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Abstract   
Background: Thrombocytes have proved to be important for liver regeneration after 

liver resection in the experimental setting. The aim of our study is to examine the effects 

of thrombocytes on liver hypertrophy after portal vein embolization (PVE).

Methods: This retrospective cohort study comprised 75 patients with liver metastases 

from colorectal cancer subjected to PVE in preparation for major liver resection. Patients 

were divided into 2 groups depending on if chemotherapy was given within 6 weeks 

before PVE or not. 

Results: The chemotherapy group showed lower levels of thrombocytes (p=0.003) 

as well as lower degree of hypertrophy (p=0.030) as compared to the group without 

chemotherapy. No correlation within groups between level of thrombocytes and degree 

of hypertrophy was found. However, in the chemotherapy group, a positive linear 

correlation between the degree of hypertrophy and the difference in thrombocytes 

between the time points of PVE and 2 months preceding PVE was found (p=0.0006).

Conclusions:  The absolute number of thrombocytes does not influence liver regeneration 

after PVE. For patients receiving preprocedural chemotherapy, PVE performed at a time 

when thrombocytes are decreasing is associated with a reduced regeneration.  
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Introduction
The importance of thrombocytes for liver regeneration after liver resection has been 

demonstrated in animal studies, in which thrombocytopenia and thrombocytosis are 

associated with impaired or increased liver regeneration after resection, respectively.1,2 

The release of serotonin stored in thrombocytes seems to play a central role in liver 

regeneration.3 However, it has been proposed that only very low levels of serotonin are 

necessary for normal regeneration after liver resection.4 In humans, subnormal levels of 

thrombocytes after liver resection have been linked to an increased likelihood of post-

operative biochemical liver dysfunction,5 although liver regeneration was not investigated 

in that study.

In the context of portal vein embolization (PVE), only a limited number of studies 

have been published discussing the role of thrombocytes.  PVE is used in preparation for 

major liver resection when the future liver remnant is considered too small to allow safe, 

postresectional patient recovery.6 By occluding segmental portal vein vessels, the liver 

segments with patent portal vessels will hypertrophy in a few weeks. If there is a small 

left lateral section or left lobe as future liver remnant, PVE is most commonly indicated. 

Typically, the portal vein to the right lobe is then occluded via a percutaneous transhepatic 

route under fluoroscopic guidance by an interventional radiologist.7 

A number of factors have been proposed to limit liver growth after PVE, such as chronic 

liver disease8,9 and chemotherapy.10,11,12 Thrombocytes have been reported to correlate 

positively with regenerated volume after PVE in one study including a high percentage of 

patients with chronic liver disease prone to portal hypertension and thrombocytopenia.13 

In another study without any cirrhotic patients included, no influence of thrombocytes 

on regeneration was found.12 The present retrospective study was conducted to further 

investigate the effect of preprocedural chemotherapy on thrombocytes and the potential 

effect on liver regeneration after PVE. We also hypothesize that the dynamics in the levels 

of thrombocytes could play a role for regeneration after PVE.   

Methods 
76 consecutive patients subjected to PVE in preparation for major liver resection for 

colorectal liver metastases at the Academic Medical Center, Amsterdam, the Netherlands 

and Skane University Hospital, Lund, Sweden between 2001 and 2011, were identified. 

PVE was indicated when the future liver remnant was <25-30% for patients with 

assumed healthy livers, and <35-40% when the patients recently had been subjected to 

chemotherapy. All patients were anticipated to be subject to right (Couinaud’s segments 

5-8) or extended right hepatectomy (Couinaud’s segments 4-8) with or without local 

resections in the remnant liver. Excluded from analysis was one patient due to death 

before radiological follow-up, death occurring from cardiac arrest in close relationship 

to an otherwise uncomplicated PVE procedure, leaving 75 patients for further analysis. 

The effects of throm
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Because chemotherapy commonly causes thrombocytopenia, patients were grouped 

according to if chemotherapy was administered within 6 weeks before PVE or not. 

Thrombocytes were measured the day before PVE. In order to investigate the potential 

importance of dynamics in thrombocyte levels, in patients administered chemotherapy, 

data concerning the levels of thrombocytes 2 months before PVE was examined. 

Radiological follow up imaging after PVE was made after approximately three weeks 

(median 22; range 6-157 days) in both groups.

Portal vein embolization

Patients received a single dose of antibiotic prophylaxis before the procedure. Under 

general or local anesthesia with intravenous sedation, percutaneous access to the right 

portal system was gained under sonographic and/or fluoroscopic guidance. Following 

portography, all right branches of the portal vein were selectively catheterized and 

embolized with PVA particles (250-750 μm, Cook Inc., Bloomington, USA) and, in 40 

patients, multiple 6 to 10 mm coils (Tornado Embolization Coils, Cook Inc., Bloomington, 

USA). The procedure was completed with a control portogram to assure total occlusion of 

the right portal system and normal flow through the left future remnant system. Finally, 

the puncture tract was closed with a gelfoam plug (Spongostan Standard, Ferrosan A/S, 

Soeborg, Denmark). 

Volume measurement

On magnetic resonance or computed tomography images with a slice thickness of 5 

mm or less, the total liver, tumor and left lateral section or left liver were delineated on 

each slice. The volumes were then given by multiplying the areas with slice thickness and 

adding the individual volumes. Tumor volume was subtracted from liver volume to obtain 

total functional liver volume (TFLV). The future liver remnant percentage, FLR%, was 

calculated as the quotient between the volume of FLR and TFLV before PVE. The degree 

of hypertrophy was defined as the difference in FLR% after and before PVE. 

Statistics

Comparisons between groups were made using Mann-Whitney U test for continuous 

data and Fischer’s exact test for categorical data. The Pearson correlation coefficient, r, 

was calculated for the association between thrombocytes and degree of hypertrophy. A 

p-value <0.05 was considered significant. Analysis was performed with IBM SPSS Statistics 

version 19. If not stated otherwise, data are expressed as mean (standard deviation).

Results
The groups with and without chemotherapy comprised 26 and 49 patients, respectively. 

Mean age of all patients was 62±10 years, the male: female ratio was 41:34 and no 

differences between the groups were found. Chemotherapy administered was oxaliplatin-
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based in 20 patients and irinotecan-based in 6 patients. Targeted therapies in combination 

with chemotherapy were used in 11 patients (bevacizumab in 5 patients, cetuximab 

in 4 patients and panitumumab in 2 patients). The median number of chemotherapy 

cycles was 6 (range 3-27). Thrombocyte levels prior to PVE were significantly lower in 

patients receiving chemotherapy before PVE (188±63x109/L) as compared to patients 

who had no chemotherapy administration (245±69x109/L; p=0.003). Only 2 patients 

had thrombocytes less than 100 x109/L. Two months before PVE, no difference between 

the groups with and without chemotherapy was observed concerning thrombocyte levels 

(203±99x109/L and 226±110x109/L respectively; p=0.545). There were no differences 

in FRL-volume before PVE between patients who were subjected to chemotherapy 

administration or not (363±144 ml, and 415±163 ml respectively; p=0.122). FRL-volume 

after PVE was significantly lower in patients with chemotherapy (484±166. ml vs. 

614±257 ml; p=0.017). We found that the degree of hypertrophy after PVE was also 

lower in patients with chemotherapy (7.7±4.4 %, vs. 11.1±6.9; p=0.030). Results are 

shown in Table 1. 

Table 1. Liver volumes and thrombocytes.
No chemotherapy n=49 Chemotherapy n=26 P

FLR before PVE (ml) 415 (163) 363 (144) 0.122

TFLV before PVE (ml) 1711 (446) 1636 (349) 0.462

FLR% before PVE (%) 24.5 (7.8) 21.8 (5.5) 0.189

FLR after PVE (ml) 614 (257) 484 (166) 0.017

FLR% after PVE (%) 35.6 (9.8) 29.5 (7.7) 0.013

Degree of hypertrophy (%) 11.1 (6.9) 7.7 (4.4) 0.030

Thrombocytes at time for PVE (x109/L) 245 (69) (n=30) 188 (63) (n=25) 0.003

Thrombocytes 2 months pre-PVE (x109/L) 226 (110) (n=12) 203 (99) (n=17) 0.545

FLR= future liver remnant, PVE= portal vein embolization, TFLV= total functional liver volume, FLR%= FLR/
TFLV. 

In Figure 1, the degree of hypertrophy as a function of thrombocyte levels is shown. 

No correlation between variables was found, neither when analyzing all patients together 

(p=0.468) nor when analyzing the groups with and without chemotherapy separately 

(p=0.984 and p=0.858, respectively).

In Figure 2, the degree of hypertrophy as a function of differences in thrombocytes 

between the day before PVE and 2 months earlier is shown. There was a linear correlation 

between variables (r=0.64, p=0.0006).

The effects of throm
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Figure 1. Degree of hypertrophy as function of thrombocyte levels at the time of portal vein embolization. 
No correlation between variables was found. 
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Figure 2. Degree of hypertrophy as function of differences in thrombocytes measured at the time of 
portal vein embolization (PVE) and 2 months before PVE, for patients receiving chemotherapy. When the 
thrombocytes were higher at the time of PVE as compared to 2 months before PVE, liver regeneration 
increased. Pearson correlation coefficient r=0.64, p=0.0006.
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Discussion
In this study we found that thrombocyte levels did not directly influence liver regeneration 

after PVE. This is in accordance with results reported by de Baere et al12, although 

we believe it is more effective to analyze patients with and without preprocedural 

chemotherapy separately as done in the present study. The chemotherapy group 

had significantly lower levels of thrombocytes before PVE and also a lower degree of 

hypertrophy after PVE, as compared to the group without chemotherapy. As there 

was no correlation between thrombocyte levels and degree of hypertrophy seen within 

groups, the decreased liver hypertrophy in chemotherapy patients cannot be explained 

by the difference in thrombocyte levels. Instead, in chemotherapy patients regeneration 

depended on if there was a trend of increasing thrombocytes or not during the last 

2 months. To our knowledge, this is a new notion. Although highly speculative, this 

could indicate the importance of bone marrow related factors for liver regeneration.14,15 

Indeed, infusion of bone marrow derived stem cells into the patent portal branches after 

portal vein embolization have been shown to increase hepatic growth as compared to 

PVE alone.16 The 2-months time point was chosen as all patients that constituted the 

chemotherapy group were on treatment at this time. Both oxaliplatin- and irinotecan-

based chemotherapies can cause thrombocytopenia by bone marrow suppression, 

although it is more common with oxaliplatin.17 In addition, moderate but prolonged 

reduction in thrombocytes after oxaliplatin therapy has also been associated with 

sinusoidal obstruction syndrome (SOS).18 It is not known whether a decreasing trend in 

thrombocytes reflects the development of SOS.

As there were only a few patients with low thrombocyte levels (<100x109/L, see 

Fig. 1), it was not possible to conclude anything regarding a threshold beneath which 

regeneration is impaired as suggested by Alkozai et al.5  

One limitation of our study is that we could only retrieve thrombocyte levels 2 months 

before PVE in 17 of the 26 chemotherapy patients, of whom all but two had been treated 

with oxaliplatin. In addition, for the whole chemotherapy group, various combinations of 

chemotherapy and monoclonal antibodies were used. Subgroup analysis was not feasible 

because of the small patient numbers. However, what distinguishes the present study from 

most previous investigations is the inclusion of patients with colorectal metastases only.   

It is most probable that the concept of thrombocyte change as being important for 

regeneration is a surrogate parameter and it is not likely that increasing thrombocyte 

levels by e.g transfusion would result in any change in regeneration, as no correlation 

between the absolute number of thrombocytes and regenerated volume was found. The 

finding could have clinical implications if corroborated in larger studies, considering the 

weaknesses of the present study in its retrospective design and the relatively few patients 

included. The obvious clinical implication would be to postpone PVE when a decreasing 

trend in thrombocytes is observed while maximum regeneration is needed in order to 

The effects of throm
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proceed with surgery, and to wait for a recovery of thrombocytes. By delaying PVE there is, 

though, a risk of tumor growth and the hazard for the patient to become unresectable.19 

Decreased regeneration after PVE in chemotherapy patients has been reported 

previously.10,11,12 The cause of this effect is not fully elucidated but there exists some 

evidence that chemotherapy-induced histological liver lesions are important.20  However, 

there are also investigations that report no impact of chemotherapy.21,22 There is convincing 

evidence that chemotherapy can induce liver parenchymal lesions, where oxaliplatin 

has been associated with the development of SOS and irinotecan with development 

of steatosis or steatohepatitis23,24, lesions that may increase both morbidity and even 

mortality after liver resection.23,25 In the study by Soubrane et al26, preoperative low 

levels of thrombocytes predicted the existence of SOS. The impact of histological lesions 

on regeneration is unclear, although there is some data showing that SOS impairs hepatic 

regeneration after resection and PVE.20,27 Also, steatosis induced by chemotherapy could 

limit regeneration after PVE.28 In patients subjected to PVE it is currently not possible 

to determine the existence or severity of these lesions before the procedure without 

performing liver biopsy, which therefore makes it difficult to analyze the impact of these 

lesions on regeneration. The majority of chemotherapy patients in the present study were 

treated with oxaliplatin-based regimens. Because chemotherapy-induced sinusoidal injury 

persists long after chemotherapy has been terminated24, histological examination of the 

resected liver could give an indication of the status of parenchyma at the time of PVE. 

However, in this study, no investigations regarding histology of the tumor-surrounding 

liver parenchyma were made. 

Conclusions
Absolute levels of thrombocytes do not influence the regenerative response after PVE, 

whereas in patients on chemotherapy, PVE performed at a time when thrombocytes are 

declining is associated with a decreased volumetric hypertrophy response. 
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