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 APPENDIX 1

Questionnaire used in Chapter 3 (in Dutch)

Topical hemostatic agents in liver surgery: 
Do we need them?
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Leverresecties in Nederland

Deze enquête wordt naar alle chirurgen in Nederland gestuurd. Indien u geen leverresecties uitvoert gaarne alleen 
vraag 1 beantwoorden. 

1.  Verricht u partiële leverresecties, gedefinieerd als verwijdering van 1 of meer segmenten van de lever? 
0 Ja, ga door naar vraag 2
0 Nee, bedankt voor deelname aan deze enquête  

  _____________________________________________________________
  
2.  Wat voor type leverresecties voert u uit? 

0 Ik beperk mij tot resectie van een wig of 1 segment van de lever
0 Ik voer ook grotere resecties uit, maar geen hemihepatectomie
0 Ik voer ook grotere resecties uit, inclusief (extended) hemihepatectomie  

  
3.  Hoeveel leverresecties verricht u (naar schatting) per jaar?
(N.B. het gaat hier om uw persoonlijke aantallen en niet zo zeer om het totaal in uw maatschap of groep) 

0 1 tot 5 per jaar
0 5 tot 10 per jaar
0 10 tot 20 per jaar
0 Meer dan 20 leverresecties per jaar  

  
4. a) Gebruikt u ook radio-frequency ablation (RFA) als lokale behandeling van tumoren in de lever? 

0 Ja
0 Nee  

     b) Indien ja, combineert u weleens RFA met een leverresectie? 
0 Ja
0 Nee  

  
5.  Past u inflow occlusie (Pringle manoeuvre) toe bij partiële leverresecties? 

0 Nooit
0 Altijd
0 Afhankelijk van de grootte van de resectie
0 Afhankelijk van bloedverlies besluit ik evt peroperatief toch nog inflow occlusie toe te passen  

  
6.  Zorgt u tijdens de operatie eerst voor devascularisatie van het te reseceren deel van de lever en gaat u daarna over 
tot transsectie van het parenchym? 

0 Ja
0 Nee, pas na transsectie van het parenchym neem ik de vascularisatie van het te reseceren 
leverdeel door.  

7.  Welke methoden past u toe om de transsectie van de lever uit te voeren? 
(meerdere antwoorden mogelijk, minimaal 1 antwoord wenselijk) 

0 Argon
0 CUSA
0 Ultracision
0 Waterjet
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0 Tissuelink
0 Klem-crush techniek
0 Anders, namelijk _______________________________________________  

  
8.  a) Gebruikt u extra middelen om hemostase van het resectievlak te bewerkstelligen (en postoperatief te 
garanderen)? 

0 Ja, ga door naar vraag 8b
0 Nee, ga door naar vraag 9  

     b) Indien ja, 
  0 Incidenteel

0 Routinematig  
     c) Welk soort middel(en) gebruikt u.
(meerdere antwoorden mogelijk, minimaal 1 antwoord wenselijk) 

0 Fibrinelijm (bijv. Tissucol)
0 Gelatineachtige producten (bijv. Floseal)
0 Cellulose producten (bijv. Surgicel)
0 Collageenachtige producten (bijv. Novacol)
0 Anders, namelijk _______________________________________________  

  
9.  Bent u van mening dat fibrinelijm minder resectieoppervlak gerelateerde complicaties geeft zoals nabloeding of 
gallekkage? 

0 Ja, ik denk dat fibrinelijm complicaties vermindert
0 Nee, ik geloof niet dat het werkt, en dus gebruik ik het niet 
0 Weet niet, gebruik het voor de zekerheid  

  
10.  Voert u na de resectie een contrastonderzoek uit om eventuele gallekkage bij het resectievlak op te sporen? 

0 Nooit
0 Altijd
0 Op indicatie  

  
11.  Houdt u tijdens een leverresectie rekening met de hoogte van de centraal veneuze druk? 

0 Nee
0 Ja, deze dient zo laag mogelijk te zijn
0 Ja, de patiënt dient “goed gevuld” te zijn  

  
12.  Recent is binnen de Nederlandse Vereniging voor Heelkunde de Werkgroep Leverchirurgie opgericht. Doelstelling 
van deze werkgroep is in het kort het bevorderen van onderzoek en samenwerking binnen Nederland op het gebied 
van leverchirurgie. Bent u geïnteresseerd in de Werkgroep Leverchirurgie? 

0 Ja, stuur mij vrijblijvend meer informatie
0 Nee 

Opmerkingen:
____________________________________________________________________________________________
____________________________________________________________________________________________
____________________________________________________________________________________________
____________________
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 APPENDIX 2

Correspondence related to Chapter 5 

Fibrin sealant for prevention of resection 
surface-related complications after liver 
resection. A randomized controlled trial

Letter to the editor and Reply to Letter. 
Annals of Surgery 2013

Letter to the editor and Reply to Letter. 
Annals of Surgery 2014
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Letter to the editor

Fibrin sealant for prevention of resection surface-related complications after liver resection 

in living liver donors

Jianyong Lei, Lunan Yan, Wentao Wang

To the Editor:

We read with great interest the article written by Boer et al.1 We would like to make the following 

comments. In the 310 non-cirrhotic patients undergoing liver resection, the overall rate of resection 

surface related complications was not different between the fibrin sealant group (24%) and no fibrin 

sealant group (24%) and the bile leakage rate was the same between the 2 groups (14% for both). 

Although the rate of fluid collection at the resection surface of 100 mL or more was higher in the 

fibrin sealant group (28%) than that in the no fibrin sealant group (26%) (P value = 0.800), the rate 

of reinterventions for resection surface-related complications (12% vs 10%, P value = 0.492) and 

severity of complications also did not differ between the 2 groups.

The report focused on the efficacy of fibrin sealant in reducing resection surface- related complications 

in liver surgery. Hence, we would like to discuss some of our own unpublished data on the subject. 

We retrospectively collected the data of the 290 living donors from March 2002 to September 2012 

and compared prophylactic application fibrin sealant to resection surface (168 cases, group 1) with 

no application of fibrin sealant (122 cases, group 2). The 290 living donors included 241 right lobe 

donors, 42 left lobe donors, and 7 left lateral lobe donors. Comparisons between 2 groups showed 

no significant difference in baseline characteristic, graft size and surgical characteristics, and some 

other results after donation. Overall rate of donor liver graft resection surface-related complication 

was not different between the 2 groups: 14.9% (25 in 168 donors) in the fibrin sealant group and 

14.8% (18 in 122 donors) in the no fibrin sealant group (P value = 0.976), which was lower than that 

in de Boer’s report. As showed in Table 1, bile leakage was detected in 8,9% (15 in 168 donors) in the 

fibrin sealant group, which was similar to the 9,0% (11 in 122 donors) in the no fibrin sealant group 

(P value = 0.985). Most did not need any therapy except persistent drainage; only 3 (2 in group 

1 and 1 in group 2) needed the endoscopic retrograde cholangiopancreatography for persistent 

drainage. Color Doppler ultrasonography showed fluid collection at the resection surface of 100 mL 

or more in 25.6% of patients (43 cases) in the fibrin sealant group and in 21.3% of controls (26 cases) 

(P value = 0.399); 7 donors (4.2%) were diagnosed with intra-abdominal abscess after donation 

in group 1 and 4 donors (3.3%) in group 2, but this difference did not reach statistical difference 

(P value = 0.690). Two donors in group 1 and 1 donor in group 2 needed reoperation for abscess 

debridement. Six donors suffered postoperative bleeding and 3 of them (1 case in group 1 and 2 

cases in group 2) needed reoperation for bleeding. Three donors accepted successful conservative 

treatment including hemostatic drugs and clotting materials. This difference did not reach statistical 
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difference (P value =0.685). Meanwhile, there was no significant difference in the incidence of severe 

postoperative resection surface-related complications between the 2 groups (3.0% in group 1 vs 

3.3% in group 2, P value =0.884), and the overall complications of our donors had been described 

in our previous report.2 There was no significant difference between the 2 groups in the other 

complications.

As compared with the paper by de Boer et al, the overall rate of resection surface– related 

complications, bile leakage rate, abscess and bleeding rate in our study were lower than that in 

de Boer’s report. However, no significant difference on the resection surface-related complications 

was observed between the fibrin sealant group and the control group in both reports. The possible 

reasons for our lower resection surface-related complications were the inclusion criteria. In our 

study, all of the donors were healthy individuals with no basic disease compared with de Boer’s 

study. Most of the patients (75%) in de Boer’s study underwent liver resection because of colorectal 

metastases, liver tumor, and other diseases, which may have led to more resection surface-related 

complications. Meanwhile, the living donors’ resection procedures were regular hepatectomy, and 

the resection surface in living donors was smaller than in de Boer’s patients, so smaller surface 

possibly means less surface-related complications.3 

Despite these differences, our conclusions were in accordance with de Boer’s. This retrospective 

study shows that prophylactic application of fibrin sealant at the resection surface after living donor 

liver resections does not lead to a reduction in the incidence or severity of resection surface-related 

complications.

Table 1. Surface-related complication rate comparisons

Clavien Grade I Clavien Grade II Clavien Grade III

Complications Group 1 Group 2 Group 1 Group 2 Group 1 Group 2

Surface-related rate 12 (7.1%) 9 (7,4%) 8 (4,8%) 5 (4,1%) 5 (3,0%) 4 (3,3%)

Bile leakage 8 6 5 4 2 1

Abscess 4 3 1 0 2 1

Bleeding 0 0 2 1 1 2

REFERENCES
1. de Boer MT, Klaase JM, Verhoef C, et al. Fibrin sealant for prevention of resection surface-related 

complications after liver resection: a randomized controlled trial. Ann Surg 2012;256:229-234.
2.  Lei JY, Yan LN. Donor morbidity including biliary complications in living-donor liver transplantation: a 

single center analysis of 283 cases. Transplantation 2012;94:e51-e52.
3.  Shindoh J, Mise Y, Satou S, et al. The intersegmental plane of the liver is not always flat-trick for anatomic 

liver resection. Ann Surg 2010;25:917-922.
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Reply to the Letter by Jianyong Lei, et al. 

Fibrin sealants do not prevent resection surface-related complications after liver resection

Marieke T. de Boer, and Robert J. Porte, for the FRESCO Trial Group

Reply: 

We want to thank Lei and Yan for their interest in our study and for their interesting comments. In 

a retrospective analysis of living donors for liver transplantation, Lei and Yan found no difference in 

the incidence of resection surface-related complications, including bile leakage, between donors 

in whom fibrin sealant was applied to the hepatic resection surface and those in whom no fibrin 

sealant was used. These results are in accordance with those of our prospective, randomized 

controlled trial.1

We agree with the suggestion made by Lei and Yan that the lower incidence of postoperative 

complications in their series may be explained by excellent health status of living donors, compared 

to patients with secondary and primary liver tumors, as were included in our study. However, 

we believe the most important explanation for this difference in the rate of resection-related 

complications between the two studies is the retrospective versus prospective design. It is very well 

known that complications are underreported in retrospective studies. Nevertheless, the two studies 

provide the same message: fibrin sealants do not prevent resection surface-related complications 

after partial liver resections.

In an in vitro study, our group has recently found a good explanation why fibrin sealants are 

ineffective in the preventions of postoperative bile leakage after liver resections.2 In this study, we 

demonstrated that the presence of tissue-type plasminogen activator and other fibrinolytic proteins 

in human bile results in rapid lysis of plasma clots and fibrin sealants. 

REFERENCES

1. de Boer MT, Klaase JM, Verhoef C, van Dam RM, van Gulik TM, Molenaar IQ, Bosscha K, Dejong CH, Van 
der Jagt EJ, Porte RJ; FRESCO Trial Group. Fibrin sealant for prevention of resection surface-related 
complications after liver resection: a randomized controlled trial. Ann Surg 2012;256:229-234.

2. Boonstra EA, Adelmeijer J, Verkade HJ, de Boer MT, Porte RJ, Lisman T. Fibrinolytic proteins in human bile 
accelerate lysis of plasma clots and induce breakdown of fibrin sealants. Ann Surg 2012;256:306-312.
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Letter to the editor

Fibrin sealant for prevention of resection surface-related complications after liver resection: 

A randomized controlled trial

Salomone Di Saverio, Michele Masetti, Matteo Zanello, Maria G. De Blasiis, Elio Jovine

To the Editor:

We read with great interest the results of the randomized controlled trial on “Fibrin Sealant Use 

for Prevention of Resection Surface-Related Complications After Liver Resection” by de Boer et al.1 

Although from our experience we might agree with the authors’ conclusions that fibrin sealant use 

does not significantly influence the incidence and severity of surface-related complications after 

liver resection, after looking carefully at the data of the present randomized controlled trial, we 

have several concerns about a good balance between the 2 groups and percentages and statistical 

significance given in the article. The generalizability of the results may therefore be affected and the 

conclusions may not be strongly supported by the data.

First of all, when looking at the baseline and surgical characteristics of the 2 study groups, there are 

doubts raised on their homogeneity. Above all, a nearly significant and moreover clinically relevant 

difference can be seen in the percentage of patients who underwent preoperative chemotherapy 

less than 3 months before surgery. This is a well-known relevant risk factor for bleeding and surface-

related complications after liver resections2 because neoadjuvant chemotherapy can induce 

damage to the remnant liver and is associated with an increased risk of vascular lesions, steatosis, 

and steatohepatitis.3 The percentage of such patients in the fibrin sealant group is 19.2% (instead of 

20% shown in the table) and 11% (instead of 12%) in the control group, and the P value is as follows: 

χ2 test Pearson uncorrected, 0.044; χ2 Yates corrected, 0.064; χ2 Mantel-Haenszel, 0.045; and Fisher 

exact test 2-tailed, 0.057. 

Hence, the statistical significance is nearly borderline significant. The factor of parenchymal 

transection technique does not allow a careful distinction between the 2 groups, and the 

combination of many different techniques (such as the use of argon or diathermia and radio-

frequency transection devices or sealing devices) in the same group of electric coagulation-based 

transection technique seems too much heterogeneous. Too many techniques are included in this 

group, and a subgroup analysis would be beneficial to better understand the potential variability 

and biases related to the transection techniques used. 

The need of intraoperative red blood cell transfusion was 15% versus 9% (P value =ns), yet presented 

a non-significant trend toward higher intraoperative bleeding in the fibrin sealant group. Perhaps, 

the difference in the estimated intraoperative blood loss (675 mL vs 550 mL) seems to be more 

significant than acknowledged by the authors, either clinically or statistically. Although the standard 

deviation (SD) is not shown, even assuming the case when the SD value may be as high as 80% of 
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the median value (SD of 550 and 440, respectively), the 2-tailed P value equals 0.0280. For lower SD 

values, the 2-tailed P value becomes increasingly significant. 

If the fibrin sealant group had a relevant trend toward higher intraoperative bleeding and red blood 

cell transfusion than the control group, this may ease coagulopathy and incidence of postoperative 

bleeding and complications,4 as also already acknowledged by the same authors.5

Furthermore, differences in ASA (American Society of Anesthesiologists) scores and comorbidities 

between the 2 groups are not shown but may have a role in the development of complications. 

Perhaps, some degree of difference in ASA scores, comorbidities, and operative risk may be argued 

because the mortality of the groups showed a non-statistically significant trend toward a slightly 

higher mortality (in-hospital deaths 5 versus 1; 30 days 6 vs 1 day), and this may support the 

hypotheses that the groups are not well balanced.

The overall bile leakage rate was 14% in both groups, but the incidence of bile leaks requiring 

reintervention was declared to be 7% without statistical differences between the 2 groups. As far 

as we can see from Table 2, the incidence of bile leakage of Clavien-Dindo classification grade 3 or 

more, meaning these complications require an invasive reintervention,6 occurred in 14 patients of 

the fibrin sealant group (9%) versus 6 patients (3.9%) of the control group (χ2 Yates corrected, P 

value =0.11; χ2 Pearson uncorrected and Mantel-Haenszel, P value =0.069). 

The incidence of bleeding at resection surface was 18 of 156 (11.5%) versus 11 of 154 (7%) (P value 

=ns). These mild differences and a trend toward worse postoperative outcomes in the study group 

are most probably unrelated to the use of fibrin sealant and may reflect a selection bias and a poor 

balance of the groups with respect to risk factors for postoperative surface-related complications, 

such as intraoperative bleeding and recent preoperative chemotherapy. 

When looking at drain fluid analysis, the authors found that median bilirubin concentration in drain 

fluid at day 1 was slightly lower in the sealant group, compared with the control group (Table 3). 

Although this difference was statistically significant, clinical significance was minimal, as there 

was no difference in the overall incidence of postoperative bile leakage. Total amount of drain 

production during the first 3 postoperative days and the duration of drainage also did not differ 

significantly between the 2 groups. 

The authors then concluded, despite the lack of any clinically relevant difference in complications, 

we did find a statistically significant lower bilirubin concentration in drain fluid at postoperative 

day 1 in the fibrin sealant group, compared with the controls. This suggests that there may be a 

minor effect of fibrin sealant that is short lasting and does not result in an overall clinically relevant 

reduction of resection surface-related complications.

However, we have noted that the fibrin sealant group did have not only a significant lower bilirubin 

concentration than controls (15 μmol/L vs 24 μmol/L) but also a relevant trend toward a mean drain 

volume at days 1 to 3 (105 mL vs 138 mL) and the P value given does not seem to be reliable. After 

calculation of the Student t test, assuming an SD value (not shown in the article) of as high as 80% 

of the mean value, the 2-tailed P value equals 0.0052 and gains increased statistical significance 
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for lower values of SD. Given these considerations on bilirubin concentration in the drain fluid 

and the daily volume of drains, a definitive judgment on the efficacy of fibrin sealant in reducing 

postoperative bile leakage cannot be made.

In conclusion, the results of the present study are less unambiguous than the authors claim. Although 

we might agree on the real usefulness of fibrin sealant in preventing postoperative surface-related 

complications, further well-powered and better balanced studies are needed.

REFERENCES

1. de Boer MT, Klaase JM, Verhoef C, et al. Fibrin sealant for prevention of resection surface-related 
complications after liver resection: a randomized controlled trial. Ann Surg 2012;256:229-234.

2. Karoui M, Penna C, Amin-Hashem M, et al. Influence of preoperative chemotherapy on the risk of major 
hepatectomy for colorectal liver metastases. Ann Surg 2006;243:1-7.

3. Benoist S, Nordlinger B. The role of preoperative chemotherapy in patients with resectable colorectal liver 
metastases. Ann Surg Oncol 2009;16:2385-2390.

4. Konopke R, Kersting S, Bunk A, et al. Colorectal liver metastasis surgery: analysis of risk factors predicting 
postoperative complications in relation to the extent of resection. Int J Colorectal Dis 2009;24:687-697.

5. de Boer MT, Molenaar IQ, Porte RJ. Impact of blood loss on outcome after liver resection. Dig Surg 
2007;24:259-264.
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Reply to the Letter by Salomone Di Saverio, et al. 

Fibrin sealants do not prevent resection surface-related complications after liver resection

Marieke T. de Boer, and Robert J. Porte, for the FRESCO Trial Group

Reply:

We thank Di Saverio et al for their interest in our randomized controlled trial (RCT) on the prophylactic 

use of fibrin sealants on the hepatic resection surface after partial liver resection1 and for their critical 

comments. Di Saverio et al raise concerns about the baseline comparability of the 2 study groups 

and about the statistical analyses in our study. 

On the basis of an adequately powered RCT, we concluded that there are no statistically significant 

differences in postoperative complications when fibrin sealants or no sealants are applied to the 

hepatic resection surface.1 Our findings are in accordance with those of a similar RCT performed 

by Figueras et al,2 who also did not find a beneficial effect of fibrin sealants after liver surgery. 

Collectively, these 2 independent RCTs provide level 1 evidence. The comments voiced by Di Saverio 

et al feel like ‘the world upside down’. They still believe fibrin sealants may be beneficial in the setting 
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of liver surgery and they criticize our nonsignificant findings. Usually, the critique on an RCT is the 

other way around and focuses on the lack of relevance of a positive (statistically significant) finding.  

When comparing baseline characteristics of patients in the 2 study groups, we did not find a 

statistically significant difference. As stated in the statistical paragraph of our article, we have used 

nonparametric tests (Fisher exact or χ2 test for categorical variables and Mann-Whitney U test for 

comparison of continuous variables), which are appropriate in a clinical setting and with variables 

that are not normally distributed. As stated in the article, missing data were treated according to 

a list-wise deletion approach. The distribution of patients with chemotherapy less than 3 months 

before liver surgery was 30 of 154 (20%) patients in the fibrin sealant group and 17 of 148 (12%) 

patients in the control group. This means that the percentages stated in Table 1 were correct, but 

they took into account the missing data of 2 patients in the sealant group and 6 patients in the 

control group. Statistical comparison resulted in a P value of 0.059 (Fisher exact test), which is not 

statistically different.

Di Saverio et al state that there is a higher intraoperative bleeding tendency in the fibrin sealant 

group, which may have caused coagulopathy and increased the incidence of postoperative bleeding 

and complications. Intraoperative blood loss in the fibrin sealant group was 675 mL (interquartile 

range =300-1140 mL) and 550 mL (interquartile range =300-1000 mL) in the control group. Although 

this quantity may seem a bit higher in the fibrin sealant group, the difference was not statistically 

significant (P value =0.302, Mann-Whitney U test). However, even more important we do not believe 

that 125 ml does make any clinical difference in the risk of causing coagulopathy or in the risk of 

developing postoperative complications.

The same is true for other outcome parameters such as bile leakage, bleeding complications at 

the resection surface, and the amount of drain fluid production in the first 3 days. Although the 

numbers may seem higher in the sealant group, there were no statistically significant differences. 

On the basis of our study and the previous study reported by Figueras et al,2 we disagree with Di 

Saverio et al that more studies on the efficacy of fibrin sealants in preventing resection surface-related 

complications after liver surgery are needed. Of course, our prospective study has some limitations, 

but we sincerely believe that the results are unequivocal and can lead to only one conclusion: fibrin 

sealants do not reduce postoperative resection surface-related complications after partial liver 

resection. This clinical evidence is in line with a recent in vitro study that has demonstrated that 

human bile contains a significant amount of tissue-type plasminogen activator, which contributes 

to the premature lysis of the fibrin clots and sealants.3 Therefore, a possible solution to the problem 

of bile leakage after liver resection may, apart from further improvements in surgical techniques, lie 

in the development of new synthetic sealants that have the capacity to seal small vessels and bile 

ducts and are resistant tot the fibrinolytic activity of bile. The conventional fibrin sealants do not 

seem sufficient for this purpose.3,4



173

Appendix 2

11

REFERENCES
1. de Boer MT, Klaase JM, Verhoef C, van Dam RM, van Gulik TM, Molenaar IQ, Bosscha K, Dejong CH, Van 

der Jagt EJ, Porte RJ; FRESCO Trial Group. Fibrin sealant for prevention of resection surface-related 
complications after liver resection: a randomized controlled trial. Ann Surg 2012;256:229-234.

2. Figueras J, Llado L, Miro M, Ramos E, Torras J, Fabregat J, Serrano T. Application of fibrin glue sealant 
after hepatectomy does not seem justified: results of a randomized study in 300 patients. Ann Surg 2007 
Apr;245:536-542.

3. Boonstra EA, Adelmeijer J, Verkade HJ, de Boer MT, Porte RJ, Lisman T. Fibrinolytic proteins in human bile 
accelerate lysis of plasma clots and induce breakdown of fibrin sealants. Ann Surg 2012;256:306-312.

4. de Boer MT, Boonstra EA, Lisman T, Porte RJ. Role of fibrin sealants in liver surgery. Dig Surg 2012;29:54-61.



174



175

 APPENDIX 3

Correspondence related to Chapter 7

The impact of intraoperative transfusion of 
platelets and red blood cells on survival after 

liver transplantation

Letter to the editor and Reply to Letter. 
Anesthesia & Analgesia 2009



176

Chapter 11

Letter to the editor

Platelets and survival after liver transplantation

Chris Nixon, Kerry Gunn, Tom Main, and Yatin Young

To the Editor:

After publication of the article by De Boer et al.1 (and its citation in three recent reviews)2-4 relating 

survival after orthotopic liver transplantation to blood products transfused, we analyzed our 

own data. The actual 1-yr survival and 5-yr survival rates for these patients were 94% and 82%, 

respectively. We have plotted survival in relation to transfused unit volumes as detailed by De Boer 

et al. Table 1 compares the survival rates related to platelet and red cell transfusions in Groningen 

and New Zealand. Our data do not confirm a dose-related increase in mortality in patients receiving 

platelets. Red cell transfusion was associated with a small increase in mortality as reported widely by 

others. We would classify our protocols for use of blood products as more liberal than the Groningen 

group. We transfuse red cells to maintain hemoglobin at 75–85 g/L, and platelets according to 

thromboelastography, clinical bleeding, and a platelet count <70 x 109/L. In common with most 

centers, our trend over time is for reducing blood transfusion requirements.

Over the time of the data collection much has changed in both immunosuppression5 and blood 

transfusion.2,6 Leukocyte depletion was introduced into clinical practice by the New Zealand blood 

transfusion service in 2001, and we understand this change occurred in the Netherlands in 2002. 

Thus, the first series reported from Groningen in which transfusion rates were higher would have 

received blood products before the introduction of leukodepletion.

The use of platelet-pheresis and single donor platelet transfusions rather than random donor 

platelet preparations along with leukocyte reduction strategies may decrease the infective and 

immunological risk from platelet transfusions.6,7

We believe both countries have followed the Council of Europe guidelines for blood products and 

are broadly comparable. We use a single 1 g dose of methylprednisolone at induction of anesthesia, 

the authors state they give a low-dose protocol, which is not further defined.1

Finally, our data and probably those of De Boer refer only to blood products transfused during the 

transplant operation and do not include blood products used for postoperative bleeding.

In conclusion, our data do not substantiate the effects of platelet transfusion on survival after 

orthotopic liver transplantation. Reports of increased mortality after platelet administration are not 

universal.8 We believe further review is justified to better define the true risk of platelet transfusion 

in current practice.
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Table 1. Survival Related to Platelet and Red Cell Transfusion in Groningen and New Zealand

Platelets
(units)

Red cells
(units)

0 >0-2 >2 0 >0-6 >6

Groningen 1 yr survival 89.2 75.6 55.0 88.0 86.7 78.1

New Zealand 1 yr survival 95.8 93.0 93.8 94.5 96.1 89.4

New Zealand 5 yr survival 81.0 87.7 78.3 86.2 82.2 78.6
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Reply to the Letter by Chris Nixon, et al. 

Platelets and survival after liver transplantation

Marieke T. de Boer, and Robert J. Porte 

Reply:

We congratulate Nixon et al.1 for the excellent survival rates in liver transplantation recipients. One 

explanation for the lack of the same dose-related increase in mortality in patients receiving platelet 

concentrates seen in our patients2 may lie in the type of platelets used.
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There are two basic methods for producing platelets for transfusion: the “buffy-coat” method using 

platelets derived from pooled random donors and the single donor pheresis-derived platelet-rich 

plasma method.3 As we discussed in our article, there is evidence that the latter is associated with 

a lower risk of immune-mediated and infectious complications than the former. In our program, it 

is common practice to use pooled random donor “buffycoat” -derived platelets, and in a second 

analysis, we have recently demonstrated that the lower survival rates in patients who received 

platelets is explained by a significantly greater rate of early mortality because of acute lung injury 

(4.4% vs 0.4%; P value =0.004).4 From the comment by Nixon et al., it seems that the group in 

Auckland is using platelets collected by pheresis from single donors.

Altogether, the current results suggest that patients undergoing liver transplantation are at greater 

risk for early mortality because of acute lung injury after receiving platelets derived from pooled 

random donors, although this negative effect is not observed after transfusion of single donor 

pheresis derived platelet concentrates. This is an important observation that deserves further 

investigation and confirmation.

REFERENCES
1. Nixon C, Gunn K, Main T, Young Y, McCall J. Platelets and Survival after Liver Transplantation. Anesth Analg 

2009;108:1354-1355.
2. de Boer MT, Christensen MC, Asmussen M, van der Hilst CS, Hendriks HGD, Slooff MJH, Porte RJ. Impact 

of intraoperative transfusion of platelets and red blood cell on survival after liver transplantation. Anesth 
Analg 2008;106:32-44.

3. Ness PM, Campbell-Lee SA. Single donor versus pooled random donor platelet concentrates. Curr Opin 
Hematol 2001;8:392-396.

4. Pereboom ITA, de Boer MT, Haagsma EB, Hendriks HGD, Lisman T, Porte RJ. Platelet transfusion during 
liver transplantation is associated with increased postoperative mortality due to acute lung injury. Anesth 
Analg 2009;108:1083-1091. 


