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Abstract
AIM: To investigate whether early liver regeneration 
after resection in patients with hepatic tumors might be 
influenced by post-operative infective complications. 

METHODS: A retrospective analysis of 27 liver resec-
tions for tumors performed in a single referral center 
from November 2004 to January 2010. Regeneration 
was evaluated by multidetector computed tomography 
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at a mean follow-up of 43.85 d. The Clavien-Dindo 
classification was used to evaluate postoperative events 
in the first 6 mo after transplantation, and Centers for 
Disease Control and Prevention definitions were used 
for healthcare associated infections data. Generalized 
linear regression models with Gaussian family distribu-
tion and log link function were used to reveal the prin-
cipal promoters of early liver regeneration.

RESULTS: Ten of the 27 patients (37%) underwent 
chemotherapy prior to surgery, with a statistically sig-
nificant prevalence of patients with metastasis (P  = 
0.007). Eight patients (30%) underwent embolization, 
3 with primary tumors, and 5 with secondary tumors. 
Twenty patients (74%) experienced complications, 
with 12 (60%) experiencing Clavien-Dindo Grade 3a 
to 5 complications. Regeneration ≥ 100% occurred 
in 10 (37%) patients. The predictors were smaller fu-
ture remnant liver volume (-0.002; P  < 0.001), and 
a greater spleen volume/future remnant liver volume 
ratio (0.499; P  = 0.01). Patients with a resection of ≥ 
5 Couinaud segments experienced greater early regen-
eration (P  = 0.04). Nine patients experienced surgical 
site infections, and in 7 cases Clavien-Dindo Grade 3a 
to 4 complications were detected (P  = 0.016). There 
were no significant differences between patients with 
primary or secondary tumors, and either onset or infec-
tions or severity of surgical complications. 

CONCLUSION: Regardless of the onset of infective 
complications, future remnant liver and spleen volumes 
may be reliable predictors of early liver regeneration 
after hepatic resection on an otherwise healthy liver.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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diation oncologic treatments. These issues are highlighted 
in the National Healthcare Safety Network, a Web-based 
system used by the Centers for Disease Control and 
Prevention (CDC)[13]. The aims of  this single center, ret-
rospective study were to analyze the impact of  surgical 
infections on early liver regeneration after liver resection 
in patients with hepatic malignancies, primary or second-
ary, but no underlying liver disease, and determine which, 
if  any, preoperative variables have significant predictive 
value for liver regeneration soon after surgery.

MATERIALS AND METHODS
Twenty-seven patients with no underlying chronic liver 
disease who underwent liver resection of  at least 2 Couin-
aud classification[14] segments between November 2004 
and January 2010 were retrospectively identified from a 
prospectively collected data base (Table 1). The study was 
approved by our Institutional Research Review Board.

MDCT 
Patients were imaged pre- and postoperatively with 
64-slice MDCT (VCT, GE Medical Systems, Milwaukee, 
United States). The protocol consisted of  the acquisition 
of  basal images of  the entire superior abdomen, followed 
by acquisition of  triple-phase, contrast-enhanced images 
during the hepatic arterial phase, portal venous phase, 
and delayed phase. All MDCT acquisitions were started 
at the top of  the liver and proceeded in a cranio-caudal 
direction during a single breath-hold on inspiration. 
Contrast-enhanced images were obtained with a dose of  
1.8 mL/kg body weight of  non-ionic iodinated contrast 
material (iopramide 370 mg I/mL, Ultravist, BayerSher-
ing Pharma, Berlin, Germany) administered with a power 
injector (Stellant, Medrad, Pittsburgh, United States) at 
a flow rate of  5 mL/s through an 18-gauge intravenous 
catheter placed in an antecubital vein.

Measurement of liver volumetry
Calculation of  the future remnant liver volume (FRLV) 
was made according to the number of  Couinaud seg-
ments to be resected. Major vessels, including the inferior 
vena cava and the extrahepatic portal vein, as well as ma-
jor fissures, such as the fissure for the ligamentum teres, 
were excluded. Regeneration of  the remnant liver volume 
(RLV), expressed as percentage, was calculated with the 
following formula: Percent liver regeneration = (RLVday, 

follow-up - FRLV) × 100/FRLV.

Evaluation of clinical variables
Preoperative blood biochemical tests were done in all 27 
patients. Values drawn from electronic medical records 
included alanine aminotransferase, aspartate aminotrans-
ferase, albumin, total bilirubin, gamma-glutamyl transpep-
tidase, glucose, platelet count, prothrombin time in (%), 
and international normalized ratio (INR) (Table 2). The 
Clavien-Dindo classification was used to evaluate postop-
erative events in the first 6 mo after transplantation[15]. 
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hepatectomies focuses on early liver regeneration after 
resection in patients with hepatic tumors but no under-
lying liver disease and on determining if post-operative 
infective complications might influence it. We identify 
three predictive factors for optimal early regeneration.
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INTRODUCTION
The success of  liver resection for the treatment of  he-
patic malignancies depends on the remnant liver’s ability 
to regenerate after major tissue loss. Human liver is able 
to regenerate thanks to a hyperplastic reaction in the rem-
nant liver[1]. However, if  after resection, the remnant liver 
is less than 20% of  the original liver volume, liver func-
tion might not sustain metabolic, synthetic, and detoxify-
ing needs, leading to post-resection liver failure[2].

Since Lortat-Jacob reported the first anatomic right 
hepatectomy, in 1952[3], and particularly in the last two 
decades, hepatic surgery has achieved important technical 
breakthroughs, such as intermittent portal triad clamping, 
total vascular exclusion, preoperative portal vein embo-
lization with two-stage hepatectomy, and sophisticated 
methods of  parenchymal transection[1,4,5].

These changes have resulted in a significant reduction 
in post-resection liver failure, and the related onset of  
complications, resulting in improved post-resection sur-
vival[6-8]. In addition, pre- and postoperative multidetector 
computed tomography (MDCT) scans have become es-
sential tools for both estimating and assessing the volume 
of  the remnant liver[9-11]. Yet, despite these advances, few 
studies have investigated the impact of  post-operative 
infective complications on early liver regeneration after 
resection for hepatic tumors. Healthcare-associated infec-
tions (HAIs) are a major cause of  increased length of  
hospital stay and mortality[12]. Hospitals with surgeons 
who treat patients with multiple no modifiable risk fac-
tors would expect higher HAIs rates; moreover, risk 
adjustment that accounts for differences in patient case 
mix is critical to allow for more meaningful comparisons 
between surgeons and/or hospitals, when using infec-
tion data as a performance evaluation. Clinical variables 
may reflect surgical technique more than patient case mix 
for calculating any risk adjustment strategy, and surgical 
technique analyses can inappropriately allow for adjusting 
rates down among surgeons with poor technique. In ad-
dition, the presence of  more complex procedure-specific 
HAIs might delay adjuvant treatment following radical 
liver resections that would include chemotherapy or ra-



When patients had more than one complication, only 
the seminal one was counted, or the most serious one if  
complications occurred contemporaneously. The onset 
of  the complication was defined as the time when the 
resulting organ dysfunction began, or the corrective treat-
ment was started. For infections data, Centers for Disease 
Control and Prevention definitions were used[13].

Type of liver resection
The Couinaud classification was used to define and de-
scribe resection. Fourteen patients had a primary neo-
plasm on otherwise healthy liver (hepatocellular carcino-
ma in 5 cases, intrahepatic cholangiocarcinoma in 6, hilar 
cholangiocarcinoma in 1, gallbladder cancer in 1, and 
huge hepatobiliary cystadenoma in 1). The other 13 had 
liver metastases (from colorectal cancer in 10 cases, ileal 
neuroendocrine tumor in 1 case, gastrointestinal stromal 
tumor in 1 case, and ovarian leiomyosarcoma in 1 case).

Definition of surgical site infections
Surgical site infections (SSIs) were defined according 
National nosocomial infections surveillance system[16,17]. 
Criteria for SSIs included infection occurring at the inci-
sion site within 30 d after surgery. In addition the onset 
time after surgery and the causative bacteria were identi-
fied. Due to the small number of  infection episodes no 
comparison between groups of  causative bacteria was 
performed.

Statistical analysis
Quantitative variables are expressed as mean ± SD, and 
qualitative variables as absolute and relative frequencies. 
Comparisons between groups of  quantitative and qualita-
tive variables were done with the t test, and Fisher’s exact 
test. Generalized linear regression models with Gaussian 
family distribution and log link function were used to 
reveal the principal promoters of  early liver regeneration. 
The residuals analyses were graphically assessed and the 
predictor coefficients and corresponding 95%CI were 
meter adjusted for follow-up time, which was assumed 
as a linear predictor in the regression models. Table 3 is 
a stepwise multiple generalized linear regression with a 

significance level of  0.2 for removing variables from the 
model. Because we considered the entire cohort of  pa-
tients who underwent resection for primary or secondary 
tumors on otherwise healthy livers between November 
2004 and January 2010, no formal sample-size calculation 
was made beforehand. Statistical tests were considered 
significant when the corresponding P value was less than 
5%. Data handling and analyses were done with R 2.14[18] 
and SPSS version 17.0 software.

RESULTS
Based on preliminary analysis, and solely for exploratory 
purposes, a regeneration ≥ 100% was used as a cutoff  to 
divide all 27 patients into two groups: major regeneration 
(10 patients, 37%) and minor regeneration (17 patients, 
63%). Moreover, because the Vauthey formula was used 
for establishing minimal FRLV, we considered 100% re-
generation of  FRLV in the early postoperative period a 
more than acceptable result. 

Generalized linear regression analysis, adjusted for 
follow-up time, found that among all the preoperative 
variables the only statistically significant predictors of  
early liver regeneration were smaller FRLV (-0.0023; P 
< 0.001), smaller BMI (-0.1155, P < 0.001), and greater 
spleen volume (SV)/FRLV ratio (0.4999; P = 0.016) 
(Table 4).

Preoperative weight, serum bilirubin level, prothrom-
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Table 1  Type of liver resection performed, according to 
Couinaud classification  n  (%)

Patients (n ) Right 
hepatectomy

Extended right 
hepatectomy

Left 
hepatectomy 

Left 
lobectomy

Overall 
Tumor 
patients (27)

5 (18.5) 13 (48.1) 8 (29.6) 1 (3.7)

Primary liver 
tumor (14)

1 (20.0)   7 (46.6) 5 (33.3) 1 (6.7)

Secondary 
liver tumor 
(13)

 4 (25.0)   6 (50.0) 3 (25.0) 0

Of the 27 patients, 13 had an extended right hepatectomy, 5 a right hepa-
tectomy, 8 a left hepatectomy, and 1 a left lobectomy.

Table 2  Preoperative variables in patients with liver 
malignancies (n  = 27, mean ± SD)

Preoperative factor Patients with malignancies

Age (yr)     61.04 ± 11.40
Weight (kg)     71.71 ± 12.33
Height (cm) 165.74 ± 8.82
BMI   26.02 ± 3.43
LV (cc)   2036.47 ± 804.95
FRLV (cc)     701.45 ± 343.56
Bilirubin (mg/dL)     0.88 ± 1.86
ALT (u/L)     57.26 ± 33.14
Albumin (g/dL)     3.44 ± 0.67
AST (u/L)     45.78 ± 38.28
Creatinine(mg/dL)     0.94 ± 0.24
GGT (u/L)    179. 33 ± 164.98
Platelet (103/µL)     278.96 ± 107.22
Prothrombin time (%)     95.93 ± 21.56
INR     1.05 ± 0.14
Steatosis (Hounsfield units)     1.10 ± 0.18
Portal vein diameter (mm)   13.83 ± 2.01
SV (cc)     315.38 ± 129.06
Glucose (mg/dL)   110.19 ± 38.08
Numbers of resected liver segments     4.67 ± 1.07

Steatosis was measured using the Hounsfield units of the liver from a 
basal CT scan and using the spleen Hounsfield unit as a reference value. 
Portal hypertension was measured indirectly by measuring the diameter 
of the common portal vein on portal venous phase images. BMI: Body 
mass index; LV: Liver volume; FRLV: Future remnant liver volume; ALT: 
Alanine aminotransferases; AST: Aspartate aminotransferases; GGT: 
Gamma-glutamyl transpeptidase; INR: International normalized ratio; SV: 
Spleen volume.
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5 complications. Interestingly, no significant association 
was found between early regeneration and either onset 
or severity of  surgical complications, classified according 
to the Clavien-Dindo model, with a P value > 0.999 for 
both. No remarkable discrepancies were showed in terms 
of  preoperative blood biochemical tests between patients 
with early minor and major liver regeneration (Table 3).

Clinically relevant infections developed in 9 patients 
(33%): they all experienced SSIs and 2 of  them had sec-
ondary bloodstream infections. Median SSI onset time 
was 10 d (range 4-30 d). Five patients had plurimicrobial 
infection. The most commonly causative bacteria were 
Enterococcus spp. and Enterobacteriaceae. SSIs were not 
associated with early liver regeneration. 

On the other hand, SSIs were significantly associated 
with the onset of  surgical complications: 9 patients expe-
rienced SSIs, and in 7 cases Clavien-Dindo Grade 3a to 4 
complications were detected (P = 0.016).

DISCUSSION
According to the NNIS system, the United States Centers 
for Disease Control and Prevention (CDC) reported that 
SSIs are the third most common nosocomial infection, 
accounting for 14%-16% of  all nosocomial infections in 
the United States. In surgical patients, SSIs are the most 

bin time in (%), and diameter of  portal vein were similar 
in all patients. The mean follow-up time was 43.85 d and, 
on stepwise multiple regression, there was an association 
between follow-up time and greater percentage of  liver 
regeneration (P = 0.002) (Figure 1, Table 5). 

Thirteen patients (48%) underwent a resection of  ≥ 
5 Couinaud segments, with a mean 94.75% ± 45.72% 
of  liver parenchymal regeneration, while the 14 patients 
(52%) with a resection of  < 5 Couinaud segments had a 
mean percentage of  regeneration of  56.64% ± 47.72%. 
Comparison of  the percentage of  regeneration in relation 
to the number of  segments resected showed that patients 
with a resection of  ≥ 5 Couinaud segments experienced 
greater early regeneration (P = 0.0446). The 14 patients 
resected for primary liver malignancy had a mean of  
60.32% ± 41.23% of  liver regeneration but, when com-
pared with the other 13, resected for secondary tumors 
(90.79 ± 54.86), no significant difference was detected (P 
= 0.1136) (Table 6). 

Ten of  the 27 patients (37%) underwent chemo-
therapy prior to surgery, with a statistically significant 
prevalence of  patients with metastasis (P = 0.007). Eight 
patients (30%) underwent embolization, 3 with primary 
tumors, and 5 with secondary tumors. 

Twenty patients (74%) experienced complications, 
with 12 (60%) experiencing Clavien-Dindo Grade 3a to 
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Table 3  Postoperative variables in minor and major regenera-
tion groups after 6 d (mean ± SD)

Post-surgical factors Minor liver 
regeneration

Major 
regeneration

P  value

Total bilirubin (mg/dL) 2.37 ± 4.75 2.99 ± 4.68 0.745
Direct bilirubin (mg/dL) 1.44 ± 2.78 2.13 ± 3.64 0.586
Albumin (g/dL) 2.73 ± 0.67 2.76 ± 0.51 0.912
Creatinine (mg/dL) 0.89 ± 0.41 0.92 ± 0.27 0.817
Prothrombin time (%) 81.58 ± 25.84 80.61 ± 17.16 0.917
PT/INR 1.41 ± 0.71 1.16 ± 0.21 0.306

Table 4  Onset and severity of complications within 90 d of 
surgery, and grouped within the five tiers of the Clavien–
Dindo classification

GRADE < 100 > 100 Total

Onset1

0   4   3   7
1   3   1   4
2   3   1   4
3a   1   1   2
3b   5   3   8
4   0   0 -
5   1   1   2
Total 17 10 27
Severity2

3a   1   1   2
3b   5   3   8
4   0   0 -
5   1   1   2
Total   7   5 12

1Fisher's exact test - P value > 0.999; 2Fisher's exact test - P value > 0.999.

Table 5  Preoperative factors, adjusted for follow-up time, 
associated with early liver regeneration in 27 patients 
with hepatic tumor (stepwise multiple generalized linear 
regression)

Preoperative 
factors

Coefficient SE P  value 95%CI

FRLV -0.00232 0.00054 < 0.001 (-0.00337 - -0.00127)
SV/FRLV 0.49988 0.20731    0.016 (0.09357-0.90619)
Follow-up time 0.00704 0.00232    0.002 (0.00249-0.01159)

The future remnant liver volume, body habitus, and spleen volume 
proved to be markers of optimal early liver regeneration. LV: Liver vol-
ume; FRLV: Future remnant liver volume; SV: Spleen volume.

Liver regeneration by segment resected in relation to days 
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Figure 1  Distribution of liver regeneration over time in all patients. A 
physiologic association between follow-up time and greater percentage of liver 
regeneration is showed.
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common nosocomial infection, and are still a common 
cause of  major morbidity after hepatectomy for hepatic 
tumors[19].

In recent years, attention has increasingly been fo-
cused on the accurate identification and monitoring of  
SSIs. The NNIS system established by the CDC in the 
United States provides a comprehensive monitoring sys-
tem that reports on trends in SSIs. Risk factors for SSIs 
after hepatectomy for hepatic tumor under CDC guide-
lines have not yet been fully investigated[20]. 

To the best of  our knowledge, there is a scarcity of  
data in the English literature on the impact of  infection 
on early liver regeneration after resection for hepatic 
tumors. The human liver is able to regenerate thanks to 
a hyperplastic reaction in the residual liver[1], with portal 
flow volume considered the most important factor for 
liver regeneration[21,22]. Postoperative liver failure is cur-
rently defined as impaired ability of  the liver to maintain 
its synthetic, excretory, and detoxifying functions, and is 
characterized by increased INR and bilirubin levels on or 
after postoperative day 5. Severity is graded according to 
its impact on clinical management[23].

Some studies have suggested that preoperative vari-
ables such as age, gender, BMI, native liver disease, 
chemotherapy, platelet count and steatosis may have a 
significant influence on human liver regeneration[2,24-27]. 
With this in mind we wanted to investigate whether post-
operative infective complications would have any impact 
of  early liver regeneration in patients resected for hepatic 
tumors on otherwise healthy livers. Moreover, the key aim 
was to identify which, if  any, preoperative factors may 
influence early liver regeneration after hepatic resection.

Olthoff  cites a number of  studies that show the 
release of  pro-inflammatory cytokines such as tumor 
necrosis factor alpha and interleukin-6 after injury due 
to resection as initiators of  the regenerative process[27], 
and like many, we postulated that larger resections may 
lead to a greater concentration of  cytokines, and pro-
mote growth[28,29]. Indeed, the patients in our study who 

underwent a resection of  ≥ 5 Couinaud segments had a 
greater percentage of  early liver regeneration (P = 0.0446) 
than those with a resection of  < 5 segments.

Interestingly, we found no significant differences in 
early regeneration between patients with primary or sec-
ondary tumors (P = 0.1136), suggesting that the type of  
malignancy may not have an effect on early liver regen-
eration in resected patients (Figure 2).

Wang et al[30] have hypothesized that inflammatory 
response was strong and persistent when biliary leakage 
occurred, and it may promote the restoration of  liver 
function after partial hepatectomy, but we did not recog-
nize any protective role of  HAIs or major complication 
grades. On stepwise generalized linear regression analysis, 
the only independent variables (adjusted for follow-up 
time) significantly associated with major early regenera-
tion were a smaller FRLV, and a greater SV/FRLV ratio, 
which could be interpreted as a result of  portal hyperper-
fusion, itself  the result of  parenchymal decurtation, and 
not portal hypertension, given that our patients were not 
suffering from chronic liver disease (Figure 3).

A previous study of  ours, a retrospective investigation 
of  early regeneration in 70 living donors who underwent 
right hepatectomy, also found a statistically significant as-
sociation between smaller FRLV, greater SV/FRLV ratio, 
and early regeneration[31]. Of  note here is the fact that 
nearly half  of  our tumor patients underwent extended 
right hepatectomy, with removal of  the middle hepatic 
vein, while in all 70 of  our living donors the middle he-
patic vein was preserved. Though there is a considerable 
difference in the number of  patients (27 vs 70), there 
was no association between either onset or severity of  
Clavien-Dindo classification of  complications or infec-
tive complications[32], and early regeneration, and in both 
study cohorts early regeneration was associated with 
larger resection. 

We undertook a stepwise generalized linear regres-
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Table 6  Generalized linear regression analysis of factors 
influencing liver regeneration, adjusted for follow-up time

Preoperative factors Coefficient P  value 95%CI

FRLV -0.0027 < 0.001   (-0.0036- -0.0018)
BMI -0.1155 < 0.001   (-0.1763- -0.0548)
SV/FRLV  1.0925 < 0.001  (0.7356-1.4494)
Bilirubin -0.0885    0.547 (-0.3762-0.1993)
Albumin  0.0003    0.999 (-0.3945-0.3951)
GGT 0    0.993 (-0.0016-0.0016)
Creatinine  0.7841    0.194 (-0.4001-1.9683)
INR  0.7054    0.435 (-1.0666-2.4775)
Age -0.0032    0.744 (-0.0224-0.0160) 
Steatosis 
(Hounsfield units)

 0.1326    0.857 (-1.3137-1.5788) 

HAIs  0.2739    0.402  (0.3661-0.9141)

BMI: Body mass index; LV: Liver volume; FRLV: Future remnant liver vol-
ume; GGT: Gamma-glutamyl transpeptidase; INR: International normal-
ized ratio; SV: Spleen volume; HAIs: Healthcare-associated infections.
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Figure 2  Box plot of liver regeneration comparing patients with primary 
and patients with secondary tumors. The distribution could indicate that the 
type of malignancy might not influence the early liver regeneration in resected 
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sion analysis of  the 4 variables that had significant value 
on bivariate generalized liner regressions analysis, adding 
follow-up time as a 5th variable. We were fully aware of  
the fact that this was a far statistical overreach for just 27 
patients. Nonetheless, we undertook this analysis as an 
exploration of  potential factors associated with early re-
generation, and not looking to suggest causality. 

This study has a number of  inherent limitations, the 
most important of  which is its retrospective design, and 
the fact that we studied a small group of  patients, though 
we feel this is partially mitigated by the fact that cancer, 
primary or secondary, on an otherwise healthy liver is 
a relatively rare condition. The small group of  patients 
studied also posed limits to the number of  variables that 
could be simultaneously investigated with multiple linear 
regression analysis. In addition, this is a single center 
study, and was performed in a small, highly specialized 
transplant hospital, perhaps rendering the associations 
that we found to be significant ungeneralizable to larger, 
more heterogeneous settings. Future prospective, multi-
center, studies will be needed to confirm our results. Our 
findings would seem to underscore the importance of  
pre-operative imaging tools not only for estimating the 
volume of  the residual liver, but also for predicting the 
impact of  portal blood flow on the functional quality of  
the regenerating liver. This information, together with 

knowledge of  the anatomic vascular and biliary variations 
potentially detected by preoperative MDCT scan, can al-
low surgeons and clinicians to plan safer resective surgery 
for patients with hepatic neoplasms on otherwise healthy 
livers. We can conclude by suggesting that in this rela-
tively rare group of  patients, with primary or secondary 
tumors and no underlying chronic liver disease, a smaller 
FRLV, and a greater SV/FRLV ratio may indicate those 
patients who will experience greater early regeneration 
after major hepatectomy. We have not detected any cru-
cial role of  HAIs or surgical complications on early liver 
regeneration after resection for hepatic tumors.
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Figure 3  Scatterplot with line fit. A: Percentage of liver regeneration in relation to future remnant liver volume (FRLV); B: Percentage of liver regeneration in relation 
spleen volume (SV)/FRLV; C: Percentage of liver regeneration in relation to follow-up time.
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between donor and recipient liver volume but also on the predictors of optimal 
early liver regeneration in the donors, and the degree of portal hypertension 
and the stage of the liver disease in the recipients of a 12 years single Italian 
center experience.
Innovations and breakthroughs
The authors have identified three predictive factors for optimal early regenera-
tion: the future remnant liver volume, body habitus, and spleen volume proved 
to be markers of liver regeneration. Preoperative multi-detector computed to-
mography volumetry is an essential tool to assess future remnant liver volume. 
The alterations of hepatic blood flow have a negative impact on the progression 
of liver regeneration that always follows major hepatic resection, therefore 
impairing liver function with varying degrees of severity. Furthermore, biliary 
system ischemic damage could cause biliary leakages and probably favors the 
occurrence of biliary complications and sepsis that plague the post-operative 
clinical course.
Applications
To further improve the outcome of these complex procedures, refinements in 
the surgical technique and better comprehension of the interrelations between 
liver regeneration, portal hypertension and healthcare-associated infections will 
be needed.
Terminology
Liver regeneration: The success of liver resection for the treatment of liver 
malignancies relies on the remnant liver’s ability to regenerate after major tis-
sue loss. However, after liver resection, if the remnant liver is less than 20% of 
the original liver volume, liver function might not sustain metabolic, synthetic, 
and detoxifying needs, leading to the post-resection liver failure. Healthcare-
associated infections: are infections that patients acquire during the course of 
receiving healthcare treatment for other conditions. Every day, about 1 in every 
20 hospitalized patients has an infection caused by receiving medical care. 
These infections related to medical care can be devastating and even deadly. 
Peer review
The article is important guidance to clinicians who know about the clinical 
aspects correlation with infective complications of liver regeneration after liver 
resection.
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