 𝑪 ― 𝑩𝒆 ―𝒂𝒕

Where C was the limit value, C–B the initial value, t the time and a the convergence rate
(seconds-1).

The parameter a represented the speed of the fluorescent signal to reach the plateau phase
(Figure 1): the higher the parameter a is, the faster the plateau is reached. The 3 parameters of

this model were calculated with a non-linear least-square fitting the measured FI values, using
the Levenberg-Marquardt algorithm. Moreover, these 3 parameters were calculated by restricting
all the recordings to 150 seconds after tinit (parameter a150), to eliminate variability in the total

measurement time between patients.

Accepted Article

Perioperative Data and Short-Term Postoperative Management
Preoperative and intraoperative data recorded included patient’s age and gender, donor’s age,
patient’s and donor’s body mass index (BMI), weight and type of graft, graft macrosteatosis,
ischemia time, operative time, blood loss and transfusions rates. Postoperative data recorded
were the occurrence and indication of a re-LT within 3 months. Follow-up was halted at POD 90.
Until POD 7, close clinical monitoring, blood tests and doppler sonography were daily performed.
A computed tomography scan was routinely performed between POD 7 and 10 (23). All patients
received

a

standard

triple

immunosuppressive

regimen

that

included

corticosteroids,

mycophenolate mofetil and tacrolimus. Indication of re-LT was always decided during a
multidisciplinary meeting. In this study, quantitative analysis of graft fluorescence was not
integrated into our decision-making process.
Definitions
The primary endpoint was the graft survival at 3 months, defined as the occurrence or not of a reLT (group re-LT+ versus group re-LT– respectively) within 3 months after LT, whatever the
indication of re-LT (intention-to-treat analysis). This definition included patients who were listed
for re-LT within 3 months and not transplanted during that period of time. In case of death before
POD 90 from an extrahepatic cause, the patient was put in the group re-LT– (n=1). Survival

analysis was limited to 3 months in order to focus only on early graft function, and to minimize the
contribution of subsequent causes of graft loss such as chronic rejection or recurrence of
disease.

The secondary endpoint was the PNF, defined as a nonlife-sustaining graft leading to re-LT or
death within POD 10 (5)(8).
Statistical Analysis
Quantitative variables were expressed as median range, and qualitative variables as number
(percentages). The Mann-Whitney U test was used for continuous variables, and the Chi-square
test for categorical variables. Univariate and multivariate risk factor analyses were performed
using logistic regression test including all the preoperative, intraoperative, early postoperative
(before POD 1) characteristics and donor’s features, potentially related to the primary endpoint.
The criteria defined by Olthoff et al. (4) were not included because they were considered as late
(one week). Variables with a p-value <0.1 in univariate analysis were included in multivariate
analysis.
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Receiver operating characteristics (ROC) and the area under the curve (AUC) with its 95%
confidence interval (CI95%) and p value were used to determine the best diagnostic value of the

parameter a150 to predict graft survival at 3 months and PNF. The predictive power of the

parameter a150 was characterized by its sensitivity (Se), specificity (Spe), Youden index, and

positive and negative likelihood ratios (LR+ and LR- respectively).
Statistical analyses were performed using SPSS 23 software (SPSS Inc, Chicago, IL, United
States). A p-value 0.05 was considered statistically significant.

Accepted Article

RESULTS
Patients
From July 2017 to May 2019, 76 LTs performed in 72 patients were included in this study. A
comparison of the preoperative, intraoperative, early postoperative data and donor’s
characteristics did not reveal any imbalance between the 2 groups (group re-LT– versus group reLT+) (Table 1), except for cold ischemia, which was longer in the group re-LT+ (576 minutes 380640 versus 410 minutes 225-734, p=0.047), and for graft macrosteatosis > 30%, more frequent
in the group re-LT+ (16.7% versus 1.5%, p=0.03). Of these 76 LTs, 11 (14.5%) underwent a retransplantation. Only 2 patients (2.6%) received a partial graft (right splits), and 2 domino LTs
were performed. All other patients (n=72, 94.7%) were transplanted with whole grafts.
Primary liver disease features are summarized in Table 1. The main primary liver disease was

cirrhosis in 55 patients (72.4%), including 32 patients (42.1%) transplanted for advanced cirrhosis
(included all the complications of cirrhosis such as hepatic failure, portal hypertension, refractory
ascites, digestive bleeding), and 23 patients (30.3%) for hepatocellular carcinoma. The causes of
cirrhosis were alcohol for 25 patients (45.5%), hepatitis B and C virus for 9 (16.4%), secondary
biliary cirrhosis for 6 (10.9%), non-alcoholic steato-hepatitis for 5 (9.1%), mixed cirrhosis (alcohol
and NASH) for 4 (7.3%), primary biliary cirrhosis for 3 (5.4%) and cryptogenic for 3 (5.4%).
Postoperatively, PNF occurred in 4 patients (5.3%) and EAD in 31 patients (40.8%). All patients
with PNF were re-transplanted in emergency (median time: 3 days 2-6). Among those with
EAD, 5 patients (16%) were re-transplanted within 3 months.
Analysis of Temporal Curve of Fluorescence Intensity
No adverse events or side effects related to the ICG injection were observed intraoperatively or
during follow-up. A video recording is presented as an example in the supplementary data (ICG
injection at 6 seconds). The mean FI of all grafts at some characteristic times after ICG injection
is shown in Figure 2. First, the FI in the graft increased rapidly after ICG injection, corresponding
to the hepatic perfusion phase (arterial and portal perfusion). Then, the increase was more
gradual, corresponding to the hepatic uptake phase of ICG, until reaching a near-plateau at
around 120 seconds. The decrease of the FI was not recorded in this study.
Graft Survival at 3 Months
Two patients died within the first 3 months: one from a cardiogenic shock in immediate
postoperative course, without retransplantation (group re-LT–) and one after re-transplantation at

POD 3 (death occurring at one month from multiorgan failure, mesenteric ischemia).
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Six patients (7.9%) were re-transplanted within the 3 months after LT, for PNF (n=4), hepatic
artery thrombosis (n=1), or ischemic cholangitis (n=1, patent artery) complicated by ascending
cholangitis. The median time to liver re-transplantation was 3 days 1-68. All the patients listed
for a re-LT within 3 months were re-transplanted within 3 months.
No differences were found between both groups concerning the level of FI, whatever the time of
analysis. The parameter a150 was however significantly higher in the group re-LT+ compared to

the group re-LT– group: 0.022s-1 0.011-0.059 versus 0.012s-1 0.0001-0.054 respectively,
p=0.01 (Figure 3A). For the parameters B and C, there were no differences between the 2 groups
(p=0.20 and p=0.59 respectively).
In univariate analysis, the predictors of re-LT within 3 months were the parameter a150 (OR=2.15;

CI95% 1.18-3.91; p=0.01), the operative time (OR=1.01; CI95% 1-1.02; p=0.03) and transfused

red blood cells units (OR=1.22; CI95% 1.04-1.42; p=0.01). Under multivariate analysis, the
parameter a150 was the only independent risk factor (OR=2.4; CI95% 1.05-5.5; p=0.04) (Table 2).
The parameter a150 0.0155 s-1 predicted the risk of re-LT within 3 months with a sensitivity of

83.3%, a specificity of 78.6%, a likelihood ratio of a positive test of 3.89 and a likelihood ratio of a
negative test of 0.21. The AUC was 0.82 0.67-0.98, p=0.01 (Figure 3B).
Primary Non-Function
PNF occurred in 4/76 LTs (5.3%). The parameter a150 was significantly higher in case of PNF,
compared to the control group: 0.027s-1 0.011-0.059 versus 0.012s-1 0.0001-0.054
respectively, p=0.04 (Figure 4A). Similarly, no differences were found between the 2 groups
concerning the parameters B and C, and the level of FI.
In univariate analysis, the risk factor for the occurrence of a PNF were the parameter a150

(OR=2.32; CI95% 1.2-4.5; p=0.01), the recipient BMI (OR=1.17; CI95% 1-1.37; p=0.047), the
operative time (OR=1.01; CI95% 1-1.02; p=0.03), transfused red blood cells units (OR=1.24;
CI95% 1.04-1.48; p=0.02), and arterial lactate concentration at the end of LT 5mmol/L (LCEOT)
(OR=13.15; CI95% 1.27-136.8; p=0.02) (Table 3). Multivariate analysis was not performed due to
the very small number of events.
A ROC curve was also used to quantify the predictive strength of the parameter a150. The AUC
was 0.81 0.58-1, p=0.04. Parameter a150 0.0178 s-1 predicted the risk of PNF with a sensitivity
of 75%, a specificity of 81.9%, a likelihood ratio of a positive test of 4.14 and a likelihood ratio of a
negative test of 0.31 (Figure 4B).
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DISCUSSION
Statement of Principal Findings
This pilot study was carried out on the basis of a prospective cohort of 76 non-consecutive LT, of
which 6 patients were re-transplanted. The tolerability and safety of ICG injection during LT was
excellent. We demonstrated the feasibility of the quantitative analysis of the ICG fluorescence
during LT to evaluate the graft function and to predict its survival. The choice of the exponential
model made it possible to fit the measured FI curve with the simulated one (mathematical model)
and to define three patient-specific parameters. Among them, the parameter a150 representing the
temporal evolution indicator of the FI, predicted graft survival at 3 months and PNF with
satisfactory accuracy.
These results, parameter a150 being significantly higher in the re-LT+ and PNF groups, appeared
paradoxical at first because we expected to have a faster increase in FI in the control group
(higher parameter a150). With this short delay of recording, the FI curve increased first rapidly
(perfusion phase) and then more gradually (hepatic uptake phase) to reach a near-plateau
(Figure 2). The parameter a150 represented the rate of the fluorescent signal to reach this plateau
(Figure 1). To explain that the plateau was reached more quickly in the event of re-LT within 3
months or PNF, we hypothesized a faster saturation of the hepatic uptake of ICG. To our
knowledge, there is no previous report to validate or not this hypothesis. A future study will be
performed to explore this hypothesis.
Interpretation with Reference to Other Studies
Quantitative assessment of the global hepatic function using this imaging technique was only
reported by Narasaki et al. (13). They reported that the FI on the liver surface was not correlated
with the global hepatic function measured by ICG plasmatic clearance (ICGK) at 15min. This lack
of correlation resulted from an inter-individual variability in factors that can influence FI by
absorption and scattering of near-infrared fluorescent light, such as the presence of liver steatosis
or fibrosis. Our results were similar concerning the analysis of FI.
Narasaki et al. (13) developed a mathematical model to fit the measured FI curve but only from 3
points (at 1, 5 and 15 minutes), whereas our exponential model used all the points of this
measured curve to fit it. From their model, they also calculated a parameter representing the
temporal evolution of the FI, but negatively correlated to the parameter a150. While they found a

significant correlation between the temporal evolution of FI and the ICGK but with a mild
correlation coefficient (r=0.57), our results were opposed to theirs. Many differences between the
2 studies could contribute to these contradictory results: measurements performed on a “healthy”
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liver before hepatic resection for Narasaki et al., while our measurements were performed on
graft after LT after immediate revascularisation; about primary endpoints to assess liver function
(ICGK versus graft survival, respectively); a shorter signal acquisition in our study (150 seconds)
because an acquisition time of 15 minutes was incompatible with surgical requirements; the ICG
dose was much higher in their study (2.5mg/L of liver volume, or about 2.75mg per patient for a
median liver volume of 1.1L) than in our method (0.01mg/kg body weight, or about 0.72mg per
patient for a mean weight of 72kg); and finally, the study population was larger in our study (76
LT versus 16 patients).
Many predictive factors of graft survival are recognized in the literature (6)(7). The main
predictors of PNF and/or graft survival are summarized in Table 4. EAD defined by the biological
abnormalities during the first seven day following LT, according to the criteria by Olthoff et al. (4),
are the most consensual. These criteria are predictive of the graft survival at 6 months. However,
most of the predictors are too late since they may require about one week to be quantified. Up to
now, only very few early predictive factors are reported. The theoretical advantage of such early
predictive factors is that the patient could be re-transplanted quickly if necessary, in order to
decrease mortality (9)(24).
Golse et al. (5) showed that LCEOT 5 mmol/L was an early predictive factor of PNF. LCEOT
and parameter a150, both early predictors of PNF with each of them a satisfactory accuracy, could
be associated to improve the prediction of PNF in order to better select the patients requiring retransplantation. Indeed, although the multivariate analysis could not be performed, these two
predictive factors were not correlated (Spearman correlation r=0.07; p=0.57). Further studies
should be carried out to assess the diagnostic performance of this association.
To our knowledge, the qualitative analysis of the fluorescence patterns after ICG injection (8) was
the only intraoperative predictive factor to predict the PGD. However, as already mentioned,
qualitative analysis is subjective and operator-dependent. Moreover, this endpoint is questionable
because it is less clinically relevant than graft survival. The parameter a150 is consequently the

only intraoperative predictive factor of PNF and graft survival at 3 months with a very good
accuracy. Although the comparison is difficult because each of these predictors used a different
primary endpoint, the parameter a150 had a very good sensitivity and specificity to predict both
PNF and graft survival at 3 months, with the highest AUC.
The incidence of PGD and PNF in our series were 40.8% and 5.3% respectively, which is slightly
higher than the overall incidence in the literature (4)(6)(7), probably explained by the more
frequent use of marginal graft in our center (1)(2). The parameter a150 was the only independent

predictive factor of graft survival whereas well-known risk factors (cold ischemia time, graft
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macrosteatosis >30%...) (4)(5)(6)(7) were not significant (due to a small number of patients
included). This suggests that parameter a150 may be more sensitive than the well-known risk

factors.

Strengths and Weaknesses of the Study
Graft survival was a clinically relevant endpoint, which can be considered as a gold standard (4).
Overall survival was not chosen as endpoint because it depends on many other factors,
sometimes independent of the intrinsic quality of the graft and not evaluable by ICG fluorescence
imaging. The 3-month delay was chosen to limit the impact of later causes of graft loss such as
rejection or recurrence of the initial disease (4). The early intraoperative prediction of PNF was
also clinically very relevant to identify as soon as possible patients needing a re-transplantation in
emergency (24).
This exponential model has the advantage of fitting the measured FI curve with greater accuracy
than the model of Narasaki et al. (13). The restriction of recording to 150 seconds allowed the
values obtained to be homogenized and gave the same weight to the beginning of the fluorescent
curve for all videos. Moreover, a short acquisition duration was a minimal extra-time compared to
the operative time, making it more easily acceptable to the surgical team and safe for the patient.
The parameter a150 can be obtained in real time during LT thanks to the development of a

computer program that automatically performs adjustment process, quantification of FI and multiparametric modelling.
One limitation of our study was the low number of LT included, with only 6 events in the group reLT+ and 4 in the PNF group. If the feasibility of this imaging technique has been demonstrated,
further studies are now needed to validate these preliminary results.
Despite the good predictive accuracy of our model, its clinical adoption needs to be assessed for
two reasons. First, this parameter was measured for only a few seconds during LT, and the
consequence of some possible biases such as hemodynamic instability or the possible effects of
anesthetic agents during general anesthesia are not yet known on the pharmacokinetics of ICG
(13). For this reason, all measurements were performed on hemodynamically stable patients
(pressor amines permitted) because severe instability, being itself a risk factor for PNF, could
bias ICG interpretation. Second, the indication for re-LT is a serious decision with severe
consequences for the patient with higher morbidity and mortality (9)(24). The parameter a150
alone cannot therefore influence the decision to re-transplant in emergency, but it is nevertheless
an additional argument associated with the usual criteria for retaining the indication of re-LT in
emergency. Because of its high negative predictive value (98.2%), the parameter a150 could

simplify the intensive postoperative monitoring in some patients for early rehabilitation. This
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imaging technique could also be tested during normothermic preservation on machine to evaluate
ex-vivo the hepatocellular function with standardized liver perfusion, and thus better select
transplantable grafts (a150 cutoff to be defined) (25).

ICGK is an accurate test to assess liver dysfunction in the early postoperative period. However,
most liver transplant units do not use ICG clearance because it lacks the ability to differentiate the
underlying causes (PNF, acute rejection, sepsis, hepatic artery thrombosis…) (26). ICG
fluorescence depends on liver perfusion and hepatocellular function, and is unaffected by these
causes involved in ICG metabolism after LT. Unlike ICG clearance, which is performed
postoperatively, intraoperative ICG fluorescence quantification can lead to an intraoperative
modification of the surgical strategy (modulation of the portal flow…) (27).
In the future, with a longer recording time, multi-compartmental modelling of ICG transport in the
liver, based on the mathematical model previously developed by Audebert and Vignon-Clementel
(21), could provide a better understanding of the physiology of ICG fluorescence dynamics in the
liver in order to evaluate its liver function and its pathophysiology according to the compartment
affected (systemic blood circulation, hepatic sinusoid, hepatocyte or bile duct).
Beyond the clinical involvement, understanding the ICG fluorescence dynamics during the early
phases of hepatic perfusion and uptake can allow the acquired knowledge to be transposed to
less invasive molecular medical imaging techniques, such as

99Tc-Mebrofenin

scintigraphy,

because transporters involved in the hepatic uptake of 99mTc-mebrofenin and ICG are the same
(28).

CONCLUSION
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Quantitative analysis of indocyanine green fluorescence imaging during liver transplantation is
feasible. The analysis of the temporal evolution of the fluorescent signal by calculating the
parameter a150 thanks to a multi-parametric modelling of the observed fluorescence intensity
curve, offers the advantage of an immediate snapshot of liver function and the possibility to
predict graft survival at 3 months and the occurrence of PNF with a high accuracy. This reliable
intraoperative predictor could be an additional argument for clinicians to take a rapid decision on
whether to re-transplant a patient with PNF, although this choice remains a multiparametric
matter. Measurement of the parameter a150 represents a supplementary tool in the entire array of

diagnostic tests available to clinicians and may become part of daily practice by all transplant
teams. Further studies with larger cohort should confirm these results and determine the best
decisional impact and clinical benefit of this imaging technique. At the microscopic level,
understanding the pharmacodynamics of ICG will allow a better interpretation of the fluorescence
curve.
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Group Re-LT
Perioperative features

–

Group Re-LT

+

p

(n=70)

(n=6)

38.6 / 61.4

33.3 / 66.7

0.80

58.5 [18–74]

61.5 [49–70]

0.24

BMI (kg/m )*

25 [15–43]

26 [21–41]

0.35

MELD Score*

19 [6–40]

17.5 [13–29]

0.94

Retransplantation (%)

15.7

0

0.29

Partial graft (%)

2.9

0

0.68

40

66.7

Sex F/M (%)
Age at LT (years)*
2

Main indication of LT (%)
-

Advanced cirrhosis

-

Hepatocellular carcinoma

31.4

16.7

-

Fulminant hepatic failure

5.7

0

-

Primary non-function

4.3

0

-

PSC

4.3

0

-

FAP

4.3

0

-

Chronic rejection

2.9

0

-

Ischemic cholangitis

2.9

0

-

Other

4.3

16.7

55 [11–90

69 [13–77]

0.76

25 [16–38]

26 [15–36]

0.98

410 [225–734]

576 [380–640]

0.047

2.5 [0–15

6.5 [0–26]

0.10

1288 [320–2400]

1320 [700–2200]

0.98

411 [287–725

508 [363–828]

0.09

Graft macrosteatosis >30% (%)

1.5

16.7

0.03

LCEOT ≥5mmol/L (%)

19.1

50

0.08

Donor’s age (years)*
2

Donor’s BMI (kg/m )*
Cold ischemia time (min)*
RBC units*
Graft weight (g)*
Operative time (min)*

0.82

Table 1: Perioperative features and donors characteristics.
* Median range
BMI: body mass index; F: female; FAP: familial amyloid polyneuropathy; LCEOT: lactate concentration at the end
of liver transplantation; LT: liver transplantation; M: male; MELD: model for end-stage liver disease; PSC: primary
sclerosing cholangitis; RBC: red blood cells. Advanced cirrhosis included all the complications of cirrhosis such
as hepatic failure, portal hypertension, refractory ascites, digestive bleeding except hepatocellular carcinoma.

Table 2: Logistic regression analysis for predictors of graft survival at 3 months.
Univariable Analysis

Variables

Recipient sex F/M

Multivariable Analysis

OR 95% CI

p

OR 95% CI

p

0.80 [0.14–4.65]

0.80

-

-

1.04 [0.95–1.14]

0.36

-

-

Recipient BMI (kg/m2)

1.10 [0.96–1.26]

0.19

-

-

MELD score

0.99 [0.91–1.08]

0.88

-

-

Donor age (year)

1.01 [0.97–1.05]

0.70

-

-

Donor BMI (kg/m2)

1 [0.84–1.20]

0.97

-

-

Cold ischemia time (min)

1.01 [1–1.01]

0.05

1.01 [1–1.02]

0.11

1 [1–1,02]

0.03

1 [0.99–1.02]

0.51

1.22 [1.04–1.42]

0.01

1.12 [0.89–1.41]

0.35

1 [0.99–1.01]

0.77

-

-

4.23 [0.77–23.41]

0.10

Graft macrosteatosis ≥30%

6.4 [0.49–83.4]

0.16

-

-

Parameter a150 (s-1)

2.15 [1.18–3.91]

0.01

2.4 [1.05–5.50]

0.04
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Recipient age (years)

Operative time (min)
Number of transfused RBC
units

Graft weight (g)
LCEOT >5mmol/L

2.12 [0.20–22.33]

0.53

BMI: body mass index; F: female; LCEOT: lactate concentration at the end of liver transplantation; LT: liver
transplantation; M: male; MELD: model for end-stage liver disease; RBC: red blood cells.

Table 3: Logistic regression analysis for predictors of primary non-function.
Univariable Analysis

Variables

OR

95% CI

P

Recipient sex F/M

1.67

[0.22–12.53]

0.62

Recipient age (years)

1.01

[0.92–1.1]

0.87

Recipient BMI (kg/m2)

1.17

[1–1.37]

0.047

MELD score

0.98

[0.89–1.09]

0.76

Donor age (years)

1.05

[0.98–1.13]

0.14

Donor BMI (kg/m2)

1.10

[0.9–1.35]

0.35

Cold ischemia time (min)

1.01

[0.99–1.02]

0.07

1.01

[1–1.02]

0.03

Number of transfused RBC

1.24

[1.04–1.48]

0.02

1

[0.99–1.01]

0.51

13.15

[1.27–136.82]

0.03

11

[0.76–158]

0.08

2.32

[1.2–4.5]

0.01

Accepted Article

Operative time (min)

units

Graft weight (g)
LCEOT >5mmol/l
Graft macrosteatosis ≥30%
-1

Parameter a150 (s )

BMI: body mass index; F: female; LCEOT: lactate concentration at the end of liver transplantation; LT: liver
transplantation; M: male; MELD: model for end-stage liver disease; RBC: red blood cells.
Multivariable analysis was not possible due to the very small number of events (n=4 PNF).
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Table 4: Review of the main predictors of graft survival.
Predictors

Number of

Endpoints

Sensitivity

Specificity

LR +

LR -

AUC

p

95% CI

patients

Olthoff and al. criteria (4):
-

Bilirubin 10mg/dL on
POD 7

-

INR 1.6 on POD 7

-

ALAT or ASAT 2000UI/L

297

Graft survival

69.2%

81.2%

3.68

0.38

at 6 months

0.75

<0.001

-

within POD 7

LCEOT (5):
-

5mmol/L

296

PNF

83.3%

74.3%

3.65

0.25

0.75

0.045

0.55–0.93

Fluorescence types (8):
-

Type 1: Homogeneous

-

Type 2: Non-perfused

72

PGD

57.9%

78.5%

2.69

0.54

0.72

0.02

0.59–0.86

areas
-

Type 3: Non-homogeneous

Parameter a150:
-

0.0155s-1

76

Graft survival
at 3 months

83.3%

78.6%

3.89

0.21

0.82
0.55–0.93

0.01
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Parameter a150:
-

0.0178s-1

76

PNF

75%

81.9%

4.14

0.31

0.81

0.04

0.58–1

ALAT: alanine aminotransferase; ASAT: aspartate aminotransferase; AUC: area under the curve; CI: confidence interval; INR: international normalized ratio; LCEOT: lactacte concentration at the
end of LT; LR +: likelihood ratio positive; LR -: likelihood ratio negative; PGD: primary graft dysfunction (PNF and EAD according to Olthoff et al.(4)); PNF: primary non-function; POD: postoperative
day.
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