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Chapterr 6 

Abstract t 

Introduction .. A major part of morbidity and mortality after liver resections is caused by 

inadequatee remnant liver function leading to liver failure. It is therefore important to develop 

accuratee diagnostic tools that can predict the risk of liver resection related morbidity and 

mortality.. In this study, preoperative hepatobiliary scintigraphy (HBS) of the future remnant 

liverr (FRL) and CT-volumetric measurement of the FRL were performed in patients planned 

forr liver resection. Accuracy of risk assessment for developing postoperative morbidity, liver 

failuree and mortality was evaluated. 

Patientss and methods. Forty-six patients who were planned for liver resection for 

hepatobiliaryy tumors including 17 patients with parenchymal disease (37%) and 13 patients 

withh hilar cholangiocarcinoma (28%) were assessed preoperatively. HBS was performed by 

drawingg regions of interest (ROI) around the FRL to calculate FRL technetium-99m labeled 

(99mTc)-mebrofeninn uptake. CT-volumetry was used to measure total liver volume, tumor 

volumee and FRL volume. In addition, conventional liver function parameters as well as 

indocyaninee green (ICG) clearance rate were measured. Receiver operating characteristic 

(ROC)) analysis was performed to assess cut-off values for risk assessment of morbidity, liver 

failuree and mortality. Furthermore, univariate and multivariate analysis were performed to 

determinee factors related to morbidity and mortality. 

Results.. Morbidity and mortality rates were 61% and 11%, respectively. Liver failure occurred 

inn 6 patients (13%). Significantly decreased FRL  99mTc-mebrofenin uptake values were found 

inn patients who developed liver failure and liver failure related mortality (p=0.003 and 0.02, 

resp.)) FRL volume was not found to be significantly associated with any of the outcome 

parameters.. In ROC analysis, FRL  99mTc-mebrofenin uptake cut-off values for liver failure 

andd liver failure related mortality were 2.5 and 2.2 %/min/BSA, respectively. According to 

thesee values, patients with FRL uptake above 2.5 and 2.2 %/min/BSA have 3% chance of 

developingg liver failure and liver failure related mortality, respectively. Patients with FRL 

uptakee below 2.5 %/min/BSA have 56% chance of developing liver failure, while patients 

withh FRL uptake below 2.2 %/min/BSA have 50% chance of developing liver failure related 

mortality.. In multivariate analysis, FRL uptake was the only significant factor associated 

withh liver failure. 

Conclusion.. Preoperative measurement of FRL uptake using 99mTc-mebrofenin HBS proved 

moree valuable than CT based measurement of FRL volume to assess the risk of liver failure 

andd liver failure related mortality after partial liver resection. 
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Riskk assessment of posthepatectomy liver failure 

Introductio n n 

Inn spite of upcoming techniques such as radiofrequency ablation (RFA) and arterial chemo-

embolizationn (TACE), partial liver resection remains the treatment of choice for most 

primaryy and secondary liver malignancies. Although overall mortality rates have improved 

inn the last decade, postoperative morbidity rates still can be substantial. Large resection size 

andd underlying parenchymal disease such as cirrhosis or obstructive jaundice are correlated 

withh increased morbidity and mortality rates 1_6. When too much healthy liver parenchyma is 

resected,, the risk of liver failure is increased. Liver failure is an important cause of mortality 

afterr partial liver resection 2- 6. For patients with healthy livers, a resection of 70-75% of the 

liverr is assumed to be safe 9 For patients with parenchymal disease, this safety limi t is more 

variablee and lies between 40-60%. Computer tomography (CT)-volumetry can be used to 

calculatee the volume of the future remnant liver (FRL) 7. It is widely used to exclude patients 

fromm liver resection or to select patients who wil l benefit from a FRL volume increasing 

proceduree such as portal vein embolization 8. However, FRL function is decreased in patients 

withh parenchymal disease, despite FRL volume being equal to that of patients with healthy 

liverss 9~u. Therefore, it can be argued that it is more important to determine the functional 

capacityy rather than the volume of the FRL, especially in patients with parenchymal 

disease. . 

Hepatobiliaryy scintigraphy (HBS) using technetium-99m labelled (99mTc)-iminodiacetic 

acidd (IDA) analogues, such as 99mTc-mebrofenin, can be used to measure segmental liver 

functionn i 2 '13. 99mTc-mebrofenin is excreted into the bile by ATP-dependent export pumps 

-- the multidrug-resistance-associated protein 1 and 2 (MRP-1/2)- without undergoing 

biotransformationn during transit through the hepatocyte 14. We have shown that preoperative 

totall  hepatic uptake rate of  99rnTc-mebrofenin correlates well with the indocyanine green 

(ICG)) clearance rate I5. Furthermore, 99mTc-mebrofenin uptake of the FRL can be determined 

preoperativelyy by delineating the FRL on the preoperative HBS image. In a previous study, a 

strongg correlation was found between the 99mTc-mebrofenin uptake rate of the FRL and the 

actuallyy measured 99mTc-mebrofenin uptake one day after surgery (R2 = 0.90; P < 0.001) 16. 

Thee aim of this study was to assess the accuracy of preoperative FRL uptake measurement 

usingg 99mTc-mebrofenin HBS in comparison with FRL volume measurement using CT-

volumetry,, in predicting outcome of liver resections in a patient series including patients 

withh parenchymal disease and hilar cholangiocarcinoma. Outcome parameters were 

postoperativee morbidity, liver failure and mortality. 

Patientss and methods 

Patients s 
Forty-sixx patients (median age 63 (19-79)) who underwent partial liver resection, were 

consecutivelyy included in this study (23 male and 23 female). Postoperative histopathological 

examinationn showed the following diagnoses: colorectal metastasis (n=16), hilar 

cholangiocarcinomaa (n=13), hepatocellular carcinoma (n=6), chronic sclerosing cholangitis 
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(n=4),, cystadenoma (n=2), metastasis of adenosarcoma of the uterus (n=l), metastasis of non-

seminomaa testis (n=l), cholangiocellular carcinoma (n=l), metastasis of gastrinoma (n=l) 

andd focal nodular hyperplasia (n=l). A total of 17 patients (37%) had histologically proven 

parenchymall  disease of which 11 had fibrosis, 2 cirrhosis and 4 chronic sclerosing cholangitis. 

Thee study was approved by the Medical Ethics Committee of the Academic Medical Center 

off  the University of Amsterdam. Written informed consent was obtained from each patient 

beforee participating in the study. 

Preoperativee workup 

Routinee preoperative workup consisted of physical examination and laboratory analysis of 

liverr damage parameters and function parameters. These parameters were also measured 

att regular time intervals after surgery. Furthermore, ICG clearance rate was measured 

ass described elsewhere 1:\ In cholestatic patients (n=18), preoperative biliary drainage 

wass performed using endoscopic retrograde cholangiopancreatography (ERCP, n=15) or 

percutaneouss transhepatic drainage (PTD, n=3), more than 6 weeks prior to surgery. Overall, 

preoperativee total bilirubin levels were 15  12 umoi/L (mean  SD). Laboratory analysis of 

liverr damage and function parameters, ICG clearance rate and HBS were performed one day 

beforee surgery. 

HBSS procedure 

HBSS was performed using the radiopharmaceutical agent 99rnTc-mebrofenin as previously 

describedd I6. Briefly, after injection of 85 MBq of  99mTc-mebrofenin, dynamic images were 

obtainedd with a y-camera (Diacam, Siemens, Milwaukee, USA) for 60 minutes. During the 

firstt 10 minutes, 60 frames of 10 seconds each were acquired (liver uptake phase) followed 

byy 50 frames of 1 minute each (liver excretion phase). On preoperative scintigraphy, 

regionss of interest (ROIs) were drawn around the total liver and FRL, and radioactivity 

wass measured within these ROIs (Fig. 1). For determination of the FRL uptake, the right 

borderr of the aorta (visible in the early phase of the scintigraphy) plus one aortic diameter 

wass taken as the border between segments 4 and 5/8. The indentation formed by the round 

ligamentt was used as the border between segments 3 and 4. For validation purposes, the 

ROIss around the FRL were drawn on the preoperative scan by two independent investigators 

uponn guidance of the surgical report. Inter-observer variation was calculated. Total hepatic 
99mTc-mebrofeninn uptake rate was calculated as described by Ekman et. al. 13. Calculations 

off  hepatic 99mTc-mebrofenin uptake rate were performed using measured values obtained 

betweenn 150 and 350 seconds post-injection, to ensure that hepatic uptake calculations 

weree performed during a phase of homogenous distribution of the agent in the blood pool, 

beforee occurrence of the rapid phase of hepatic excretion 13. To compensate for differences 

inn liver functional requirement based on different weight and length of patients, the total 

liverr 99mTc-mebrofenin uptake rate (%/min) was divided by the body surface area (BSA) and 

wass expressed as %/min/BSA (17). FRL  99mTc-mebrofenin uptake was calculated by dividing 

countss within the delineated FRL by the total liver counts within the same timeframe and 

multiplyingg this factor with total liver 99mTc-mebrofenin uptake, corrected for BSA. FRL 

uptakee was expressed as %/min/BSA. 
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Riskk assessment of posthepatectomy liver failure 

Figuree 1. Example of summed HBS image of frames between 
1500 to 350 sec. after  intravenous injection of 85 MBq 
99mTc-mebrofenin n 

Regionss of interest (ROIs) were drawn 
aroundd the total liver (grey) and FRL 
(black).. The FRL ROI was drawn around 
thee left liver as if in case of a right 
hemihepatectomy. . 

CT-volumetr y y 

CT-volumetryy was performed as described by Shoup et al. '8. Patients underwent a diagnostic, 

multi-phasee contrast enhanced CT abdomen before surgery. Al l CT scans were performed 

withh a helical scanner (Philips, Eindhoven, The Netherlands). CT of the abdomen was 

performedd to include the whole liver in one breath-hold, using a 5 mm collimation. The total 

liverr as well as tumor(s) and the FRL were delineated on every image using portal and hepatic 

veinss as landmarks for segmental division. Integrated software was used to calculate total 

liverr volume, total tumor volume and FRL volume after surgery. Al l delineations were made 

byy an experienced radiologist. Tumor volume was subtracted from total liver volume. Total 

liverr volume was corrected for weight and length differences and expressed as mL/BSA. FRL 

volumee was expressed as percentage of total liver volume '8. 

Partiall  liver resection 
Threee patients (7%) underwent resection of one segment, 9 patients (20%) underwent a 

bisegmentectomy,, 9 patients (20%) underwent a left hemihepatectomy, 18 patients (39%) 

underwentt a right hemihepatectomy and 7 patients (15%) underwent an extended right 

hemihepatectomyy (including segment 4) (Table 1). Patients with hilar cholangiocarcinoma 

underwentt (extended) hemihepatectomy combined with hilar resection and caudate lobe 

resectionn (19, 20). Median operation time was 349 min (range 122-730 min) and median 

bloodd loss was 2,000 ml (range 300-8,000 mL). Pringle's manoeuvre was applied 18 times 

(39%)) and total vascular exclusion was applied once (2%) to control bleeding. 

Liverr  failur e 

Patientss with liver failure were defined as having elevated bilirubin plasma levels (>50 umol/ 

L),, prolonged prothrombin time (>15 sec), increased plasma ammonia levels combined with 

signss of hepatic encephalopathy and/or hepatorenal syndrome, requiring intensive care 

treatment21-22. . 
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Statisticall  analysis 

SPSSS 11.5 for Windows (SPSS Inc, Chicago, USA) was used for statistical analysis and for 

creatingg receiver operating characteristic (ROC) curves. Likelihood ratios (LR)s were 

usedd to assess post-test chances and cut-off values 1:\ Student's Mest or one-way ANOVA, 

followedd by Bonferroni post-test correction was used to calculate differences in numerical 

dataa between two or more groups, respectively. Chi-square test was used for categorical data 

andd multivariate analysis was performed using logistic regression. Continuous data were 

expressedd as mean + standard deviation (SD) or median  range when non-parametric. All 

testss were considered at the 5% level of significance. 

Results s 

HBSS and CT-volumetry 

Totall  hepatic 99mTc-mebrofenin uptake was significantly lower in patients with parenchymal 

diseasee as compared to patients with healthy liver parenchyma, while total liver volume was 

nott significantly different between these groups (Table 1). There was no evidence of bias 

betweenn the two observers for delineation and calculation of FRL  9',mTc-mebrofenin uptake 

(p=0.21)) while 93% of values were within the limits of agreement (Fig. 2). Mean FRL  t,9mTc-

mebrofeninn uptake and FRL volume values are shown in table 2 according to resection type 

andd parenchymal status. Patients who underwent right or extended right hemihepatectomy 

hadd a significantly lower FRL uptake as well as FRL volume compared to all other patients. 

Thee mean FRL of extended right hemihepatectomy patients was also significantly smaller 

Tablee 1. Total hepatic 99mTc-mebrofenin uptake and total hepatic volume according to parenchymal 
status s 

Totall  hepatic uptake 

(%/min/BSA) ) 
p-valuee Total hepatic p-value 

volumee (mL/BSA) 

Total l 

Noo parenchymal disease 

Parenchymall  disease 

46 6 
29 9 

17 7 

7.55  1.8 
8.11  1.6 

6.33  1.7 
0.001 1 

9588 8 

9299 4 

10077 3 

0.25 5 

Figuree 2. Bland-Altman plot of inter-observer  variation 
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Thee horizontal axis showes the mean of the repeated 
FRLL  9''mTc-mebrofenin uptake calculations and the 
verticall  axis showes the differences in the repeated 
calculations.. The horizontal solid line indicates the 
meann difference between both calculations. The 
horizontall  dashed lines indicate the 95% limits of 
agreementt (mean  1.96 SD). There was no evidence 
off  bias between the two observers (p=0.21 with 
pairedd /-test). Ninety-three percent of values were 
withinn the limits of agreement. 
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Tablee 2. FRL "Tc-mebrofeni n uptake and FRL volume according to resection type and parenchymal 
status s 

Total l 

Resectionn type 

1 +22 Segmentectomy 

Leftt hemihepatectomy 

Rightt hemihepatectomy 

Extendedd right hemihepatec 

Moo parenchymal disease 

Parenchymall  disease 

tomy y 

n n 

46 6 

12 2 

9 9 

18 8 

7 7 

29 9 

17 7 

FRLL uptake 

(%/min/BSA) ) 

4.11 + 1.6 

5.33  1.7 

4.88 + 1.6 

3.44  0.9# 

2.77  1.1* 

4.55  1.6 

3.44  1.5& 

FRLL volume (%) 

511  20 

688  12 

733  9 

388  5** 

277  1 0" 

488  17 

577 4 

Segmentectomiess and bisegmentectomies were combined. " Significantly different from 1+2 segmentectomy 
<p=0.004).. * Significantly different from 1+2 segmentectomy and left hemihepatectomy (p<0.03}. **  Significantly 
differentt from all other groups (p<0.05). & Significantly different from no parenchymal disease (p=0.02). 

Tablee 3. Postoperative complications 

Complicationss n 

Ascites s 

Pulmonaryy failure 

(re)) Bleeding 

Liverr failure 

Infectedd ascites/pentonitis 

Abdominall  fluid collection 

Sepsis s 

Bilee leakage 

Miscellaneous* * 

100 (22%) 

77 (15%) 

77 (15%) 

6(13%) ) 

6(13%) ) 

5(11%) ) 

44 (9%) 

44 (9%) 

244 (52%) 

**  Intra-abdominal abscess, wound infection/rupture, pneumonia, renal failure, urinary tract infection, delirium, 
liverr abscess/necrosis, pleural fluid, cholangitis and cardiac failure. 

Tablee 4. Outcome characteristics 

466 patients 

Morbidity y 

Mediann hospital stay in days (range) 

Relaparotomy y 

ICUU treatment 

In-hospitall  mortality 

28(61%) ) 

15(7-79) ) 

7(15%) ) 

99 (20%) 

5(11%) ) 

thann the FRL of right hemihepatectomy patients. Mean FRL uptake was significantly lower 

inn patients with parenchymal disease, while FRL volume tended to be higher as compared to 

patientss with healthy livers, this difference not being significant. 

Morbidit yy and mortalit y 

Mostt often occurring postoperative complications were ascites, pulmonary failure, 

(re)bleedingg and liver failure (Table 3). Liver failure occurred in 6 patients (13%) of which 

44 patients had parenchymal disease (67%) and 4 patients died in-hospital. Total morbidity 
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Tablee 5. FRL "Tc-mebrofenin uptake and FRL volume according to outcome parameters 

n n 

28 8 

18 8 

;) ) 
41 1 

6 6 

40 0 

4 4 

42 2 

FRLL uptake 

(Vmin'B.SA) ) 

3.99  1.4 

4.33  1.9 

2.99  1.4 

4.22  1.5 

2.33  0.6 

4.33 5 

2.33  0.7 

4.22  1.6 

p-vall  Lie 

0.36 6 

0.09 9 

0.003 3 

0.02 2 

FR R .. volume ('\ 

488

:)//

455 r 

522

422

522

455 t 

522

20 0 

20 0 

27 7 

20 0 

2:5 5 

20 0 

31 1 

19 9 

)) p-value 

0.14 4 

00 50 

0.26 6 

0.51 1 

andd in-hospital mortality rates were 61% (n=28) and 11% (n=5), respectively (Table 4). Two 

outt of the 4 patients with liver failure who died, also had developed sepsis. The fift h patient 

whoo died developed sepsis associated with biliary anastomotic leakage, which eventually 

ledd to multiple organ failure. Besides the 5 patients who died, 4 other patients also needed 

ICUU treatment because of sepsis (n=2), cardiac failure (n=l) or pulmonary failure (n-1). 

Relaparotomiess were performed to control bleeding (n=4) or to drain infected ascites and 

washh the abdominal cavity (n=3). Mean FRL uptake and mean FRL volume were calculated 

accordingg to the different outcome parameters (Table 5). It was found that FRL uptake was 

significantlyy lower in patients who developed liver failure and in patients who developed liver 

failuree related mortality. FRL volume tended to be lower in patients with morbidity, liver 

failuree and mortality, but this difference was not significant. 

ROCC analysis 

Too further examine the significant relation between FRL uptake and the outcome parameters 

off  liver failure and liver failure related mortality, ROC analysis was performed and cut-off 

valuess were determined (Fig. 3). Also, ROC analysis of FRL volume is shown in the graphs, 

withh area under the curve (AUC) values of which the 95%CI crossed 50%, indicating no 

significantt accuracy. Cut-off values were assessed based on the following requirements: 1) the 

chancee of developing a negative outcome, while the test result was above the cut-off value (test 

== 'negative') should be as low as possible, 2) when the test result is below the cut-off value (test 

== 'positive'), the decision not to perform the operation should be well supported. This means 

thatt the likelihood ratio of a negative test (LR-) should be as low as possible, while keeping 

thee likelihood ratio of a positive test (LR+) well above 5. These cut-off values are encircled in 

figuree 3 and were found to be 2.5 %/min/BSA for liver failure (LR- = 0.2, LR+ = 8.3) and 2.2 

%/min/BSAA for liver failure related mortality (LR- - 0.3, LR+ = 11). Patients with FRL uptake 

abovee 2.5 and 2.2 %/min/BSA have 3% chance of developing liver failure and liver failure related 

mortality,, respectively (Table 6). Patients with FRL uptake below 2.5 %/min/BSA have 56% 

chancee of developing liver failure, while patients with FRL uptake below 2.2 %/min/BSA have 

50%% chance of developing liver failure related mortality. Below table 6, 2 by 2 tables are shown 

forr each cut-off value. 
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Figur ee 3. ROC turves for  liver  failur e and liver 

failur ee related mortalit y 

Liverr failure 

S3 3 

Ü--

> > --
', , 

100--

800 -

600 i 

400 -

200 -

00  1 1 1 1 r 
00 20 40 60 80 100 

100-specificityy (%) 

FRLL volume (AUC 65% (37-93%)) 

FRLL uptake (AUC 90% (80-100%)) 

Liverr failure related mortality 

100-- i ; 

'I'estss were considered positive when below cut-off 

value.. The continuous staircase line represents FRL 

uptakee function, the dotted staircase line represents 

FRLL volume and the straight diagonal line is the 

referencee line (y=x). Below each graph the area under 

thee curve (AUC) percentages are given with 95% CI 

betweenn brackets. Cut-off values are encircled and 

noted. . 

Univariat ee and mul t ivar iat e analysis 

Too examine whether other preoperative and intra-operative factors were also associated with 

thee outcome parameters and to identify potential confounders, univariate and multivariate 

analysess were performed (Table 7). Factors that were evaluated in univariate analysis next to 

FRLL uptake were age, gender, diagnosis, chronic liver disease, resection type, operation time, 

bloodd loss and the following preoperative laboratory assessments: aspartate aminotransferase, 

alaninee aminotransferase, lactate dehydrogenase, albumin, bilirubin, alkaline phosphatase, y-

glutamyll  transferase, prothrombin time, activated partial thromboplastin time, antithrombin 

II II  and ICG clearance rate. Only significant factors in univariate analysis are shown in table 

7.. In multivariate analysis, no factors were associated with morbidity. Operation time was the 

onlyy factor that was significantly associated with mortality. FRL  WmTc-mebrofenin uptake 

wass the only factor that was significantly associated with liver failure, while no factor was 

significantlyy associated with liver failure related mortality in multivariate analysis. 

200 40 60 80 

100-specificityy (%) 

FRLL volume (AUC 61% (21-100%)) 

FRLL uptake (AUC 88% (75-100%)) 

100 0 
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Tablee 6. Diagnost ic characterist ics of cut-off values 

Outcomee parameter Cut-off 

value e 

Liverr failure 

2.5%/min/BSA A 

Liverr failure related mortality 

2.2%/min/BSA A 

Sensitivity y 

Specificity y 

PPV V 

NTV V 

LR+ + 

LR--

Prevalence e 

Post-testt chance+ 

83% % 

90% % 

56% % 

97% % 

8.33 (2.8-100) 

0.22 (0-0.6) 

13% % 

56%% (30-94%) 

93% % 

50% % 

98% % 

111 (2.2-«) 

0.33 (0-0.8) 

9% % 

50%% (17-100%) 

Post-testt chance- 3%% (0-8%) 3%% (0-7%) 

cut-offf  value 

cut-offf  value 36 6 39 9 

Testss were considered positive when below cut-off value 2 x 2 tables are shown below the table. PPV: positive 

predictivee value; NPV: negative predictive value; LR + : likelihood ratio of positive test; LR-: likelihood ratio of 

negativee test. Post-test chance + : Post-test chance when test is positive; Post-test chance-: Post-test chance when 

testt is negative. 

Tablee 7. Univariat e and mult ivariat e analysis of pre- and perioperative factors associated wit h outcome 

parameters s 

Outcomee parameter Univariatee analysis Multivariate analysis 

p-valuee p-value Odds Ratio 95% CI 

Morbidi t y y 

Diagnosis s 

Resectionn type 

Operat ionn time 

Mortal i t y y 

Operat ionn time 

Liverr  failur e 

FRLL uptake 

Diagnosis s 

Liverr  failur e related 

FRLL uptake 

Diagnosis s 

Operationn t ime 

mortal i t y y 

0.02* * 

0.02# # 

0.01 1 

0.02 2 

0.01 1 

0.04* * 

0.02 2 

0.04* * 

0.01 1 

0.27 7 

0.08 8 

0.23 3 

0.04 4 

0.03 3 

0.36 6 

0.19 9 

0.40 0 

0.27 7 

0.38 8 

0.30 0 

1.00 0 

0.05-2.34 4 

0.07-1.28 8 

0.99-1.00 0 

0.99 9 0.99-1.00 0 

3.96 6 

0.37 7 

80.8 8 

102 2 

0.96 6 

1.17-13.4 4 

0.04-3.12 2 

0.12-53,700 0 

0.00-44,200 0 

0.89-1.04 4 

Factorss that were evaluated in univariate analysis were FRL uptake, age, gender, diagnosis, chronic liver disease, 

resectionn type, operation time, blood loss, preoperative aspartate aminotransferase, alanine aminotransferase, 

lactatee dehydrogenase, albumin, bilirubin, alkaline phosphatase, y-glutamyl transferase, prothrombin time, 

activatedd partial thromboplastin time, antithrombin III and ICG clearance rate. Only significant factors in 

univariatee analysis are shown. * Hilar cholangiocarcinoma patients were compared to other patients. * (Extended) 

hemihepatectomyy patients were compared to other patients. 
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Riskk assessment of posthepatectomy liver failure 

Discussion n 

Accuratee measurement of liver function before liver resection is crucial in the assessment 

off  resectability and hepatic functional reserve, especially in patients who require a large 

resectionn and patients with underlying parenchymal liver disease 24. In this study, the 

accuracyy for assessing risk of morbidity, liver failure and mortality was measured before 

partiall  liver resection, comparing FRL  99mTc-mebrofenin uptake on HBS, with FRL volume 

measurementt using CT-volumetry. FRL  99mTc-mebrofenin uptake was found to be accurate 

forr determining increased or decreased risk of developing liver failure and liver failure related 

mortality,, while FRL volume measurement was not. This is the first study that compares FRL 
99mTc-mebrofeninn uptake and FRL volume for risk assessment after partial lever resection. 

Apartt from HBS, several other liver function tests have been described in literature. However, 

thee predictive value of these tests is usually not described. The Child-Tugh classification, 

basedd on clinical symptoms of liver failure (ascites/encephalopathy) and laboratory analysis of 

liverr function (albumin, bilirubin and PT) can be used to identify high risk patients 25. Other, 

moree specific liver function tests such as the galactose elimination test and the ICG clearance 

ratee can complement the clinical Child-Pugh classification 26 ,2 /. Although in one study, the 

ICGG clearance rate correlated with morbidity and mortality after partial liver resection, this 

wass not supported in the present study 27. One explanation is that in the present study as 

opposedd to the study by Nonami et. al., small as well as large resections were performed and 

nott only hepatocellular carcinoma patients were evaluated. Furthermore, when only total 

liverr function is measured as in the ICG test, and not specifically the function of the FRL, no 

conclusionn is allowed concerning the volume of liver parenchyma that can safely be resected 

inn any individual patient. 

Anotherr method to measure functional distribution in the liver is 99mTc-labeled galactosyl 

humann serum albumin (99mTc-GSA) liver scintigraphy. As a receptor-targeted liver function 

test,, a good correlation with ICG clearance and conventional liver function parameters was 

foundd 2H--i] . In several studies, it also seems to have predictive value for short-term outcome 
29i31.. However, ROC analysis was never performed in these studies. Furthermore, 99mTc-GSA 

forr clinical use is only available in Japan and not in Europe or the USA. 

CT-volumetricc analysis of the FRL was found to correlate with outcome after resection in 

threee studies " 18 u. From these and other studies, it has been determined that a minimal 

remnantt liver volume of 25-30% is necessary to maintain adequate liver function after partial 

liverr resection in healthy livers 9' 3-\ In the present study, however, no significant correlation 

betweenn FRL volume measured with CT-volumetry, and postoperative morbidity, liver failure 

orr mortality was found, although trends were present. This discrepancy may be explained 

ass follows. The three mentioned studies dealt with homogenous groups of patients. In the 

studiess by Vauthey et. al. and Shoup et. al., only patients without parenchymal disease were 

evaluatedd " 18. In the study by Shirabe et. al., only patients with hepatocellular carcinoma who 

underwentt large (no less than bisegmentectomies) resections were evaluated n. Therefore, in 

thesee studies, patients with more or less the same level of liver function were selected. In 

thee present study, patients with and without parenchymal disease were evaluated. Patients 

withh parenchymal disease had FRL volumes comparable to patients without parenchymal 

disease,, while their FRL uptake ratios were significantly lower. When only patients without 
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parenchymall  disease were evaluated in the present study, it would be found that FRL 

volumee was significantly lower in patients who developed post-hepatectomy liver failure 

ass compared to other patients {28  5% vs. 49  17%, p = 0.02). Therefore, although FRL 

volumee measurement may be valuable in patient populations without much variation in liver 

function,, the advantage of FRL  99mTc-mebrofenin uptake measurement is that it can be used 

forr risk assessment in patient populations with or without parenchymal disease. 

Inn an earlier study, a good correlation was found between total liver "mTc-mebrofenin 

uptakee rate and ICG clearance rate ln. Furthermore, a strong correlation was found between 

thee preoperative 99niTc-mebrofenin uptake rate of the FRL and the actually measured 
99mTc-mebrofeninn uptake of the remnant liver one day after surgery (R2 = 0.90; P < 0.001) 
Kl.. Consistent delineation of FRL can be readily learned especially when FRL delineation on 

HBSS is performed after FRL delineation on CT-scan. The two experienced observers in this 

studyy reached acceptable agreement for FRL uptake measurement. Visualization of functional 

distributionn with other techniques such as single photon emission computer tomography 

(SPECT)) can possibly further increase inter-observer and intra-observer consistency in the 

future.. The latter technique allows more realistic, 3 dimensional images of the liver, enabling 

moree accurate segmental delineation. 

Inn this study, in-hospital morbidity and mortality was high compared to recent literature 
11 4. There are 2 explanations for the relatively high mortality rate. Firstly, 37% of patients had 

parenchymall  disease resulting in compromised liver function. Four out of 6 patients with liver 

failuree had parenchymal disease. Secondly, a relatively large proportion of patients had hilar 

cholangiocarcinomaa (28%). These patients require large resections in combination with biliary 

anastomoses,, with a notoriously increased risk of postoperative morbidity and mortality 19. 

Reportedd in-hospital mortality rates after resection for hilar cholangiocarcinoma vary from 

0%% to 15% 19i M-')f\ Overall, 25/46 patients (54%) required (extended) right hemihepatectomy, 

whichh resulted in an average FRL volume of % and an average FRL  99mTc-mebrofenin 

uptakee of 3.2+0.9 %/min/BSA in these patients. Notwithstanding the fact that postoperative 

morbidityy and mortality was considerable, it did provide necessary power to this study in 

whichh risk assessment was the primary goal. 

FRLL  99mTc-mebrofenin uptake and operation time were the only independent factors 

associatedd with outcome in multivariate analysis. Correlation between operation time and 

short-termm outcome after partial liver resection was also reported by others ]. Since liver 

resectionss can prove more demanding than anticipated on preoperative imaging, there wil l 

alwayss be an unpredictable element in risk assessment of patients requiring extensive liver 

resection.. This factor wil l translate into prolonged time of the surgical procedure. Although 

noo factors were significantly associated with liver failure related mortality, FRL uptake had 

thee lowest p-value (0.19). Diagnosis was a confounding factor, because 3/4 patients who died 

withh liver failure had hilar cholangiocarcinoma. 

Inn conclusion, in a patient population including patients with parenchymal disease and hilar 

cholangiocarcinoma,, preoperative measurement of FRL  99mTc-mebrofenin uptake using 

functionall  HBS proved more valuable than measurement of FRL volume in posthepatectomy 

riskk assessment of liver failure and liver failure related mortality. 
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