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a b s t r a c t 

Background: The University of Wisconsin (UW) and histidine-tryptophan-ketoglutarate (HTK) solutions 

are the two most frequently used liver graft preservation fluids. The present study aimed to compare 

their efficacy in end-stage hepatic alveolar echinococcosis patients who underwent ex-situ liver resection 

and autotransplantation (ELRA). 

Methods: A total of 81 patients received ELRA from August 2010 to March 2018. They were allocated into 

UW ( n = 48) and HTK groups ( n = 33) based on the type of solutions used. Demographic and operational 

data were retrospectively analyzed. Primary outcomes included 90-day mortality, incidence of early graft 

loss, primary dysfunction, and postoperative complications. 

Results: Demographic and operational characteristics were similarly distributed in the two groups. No 

statistically significant differences were observed with regard to 90-day mortality (12.77% vs. 12.12%) 

and early graft loss rate (8.51% vs. 9.09%) between the two groups. Patients in the UW and HTK groups 

showed a primary dysfunction rate of 27.66% and 27.27%, respectively. The UW group exhibited a higher 

incidence tendency of biliary complications, albeit with no statistical significance. 

Conclusions: This is the largest cohort study comparing the efficacy of the UW and HTK organ-preserving 

solutions in end-stage hepatic alveolar echinococcosis patients in ELRA settings. UW and HTK solutions 

presented similar efficacy and safety. A randomized clinical trial with larger scale is needed for further 

investigation in future clinical applications. 

© 2019 First Affiliated Hospital, Zhejiang University School of Medicine in China. Published by Elsevier 

B.V. All rights reserved. 
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Introduction 

Liver transplantation (LT) has been the major radical modality

for patients with end-stage liver diseases and has profoundly

improved the prognosis. Advances and innovative discoveries re-

garding novel immunosuppressant agents and organ preservation
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olutions have tremendously improved both short- and long-term

utcomes [1] . Ex-situ liver resection and autotransplantation (ELRA)

as emerged as an alternative surgical option in some end-stage

iver diseases that once were conventionally unresectable or listed

nly for LT. Similar to the conventional transplantation procedure,

LRA requires perfusion with an organ-preserving solution during

he anhepatic phase prior to the implantation process. University

f Wisconsin (UW), histidine-tryptophan-ketoglutarate (HTK) and

elsius solutions, among others, have been reported for application

o ELRA [2,3] . 
a. Published by Elsevier B.V. All rights reserved. 
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UW, which was first introduced in the late 1980s, has been

idely used and has shown superior clinical outcomes [4] and

as even once considered the gold standard preservation solution

or LT, while HTK was initially applied in cardiac surgery and re-

ently began to be adopted for routine use for liver, kidney and

ancreas preservation [5,6] . The selection of preservation solutions

s regarded as one of the essential factors affecting transplantation

utcome. The efficacy of UW and HTK solutions was compared in a

arge-scale clinical cohort studies and randomized clinical trials in

iving donor LT [7,8] and deceased donor LT settings [5,9–16] . Both

olutions manifested their own inherent advantages and disadvan-

ages that were closely related to their compositions [9] . However,

nly inconclusive and controversial results were yielded, ranging

rom equality to favoring one or the other solution [12] . The in-

onsistency of research outcome might be attributed to the size of

he sample and the quality of the study. 

During the 10-year period, our institution successfully carried

ut ELRA on 81 end-stage hepatic alveolar echinococcosis (AE) pa-

ients as the largest cohort in the world, to the best of our knowl-

dge. To date, the impact of mainstream organ preserving solu-

ions in ELRA is missing. Herein, we aimed to compare the efficacy

nd safety of UW and HTK solutions focusing on 90-day patient

urvival, liver graft primary dysfunction (PDF), postoperative com-

lications, and intraoperative metabolic as well as hemodynamic

tability in large cohort ELRA settings. 

ethods 

atients 

This study is in compliance with the Declaration of Helsinki

2013) [17] and was approved by the ethics committee of our insti-

ution. Informed consent was obtained from all the subjects and/or

heir legal guardians. 

From August 2010 to March 2018, 81 end-stage hepatic AE pa-

ients underwent ELRA. The resectability and operability of the

atients were carefully assessed by a multidisciplinary team in-

luding hepatobiliary surgeons, hepatologists, interventional thera-

ists, radiologists, and anesthesiologists. The indication of the ELRA

nd standard treatment flow was clearly shown in the previous

tudies [18,19] . Of note, during the study period, three patients

ith end-stage haptic AE were subjected to LT due to cirrho-

is, Budd-Chari syndrome and insufficient residual liver volume

nd were excluded from the present study. One patient with

eiomyosarcoma from inferior vena cava origin was treated by

LRA and was not included in the current study. 

reoperative assessment 

Laboratorial results, including routine blood tests, liver func-

ion tests, coagulation tests, and Echinococcus multilocularis ( E. mul-

ilocularis ) specific antigen serology tests, were examined in all

ubjects. Computed tomography (CT), magnetic resonance imaging

nd whole-body positron emission tomography (PET)-CT scanning

ere applied to assess the lesion site, size, vascular and biliary in-

olvement as well as remote organ metastasis. A three-dimensional

olumetric assessment was carried out to calculate the estimated

raft volume. 

urgery 

ELRA was performed as previously described. Briefly, after suc-

essful access to the abdominal cavity, we isolated perihepatic

igaments and vasculatures, and explanted the whole liver into

n ice basin. Subsequently, two independent teams performed
ench resection and hemodynamic control, respectively. No veno-

enous bypass was introduced; instead, temporary inferior vena

ava reconstruction and portosystemic shunts were performed as

reviously described [18,19] . 

ata collection 

Demographic information including age, sex, occupation, body

ass index (BMI), previous anti-parasitic therapy and abdom-

nal surgery, and model for end-stage liver disease (MELD)

cores [20] were collected. Intraoperative parameters, including

hannel and volumes of organ preserving solution, surgical time,

nd anhepatic phase duration, were retrieved. The warm ischemia

ime in this study was relatively short (approximately 1–3 min)

hat could be negligible. In addition, metabolic and hemodynamic

arameters containing serum potassium and sodium levels and

ean arterial/central venous pressure were recorded at the be-

inning of anesthesia, just before and after reperfusion, respec-

ively. Hypotension after reperfusion is defined by a decrease in

ean arterial pressure (MAP) to more than 30% below the baseline

alue [21] . 

rimary outcomes 

The primary outcomes included 90-day mortality, incidence of

DF of liver graft, early graft survival (proportion of autograft sur-

ival in the first three months), and postoperative complications.

nitial primary failure (IPF) is defined as the presentation of one

r more of the following variables: (i) bilirubin ≥10 mg/dL (171

mol/L) on postoperative day 7 (POD 7); (ii) INR ≥1.6 on POD 7;

iii) ALT or AST > 20 0 0 IU/L within POD 1–7. Death or need for

etransplantation after operation is considered primary nonfunc-

ion (PNF) [22] . The number of PDFs was calculated as the to-

al sum of the number of IPFs and PNFs. The peri–operative lab-

ratory results and intraoperative metabolic and hemodynamic

tability parameters were also analyzed. 

ollow-up 

Laboratorial parameters, including routine blood tests, liver

unction tests, and coagulation analyses during the peri–operative

eriod, were examined at POD 0–7, 14 and 30. All surviving pa-

ients were carefully followed-up with liver function tests, serol-

gy tests, ultrasonography, and CT and PET-CT scans, which were

arried out to assess the size and quality of the graft liver, as

ell as possible recurrence. The routine tests were performed at

.5, 1, 2, 3, 6, 12, and 24 mon after discharge. CT scan was per-

ormed 3–6 mon and 12 mon post-discharge. PET-CT may be con-

idered based on the results indicating for recurrence or metastatic

esion. 

tatistical analysis 

All data were analyzed using Statistical Package for Social Sci-

nce (SPSS), version 22.0 (SPSS, Inc., Chicago, IL, USA). For con-

inuous data in a normal distribution, values are presented as

ean ± standard deviation (SD) unless otherwise stated and were

ompared using independent Student’s t -test or repeated-measures

NOVA analysis as appropriate. For skewed data, values with me-

ian (interquartile) or median (range) are applied using nonpara-

etric test for comparison. Pearson’s Chi-square test was used for

omparing PDF, IPF, PNF and other incidence rate analyses. Survival

nalysis was applied using Kaplan-Meier analysis followed by the

og-rank test. Statistical significance was set at P ≤ 0.05. 
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Table 1 

Patient demographic information categorized by preservation solution. 

Characteristics Total ( n = 81) UW group ( n = 48) HTK group ( n = 33) P value 

Age (yr) 36.23 ± 11.75 36.69 ± 12.70 35.58 ± 10.37 0.678 

Sex 0.064 

Male 37 (45.68%) 26 (54.17%) 11 (33.33%) 

Female 44 (54.32%) 22 (45.83%) 22 (66.67%) 

BMI (kg/m 

2 ) 21.70 ± 3.10 21.41 ± 3.15 22.12 ± 3.01 0.317 

Occupation 0.132 

Peasant 57 (70.37%) 36 (75.00%) 21 (63.64%) 

Civil worker/Staff 10 (12.35%) 3 (6.25%) 7 (21.21%) 

Others 14 (17.28%) 9 (18.75%) 5 (15.15%) 

MELD 3.79 ± 4.89 4.20 ± 5.25 3.10 ± 4.21 0.340 

Previous abdominal surgery 34 (41.98%) 16 (33.33%) 18 (54.54%) 0.509 

Partial hepatectomy 11 (13.58%) 6 (12.50%) 5 (15.15%) 

PTCD 6 (7.41%) 3 (6.25%) 3 (9.09%) 

Portal vein embolization 3 (3.70%) 0 3 (9.09%) 

Other 14 (17.28%) 7 (14.58%) 7 (21.21%) 

Previous chemotherapy 26 (32.10%) 15 (31.25%) 11 (33.33%) 0.844 

BMI: body mass index; MELD: model for end-stage liver disease; PTCD: percutaneous transhepatic catheter drainage. 
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Results 

Demographic results 

All patients experienced successful ELRA with zero intraoper-

ative mortality. Of the reported 81 patients, the procured liver

in 48 (59.26%) patients was flushed/preserved with UW solu-

tion, while the liver in the remaining 33 (40.74%) patients was

flushed/preserved in HTK solution. The use frequencies of the UW

solution decreased from the first period of study (2010–2014) 100%

to 46.77% during the latter stage (2015–2018) when the usage

of HTK sharply increased from 0% to 53.23%. Basic demographic

information between the two groups was similar, as shown in

Table 1 . The mean age was 36.69 ± 12.70 years in the UW group

and 35.58 ± 10.37 years in the HTK group ( P = 0.678). The two

groups were similar in sex, BMI and occupational distribution. E.

multilocularis -specific antigen test results were displayed as the

proportion of antigen-positive intensity for four E. multilocularis -

specific antibodies ( Fig. 1 ), which showed similar distribution in

two groups. Patients in the UW group presented a slightly higher
Table 2 

Clinical and intra-operative characteristics of patients in groups. 

Clinical details Total ( n = 81) 

Location of hepatic AE lesion ( > 3 segments) 77 (95.06%) 

Remote organ metastasis 21 (25.93%) 

Child-Pugh score 

A 73 (90.12%) 

B 8 (9.88%) 

Comorbidity 16 (19.75%) 

Perfusing/flushing volume (mL) 2681 .23 ± 546.95 

Portal vein 2493 ± 490 

Proper hepatic artery 56 .91 ± 7.85 

Common bile duct 130 .49 ± 73.28 

Autograft mass (g) 844 .63 ± 267.10 

Autograft-to-body weight ratio 14 .70 ± 5.21 

Simultaneous operation 23 (28.40%) 

Surgical time (min) 993 .61 ± 183.52 

Hospital stay (d) 40 .78 ± 22.25 

ICU stay (d) 6 .32 ± 8.82 

Anhepatic phase (min) 381 .89 ± 132.89 

Blood loss (mL) 1954 .94 ± 2439.90 

Blood supplements 

Red blood cells (UI) 7 .58 ± 7.01 

Fresh frozen plasma (mL, median, interquartile) 745 (547.5–1200

Autotransfusion (mL) 527 .57 ± 676.86 

T-tube 10 (12.35%) 

AE: alveolar echinococcosis; ICU: intensive care unit. 
ean MELD score than the HTK group, albeit with no statistical

ignificance (4.20 ± 5.25 vs. 3.10 ± 4.21, P = 0.340). Sixteen patients

33.33%) in the UW group and 18 (54.55%) in the HTK group had

 previous abdominal surgery history. The informed surgery types

nd other detailed baseline information are in Table 1 . 

perational characteristics 

A total of 77 patients (46 in the UW group and 31 in the HTK

roup) presented extensive hepatic AE lesions involved in more

han 3 Couinaud hepatic segments, and some patients (UW 14 and

TK 7) were found to have remote organ metastasis that were

roperly managed during the operation. The autograft mass and

utograft-to-body weight ratio were similar in the two groups. The

ean perfusion volume of UW 2438 ± 480 mL and HTK 2576 ±
02 mL via the portal vein were used, and flushing through the

roper hepatic artery (55.63 ± 8.23 mL vs. 58.79 ± 6.96 mL,

 = 0.215) and common bile duct (116.67 ± 74.62 mL vs. 150.61 ±
7.41 mL, P = 0.075) was carried out, and no significant difference

as observed. 
UW group ( n = 48) HTK group ( n = 33) P value 

46 (95.83%) 31 (93.94%) 1.000 

14 (29.17%) 7 (21.21%) 0.422 

0.347 

45 (93.75%) 28 (84.85%) 

3 (6.25%) 5 (15.15%) 

11 (22.92%) 5 (15.15%) 0.388 

2609 .78 ± 533.82 2785 .15 ± 557.28 0.158 

2438 ± 480 2576 ± 502 0.215 

55 .63 ± 8.23 58 .79 ± 6.96 0.215 

116 .67 ± 74.62 150 .61 ± 67.41 0.075 

801 .67 ± 257.88 907 .12 ± 271.82 0.081 

14 .03 ± 5.35 15 .68 ± 4.92 0.164 

14 (29.17%) 9 (27.27%) 0.853 

973 .32 ± 138.41 1046 .58 ± 204.78 0.058 

38 .81 ± 22.16 43 .64 ± 22.42 0.341 

5 .38 ± 7.03 7.7 ± 10.89 0.247 

343 .81 ± 127.88 387 .27 ± 101.62 0.107 

1707 .29 ± 2043.67 2315 .15 ± 2919.35 0.273 

7 .31 ± 6.25 7 .96 ± 8.07 0.684 

) 630 (520–1060) 840 (550–1700) 0.054 

488 .40 ± 701.96 584 .55 ± 644.96 0.533 

5 (10.42%) 5 (15.15%) 0.770 
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Fig. 1. E. Multilocularis -specific antigen test results in two groups. Specific antigens of EgCF, EgP, EgB and Em2 were displayed as the proportion of positive intensity. The 

overall proportion of positive results for each antigen was similar in two groups. 
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Surgical time, anhepatic phase duration, postoperative hospi-

al and intensive care unit (ICU) stays were of the similar length.

ifferences in blood loss and use of blood products such as red

lood cells, fresh frozen plasma and autotransfusion volumes be-

ween the two groups were not statistically significant. T-tubes

ere placed in five patients in each group ( Table 2 ) and drawn

ccording to postoperative recovery conditions. 

rimary outcomes 

The median follow-up time was 17.42 (range 0.27–86.10)

onths in the UW group and 12.87 (range 0.10–37.00) months in

he HTK group. One patient was lost to follow-up, 10 patients (UW

 and HTK 4) died. Postoperative 90-day mortality was slightly

igher in the UW group than in the HTK group (12.77% vs. 12.12%,

 = 1.0 0 0). Survival outcomes were not significantly different be-

ween groups, as the 1-, 2- and 6-month overall survival rates (UW

roup vs. HTK group) were 91.49% vs. 87.88%, 89.36% vs. 87.88% and

7.23% vs. 87.88%, respectively ( P = 0.969, Fig. 2 ). The reasons for

eath in the UW group were multiple organ dysfunction syndrome

 n = 4), intra-abdominal bleeding ( n = 1), and sepsis ( n = 1). In the

TK group, the deaths were attributed to hepatic failure ( n = 2),
ntra-abdominal bleeding ( n = 1) and multiple organ dysfunction

yndrome ( n = 1). The PDF rates in the UW and HTK groups were

3 (27.66%) and 9 (27.27%), respectively. Accordingly, IPF rates in

he UW and HTK groups were 7 (14.89%) and 5 (15.15%), respec-

ively. A total of 10 patients (12.50%, UW/HTK: 6/4) had PNF. All IPF

atients’ conditions were improved after careful monitoring and

anagement. Early graft loss occurred in 4 patients in the UW

roup and 3 in the HTK group (8.51% vs. 9.09%, Table 3 ). 

The major complications were pleural effusion, ascites and bil-

ary leakage. A tendency toward a high incidence of biliary leak-

ge in the UW group (14.89%) were found compared to that in the

TK group (3.03%); however, there were no significant differences

 P = 0.668) Two hepatic thromboses occurred in the UW group and

ne in the HTK group, and the latter case developed into two

iliary stenoses that were treated with proper management. 

eri-operative laboratory results and intraoperative metabolic and 

emodynamic stability parameters 

Two groups exhibited persistently higher mean levels of serum

LT and AST. Although a gradually decreasing trend was observed

fter POD 1, the magnitude was lower in the HTK group. At
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Fig. 2. The 1-, 2- and 6-month patient overall survival for UW and HTK solutions. 

(Kaplan-Meier analysis, P = 0.969). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A

B

Fig. 3. Mean serum levels of ALT ( A ) and AST ( B ) in UW and HTK groups. HTK 

groups presented slight higher levels of ALT and AST compared with HTK group 

with no statistical differences (independent Student’s t -test, P > 0.05). The dashed 

lines represented for the upper and lower limit based on the normal range at our 

center. 
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POD 14, the ALT and AST levels were similar between the two

groups. Notably, no significant differences were found between

them throughout the designated time-points ( Fig. 3 ). 

Levels of white blood cell counts that present inflammatory re-

sponses were higher than the upper normal levels during postop-

erative periods and reached normal values at POD 30. Both the

eosinophil cell count (EO#) and percentages (EO%) as well as cre-

atinine were all within the normal range and similar in the two

groups. Peri-operative serum hemoglobin and albumin levels dur-

ing all observed time-points were below the lower limit without

significance between two groups. Total and direct bilirubin pre-

sented a rapid increase after the operation, reached its peak on

POD 5 and gradually decreased. Platelet counts displayed a sharp

decrease at POD 1, remained under the lower limit until POD 5

and then remained within the normal range. The HTK group pre-

sented significantly lower prothrombin time ratios at POD 4, 5 and

14 compared to those in the UW group ( Fig. 4 ). 

Although basic serum sodium levels in the HTK group differed

significantly from those in the UW group, their levels through-

out the surgical procedure were within normal limits and did

not change significantly after reperfusion. Both the UW and HTK

groups displayed a significant reduction in mean serum potassium

levels but were still within the normal range. Body temperature

changes were similar between groups. The HTK group presented

a significantly decreased MAP from prereperfusion to postreperfu-

sion, but the changes in MAP were not significantly different in

the UW group. All MAP values were within the normal range, and

there was no case of hypotension ( Table 4 ). 

Discussion 

Herein, we present the largest cohort study of ELRA, to the

best of our knowledge, comparing the efficacy of the organ pre-

serving solutions UW and HTK. Our results claimed similar clin-

ical outcomes regarding postoperative mortality, PNF, early graft

loss, biliary complications and intraoperative metabolic and hemo-

dynamic alterations in patients undergoing ELRA involving preser-

vation with both UW and HTK. 

ELRA was first reported by Schlitt et al. [23] in a patient

with gastric leiomyosarcoma liver metastasis. Since then, this

challenging technique has been sporadically practiced in conven-
ionally unresectable patients. To date, more than 200 patients

ave been reported to undergo ELRA. During this period, our

nstitution has successfully performed this procedure to treat 81

nd-stage hepatic AE patients and has obtained promising clinical

utcomes. In contrast to conventional LT, ELRA requires neither

rgan donors nor posttransplant immune-suppressive agents and

hus is becoming an alternative option in selected cases. There

re several factors that may influence the outcome of ELRA;

mong them, the preservation solution is one of the critical factors

hat influence the clinical outcomes of patients. Various types

f organ preserving solutions have been introduced into organ

ransplant surgery and to date, UW and HTK have been commonly

racticed worldwide. Both solutions show their inherent advan-

ages and disadvantages because the compositions included are

ifferent. Studies that compare the outcome of UW and HTK in

T patients are controversial and inconclusive in different clinical

ettings. 

Erhard et al. [10] reported the first prospective randomized

linical trials that compared the clinical efficacy of UW and HTK

ith similar overall outcomes but with increased hepatocellular
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Fig. 4. Comparison of peri–operative laboratorial results between in the UW and HTK groups. ∗P < 0.05. 
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Table 3 

Incidence of primary dysfunction and postoperative complications in groups. 

Incidences Total ∗ ( n = 80) UW group ∗ ( n = 47) HTK group ( n = 33) P value 

Primary dysfunction 22 (27.50%) 13 (27.66%) 9 (27.27%) 0.970 

Initial primary failure 12 (15.00%) 7 (14.89%) 5 (15.15%) 0.980 

Primary nonfunction 10 (12.50%) 6 (12.77%) 4 (12.12%) 1.000 

Early graft loss 7 (8.75%) 4 (8.51%) 3 (9.09%) 1.000 

Postoperative complications 

Pleural effusion 25 (31.25%) 14 (29.79%) 11 (33.33%) 0.736 

Ascites 12 (15.00%) 5 (10.64%) 7 (21.21%) 0.324 

Biliary complications 10 (12.50%) 7 (14.89%) 3 (9.09%) 0.668 

Leakage 8 (10.00%) 7 (14.89%) 1 (3.03%) 

Stenosis 2 (2.50%) 0 2 (6.06%) 

Pneumonia 5 (6.25%) 2 (4.26%) 3 (9.09%) 0.681 

Thrombosis 3 (3.75%) 2 (4.26%) 1 (3.03%) 1.000 

∗ one patient was lost to follow-up. 

Table 4 

Changes of metabolic and hemodynamic variables at three time-points in groups. 

Parameters UW group ( n = 41) ∗ HTK group ( n = 29) ∗ P value a 

Na + (mmol/L) 

Start-operation 139 .02 ± 4.21 140 .97 ± 3.21 0 .041 

Before-reperfusion 150 .98 ± 16.98 148 .34 ± 5.38 0 .975 

After-reperfusion 147 .88 ± 3.49 148 .69 ± 5.25 0 .471 

P value b 0.429 0.424 

K + (mmol/L) 

Start-operation 3 .55 ± 0.57 3 .46 ± 0.33 0 .408 

Before-reperfusion 3 .70 ± 0.58 3 .74 ± 0.45 0 .782 

After-reperfusion 3 .47 ± 0.55 3 .47 ± 0.46 0 .995 

P value b 0.002 0.008 

Body temperature ( °C) 

Start-operation 36 .58 ± 1.77 36 .25 ± 0.46 0 .328 

Before-reperfusion 36 .51 ± 2.18 36 .15 ± 1.20 0 .418 

After-reperfusion 36 .45 ± 2.07 36 .28 ± 0.95 0 .167 

P value b 0.564 0.649 

Mean arterial pressure (mmHg) 

Start-operation 84 .88 ± 11.39 86 .85 ± 14.58 0 .527 

Before-reperfusion 82 .19 ± 17.47 84 .36 ± 15.23 0 .593 

After-reperfusion 79 .49 ± 14.49 77 .43 ± 11.68 0 .529 

P value b 0.332 0.046 

Mean central venous pressure (mmHg) 

Start-operation 6 .62 ± 3.28 7 .00 ± 3.24 0 .628 

Before-reperfusion 7 .54 ± 4.97 8 .11 ± 3.97 0 .611 

After-reperfusion 6 .75 ± 3.77 7 .25 ± 4.17 0 .603 

P value b 0.222 0.204 

∗ Only available data. 
a comparison between UW and HTK group at different time-points;. 
b comparison within the UW or HTK group at before- vs. after-reperfusion. 
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c  
injury in the HTK group. Nevertheless, higher late biliary complica-

tions in the UW group were observed without any statistical signif-

icance [24] . In line with the above study, similar efficacy and safety

of two preservation solutions regarding the clinical outcomes were

also published in different centers [5,8,13] . In contrast, some stud-

ies showed better graft survival and fewer biliary complications

with the use of UW solutions [9,14,15] . 

Our results showed no difference regarding 90-day mortality,

PDF rates and early graft survival. According to the new scoring

system, survival outcomes following liver transplantation (SOFT)

score, proposed by Rana et al. [25,26] , which include 18 risk fac-

tors, had proven to be an accurate predictor of 3-month survival

after liver transplantation. Previous abdominal surgery history of

patients was listed as a significant recipient risk factor. In the

present study, previous partial hepatectomy (UW/HTK, 6/5), per-

cutaneous transhepatic catheter drainage (3/3), portal vein em-

bolization (0/3) and other abdominal operations (7/7) were per-

formed. Although the comparison between two groups resulted

in no statistical significance, this recipient risk factor should,

to some extent, induce bias in the results especially in 90-day

mortality rate results. The possible impacts of preservation solu-
ions on the onset of biliary complications are still a matter of

ontroversy [12] . Regarding the postoperative complications, the

W group presented a slightly higher occurrence of biliary com-

lications but lower pleural effusion, ascites and pneumonia com-

lication rates than the HTK group. It is acknowledged that HTK

as identified to have low viscosity, providing better procurement

f biliary trees and speeding the cooling of organs [10] . Tullius

t al. [27] reported that UW solutions at low temperature condi-

ions easily form adenosine crystals that may occlude the capillary

epatic artery supplying bile ducts. Therefore, in this sense, the su-

eriority of the HTK solution with respect to biliary complications

ight be partially explained. The slightly higher postoperative ALT

nd AST levels in the HTK group might be explained by the in-

reased hepatocellular injury occurring when HTK was flushed

nto the liver and thus require further pathological confirmation.

nfortunately, histopathological evaluations in preserved tissues

ere absent in the present study but will be included in our

uture clinical practice. 

The electrolyte combination, buffering capacity and viscosity of

n organ preservation solution may differ according to their own

omposition [5,28] . An average volume of 2.79 L HTK solution was
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pplied in the present study, and this volume was 0.18 L more

han that of the UW solution. This difference is possibly due to

he lower viscosity of HTK and higher flushing speed. On average,

he graft preservation time was markedly shorter in ELRA than in

T, and this is a critical factor contributing to the smaller amount

f preservation solutions. Though a larger amount of HTK solution

han of UW solution was used, the costs varied drastically between

hem, and cost-effective analysis resulted in a mean cost savings

f RMB 5676.55 per patient when the HTK solution was used. Pre-

ious studies supported our results by indicating HTK as a cost-

riendly preservation solution [5,7,14] . Based on ours and others’

pidemiological and clinical data, it is well acknowledged that AE

s more prevalent in poorly resourced pastoral areas around the

orld, and the high treatment expenditure, especially for ELRA,

eans a huge financial burden for patients from rural regions.

herefore, the switch from UW to HTK with the study time flow

n this cohort could be due to the relatively low cost of HTK com-

ared with that of UW, which would alleviate the financial burden

or patients. 

ELRA is characterized by complex bench resection during which

etabolic and hemodynamic stability control is vitally impor-

ant. In the analysis of the underlying impact of preservation on

etabolic and hemodynamic stability, the alteration of related pa-

ameters was observed. Despite the high potassium component,

W showed significantly decreased potassium levels after reper-

usion. This finding may indicate that prereperfusion with saline

n the present study was enough to clear the side effect of hy-

erkalemia, especially for UW solutions [29] and was sufficient to

revent a lethal hyperkalemia condition [30] . 

Vasoactive substances may be the most critical factor in the

lteration of vascular tone that leads to hemodynamic instability

uring the reperfusion period in liver transplantation [21,28,30] .

omparative results proposed that grafts preserved in HTK so-

ution may release more vasodilatory substances than grafts in

W solution [31] . In addition, a major component of the HTK

olution, histidine, could be transformed into the significant va-

odilator histamine, allowing for greater length of provisional va-

odilatation [21,30,31] . Such a condition might partially explain the

ignificant reduction in MAP in the HTK group. In addition, the

light dropping of MAP in the UW group might be partially ex-

lained by the possible vasoconstriction effects of high potassium

evels in UW solutions [32] . Notably, despite the decrease in MAP

uring the anhepatic phase in both groups, it was still within the

ormal range and thus may have trivial clinical significance. 

There are some limitations in this study. Firstly, this study com-

ared the clinical efficacy of UW and HTK solutions in an ELRA

etting that is reserved only for highly selected cases in a single-

enter, thus explaining the relatively small number of patients dur-

ng the 8-year study period. The heterochronic nature of the cur-

ent study may, to some extent, compromise the obtained results

hen improved surgical techniques were taken into account; how-

ver, this is the only available large cohort study that compares the

linical efficacy of organ preservation solutions in ELRA. Thirdly,

ompared with living donor LT and donation after cardiac death

ettings, ELRA has a shorter length of graft preservation time, and

his, in some sense, may weaken the potential influence of preser-

ation solutions on graft function and patient outcomes. Lastly, the

revious abdominal surgery in patients in both groups should be a

onfounding factor that has certain impacts on 90-day post-ELRA

ortality. 

In conclusion, our results showed the equal clinical effects of

W and HTK solutions with respect to patient and graft survival

s well as postoperative biliary complications in ELRA. Both solu-

ions seemed to be safe and had no negative impacts on metabolic

hanges. HTK solution appeared to be more cost-friendly than UW

olution when financial issues were taken into consideration. 
ontributors 

WH conceived and designed this study. AS and TT drafted the

anuscript. LT, AT, ZJM, SYM and WH performed the study and

nterpreted clinical data. PJ participated in clinical data collec-

ions. AS collected anesthesia records, analyzed and interpreted

linical data. TT critically revised the manuscript. WH supervised

he study protocol and reviewed the manuscript. AS and TT con-

ributed equally to this article. All authors approved the final ver-

ion of manuscript. WH is the guarantor. 

unding 

This study was supported by grants from Xinjiang Uyghur Au-

onomous Region Key Laboratory Open Research Program (No.

018D03002), the National Natural Science Foundation of China

No. 81560329 ), Xinjiang Uyghur Autonomous Region Key Scien-

ific Research Program (No. 201430123–2), State Key Laboratory of

athogenesis, Prevention, Treatment of High Incidence Diseases in

entral Asia Fund (No. SKL-HIDCA-2017-Y2). 

thical approval 

This study was approved by the Ethics Committee of the First

ffiliated Hospital of Xinjiang Medical University (No. 20150225–

16). 

ompeting interest 

No benefits in any form have been received or will be received

rom a commercial party related directly or indirectly to the sub-

ect of this article. 

eferences 

[1] Levitsky J , Feng S . Tolerance in clinical liver transplantation. Hum Immunol
2018;79:283–287 . 

[2] Zhang KM , Hu XW , Dong JH , Hong ZX , Wang ZH , Li GH , et al. Ex-situ
liver surgery without veno-venous bypass. World J Gastroenterol

2012;18:7290–7295 . 

[3] Vicente E , Quijano Y , Ielpo B , Duran H , Diaz E , Fabra I , et al. Ex situ hepate-
ctomy and liver autotransplantation for cholangiocarcinoma. Ann Surg Oncol

2017;24:3990 . 
[4] Kalayoglu M , Sollinger HW , Stratta RJ , D’Alessandro AM , Hoffmann RM ,

Pirsch JD , et al. Extended preservation of the liver for clinical transplantation.
Lancet 1988;1:617–619 . 

[5] Mangus RS , Tector AJ , Agarwal A , Vianna R , Murdock P , Fridell JA . Com-

parison of histidine-tryptophan-ketoglutarate solution (HTK) and university
of wisconsin solution (UW) in adult liver transplantation. Liver Transpl

2006;12:226–230 . 
[6] Agarwal A , Murdock P , Fridell JA . Comparison of histidine-tryptophan ketoglu-

tarate solution and university of Wisconsin solution in prolonged cold preser-
vation of kidney allografts. Transplantation 2006;81:4 80–4 82 . 

[7] Moray G , Sevmis S , Karakayali FY , Gorur SK , Haberal M . Comparison of his-

tidine-tryptophan-ketoglutarate and university of wisconsin in living-donor
liver transplantation. Transplant Proc 2006;38:3572–3575 . 

[8] Chan SC , Liu CL , Lo CM , Fan ST . Applicability of histidine-tryptophan-ketog-
lutarate solution in right lobe adult-to-adult live donor liver transplantation.

Liver Transpl 2004;10:1415–1421 . 
[9] Adam R , Delvart V , Karam V , Ducerf C , Navarro F , Letoublon C , et al. Com-

pared efficacy of preservation solutions in liver transplantation: a long-term

graft outcome study from the European liver transplant registry. Am J Trans-
plant 2015;15:395–406 . 

[10] Erhard J , Lange R , Scherer R , Kox WJ , Bretschneider HJ , Gebhard MM ,
et al. Comparison of histidine-tryptophan-ketoglutarate (HTK) solution versus

university of wisconsin (UW) solution for organ preservation in human liver
transplantation. A prospective, randomized study. Transpl Int 1994;7:177–181 . 

[11] Gulsen MT , Girotra M , Cengiz-Seval G , Price J , Singh VK , Segev DL , et al. HTK
preservative solution is associated with increased biliary complications among

patients receiving DCD liver transplants: a single center experience. Ann

Transpl 2013;18:69–75 . 
[12] Kaltenborn A , Gwiasda J , Amelung V , Krauth C , Lehner F , Braun F , et al. Compa-

rable outcome of liver transplantation with histidine-tryptophan-ketoglutarate
vs. University of Wisconsin preservation solution: a retrospective observational

double-center trial. BMC Gastroenterol 2014;14:169 . 

http://dx.doi.org/10.13039/501100001809
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0001
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0001
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0001
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0002
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0002
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0002
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0002
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0002
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0002
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0002
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0002
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0003
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0003
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0003
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0003
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0003
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0003
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0003
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0003
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0004
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0004
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0004
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0004
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0004
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0004
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0004
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0004
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0005
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0005
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0005
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0005
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0005
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0005
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0005
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0006
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0006
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0006
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0006
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0007
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0007
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0007
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0007
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0007
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0007
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0008
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0008
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0008
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0008
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0008
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0009
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0009
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0009
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0009
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0009
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0009
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0009
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0009
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0010
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0010
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0010
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0010
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0010
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0010
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0010
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0010
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0011
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0011
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0011
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0011
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0011
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0011
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0011
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0011
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0012
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0012
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0012
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0012
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0012
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0012
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0012
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0012


438 S. Apaer et al. / Hepatobiliary & Pancreatic Diseases International 18 (2019) 430–438 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[  

 

 

[  

 

 

[  

 

 

 

 

 

[  

 

[  

 

 

 

 

 

 

 

 

[  

 

 

[13] Mangus RS , Schroering JR , Hathaway TJ , Kubal CA , Fridell JA . Comparison of
histidine-tryptophan-ketoglutarate and university of Wisconsin preservation

solutions in pediatric liver transplantation. Pediatr Transpl 2018:e13252 . 
[14] Meine MH , Zanotelli ML , Neumann J , Kiss G , de Jesus Grezzana T , Leipnitz I ,

et al. Randomized clinical assay for hepatic grafts preservation with university
of wisconsin or histidine-tryptophan-ketoglutarate solutions in liver transplan-

tation. Transpl Proc 2006;38:1872–1875 . 
[15] Stewart ZA , Cameron AM , Singer AL , Montgomery RA , Segev DL . His-

tidine-Tryptophan-Ketoglutarate (HTK) is associated with reduced graft sur-

vival in deceased donor livers, especially those donated after cardiac death.
Am J Transpl 2009;9:286–293 . 

[16] de Boer JD , Strelniece A , van Rosmalen M , de Vries E , Ysebaert D , Guba M ,
et al. The effect of Histidine-tryptophan-ketoglutarate solution and university

of wisconsin Solution: an analysis of the eurotransplant registry. Transplanta-
tion 2018;102:1870–1877 . 

[17] World Medical Association World medical association declaration of Helsinki:

ethical principles for medical research involving human subjects. JAMA
2013;310:2191–2194 . 

[18] Wen H , Dong JH , Zhang JH , Duan WD , Zhao JM , Liang YR , et al. Ex vivo liver
resection and autotransplantation for end-stage alveolar Echinococcosis: a case

series. Am J Transpl 2016;16:615–624 . 
[19] Aji T , Dong JH , Shao YM , Zhao JM , Li T , Tuxun T , et al. Ex vivo liver resec-

tion and autotransplantation as alternative to allotransplantation for end-stage

hepatic alveolar echinococcosis. J Hepatol 2018;69:1037–1046 . 
[20] Ravaioli M , Masetti M , Ridolfi L , Capelli M , Grazi GL , Venturoli N , et al. Lab-

oratory test variability and model for end-stage liver disease score calcula-
tion: effect on liver allocation and proposal for adjustment. Transplantation

2007;83:919–924 . 
[21] Ghafaripour S , Sahmeddini MA , Lahsaee SM , Khosravi MB , Sattari H , Nikegh-

balian S , et al. Hypotension after reperfusion in liver transplantation: his-

tidine-tryptophan-ketoglutarate versus university of wisconsin solution. Prog
Transpl 2010;20:256–261 . 

[22] Olthoff KM , Kulik L , Samstein B , Kaminski M , Abecassis M , Emond J ,
et al. Validation of a current definition of early allograft dysfunction in

liver transplant recipients and analysis of risk factors. Liver Transpl 2010;16:
943–949 . 
23] Schlitt HJ , Oldhafer KJ , Bornscheuer A , Pichlmayr R . In-situ, ante-situm, and
ex-situ surgical approaches for otherwise irresectable hepatic tumors. Acta

Chir Austriaca 1998;30:215–219 . 
[24] Eghtesad B , Aucejo F , Fung JJ . Preservation solutions in liver transplantation:

what are the options? Liver Transpl 2006;12:196–198 . 
25] Rana A , Jie T , Porubsky M , Habib S , Rilo H , Kaplan B , et al. The survival out-

comes following liver transplantation (SOFT) score: validation with contem-
poraneous data and stratification of high-risk cohorts. Clin Transpl 2013;27:

627–632 . 

26] Rana A , Hardy MA , Halazun KJ , Woodland DC , Ratner LE , Samstein B , et al. Sur-
vival outcomes following liver transplantation (SOFT) score: a novel method

to predict patient survival following liver transplantation. Am J Transpl
2008;8:2537–2546 . 

[27] Tullius SG , Filatenkow A , Horch D , Mehlitz T , Reutzel-Selke A , Pratschke J ,
et al. Accumulation of crystal deposits in abdominal organs following

perfusion with defrosted university of wisconsin solutions. Am J Transpl

2002;2:627–630 . 
28] O ̓Callaghan JM , Morgan RD , Knight SR , Morris PJ . The effect of preservation

solutions for storage of liver allografts on transplant outcomes: a systematic
review and meta-analysis. Ann Surg 2014;260:46–55 . 

29] Homvises B , Sirivatanauksorn Y , Limsrichamrern S , Pongraweewan O ,
Sujirattanawimol K , Raksakietisak M . The minimal flush volume for

washout of preservation fluid in liver transplantation. Transpl Proc 2008;40:

2123–2126 . 
[30] Juang SE , Huang HW , Kao CW , Chen CL , Lu HF , Cheng KW , et al. Effect of uni-

versity of Wisconsin and histidine-tryptophan-ketoglutarate preservation so-
lutions on blood potassium levels of patients undergoing living-donor liver

transplantation. Transpl Proc 2012;44:366–368 . 
[31] Ko JS , Kim GS , Gwak MS , Yang M , Kim HK , Shin BS , et al. Greater hemodynamic

instability with histidine-tryptophan-ketoglutarate solution than university of

wisconsin solution during the reperfusion period in living donor liver trans-
plantation. Transplant Proc 2008;40:3308–3310 . 

32] Späth P , Barankay A , Richter JA . The influence of rapid potassium
administration on hemodynamics and endogenous catecholamine pro-

duction during extracorporeal circulation. J Cardiothorac Anesth 1989;3:
176–180 . 

http://refhub.elsevier.com/S1499-3872(19)30136-5/othref0001
http://refhub.elsevier.com/S1499-3872(19)30136-5/othref0001
http://refhub.elsevier.com/S1499-3872(19)30136-5/othref0001
http://refhub.elsevier.com/S1499-3872(19)30136-5/othref0001
http://refhub.elsevier.com/S1499-3872(19)30136-5/othref0001
http://refhub.elsevier.com/S1499-3872(19)30136-5/othref0001
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0013
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0013
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0013
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0013
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0013
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0013
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0013
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0013
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0014
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0014
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0014
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0014
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0014
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0014
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0015
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0015
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0015
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0015
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0015
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0015
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0015
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0015
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0016
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0017
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0017
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0017
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0017
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0017
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0017
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0017
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0017
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0018
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0018
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0018
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0018
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0018
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0018
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0018
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0018
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0019
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0019
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0019
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0019
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0019
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0019
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0019
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0019
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0020
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0020
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0020
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0020
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0020
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0020
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0020
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0020
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0021
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0021
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0021
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0021
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0021
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0021
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0021
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0021
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0022
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0022
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0022
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0022
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0022
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0023
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0023
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0023
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0023
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0024
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0024
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0024
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0024
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0024
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0024
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0024
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0024
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0025
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0025
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0025
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0025
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0025
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0025
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0025
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0025
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0026
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0026
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0026
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0026
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0026
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0026
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0026
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0026
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0027
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0027
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0027
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0027
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0027
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0028
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0028
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0028
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0028
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0028
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0028
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0028
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0029
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0029
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0029
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0029
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0029
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0029
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0029
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0029
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0030
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0030
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0030
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0030
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0030
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0030
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0030
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0030
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0031
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0031
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0031
http://refhub.elsevier.com/S1499-3872(19)30136-5/sbref0031

	Compared efficacy of University of Wisconsin and histidine-tryptophan-ketoglutarate solutions in ex-situ liver resection and autotransplantation for end-stage hepatic alveolar echinococcosis patients
	Introduction
	Methods
	Patients
	Preoperative assessment
	Surgery
	Data collection
	Primary outcomes
	Follow-up
	Statistical analysis

	Results
	Demographic results
	Operational characteristics
	Primary outcomes
	Peri-operative laboratory results and intraoperative metabolic and hemodynamic stability parameters

	Discussion
	Contributors
	Funding
	Ethical approval
	Competing interest
	References


