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To my Family



'O frati', dissi "che per cento milia
perigli siete giunti a [occidente,
a questa tanto picciola vigilia

d’i nostri sensi ch’e del rimanente,
non vogliate negar [esperienza,
di retro al sol, del mondo sanza gente.

Considerate [a vostra semenza:
fatti non foste a viver come brut,
ma per sequir virtute e canoscenza'.

(Dante Alighieri, Divina Commedia, Inferno, Canto XXVI, vv.112-120)
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ABSTRACT

Introduction

Intraoperative blood transfusions are associateth vadverse liver transplantation

outcomes and lower patient survival rates. Standacdmmendations and guidelines on
blood transfusions in liver transplantation are&iag, and a large part of the literature tried
to identify risk factors of intraoperative bleediagd blood loss. In the present study a
retrospective analysis of the factors correlatedltmd loss and transfusion requirements
during liver transplanation was performed.

Materials and Methods

Pre, intra and post operative recipient variables @gonor data were reviewed in relation to
intraoperative blood loss and blood transfusion22i liver transplantations performed
between 2005-2009 at Karolinska University Hospitduddinge, Stockholm in adult

patients.

Results

A major indication for liver transplantation wasrbosis (35%), followed by tumours
(27%) and cholestatic diseases (15%). Transplamt$-dmilial Amyloid Polineuropathy
were performed in 13% of cases. There was no diffe over the years in relation to
intraoperative blood loss and the need for blo@hdfusions. The percentage of liver
transplants performed with cava preservation (diggy technique) increased significantly
over the years. Parallel to this, the use of irdemative veno-venous bypass has been
progressively reduced over time. None of these abdes is clearly correlated to
intraoperative bleeding and transfusion requiresieM/arm Ischemia Time (overall
median 55 + 44 minutes; range 20-605 minutes, nF&B0wed a significant decrease over
time. A significant reduction of post-transplantlogtes mellitus and postoperative Red
Blood Cells (RBC) unit transfusions was observed.

In univariate analysis a shorter waiting list tintee Child-Pugh score, the MELD (Model
for End Stage Liver Disease) score, the duratiosuogery, the Cold Ischemia Time (CIT),
lower preoperative haemoglobin value, lower preapes platelets count, higher
preoperative INR value, higher preoperative bilinulevel, higher preoperative urea and
creatinine value and lower preoperative albumirelewvare correlated to intraoperative
blood loss and blood transfusions. Intraoperatieding and RBC/Plasma transfusions
are associated with longer stays in the intensare anit (ICU) and longer post-transplant
hospitalization, the need for post-transplant tiasiens and episodes of post-transplant
gastrointestinal bleeding. Intraoperative bloodsl@nd transfusions are correlated to
platelets transfusions at 24 hours and duringiteerhonth post-transplant.

In the multivariate analysis only cold ischemiadintow preoperative haemoglobin level,
low preoperative platelets count, low preoperaallumin, high preoperative INR value
and preoperative creatinine are correlated to opeeative bleeding and transfusion
requirements. Child-Pugh score and MELD score aoe predictive factors of
intraoperative bleeding and transfusions.



Anamnesis of previous bleeding and pre-transplaspitalization are good predictors of
higher intraoperative blood loss and of the needkood product transfusions.

No correlation was found between previous abdomisatgery and intraoperative
bleeding. Among pre-transplant patients’ charasties only the presence of hepatorenal
syndrome is associated with intraoperative blosd End transfusion requirements.
Patients with intraoperative bleeding of more tbdiires have a survival rate of 70% at 7
years post-transplant, whilst patients with a ioerative bleeding inferior to 5 litres have
a survival rate of 84% (p<0,05). Patients transfusgh more than 12 Red Blood Cells
Units have a survival rate of 67% at 7 years pastdplant, whilst patients receiving an
amount of less than 12 Red Blood Cells Units haserdaival rate of 81% (p<0,05).

Conclusions

Low preoperative haemoglobin value is the strongesdictor of intraoperative blood loss
and transfusions. Anamnesis of previous bleediregatorenal syndrome, pre-transplant
hospitalization, cold ischemia time, low preopemtplatelets count, high preoperative
INR value, preoperative bilirubin, creatinine antbumnin are good predictors of
intraoperative bleeding and transfusions. Onlyamperative bleeding has an impact on
patient survival and a cut-off level of intraopératbleeding of 5 litres and 12 RBC units
transfusions was shown to have an impact on patisuatvival.

As a result of the study local recommendations Bbood transfusions in liver
transplantation at Karolinska University Hospitall we discussed.



ABSTRACT

Introduzione

Trasfusioni intraoperatorie di derivati del sangao®o associate ad un peggiore esito del
trapianto epatico e a una ridotta sopravvivenzgdeienti. In assenza di raccomandazioni
standard e di linee guida riguardanti le trasfusidinderivati del sangue in corso di
trapianto epatico, una gran parte della letterahaacercato di identificare i fattori di
rischio di perdite ematiche e sanguinamento ineeatprio. Nel presente studio é stata
eseguita una analisi retrospettiva dei fattori @atr al sanguinamento intraoperatorio e
alla richiesta transfusionale in corso di trapiagpatico.

Materiali e Metodi

Variabili pre, intra e post operatorie relativer@evente e variabili relative al donatore
sono state raccolte e analizzate in relazione m@kglite ematiche intraoperatorie e alle
trasfusioni di derivati del sangue in 227 trapiaegatici eseguiti tra il 2005 e il 2009 in
pazienti adulti presso I'Ospedale Universitario #erska, Huddinge, Stoccolma.

Risultati

La principale indicazione per il trapianto epatiestata la cirrosi epatica (35%), seguita
dai tumori (27%) e dalle patologie colestatiche %)5 | trapianti a causa della
Polineuropatia Familiare Amiloidotica (FAP) sonatseseguiti nel 13% dei casi.

Non sono state osservate differenze in relazideepardite ematiche intraoperatorie e alla
necessita di trasfusioni ematiche.

La percentuale dei trapianti epatici eseguiti Geknica di preservazione cavale (tecnica
piggyback) e aumentata significativamente nel cdeggli anni.

Di riflesso, I'utilizzo del by-pass venoso intraogrio si € progressivamente ridotto nel
tempo. Nessuna di queste variabili e tuttavia t¢ataeall’entita delle perdite ematiche
intraoperatorie né alle necessita trasfusionali.

Il tempo di ischemia calda (WIT) (mediana, compless55 + 44 minuti; intervallo 20-
605 minuti, n=200) ha registrato una significatiiduzione nel tempo.

Una significativa riduzione e stata inoltre ideictita nella diagnosi di diabete mellito post-
trapianto e nella trasfusione di emazie concentrak@ost-operatorio.

Nell’analisi univariata sono stati trovati essemrelati all'entita delle perdite ematiche
intraoperatorie e delle trasfusioni ematiche urottm tempo di attesa in lista per |l
trapianto epatico, il punteggio Child-Pugh, il peoggio MELD (Model for End Stage Liver
Disease), la durata dell’ intervento chirurgicdeinpo di ischemia fredda (CIT), un ridotto
livello pre-operatorio di emoglobina, una ridottanta piastrinica preoperatoria, un livello
preoperatorio di INR piu alto, un valore preoperiatali bilirubina piu alto, un maggiore
valore preoperatorio di urea e creatinina e unttedealore preoperatorio di alboumina.

Le perdite ematiche intraoperatorie e le trasfusibemazie concentrate e di plasma sono
associate ad un prolungato ricovero post-operatariorianimazione e ad una piu
prolungata ospedalizzazione post-trapianto, alleessta di trasfusioni ematiche post-
operatorie e ad episodi di sanguinamento del tgasbdrointestinale.



Le perdite ematiche intraoperatorie e le necess@afusionali sono correlate alla
trasfusione post-operatoria di concentrati piagirimelle 24 ore e durante i primi 30 giorni
post-trapianto.

Nell’analisi multivariata, solo il tempo di ischearfredda, un basso livello preoperatorio di
emoglobina, una ridotta conta piastrinica preopeiat un basso livello preoperatorio di
albumina, un elevato INR e un alto valore preoper@atdi creatinina sono correlati alle
perdite ematiche intraoperatorie e alle necessitdusionali.

| punteggi di Child-Pugh e MELD non sono fattorregittivi di sanguinamento
intraoperatorio e delle trasfusioni intraoperatorie

Un’anamnesi positiva per un precedente sanguinameame pure l'ospedalizzazione
pre-trapianto, sono buoni fattori predittivi di ngggyi perdite ematiche e della conseguente
necessita di trasfusioni ematiche intraoperatorie.

Nessuna correlazione e stata trovata tra pregodgsagia addominale e perdite ematiche
intraoperatorie.

Tra le caratteristiche pre-operatorie dei ricevesulo la presenza di sindrome epatorenale
€ associata al sanguinamento intraoperatorio eatlassita di trasfusioni ematiche.
Pazienti con un sanguinamento intraoperatorio noaggli 5 litri hanno una sopravvivenza
del 70% a 7 anni post-trapianto, mentre paziemi wo sanguinamento inferiore ai 5 litri
hanno una sopravvivenza dell'84%.

Pazienti trasfusi con piu di 12 unita di emazieaarate hanno una sopravvivenza del
67% a 7 anni dal trapianto, mentre pazienti checs#ati trasfusi con meno di 12 unita di
emazie concentrate hanno una sopravvivenza dell’81%

Conclusioni

Un basso valore di emoglobina pre-trapianto € itofa predittivo piu forte del
sanguinamento intraoperatorio e della necessitasfusioni ematiche intraoperatorie.
Un’anamnesi di pregressi episodi di sanguinamensindrome epatorenale,
ospedalizzazione pretrapianto, il tempo di ischefredda, una ridotta conta piastrinica
preoperatoria, un elevato valore di INR preoperatoome pure alti livelli di bilirubina,
creatinina e urea e bassi valori di albumina sownonb fattori predittivi delle perdite
ematiche intraoperatorie e della necessita diusashi ematiche intraoperatorie.

Solo le perdite ematiche intraoperatorie hannonypaito sulla sopravvivenza dei pazienti
e un limite di 5 litri e 12 unita di emazie conaame¢ transfuse ha dimostrato di avere un
impatto sulla sopravvivenza dei pazienti.

Come risultato dello studio, all Ospedale Univeso Karolinska saranno discusse linee
guida locali riguardanti le trasfusioni ematichecarso di trapianto epatico.
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Part of the data from this Thesis was presentedpaster at the international meeting:
“The Scandinavian Transplantation Society XXVI Caeyj, Reykjavik, Iceland May
911" 2012

Factors influencing perioperative blood loss
in Liver Transplantation

Paola Violi®, Greg Nowak®, Mami Kanamoto®, Anna Januszkiewicz", Agneta Taune Wikman®, Marja-Kaisa Auvinen® Annika Berqvist’, Ammad Majeed”, Bo-Gbran Ericzon®
s Division of Transplantation Surgery, * Division of Anhestesiology and Intensive Care, © Division of Immunology and Transfusion Medicine, ¢ Division of Gastroenterology

Karolinska University Hospital, Huddinge Stockhoim

Introduction

Intra-operative blood transfusions are associated with adverse Liver Transplant outcome. A retrospective analysis of the
factors correlated to blood loss during Liver Transplant was performed.

Materials and Methods

Pre and intra operative variables were reviewed in relation to intra-operative blood loss and blood transfusions in 160
Liver Transplantations performed in adult patients between 2006-2009 at Karolinska University Hospital, Huddinge,
Stockholm. Split liver transplants, size reduced liver transplants, combined solid organ transplants and transplants
performed for Familial Amyloidotic Polineuropathy were excluded from the analysis. The total amount of the Red
Blood Cell (RBC) units transfused is comprehensive of Blood Bank RBC units and Cell-saver Units. Intraoperative
veno-venous bypass was used in 64 (40%) liver transplantations.

Results Ascites at Transplant Time

There was no difference over years in relation Yes No

to intra-operative blood loss and need for iy b 13330 £ 1644 TA67 £ 1102 p=0,002
e i L B I - B R BT R
intraoperative blood loss (11682 + 1384 vs

6604 + 930; p< 0,05) and need for RBC (21,7 T ——

+2,7 vs 13,3 £ 1,8; p< 0,05) and Plasma (22 Yes No

£+ 23 vs 137 + 18 p< 0,05) units me::‘(':“ 15956 %3237 8406 £ 873 p=0.002
transfusions were observed in men than in Total RBC Units

women. A higher intra-operative blood loss Transfused (nr) ras bl e
and need for blood transfusions were

correlated to the presence of ascites at

transplant (p< 0,01), to pre-transplant F"V"‘r’: fhce! -

hospitalization (p<0,01) and to the duration e = —— o
of the operation (p< 0,05). Previous blood loss (ml) . - S
esophageal variceal bleeding was associated ';":’::}Efe;"(‘;‘r" 227438 166+ 22 p=0,12
with increased amount of Blood Bank RBC Blood Bank Units

(p< 0,05) and Plasma (p<0,05) units Transfused (nr) il s i g
transfused.  Preoperative  hemodialysis et 241 £35 16,3 £1,6 p=0,02
neces§|tated S|gmf|ca-ntly incregsed intra- Platelets Units 13402 08£02 p=02
operative platelets units transfusions (2, 4 * MATHUSSEINE)

0,7 vs 0,9 + 0,15; p< 0,05).

o |

Conclusions

Male gender, the presence of ascites at transplant, pre-transplant hospitalization and the duration of the operation are
correlated to blood loss and blood transfusions during Liver Transplantation. Previous variceal bleeding is correlated to
increased Blood Bank RBC and Plasma transfusions. Preoperative hemodialysis is correlated to increased intraoperative
Platelets transfusions.

Paola Violi

_aWA Ty
E-mail: pagla.violi@ki se il R
Department for Clinical Science, Intervention and Technology. Karolinska Institute ;r;i Bims J KAROLI NSKA
Division of Transpiantation Surgery 3597 7 Institutet
Karolinska University Hospital, F82, 14186, Huddinge, Stockholm Mg
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INTRODUCTION

Liver transplantation is the treatment of choicedatients with End Stage Liver Disease.
Improvements in technique and patient managemene Had to a considerable
improvement in patient survivalActual patient survival rates after liver trarespthtion,
considering all of the indications, is 82% at 1ry§dd% at 5 years and 61% at 10 years, but
considering only patients who survive beyond thet fsix months the survival rate is
higher: 96% at 1 year, 83% at 5 years, 71% at HdsyeThe advances achieved in the
amelioration of patient and graft survival since tharly ages of liver transplantation
reflect the improvements in surgical, medical, #mesiologic and pharmacologic fields.
Liver transplantation is historically associatedhmnajor blood loss and blood products
transfusions. However, since the beginning of tver fransplant era the need for intra and
perioperative blood transfusions has been decrehsads to a better comprehension of
the physiopathology of the liver diseases, a betiederstanding of the coagulation
process, and an improvement in anesthesiologicargical techniqués

These efforts resulted in a reduction in peri-opeeablood transfusions in most transplant
centred The use of blood products is considerably lower rivan in the past, yet
nevertheless the need for transfusions is still @nme most substantial landmarks of the
procedure and an emerging part of the medicalkalibee started to show the detrimental
effects of blood transfusions on liver transplamicome and patient survival

A substantial body of literature tried to identpyedictive factors for intraoperative blood
loss in order to minimize their impact and identifgtients at higher risk of bleeding in
order to provide them with more effective anesthlegiical support and surgical treatment.
At the same time, large efforts are being madeethuce intra and perioperative blood
transfusions in order to minimize complications amgrove patient survival rates. There
is still no consensus on transfusion guidelinesingutiver transplantation Regarding
intraoperative blood products administration, thisre wide variability among not only
different centres, but also among different anasists in the same centréNevertheless,
the actual trend in the international transplamhcwnity is to practice a more rational use
of intraoperative blood transfusiohs

15



SCIENTIFIC BACKGROUND

Intraoperative bleeding and transfusions need in Lyer Transplantation

Liver transplantation is historically associatedthwmajor blood loss and the need for
transfusions of blood products. The first livemgplant was attempted by Thomas Starzl
in 1963, but the patient, along with the next fodied from bleeding. The operative
technique had been defined on animal experimentshle surgical team was not prepared
for the technical complications related to portgbértensiol’. It was only in 1967 that the
first successful human liver transplantation wasqueed* *2

During the first years of transplant activity, tsfusions exceeding 100 red blood cells
(RBC) units were common, with most centres preagnin average of 20 units for
patient® % Since then a steady decrease of intraoperativedbloss and the need for
blood products transfusions during liver transm@éon has been observed, reflecting an
overall improvemetit*°. In the early 90s at Birmingham Liver Unit, the di@n of blood
units transfused was 11,5 (range 0*34Joday, many centres have an average of around 2
units of red blood cells transfusién® and a significant percentage of patients undergo
liver transplantation without any transfusion regquient” *® The possibility to perform a
liver transplantation without the use of blood prots is no longer an anecdotal report, but
is in fact a common reality with centres reportimg to 75% of patients transplanted
without any blood product transfusign

Massicotté® et al. published a recent report on transfusidesrin 500 consecutive liver
transplants performed at their centre. The authemorted that 79,6% of the liver
transplantations did not receive any blood prodlicey also reported that 7,6% of patients
received only 1 RBC unit and 8.2% received 2 RB@sutransfusions. Transfusion of
more than 5 RBC units was only necessary in 6 p&tieThe explanation of the
amelioration achieved in blood transfusions managenis multi-factorial, residing in
improvements in anaesthetic management, evolutfosumgical technique and a better
understanding of coagulation disordérs® #° Despite the improvements achieved during
the last few decades, blood loss still remains gomaoncern during the liver

transplantation procedure.
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Table 1. Blood Products Transfusions in Liver Tranglantation (modified from
Dalmad’ et al.)

Initial Hb
(g/L)

Final
Hb (g(L)

Coagulation

Monitoring
deBoe
(n=433)

Massicotte™
(n=200)

Not described| 10,78+2,3| 9,12+1,5

*Median and range
"Mean + SD
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Predictive factors for bleeding in Liver Transplantation

Many studies have focused on the identificatiompredictive variables for massive blood
transfusions in liver transplant recipielits'® 232° Other studies tried to identify a
predictive index to calculate the risk of intracgtare bleeding and transfusigfis®
Results for the studies are often controversiabbably due to different transfusion
practices and perioperative management among eliffeentres.

In an early study conducted by DedRiret al. on liver transplantations performed in
Birmingham between 1982-1990, only low plateletsntand high serum urea levels were
associated to a higher amount of blood transfusiwhde no association was found with
cause of liver disease, severity of liver diseasepagulation tests values.

McCluskey?® et al. identified MELD score, renal function, ppeoative hematocrit, Child-
Pugh score, cold ischemia time (CIT) and surgieahthique as independent risk factors for
bleeding in liver transplantation. Similar resuits/e been reported by Bdfret al.: in their
analysis higher Child-Pugh and MELD scores, reapieeight, ischemia times and
surgery times were associated to a higher raten$tusionsX 6 Units).

Xia®! et al. showed that MELD score is a strong prediofothe need for intraoperative
transfusions. These authors performed a retrogeestudy, finding that patients with a
higher MELD score >%30) required a higher amount of red blood cellaspia, platelets
and cryoprecipitate transfusions compared to patieith MELD < 30. Moreover, patients
with a higher MELD had lower baseline haematoduityer fibrinogen levels, and a higher
need for respiratory and vasopressors support.eTblearacteristics are indirect signs of
poor clinical conditions, requiring a higher neexd fransfusions, medical support and
more complex surgery.

Studies from Massicotté et al. showed different results. In their analy8#ELD score
was not associated with blood transfusions in maitate analysis. In the same study, the
authors identified the preoperative haemoglobinelleas the strongest predictor of
intraoperative blood transfusions. In another sttidg same grodpshowed that there was
a correlation in the multivariate analysis betw@esoperative platelets count, INR value
and surgery time and the number of RBC units tresesd.

In a retrospective study conducted by Hendfilet al. on 164 patients who underwent
liver transplantation, a higher requirement for bddod cell transfusions was observed in

men than in women, and in patients with Child B@than in patients with Child A.

18



Transfusion rates increased with the duration &d eschemia time and were correlated to
the use of a Cell-saver. In the multivariate analyshe authors identified gender, Child-
Pugh classification, serum urea level, year ofdpdemtation, cold ischemia time and use of
Cell-saver as factors associated to RBC transfusitas in liver transplantation.

However, Massicotfé et al. showed that the need of blood transfusitidsnot change
after introduction of Cell-saver use in their centespite longer surgery duration and an
increase in blood loss. In fact, 80% of patientd diot receive any blood product
transfusions.

The authors specified that since its introductibae Cell-saver was used in every liver
transplant, but there was only enough blood taoaesfuse in 65% of cases, with a mean
volume of 338 = 339 ml (range 40-200 ml). Thesadaiggest that the use of the device is
only useful in cases of massive intraoperative dieg

In a study conducted by Mandti®t al., the principal predictors of intraoperativeod
loss were higher MELD score, previous surgery, peeative higher INR, lower platelets
count, lower preoperative haemoglobin level, elestgireoperative creatinine and elevated
initial Central Venous Pressure (CVP). These figdican be interpreted as markers of
poorer clinical conditions and more advanced liisease.

Anaemia is an important factor that contributebleeding in patients with liver disease.
Preoperative haemoglobin value is a variable widltrang association with intraoperative
transfusions need. In the prospective study corduby Ramoset al., the preoperative
haemoglobin level was the only factor to predi& ttansfusion of one or more red blood
cells units. Ozie® et al., in a multicentric study conducted amongnEh transplant
centres, identified factors such as preoperativaingsecreatinine, preoperative PT,
preoperative haemoglobin level, duration of surgang previous abdominal surgery as
factors associated to a higher rate of RBC tramsfiss Higher fresh frozen plasma (FFP)
and platelets (PLTs) transfusions were found ta$sociated to the duration of surgery,
PT and preoperative serum creatinine. Preoperaseeées was correlated to fresh frozen
plasma transfusions, while preoperative plateleiant was associated with platelets
transfusions. In the same study, the high varigbdmong different centres in terms of
transfusions, perioperative care and anaesthesiageanent was pointed out. In fact, the
high variability among centres is probably one I teasons why results vary so much

among studies and centres.
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The observations are not univocal, and other ssushewed different results.

In fact, another study demonstrated no associagtnween MELD score and intraoperative
bleeding or blood products requireménts

A recent abstratt presented at the American Transplant Congress,2Bagton, MA,
June 2-6 2012 from the Transplantation group atthiwersity of California, Los Angeles
(UCLA), put the question in an interesting persppectThey analyzed variables predicting
the blood loss during the hepatectomy performedabgingle experienced surgeon,
eliminating in this case the bias related to ddférsurgical expertise. The results showed
that only preoperative bilirubin value 14,7 mg/dl was a significant predictor of
transfusion requirements in a multivariate analysis

Donor characteristics have also been investigaiqubasible risk factors for intraoperative
bleeding, but they did not show any correlation itdaraoperative bleeding and

transfusiony
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Table 2. Predictive factors for intraoperative bloal loss and blood transfusions

Deakin'® et al.

Preoperative low platelets count
Preoperative elevated serum urea level

McCluskey®

MELD score

Renal function
Preoperative hematocrit
Child-Pugh score

Cold Ischemia Time
Surgical technique

Boin* et al.

Child-Pugh score
MELD score
Recipient weight
Ischemia times
Surgery times

Xia*! et al.

MELD > 30

Massicotté?

Preoperative haemoglobin level

Hendriks® et al.

Gender (male)

Child-Pugh score (B or Cvs A)
Preoperative serum urea level
Year of transplantation

Cold Ischemia Time
Intraoperative Cell-saver use

Mangu$’ et al.

Higher MELD score
Previous surgery

Preoperative high INR, low platelets count, lowraglobin level,
elevated creatinine value

Elevated initial Central Venous Pressure (CVP)

Ramos et al.

Preoperative Hb level

Ozier® et al.

Preoperative serum creatinine value
Preoperative PT

Preoperative haemoglobin level
Duration of surgery

Previous abdominal surgery

Rana AA%et al.

Preoperative bilirubin value 14,7 mg/dl
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Impact of transfusions on Liver Transplant outcome

The impact of blood products administration on diveansplant outcome has been
extensively investigated, demonstrating that bldoahsfusions are associated with
increased morbidity and mortality. IntraoperatiVedd transfusion has been associated to
poorer liver transplant outcome in terms of pasesarvival” “ % A higher need for
perioperative blood transfusions can certainly baswlered as a surrogate marker for
poorer clinical conditions, more complex surgerg amore serious diseases, but the role of
blood transfusions on liver transplant outcome basn found to be independent from
other predictors of intraoperative blood loss aastiransplant survivaf.

A retrospective study conducted by Cacciateltial. on 334 ortothopic liver transplants
demonstrated that recipients who underwent liveandplantation without RBC
transfusions had a superior patient survival raterwcompared to patients who received
RBC transfusions. Moreover, in the same study is whown that even if the liver
transplant outcome was affected by many other facoch as age, male sex, and medical
condition at the time of transplant, an increasd8CRtransfusion requirement was
independently associated with patient and graftigal. Even a small amount of red blood
cells transfusions is associated to a longer halsgtizy and to a decreased survival rate

In a prospective study conducted by Raneasal., in a series of 122 liver transplantations
the transfusion of more than three red blood eallss was associated with prolonged post-
transplant hospitalization in the multivariate asa&. In their study, the mean of RBC
units transfused was 2,9 + 2,9 (SD) with a media onits (range 0-14); in 42 (34%) of
the patients no RBC unit transfusion was necesshrythe same study, excluding
peroperative deaths, the transfusion of more thRB6 units was statistically significant
for the patients survival rates.

A retrospective analysis on 526 liver transplanerfgymed using the piggyback
hepatectomy technique showed that a high intratiperaransfusion requirement was
associated to a longer hospital stay and to a eh@month and to 1l-year patient
survivaf®.

73

In many other studies, red blood &I plateletd™ *® *®and fresh frozen plasiiia
transfusions have been found to be independentfactkrs for the patients survival rates

after liver transplantation.
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A study conducted by Markmatfnet al. identified three major factors predicting@or
liver transplant outcome: lack of intraoperativéelproduction, transfusion of more than
20 platelets units and a low intraoperative uriredpction € 2 ml/Kg/min).

In a retrospective study conducted by deBbet al., RBC and platelets units transfusions
were strong independent risk factors for 1-yearepéd survival after liver transplantation.
In this study, patients receiving platelets trassfns during liver transplantation had a
higher MELD score, a lower Karnofsky score, higldood loss, worse preoperative
laboratory values and higher FFP and RBC trangfusides. To limit the influence of
other confounding factors related to blood transfus and outcome, the authors
performed a propensity score-adjusted statistinalyais: the predictive values of RBC
and platelets transfusions on outcome are even sigméicant due to this.

The mechanism that leads to the negative impaltoofd products transfusions is not well

clarified, but it is likely multifactorial.
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Risks associated with blood transfusions
Blood products transfusions are associated withiremmeased risk of postoperative

& 3% O sych as red blood cells allo-immunizaffpninfectiond® ** (viral

complication
transmission, bacterial sepsis), pulmonary compting®® *like transfusion-related-acute
lung injury (TRALD* renal failure, longer hospitalization and a highate of
reoperation’s.

Some of the more common adverse effects of blatstusions are listed below:

Table 3. Complications of blood products transfusios

Immediate Adverse Effects

Allergic reactions

Acute haemolytic reactions

Bacterial contamination

Transfusions-Related Acute Lung Injury (TRALI)
Volume overload

Hypothermia

Delayed and Long-Term Adverse Effects

Delayed haemolysis

RBC - alloimunization

Transfusion associated Graft Versus Host Dise&éHD)
Immunomodulatory effects

Iron accumulation

Infectious disease transmission

Transfusion related pulmonary failure is associatgld high morbidity and mortality post-
transplarft’. Pereboorif’ “°et al. analyzed the causes of death in the grépateéents who
received platelets transfusions during liver trdasgtion, finding that platelets
transfusions were associated with increased posttype mortality due to Acute Lung
Injury (ALI). Among the early transfusion-relatesdroplications, Transfusions-Related
Acute Lung Injury (TRALI) is one of the most sergmucharacterized by a high rate of
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mortality’’. According to the 2004 Consensus Conference diefinion TRALI, it is
diagnosed as the development of Acute Lung Injuthiw six hours after the initiation of
transfusion¥’.

Epidemiological studies showed that patients whtonic liver disease have the greatest
individual risk of developing TRALI in comparisoritiv other populatior{§ *°

A recent study demonstrated that in patients whieoment liver transplantation, TRALI
is associated with higher hospital mortality ratem this study, only plasma and platelets
(such as blood products containg plasma) trangigsieere associated with TRALI, while
RBC units transfusions were associated with areased risk of postoperative infections.
Regarding late blood transfusions complications,ghenomen of RBC allo-immunization
deserves a particular mention. The presence dbatigs against RBC makes the selection
of blood products more difficult in case of the ae®r transfusion. Moreover, some
studies showed a correlation between the preseh&BG-alloimmunization and post-
transplant outconfé& *° Shariatmadaf et al., in a retrospective study on 2000 conseeuti
patients who had undergone liver, intestine or muwstceral transplantation, showed that
the incidence of pre-transplant RBC allo-antibodiess higher in the liver transplant
population than in others such as multi-visceral artestine transplanted patients. This
could be due to a higher rate of transfusions i ghoup of patientd. No association was
found between pre transplant and de-novo allo-adi#s and graft or patient outcothe
However, Boyd'et al. found an association between the presen&B6f allo-antibodies
and transplant outcome. These authors found the flactors were associated with poorer
survival: RBC allo-immunization history, numbersinfraoperative RBC and plasma units
transfused and the immunosuppression history. insiries the main causes of mortality
after liver transplantation were Multiple Organ Itee (MOF), haemorrhage and sepsis.
An interesting observation is that 5 of the 8 deedgpatients with RBC allo-immunization
had at least one positive culture within the 30sdpseceding death, versus only 11 of the
33 deceased patients without RBC allo-antibodies.
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Multifactorial bleeding in Liver Transplantation

Impairment of the coagulation profile is a charaste of patients affected by liver
disease. Nevertheless, concepts regarding coagulabinormalities in patients with end
stage liver disease are changihg’ The historical perspective on a bleeding tendeéncy
cirrhotic patients has been modified during the faw years. Several studies showed that
in patients with liver disease there is a “rebatmhdhomeostasis”, in which both
hemorrhagic and thrombotic tendency coé%®t Patients with cirrhosis have defects in
primary (thrombocytopenia, alterations in plateletsction) and secondary homeostasis
(reduced levels of factors V, VII, IX, X, Xl and gthrombin; dysfibrinogenemia),
nevertheless these defects in the pro-coagulatethway are balanced by a parallel
reduction in anti-coagulant systetis®

The balance between these two pathways that ngreabt in physiological conditions is

perturbed by stressful conditions such as infestisnrgery, and renal failgfe® *°

Table 4. Alterations of the haemostatic system in giients with liver cirrhosis

(modified from Lisman’ et al.)

Haemostatic changes impairing haemostasis

Low platelet count

Impaired platelet function

Impaired platelet-vessel wall interaction

Increased platelet inhibition by nitric oxide andstacyclin
Low coagulation factors levels (V, VI, IX, X, XI)
Alterations in fibrinogen level

Alterations in fibrinogen function

Elevated levels of plasmatic tissue activator () PA

Haemostatic changes promoting haemostasis

Elevated levels of factor VIl and vonWillebranc:tar
Reduced levels of protein C, protein S, protein-2;macroglobulin, heparin cofactor Il

Low plasminogen levels
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In this new perspective, “classical”’ routine coagion tests (PT, APT, INR) are not able
to properly reflect the reah vivo homeostasfS. These evidences suggest that the practice
to correct haemostatic abnormalities in patientshwiver disease before the liver
transplant procedure is not effective and the athtnation of blood products guided only
by coagulation tests does not reduce bleeding.

The pathogenesis of intraoperative bleeding irr lix@nsplantation is multifactorf# 2
Surgical technical factors like inadequate surgloaineostasis impact for 75-90% of the

intra and early post-operative bleeding, not omiylieer surgery or liver transplantatiyn

Table 5. Causes of intraoperative and postoperativbéleeding in surgery (modified

from Marietta3et al.)

Intraoperative

Technical defects

Hypothermia

Metabolic acidosis

Disseminated intravascular coagulation
Heparin overdose

Hyperfibrinolysis

Early postoperative period (days 0-2)

Technical defects
Thrombocytopenia
Inherited/acquired platelets disorders

Inherited/acquired coagulation disorders

Delayed postoperative period (days 2-7)

Thrombocytopenia

Vitamin K deficiency

Acquired platelets disorders

Multiorgan failure

Antibodies to factors V following use of bovine dmbin in fibrin glue
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In liver transplantation these factors combine wathers more specific to liver disease and
others related to the different phases of the safrgirocedure:

Table 6. Causes of bleeding in liver transplantatio (modified from Senzoft et al.)

Pre-anhepatic phase

Extensive surgical trauma

Surgical technique

Baseline coagulation status
Etiology and status of liver disease

Anhepatic phase

Hyperfibrinolysis

Reperfusion and post-reperfusion phase

Trapping of PLTs in the graft
Heparin-like activity
Thrombocytopenia

Gratft function

During the pre-anhepatic phase, surgical factoch sas the technique of hepatectomy,
presence of intra-abdominal adherences and/or Ipbstpertension and the clinical
conditions of the patients play a major role. Qitith patients have a circulation
characterized by a high cardiac output, low systerascular resistance and an abnormally
high distribution of blood volume in the splanchmicculatiorf®. Surgical manoeuvres
contribute to decreased cardiac output during litr@nsplantation: a correction of
hemodynamic alterations with an infusion of crylsids or colloids causes a volume
overload with increased congestion in the abdomiietd and a diluitonal coagulopathy
that worsens the efficacy of coagulation prote$é During the anhepatic phase there is
an increased hyperfibrynolysis due to a rise isuesPlasminogen Activator (t-PA) activity
as a consequence of a lack of hepatic cleafaridereover, early after reperfusion there is
an ulterior increase in t-PA activity due to thieese of t-PA by the endothelial cells of the
graf®. Moreover, the entrapment of platelets in thetgaéer reperfusion due to ischemia-
reperfusion injury causes a relative thrombocyt@gpehat contributes to coagulation
impairment®. The graft function and the capacity to producagttation factors is also

one of the important factors related to periopeeatileeding in liver transplantation.
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Measures to reduce intraoperative bleeding

Several approaches have been attempted over tim@lan to try to reduce intraoperative
bleeding in liver transplantation and the need foansfusions. Among the non-
pharmacological measures, the reduction of cengabus pressure (CVP) obtained by
different means (fluid restriction, forced diuresienous vasodilatation, phlebotomy) has
been extensively performed with controversial refuf’

Massicotté® et al. showed that lowering the central venoussre to an average of 6,4 +
3,5 mmHg just prior to the clamping of the infeni@na cava using a combined strategy of
fluid restriction and pre-operative phlebotomy diat increase the need for post-transplant
renal replacement therapy compared to historicatrots. In the same study, transfusion
rates were a mean of 0,4 red blood cells unitgpptent, while 79% of the patients did not
receive any blood products. These data were coedirrny their experience on 500
consecutive liver transplantations performed air ttentre with the same technidtie
Different results were obtained by Schro&tiet al. when comparing liver transplantations
performed in two nonrandomized groups of patiemt® maintaining CVP <5 mmHg by
fluid restriction, use of adrenalin and/or noradden venodilators (nitroglycerin),
morphine and furosemide and the other one in whizlefforts were made to maintain a
low CVP. The authors found a higher postoperatirgatinine peak, a higher need for
postoperative dialysis and a higher mortality atda@s post transplant. These results can
also be affected by the fact that the two groupdrarisplants were performed in two
different centers with different perioperative mgemaent processes. Another explanation
could be that the CVP lowering protocol was vergragsive, causing a worsening in renal
function outcome.

Regarding surgical measures, in a prospective stadglucted by Ramdet al. the use of

a temporary porto-caval shunt was associated igrafisant reduction of intraoperative
blood loss, probably related to a reduction in glorein pressure.

Among pharmacological measures, different drugsehbeen used to reduce peri-
operative bleedirfy. The administration of recombinant activated facwl (rFVlia),
studied in different randomized trials did not désimm a reduction in intraoperative
bleeding or transfusion rates in liver surgery div@r transplantation performed in
cirrhotic patients "
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The only drugs that showed efficacy in reducingaaoperative bleeding in cirrhotic

patients are the antifibrinolytics, such as apinffa Moreover, the use of aprotinin is not
associated with increased postoperative thromisotieplication$®.

Another approach is the use of intraoperative throe@astography (TEG) to guide the
blood transfusions requirements in liver trans@taoh. Thromboelastography offers the
unique characteristic of showing the real thromfmusiation process. It is a functional
analysis that can be done directly in the operatimm, providing real-time indications on
whole blood clot formation. TEG is an effective gmdmising instrument for performing

tailor-made transfusions during liver transplamtaft ">
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Characteristics of blood products in Sweden

In Sweden, 85% of all blood products are leuko@dgpleted in order to reduce potential

immuno-modulatory effects and transfusion assodiaterbidity. In Stockholm, since

1998 100% of all blood products are leukocyte deplelt is still unclear, however,

whether leukocyte depletion prevents negative effetblood transfusions, particularly in

liver transplantation. Furthermore, at Karolinskaivérsity Hospital fresh plasma is

routinely transfused instead of fresh frozen plashrash plasma is a Swedish variant of

plasma that can be transfused. It is not frozehjsoustead stored up to 14 days from the

moment of collection in the refrigerator (4-6 °C).

In the table below, the differences between freshen plasma and fresh plasma are listed.

No study, to the best of our knowledge, has beenedaout on liver transplant patients

transfused with fresh plasma.

FRESH FROZEN PLASMA

FRESH PLASMA

Volume
Citrate

Preparation after collection
Fluid form lasting

Not transfused plasma

Coagulation Proteins

Proteins

Residual Cells

Tests

~ 270 mi

60 ml

Thawing

Up to 24 hours

Can be converted to
Fresh Plasma

> 70% of the initial

values of the fresh plasma

> 50 g/L

9
Erythrocytes: < 6 x 10L

9
Platelets: <50 x 10L
9
Leukocytes: < 0,1 x 10Jnit
Anti HIV 1-2

HBsAg
Anti HCV

~ 270 ml
60 ml

Up to 14 days
Can be returned to
Blood Bank

Day 1.

- as FFP

Days 2-14.

-FVIII to 50%

- FV to 65-70%

Others

-F>70%

Individual variation
Erythrocytes < 6 x 190 /L
Platelets: < 20 x 190 /L
Leukocytes: <1 x 1601Jnit

Anti HIV 1-2

HBsAg
Anti HCV
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AIM OF THE STUDY

The aim of the study was to identify risk factoss@ciated with intraoperative blood loss
and blood products transfusions. Also, we want valuate the effect of intraoperative

transfusions on the post transplant outcome (patisarvival).
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SIGNIFICANCE OF THE STUDY

Several studies showed an improvement in transplatttome with a reduction of blood
products transfusions, so the actual trend is tmimze the need for transfusion
requirement. There are no widely accepted guidelregarding blood transfusions during
liver transplantation. For this reason, every tpdeust centre should critically evaluate its
own routine in blood products transfusion with #ia to improve that.

This is the first retrospective quality control dyuperformed at Karolinska University
Hospital, Huddinge, Stockholm, Sweden, to evaluet@aoperative blood products
transfusions in liver transplanted patients.

The aim of the study is to identify risk factorsasiated to blood loss and blood products
transfusions and evaluate the effect of transfissamthe post transplant outcome.

The critical review of the routine of intraoperatiilood transfusion can lead us to a better
understanding of liver transplant patients needksiaprove our clinical practice.

The results of the study will be used to write logaidelines designed to optimize the

transfusion management in patients undergoing tragsplantation.
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MATERIALS AND METHODS

Study design

The study investigates different variables congdeas possible risk factors associated
with intraoperative blood loss and blood productangfusions in liver transplant
procedures. The liver transplant outcome was eteduthrough variables related to the
early postoperative period (first 1-3 months poabhsplant) and through patients survival
rates. Variables were chosen based on the literatuiew. All of the liver transplants
performed at the Division of Transplantation Suygdfarolinska University Hospital,
Huddinge, Stockholm, during a period of five yehetween 1.01.2005 and 31.12.2009
were reviewed. This retrospective study was apmtdwe the Ethical Committee of the
Stockholm region (2012/625-31/1) and has been adeduat Karolinska University
Hospital, Division of Transplantation Surgery.

Patient selection
The patients included in the study were selectedraing to the following criteria:

Inclusion Criteria

v' Patients age 18 years

v Orthotopic whole organ liver transplantation
v' Domino liver transplantation
v

Retransplantation

Exclusion Criteria

v/ Patients age < 18 years

v' Split liver transplantation (deceased donors, guitonors)
v" Reduced liver transplantation
v

Combined solid organ transplantation
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Methods
The patients were identified by the Swedish Peislai@atity Number, a ten digit number
assigned to all Swedish citizens and residentbetgearched in the registries and in the
electronic archives. The patients have been codeddidentified in the database by the
progressive number of the liver transplant theyaumment.
Every liver transplant performed at the Division Taansplantation Surgery, Karolinska
University Hospital, Huddinge, Stockholm is chaesited by a progressive number
according to the Ekvator archiviation system (EKV@H - Elektroniskt KVAlitetsregister
for Transplantation_Och_ Resektion is the transpkunigery department own IT-based
electronic quality registry).
The data were collected from the following sources:
= Ekvator: the transplant surgery department ownd$eal quality registry;
= TakeCare: the Stockholms Lans Landsting (StockhGlmuntry Council) IT-
based medical records system that contains allrdented information related
to the care of the patient, including patient adstiative sections in the
electronic medical journal system. The access ér#uyistry is restricted to
authorized personal requiring an username andsavoag,
» Patients” medical journals;
» ProSang: the blood bank data system that contafiesmation on all blood
transfusions and analysis (blood groups, pre-ttmish tests and antibody

investigations).
All the data collected have been transferred t@lantronic database (Excel files) for the

statistical analysis. All of the material is storé@d the offices at the Division of

Transplantation Surgery, Karolinska University Hitelp Huddinge, Stockholm.
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Variables selection

DONOR RELATED VARIABLES

Donors related factors

Age (years)

Gender (Male/Female)

Body Mass Index (BMI)

Cause of death (when applicable)

Duration of Intensive Care Unit (ICU) stay (days)

Use of inotropic agents

Cardiocirculatory arrest

Serum Natremia (Na) (mmol/L) defined as the lasbréed value before donatior
Presence of antibodies anti Hepatitis B Virus—Aotie (HBc)

Presence of antibodies anti Hepatitis C Virus (HCV)

Type of perfusion solution
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RECIPIENT RELATED VARIABLES

Demographic characteristics at the time of transplat

- Age (years)
- Gender (Male/Female)

- Body Mass Index (BMI)

Waiting List time

- Waiting List time (defined as the time in days freéhe day in which the patier

was active in the waiting list for liver transplatibn to the day of the live

=

transplantation)

Liver disease and related complications

- Diagnosis of liver disease
- Presence of liver cirrhosis

- Anamnesis for oesophageal varices and/or portaletgpsive gastropath

diagnosed with esophagastroduodenoscopy (EGDS)
- History of previous gastrointestinal bleeding
- Anamnesis for portal thrombosis
- Presence of Transjugular Intrahepatic Portosyst&himt (TIPS)
- Presence of spenomegaly, defined as a maximumtlengfre spleen of 12 cm

- Presence of Hepatorenal Syndrome (HRS)

- Presence of Hepatopulmonary Syndrome (HPS)

37



Patient medical history and clinical conditions atWaiting List time

Previous abdominal surgery
Previous upper abdominal surgery
History of previous transfusions

Diabetes Mellitus Type Il in treatment with insu{ibMIl)

Variables related to recipient clinical status at e time of transplant

Pre-transplant hospitalization

Duration of the pre-transplant hospitalization péridays)

Child-Pugh Score (A 5-6; B 7-9; C 10-15)

MELD (Model for End Stage Liver Disease) score

Pretransplant hemodialysis, ultrafiltration treamtpe Continuous René
Replacement Therapy (CRRT)

Pre-transplant liver dialysis treatment with thel&btolar Adsorbent Recirculatin
System (MARS)

Presence of ascites and/or encephalopathy

Preoperative laboratory values: serum Haemoglobib, (g/L), serum Platelet
count (PLTs; x 19L), International Normalized Ratio (INR), ActivatePartial
Thromboplastin Time (APTT, seconds), serum Creaginjumol/L), serum Ure
(umol/L), serum Bilirubin (umol/L), serum Albumig/L).

il

g
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Surgery related variables

Duration of the operation

Cold Ischemia Time (CIT) defined as the time (m@&wtfrom in situ flush of th

donor to the liver being taken out of the ice

Warm Ischemia Time (WIT) defined as the time (m@s)tfrom the liver taken oy

of the ice to partial portal reperfusion

Presence of portal thrombosis, partial or complete
Vena cava preservation

Use of veno-venous bypass

Use of intraoperative porto-caval shunt

Use of arterial interposition-graft

Laboratory values before the reperfusion: serum étgabin (Hb; g/L), serum

Platelets count (PLTs; x i), International Normalized Ratio (INR), Activate

Partial Thromboplastin Time (APTT; seconds)

D

It

174

Variables related to intraoperative blood loss andransfusions

Total intraoperative blood loss

Total Red Blood Cells (RBC) Units transfused, inlthg Red Blood Cells Unit
from Blood Bank and Red Blood Cells Units from ICzdver

Total Plasma Units transfused, including Fresh &moPlasma (FFP) and Fre

Plasma Units
Total Platelets "(PLTs) Units transfused
Use of Cell-saver (Intraoperative Cell Salvage Miaeh

Use of Antifibrinolytics, Prohemostatic agents aagulation Factors

[72)

[72)
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TRANSPLANT OUTCOME

Variables related to postoperative period

Length of postoperative stay in Intensive Care (ditJ) (days)

Total post transplant hospitalization at transptartter (days)

Postoperative treatment with Continuous Renal Reptent Therapy (CRRT) ar|
Hemodialysis treatment.

Sepsis

Gastrointestinal bleeding

Need for postoperative transfusions

New onset of post transplant diabetes mellitus (NQD

Episodes of acute rejection

Post—transplant re-operation

Postoperative laboratory values: serum Haemogl¢Him g/L), serum Platelet
count (PLTs; x 18L), International Normalized Ratio (INR), ActivatePartial
Thromboplastin Time (APTT; seconds), serum Crea#injumol/L), serum Ure
(umol/L), serum Bilirubin(umol/L), serum Albumin/(9

Variables related to postoperative transfusions

RBC Units Transfused during the first 24 h postsant

RBC Units Transfused during th&* 30" days post transplant
Plasma Units Transfused during the first 24 h pastsplant
Plasma Units Transfused during tH&20" days post transplant
Platelets Units Transfused during the first 24 btpansplant

Platelets Units Transfused during tH&20" days post transplant

Survival

Graft survival at 1 month, 1 year, 3 years
Patient survival at 1 month, 1 year, 3 years
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Anaesthesiology management and transfusion protocol

A specially trained team consisting of 6-12 anaesitliogists was involved in the pre- and
intraoperative care of all the liver transplantetignts. The anaesthesiology management
was performed according to the clinical guidelinesyrked out at the Department of
Anaesthesiology and Intensive Care, Karolinska, dtugk.

Anaesthesia induction was performed with pentoRantothdl), or more often recently
with propofol (Diprivarf), fentanyl (Leptan&) and atracurium (Tracriufi) as the muscle
relaxant. Succinylcholine was used as an alteraativ patients with a high risk of
aspiration. Anaesthesia was maintained with serafle (Sevorarf@ in oxygen, fentanyl
and atracurium. All patients were monitored withe&e electrocardiography and pulse
oximetry. Invasive hemodynamic monitoring was asduby bilateral radial arterial
catheters (one line used exclusively for blood dangp a large central venous catheter
(recently Mahurkdt), and a pulmonary artery catheter used with thgilatice monitor
which enabled continuous cardiac output monitoridgtients also received a nasogastric
tube and urinary catheter. All patients were posgd carefully on the operation table to
avoid compression or stretch injury. An air warmaygtem (WarmToud®) and intravenous
fluid warmer systems were used during the operdt@void hypothermia.

Intravenous fluid administration consisted of th&usion of crystalloids (Ringer’'s acetate)
and colloids (5% albumin solution) were used tontean mean arterial pressure greater
than or equal to 60 mmHg. Volume replacement wasbooed with the use of a
vassopressor (noradrenaline). Dopamine was rowytinekd at low dosage due to its
potential diuretic effect. Intraoperative transtusneeds were guided mainly by the clinical
needs and not by the results of the coagulatidnstdhe aim was to maintain the Hb level
around 90-100 g/L. However, plasma and/or plateleise given preoperatively to correct
coagulation defects before performing invasive pdutes like inserting the central venous
catheter. This practice has changed during rederdgst and the policy of giving blood
products became more restrictive. A rapid infusgstem (previously RIS, currently FMS-
2000 - Belmont Instrument Corporation, 780 Bost@adR Billerica, MA 01821, USA) was
used to enable the rapid delivery of large voluraesvarmed blood products in case of
extensive bleeding. The Cell-Saver device was usel cases, except for patients with
cancer, HCV and/or HBV positive. The laboratorytdesncluding arterial blood gas

analysis, were taken every hour during the opearagacept for the anhepatic phase during
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which the arterial blood gases were taken everynirtutes. Electrolyte disturbances were
corrected according to the laboratory results.dpédi were extubated on the operation table
or transferred to the Intensive Care Unit for dethyextubation with continuous

postoperative monitoring of vital functions.

Surgical technique
Only orthotopic liver transplants performed witlwvhaole organ were included in the study.
All the liver transplantations were performed usthg classic technique with the use of
veno-venous bypass during the anhepatic phaseimy tiee cava preservation technique
for implantation of the liver graft (piggyback tesfue). All the donors were brain death
donors or living donors with Familial Amyloid Poéaropathy (FAP) donating their liver
to domino transplantation. All the liver transpkmtere performed with ABO identical or
compatible correspondence between the donor amgieetblood group, including Ao
O liver transplants. A liver biopsy was performeadtidg every transplant after complete
revascularization of the graft. Inmunosuppressi@s wantained according to one of the
two standard immunosuppressive triple regimen thesa

1. Cyclosporine, Azathioprine and Prednisolone usddQ@V patients;

2. Tacrolimus, Mycophenolate mofetil and Prednisolased in all the other patients.

Statistical analysis

The study character is a retrospective quality rabistudy.

General descriptive statistics were used for daesgmtation. Continuous variables are
presented as medians with Standard Deviation (80)ranges. Categorical variables are
presented as a number with percentages. For evangble the total number of
observations (n) is specified. Differences in acombus parameters over time were tested
using the Kruskal-Wallis test for comparison of thedians. The effects of intraoperative
bleeding and blood transfusions on survival westetdin a log-linear regression analysis.
Patient survival was tested with the Cox-hazartlded presented using the Kaplan-Meier
survival curve. The variables tested in the unatarianalysis with a p<0,05 were included
in the multivariate analysis. The statistical asaywas performed using STATISTICA 10
(StatSoft Inc., 2011).
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RESULTS

The study analyzed data concerning 227 liver triamsp of the 275 liver transplants

performed at Karolinska University Hospital durithg period 2005-2009.

A total of 48 transplants were excluded: 2 redutigdr transplants, 29 transplants
performed with a split liver on both adults andldfen, 8 simultaneous combined solid
organ transplants (kidney-liver; lung-liver), anaevBole organ transplants performed in the
paediatric population.

Among the 227 cases included in the study, 17 aesplantations, 21 domino liver

transplantations and 30 liver transplantationsHamilial Amyloid Polyneuropathy were

included. 4 of the re-transplantations includedha study were performed on patients
previously transplanted during the same observatgiod (2005-2009).

Table 7. Liver transplants included and excluded fom the study

2005| 2006| 2007 | 2008| 2009 | Total

Total liver transplants 60 59 52 58 46 | 275
Liver transplants included in the study 46 | 49 | 44 | 49 | 39 | 227
Liver transplants excluded from the study 14 | 10 8 9 5 48
- Reduced liver transplants 0 0 0 1 1 2
- Split liver transplants 10 6 6 3 4 29
- Combined transplants 1 2 0 4 1 8
3 2 2 1 1 9

- Pediatric whole organ transplants

Not all the variables considered show a completalbrar of observations. The number of
effective observations (n) is specified for eveayiable alongside the median and ranges
or percentages. Results of the observations dedl lizlow.
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Donor data

2005 2006 2007 2008 2009 Total
n=46 n=49 n=44 n=49 n=39 n=227
57 +12 52 +16 5+15 8+16 54 +15 56 + 15
Age (20-75) (14-81) (22-77) (22-77) (10-78) (10-81)
n=45 n=49 n=44 n=49 n=39 n=226
20 28 26 27 18 119
Male (44%) (57%) (59%) (55%) (46%) (53%)
n=45 n=49 n=44 n=49 n=39 n=226
25 21 18 22 21 107
Female (56%) (43%) (41%) (45%) (54%) (47%)
n=45 n=49 n=44 n=49 n=39 n=226
252+3,4 243+42 256 +45 246+4 24,3+ 3,8 24.8+3,9
BMI (18,8-34,6) (18,3-37) (15,6-40,4) | (19,4-36,6) (16,1-33) (15,6-40)
n=42 n=48 n=44 n=49 n=39 n=222
ICU sta 2+3 2+3 2+3 1+4 1+1 2+3
(da S)y (0-12) (0-16) (0-15) (0-21) (0-6) (0-21)
y n=36 n=45 n=43 n=49 n=39 n=212
Use of 27 37 38 45 35 182
inotropic (82%) (84%) (86%) (92%) (90%) (87%)
agents n=33 n=44 n=44 n=49 n=39 n=208
Cardiac 7 12 8 12 5 44
arrest (22%) (27%) (18%) (24%) (13%) (21%)
n=32 n=44 n=44 n=49 n=38 n=207
145 + 8,7 145 + 10 150+ 8 146 £ 7 145+ 7 146 + 8,2
S-Natrium (132-166) (131-176) (133-169) (134-162) (130-165) (130-176)
n=27 n=39 n=35 n=47 n=38 n=186

The overall median donor age was 56 = 15 years; &@% male and 47% females of a
total of 226 observations. In one case gender gadathe donor, like other data, were not
available. No differences among data were obseoved the years. Donors were largely
brain death donors (91%), and in a small percenligge donors (9%), such as patients
affected by Familial Amyloid Polineuropathy in thase of Domino Transplants. Living
donors for split liver transplants are not includedur analysis. In 4 cases the data on the
cause of death in cadaveric donors were not availab

Details on donor characteristics are listed below.
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Table 8. Type of donors

n %
Brain Death Donors - Cause of Death
Intracranial hemorrhage/Stroke 154 68%
Asphyxiation 13 6%
Cardiovascular 8 4%
Blunt injury 12 5%
Hydrocephalus 5 2%
Cerebral abscess 3 1%
Meningitis 3 1%
Gunshot wound 2 1%
Stab 1 0,5%
Drug intoxication 1 0,5%
Missing data 4 2%
Living Donors
FAP Patients as Donors for Domino Transplant 21 9%

182 (87%; n=208) of the donors were supported Isp zctive agents, while 44 (21%;

n=207) of them experienced at least one episodardio-circulatory arrest. Only 3 donors

in a total of 209 observations were HCV positivhjler 7 had anti-HBc antibodies .

No significant differences over the years were tbuegarding the characteristics of the
donors such as age, BMI, ICU stay, use of vasa@digents and episodes of cardio-
circulatory arrest. All of the liver transplants neeperformed with ABO identical or

compatible blood groups between the donor and iesdipincluding liver transplants

performed between a donor with blood groupafd a recipient with blood group 0.
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Recipient Demographic Data at the Time of Transplah

2005 2006 2007 2008 2009 Total
n=46 n=49 n=44 n=49 n=39 n=227
55+10 53+10 55+13 57+9 54 +13 55+ 11
Age (29-73) (25-69) (19-68) (27-71) (20-66) (19-73)
n=46 n=49 n=44 n=49 n=39 n=227
26 31 37 33 21 148
Male (57%) (63%) (84%) (67%) (54%) (65%)
n=46 n=49 n=44 n=49 n=39 n=227
20 18 7 16 18 79
Female (43%) (37%) (16%) (33%) (46%) (35%)
n=46 n=49 n=44 n=49 n=39 n=227
25+4,6 24.8+3,3 26,7+4,8 242+45 245+54 25+4,5
BMI (17,9-37,1) | (19,8-37,7) (16,5-41) (19,3-35,6) (17,1-40) (16,5-41)
n=45 n=49 n=44 n=48 n=39 n=225

The recipient population showed similar charactiessover the years and no statistically

significant differences were found. Overall medage was 55 years. Regarding gender,

148 cases (65%) were males and 79 cases (35%)denidle median BMI was 25.

Waiting List Time

2005 2006 2007 2008 2009 Total
n=46 n=49 n=44 n=49 n=39 n=227
Waiting 44 + 85 64 £ 61 8561 90 + 109 103+90 71 +86
List Time (0-398) (0-304) (3-310) (2-506) (9-281) (0-506)
(days) n=46 n=49 n=44 n=49 n=39 n =227

Despite wide variability among the years, the oVenadian waiting list time was 71 days

(range 0-506; n=227). Differences among the year® wot significant.
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Liver disease diagnosis

Table 9. Liver disease diagnosis

n %
Cirrhosis
Viral 20 9
Alcoholic 16 7
Viral + Alcoholic 17 7
Autoimmune (AIH) 9 4
Primary Biliary Cirrhosis (PBC) 8 3
Primary Biliary Cirrhosis (PBC) with overlapping ufoimmune hepatitis 4 2
Cryptogenic 8 3
Cholestatic diseases
Primary Sclerosing Cholangitis 23 10
Primary Sclerosing Cholangitis with overlapping téimmune hepatitis 3 1
Other 9 4
Tumour
Hepatocellular carcinoma (HCC) on viral cirrhosis 34 19
Hepatocellular carcinoma (HCC) on non — viral asis 15 7
Cholangiocellular carcinoma 1 0,3
Other 2 1
Metabolic Disease
Familial Amyloid Polineuropathy 30 13
a-1-antitrypsin-deficiency 2 1
Acute Liver Failure 10 4
Miscellaneous
Budd-Chiari Syndrome 3 1
Alagille Syndrome 2 1
Caroli Disease 1 0,3
Small for size 1 0,3
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A major indication for liver transplantation wagrbiosis (35%) caused by any disease,
followed by tumuors (27,3%) and cholestatic disealb%). Transplants for Familial
Amyloid Polineuropathy were performed in 13% ofasas

Among liver cirrhosis, viral cirrhosis due to chiohepatitis C, chronic hepatitis B and the
association of both was the leading diagnosis (9&tpwed by alcoholic liver cirrhosis
(7%) and the association of viral and alcoholicrhosis (7%). Among tumours,
hepatocellular carcinoma on cirrhosis was the ndaagnosis (26% of total): it developed
in 19% of cases of viral cirrhosis and in 7% of naral cirrhosis cases (alcoholic
cirrhosis, primary biliary cirrhosis, cryptogeniarbosis). Primary sclerosing cholangitis
(10%) was the leading cause of cholestatic disedses transplant for acute liver failure
was only performed in 10 cases (4%).

Other diseases (Alagille syndrome, Caroli diseBseld-Chiari syndromey-1-antitripsin
deficiency, small for size) represented rare inttee for liver transplant.
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Liver disease and related complications

2005 2006 2007 2008 2009 Total
n=46 n=49 n=44 n=49 n=39 n=227
Presence of 37 42 32 32 29 172
Crhosis (80%) (86%) (73%) (65%) (74%) (76%)
n=46 n=49 n=44 n=49 n=39 n=227
Cgfl‘g;r;e;'%;(‘)): 33 38 26 30 25 152
oreal heopertonane | (72%) (77%) (60%) (65%) (64%) (67%)
P gasggpathy n=46 n=49 n=43 n=46 n=39 n=223
Presence of 33 38 23 27 27 148
Solonormas o) (72%) (77%) (52%) (57%) (69%) (66%)
P galy n=46 n=49 n=44 n=47 n=39 n=225
Previous 10 22 13 14 16 75
gastrointestinal (22%) (45%) (29%) (30%) (41%) (33%)
bleeding n=46 n=49 n=44 n=47 n=39 n=225
c’)*r?;‘lr{‘h”rif:%g;fs (157%) (18%) (1?%) (4%/0) (1'?%) (ﬁ%
P ! n=45 n=49 n=44 n=46 n=39 n=223
1 3 0 2 0 6
Presence of TIPS (2%) (6%) (0%) (4%) (0%) (3%)
n=46 n=49 n=44 n=48 n=39 n=226
3 8 2 9 10 32
ngr?(;‘r’;fn”:' (6%) (16%) (4%) (19%) (26%) (14%)
y n=46 n=49 n=44 n=48 n=39 n=226
0 0 2 1 2 5
Hepgt%%‘ﬂ)”rfe”aw (0%) (0%) (4%) (2%) (5%) (2%)
y n=46 n=49 n=44 n=48 n=39 n=226

A large number of the recipients were affectedibgricirrhosis (76%). A large part of the
patients (67%) had a positive anamnesis for oegmatavarices and/or hypertensive
gastropathy and splenomegaly (66%). Nevertheledy, athird of the observed patients
(33%) experienced at least one episode of gastsiinal bleeding due to varices and only
6 patients (3%) underwent a procedure of Transparglitrahepatic Portosystemic Shunt
positioning. Portal thrombosis was present in 2depts (11%). Hepatorenal syndrome
was experienced in 32 cases during the study pewbdst hepatopulmonary syndrome

was a rare event in the population in analysigcaifig only 5 patients.
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Patient medical history and clinical conditions atWaiting List time

2005 2006 2007 2008 2009 Total
n=46 n=49 n=44 n=49 n=39 n=227
Previous 20 21 26 26 25 118
abdominal (43%) (43%) (59%) (53%) (64%) (52%)
surgery n=46 n=49 n=44 n=49 n=39 n=227
Previous
upper abdomen 9 10 12 16 14 61
surgery (19%) (20%) (27%) (33%) (36%) (27%)
(included in n=46 n=49 n=44 n=49 n=39 n=227
abdominal surgery)
; 18 21 20 25 20 104
Previous
(47%) (47%) (50%) (57%) (53%) (51%)
transfusions
n=38 n=45 n=44 n=44 n=38 n=205
8 8 5 9 10 40
Diabetes Mellitus Il
] . (17%) (16%) (11%) (20%) (26%) (18%)
insulin treated
n=46 n=49 n=44 n=45 n=39 n=223

Regarding previous surgical operations, 118 (52f4he 227 cases underwent a surgical
abdominal procedure. These observations also iadiue 61 cases (27%) that underwent
at least one upper abdominal surgical procedueidus liver surgery, including previous
liver transplantation, is included in this group: & the patients underwent liver surgery of
any type (cholecystectomy, hepatico-jejunostonwgrlresections, liver transplantation). A
small percentage of the patients had a pretransgiagnosis of Diabetes Mellitus type I
treated with insulin.

No statistical difference over time was shown foy af the variables considered.
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Recipient clinical status at transplant time

2005 2006 2007 2008 2009 Total
n=46 n=49 n=44 n=49 n=39 n=227
14,1+ 6,4 14,1 £9,7 112+6 14,3+ 9,1 135+8 13,5+8,1
MELD (6,4-34,9) (6,8-52,7) (6,4-38,4) (6,4-41,7) | (6,4-33,5) | (6,4-52,7)
n=46 n=49 n=44 n=49 n=39 n=227
A=13 A=10 A=17 A=10 A=12 A=62
Child —Pugh B =22 B =19 B =16 B=23 B=11 B=91
Class c=11 Cc=20 c=11 C=16 C=16 C=74
n=46 n=49 n=44 n=49 n=439 n=227
) 8+2 9+3 8+2 9+2 9 8+2
Child-Pugh
s (5-15) (5-15) (5-13) (5-13) (5-13) (5-15)
core
n=46 n=49 n=44 n=49 n=39 n=227
18 21 14 19 19 91
Presence of
) (39%) (43%) (32%) (39%) (49%) (40%)
ascites
n=46 n=49 n=44 n=49 n=39 n=227
3 8 7 9 9 36
Presence of
(6%) (16%) (16%) (18%) (23%) (16%)
encephalopathy
n=46 n=49 n=44 n=49 n=39 n=227
Pre-transplant 2 2 0 4 1 9
hemodialysis (4%) (4%) (0%) (8%) (3%) (4%)
(CVVH) n=46 n=49 n=44 n=49 n=39 n=227
Pre-transplant 0 3 1 5 0 9
liver dialysis (0%) (6%) (2%) (10%) (0%) (4%)
(MARS®) n=46 n=49 n=44 n=49 n=39 n=227
8 10 3 11 7 39
Pre-transplant
o (17%) (20%) (7%) (22%) (18%) (17%)
hospitalization
n=46 n=49 n=44 n=49 n=39 n=227

The overall median MELD at the time of transplargswli3,5 and was roughly constant
among the years. The MELD was calculated usingdtiginal formuld®. It was not
corrected for FAP or tumours. No statistical diéfiece over time was found. Also, the
more represented Child-Pugh class was class B (#0&)a median of 8 points (range 5-
15). At the time of transplant, 40% of the casessented with ascites of any amount,
while only 16% presented with encephalopathy of gmade. Only a few patients required
pre-transplant treatment with hemodialysis (4%nhg<CVVH, or liver dialysis (4%) with
MARS® (Molecular Adsorbent Recirculating System).
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Preoperative laboratory values

2005 2006 2007 2008 2009 Total
n=46 n=49 n=44 n=49 n=39 n=227
115+ 18 119 + 19 128 + 20 118 + 21 118 £+ 22 119 + 20
S-Hemoglobin
n (77-158) (85-153) (85-169) (84-157) (76-162) (76-169)
@ n=46 n=49 n=44 n=47 n=39 n=225
96 + 108 96 + 74 116 + 115 89 +114 109+90 & 101 £102
S-Platelets
1611 (30-537) (19-308) (31-583) (12-633) (33-394) (12-633)
X
( ) n=46 n=49 n=44 n=47 n=39 n=225
1,4+0,3 1,4+1 1,3+0,5 1,3+1,1 1,3+0,7 1,4+0,8
INR (0,9-2,6) (1-8) (1-4,4) (0,9-8) (0,9-3,8) (0,9-8)
n=46 n=49 n=44 n=46 n=39 n=224
APTT 39+10 41 + 22 38+6 40 + 18 40 + 30 40 + 19
(27-68) (30-181) (29-57) (26-135) (25-218) (25-218)
(seconds)
n=45 n=47 n=43 n=44 n=38 n=217
I 36 + 100 42 + 207 26 £ 92 34 + 151 40 +112 36 + 142
-Bilirubin
(3-550) (6-933) (4-426) (5-672) (3-560) (3-933)
(umol/L)
n=46 n=48 n=44 n=46 n=39 n=223
307 29+6 32+7 28+7 31+£8 30+7
S-Albumin
" (15-46) (16-44) (14-48) (19-47) (18-48) (14-48)
@) n=44 n=48 n=43 n=45 n=39 n=219
s U 6+12 5,4 +13,7 55+2,8 6+5,6 6+13,4 5,9 £10,5
- Urea
(2,9-77) (2,1-97) (2-17,5) (0,8-26,6) (2,9-64) (0,8-97)
(umol/L)
n=46 n=49 n=42 n=45 n=39 n=221
o 71 +31 71+71 70 + 17 79 £ 43 82 £ 53 72 +47
S- Creatinine
n (31-166) (20-436) (39-136) (40-254) (36-332) (20-436)
mo
(u ) n=46 n=49 n=44 n=47 n=39 n=225

The overall median preoperative haemoglobin valas W19 g/L, median preoperative
platelets count 101 x 0. Regarding coagulation tests, the overall medNiR was 1,4

and the median Activated Partial Thromboplastin gi(APTT) 40 seconds. Preoperative
median bilirubin was 36 umol/L and albumin 30 gRegarding renal function at the time

of transplant, overall median uremia was 5,9 pmulfile creatinine was 72 umol/L.
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Intraoperative variables

em

530+118 | 540+132 | 570+128 | 520+113| 498 + 126§ 530 + 124
Operation Time
) (285-840) (270-870) | (380-1010) | (247-785) | (235-896)} (235-1010)
(minutes)
n=46 n=49 n=43 n=47 n=39 n=224
521 +158 | 578+ 170 | 546 +148 | 491 +131| 479 £ 148 527 +154
Cold Ischemia Time
] (215-857) (69-890) (158-903) | (218-755) | (146-756)f (69-903)
(minutes)
n=38 n=48 n=36 n=43 n=33 n=198
61+ 15 59 + 80 59 + 35 49 +13 49 + 21 55 + 44
Warm Ischemia Time
) (23-109) (25-605) (30-235) (25-86) (20-140) (20-605)
(minutes)
n=38 n=48 n=36 n=44 n=34 n=200"
Cava preservation 8 19 23 29 24 103
(piggyback (17%) (39%) (52%) (59%) (61%) (45%)
technique) n=46 n=49 n=44 n=49 n=39 n=227"
) i 39 32 21 19 13 124
Use of intraoperative
(85%) (65%) (48%) (4%) (33%) (55%)
veno-venous bypass
n=46 n=49 n=44 n=49 n=39 n=227"
0 2 0 0 1 3
Use of
(0%) (4%) (0%) (0%) (3%) (1%)
porto-caval shunt
n=46 n=49 n=44 n=48 n=39 n=226
1 0 2 0 1 4
Use of arterial
. N (2%) (0%) (4%) (0%) (3%) (2%)
interpositiongraft
n=46 n=49 n=44 n=48 n=39 n=226
Intraoperative 2 5 4 2 4 17
evidence of portal (4%) (10%) (9%) (4%) (10%) (7%)
thrombosis n=46 n=49 n=44 n=48 n=39 n=227

In red significant different results among years (g:0,05).

Ap=0,001
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The percentage of liver transplants performed wdakia preservation increased over the
years (17% in 2005 vs 61% in 2009) and the diffeegover time is statistically significant.
At the same time, the use of intraoperative venmus bypass has been progressively
reduced over the years (85% in 2005 vs 33% in 2D0&)significant way.

Operation times did not vary statistically over §ears: the overall median is 530 + 124
minutes. Cold Ischemia Time had an overall medi&rb2y + 154 minutes with no
statistical difference over the years. Contrarthis, Warm Ischemia Time (overall median
55 + 44 minutes) showed a significant decrease e

The use of an intraoperative temporary port-callahsonly occurred in 3 cases.

The necessity to perform an arterial re-vasculomaof the liver graft using an
interposition-graft was only present in 4 casesrabperative portal vein thrombosis was

evident in 17 cases. Differences over time regagrthiese data are not significant.
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Laboratory values before perfusions

2005 2006 2007 2008 2009 Total
n=46 n=49 n=44 n=49 n=39 n=227
) 107 £ 11 103 +14 106 £ 19 107 £+ 11 101+ 14 106 +14
S-Hemoglobin
n (82-130) (79-146) (11-129) (84-127) (68-124) (11-146)
(GlL) n=42 n=47 n=41 n=45 n=36 n=211
75 + 106 86 + 63 94+ 96 78 £ 74 84 + 68 212 +83
S-Platelets
x1 O"/L) (21-528) (19-275) (22-489) (13-383) (27-277) | (15-528)
X
n=42 n=47 n=41 n=46 n=36 n=212
1,4+£0,2 1,5+0,3 1,5+0,3 1,5+0,2 1,4+04 | 15+0,3
INR (1,12-1,9) (1,1-2,5) (1-2,2) (0,9-2,1) (1-2,9) (0,9-2,9)
n=42 n=48 n=41 n=46 n=35 n=212
APTT 44 + 41 54 + 26 44 + 32 46 + 15 48 +87 47 + 44
(31-300) (33-173) (30-226) (30-103) (29-556) [ (29-556)
(seconds)
n=42 n=47 n=41 n=46 n=35 n=211

Regarding intraoperative laboratory values, thesoagailable just before the portal
reperfusion were collected. However, the intraoppezeblood samples are taken by time,
every hour during the liver transplant procedurel ame not in relation to specific

intraoperative phase, so there is certain varighiti respect to the interval time between

blood sampling and reperfusion.

The overall median haemoglobin value was 106 g/l e median platelets count was
212 x 10/L. With regards to coagulation tests, the ovemadidian INR was 1,5 and the

median Activated Partial Thromboplastin Time (APTAgs 47 s.
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Intraoperative blood loss and transfusions

2005 2006 2007 2008 2009 Total
n=46 n=49 n=44 n=49 n=39 n=227
Total 55+5/1 55+95 47+143| 53+14,6 7+72 55+10,9
intra-operative (0,5-23) (0,7-46) (0,6-85) (0,8-95) (0,8-27) (0,5-95)
blood loss (1) n=45 n=49 n=44 n=48 n=39 n=225
RBC 10+ 9 12 +17 7 +28 9+29 11 +13 10+ 21
- (0-36) (0-77) (0-170) (1-183) (1-54) (0-183)
Total Units
n=46 n=49 n=44 n=46 n=39 n=224
RBC — 8+8 9+16 6 +28 8+18 10+12 8+17
Blood bank (0-36) (0-77) (0-170) (0-95) (0-49) (0-170)
Units n=46 n=49 n=44 n=46 n=39 n=224
RBC 0+4 0+4 0+6 0+13 0+5 07
- (0-12) (0-19) (0-34) (0-88) (0-20) (0-88)
Cell saver Units
n=46 n=49 n=44 n=46 n=39 n=224
13+10 13+18 8+28 10+19 12 +13 12 +19
Plasma-
(0-45) (1-80) (0-170) (1-98) (0-50) (0-170)
Total Units
n=44 n=49 n=44 n=46 n=39 n=222
0+0 0+1 0+0 0+0 0+1 0+1
Plasma- (0-0) (0-4) (0-2) (0-0) (0-7) (0-7)
FFP Units
n=44 n=49 n=44 n=46 n=38 n=221
Plasma- 13+10 13+18 8+28 10+19 12 +13 12 +19
Fresh Plasma (0-45) (0-80) (0-170) (1-98) (0-50) (0-170)
Units n=44 n=49 n=44 n=46 n=39 n=222
0+1 0+1 0+2 0+2 0+x1 02
Platelets
o (0-4) (0-4) (0-6) (0-14) (0-6) (0-14)
nits
n=44 n=49 n=44 n=46 n=39 n=222
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The median intraoperative blood loss was 5,5 litres

Red blood cells units and plasma units transfusaragtightly correlated to intraoperative
blood loss and follow its trend truthfully. The uwohe of one red blood cells unit is
assumed to be 250 ml; the same for one plasmalottdoperative blood transfusions are
usually made with a ratio of 1:1 (RBC: Plasma unithe overall median RBC units
transfused were 10, with a median of 8 units from Blood Bank (allogenic blood) and a
median of 0 Cell-saver units (autologous blood)raoperative cell-savage with use of a
Cell-saver is routinely used except in cases ofcearor recipient HCV and/or HBV
positive. In the present series, the Cell-saver usedl in 87 of the 224 observed cases
(39%).

The overall median for plasma units transfused t#&svith a median of 0 fresh frozen
plasma units and a median of 12 fresh plasma uatt«arolinska University Hospital
fresh plasma is routinely transfused instead ofhfréozen plasma. Fresh plasma is a
Swedish variant of plasma used for transfusionss. ot frozen, but is stored for up to 14
days from the moment of collection in the refrigera4-6 °C). The overall median for
platelets units transfused was 0. No difference ¥easd over the years regarding

intraoperative blood loss and transfusion requirgsie
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Laboratory post-operative values

2005 2006 2007 2008 2009 Total
n=46 n=49 n=44 n=49 n=39 n=227
) 104 + 13 107 £ 12 102 + 14 100 £ 12 100 + 14 103 £ 13
S-Hemoglobin
/L (78-128) (89-143) (67-142) (82-140) (72-137) (67-143)
(@/L) n=44 n=48 n=43 n=46 n=36 n=217
54 + 66 47 + 46 68 + 76 61 + 49 53 +49 57 £59
S-Platelets
161 (17-365) (18-185) (26-421) (19-263) (21-240) (17-421)
X
( ) n=44 n=48 n=43 n=46 n=37 n=218
INR 1,7+£0,3 1,7+0,3 1,8+0,3 1,8+0,4 1,7+0,4 1,7+0,4
(1,2-2,7) (1,3-2,4) (1,2-2,6) (0,9-2,7) (1,2-2,9) (0,9-2,9)
n=44 n=47 n=41 n=46 n=37 n=215
APTT 48 +11 53 +21 46 + 20 46 + 18 46 £ 10 48 + 17
(34-92) (39-142) (33-146) (36-143) (37-75) (33-146)
(seconds)
n=43 n=47 n=42 n=46 n=36 n=214
) 55 + 53 57 +73 53 + 33 56 + 60 57 + 36 55 + 54
S-Bilirubin
(10-246) (22-382) (14-178) (10-265) (18-179) (10-382)
(umol/L)
n=44 n=47 n=42 n=45 n=34 n=212
) 26£5 26 £55 31+8 28+6 32+6 28+6
S-Albumin
/) (16-39) (17-44) (19-53) (16-43) (21-45) (16-53)
2 n=44 n=45 n=38 n=39 n=26 n=192
s U 76 +4,2 6,7+4,2 6,7 +£9,8 9+4 6,549 7,2+5,8
- Urea
(3-22) (3,7-25,6) (3,2-66) (3,2-28,7) (2,5-26,5) (2,5-66)
(umol/L)
n=43 n=45 n=40 n=41 n=33 n=202
o 79 + 28 67 £ 45 78 £ 25 91 +40 80 *+ 36 79 £ 36
S- Creatinine
n (41-144) (43-262) (38-160) (40-257) (34-192) (34-262)
mo
(u ) n=43 n=45 n=41 n=43 n=34 n=206

A complete postoperative laboratory panel testsigally taken at a variable time after the

end of the operation. The overall median postoperdtaemoglobin value was 103 g/L

and the median postoperative platelets count was BF/L. Concerning the coagulation

tests, the overall median INR was 1,7 and the mediBTT 48 seconds. Postoperative

median bilirubin was 55 pumol/L and albumin was 28. Regarding renal function tests,

the overall median uremia was 7,2 pumol/L while treae was 79 pumol/L.
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Post-transplant hospitalization

2005 2006 2007 2008 2009 Total

n=46 n=49 n=44 n=49 n=39 n=227

1+9 1+4 1+9 1+4 1+6 1+7

ICU stay
(days) (0-52) (0-18) (0-41) (0-22) (0-29) (0-52)
ays

Y n=46 n=49 n=44 n=49 n=39 n=227
Total hospitalization 20+ 23 21+14 16 +19 18 + 20 18+12 | 19+18
at Transplant Centre | (0-145) (0-82) (0-107) (0-127) (9-71) (0-145)
(ICU stay included) n=46 n=49 n=44 n=49 n=39 n=227

The overall median total post-transplant hospision at the transplant centre was 19

days, with a median of 1 day of ICU stay. No diéfece was observed over time.
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Post-transplant complications

2005 2006 2007 2008 2009 Total
n=46 n=49 n=44 n=49 n=39 n=227
2 6 3 11 2 24
CVVH
(4%) (13%) (7%) (23%) (5%) (11%)
Treatment
n=45 n=47 n=44 n=48 n=39 n=223
1 3 3 3 0 10
Hemodialysis
(2%) (6%) (7%) (6%) (0%) (4%)
treatment
n=45 n=47 n=44 n=49 n=39 n= 224
_ 32 35 26 30 29 152
Postoperative
(76%) (71%) (62%) (61%) (76%) (69%)
transfusions
n=42 n=49 n=42 n=49 n=38 n= 220
3 4 2 4 3 16
Gastrointestinal
. (7%) (10%) (5%) (8%) (8%) (7%)
bleeding
n=41 n=41 n=43 n=48 n=39 n= 212
6 9 8 13 5 41
Re-operation (13%) (18%) (18%) (26%) (13%) (18%)
n=46 n=49 n=44 n=49 n=39 n= 227
2 7 5 9 5 28
Sepsis (4%) (14%) (11%) (19%) (14%) (13%)
n=44 n=48 n=44 n=48 n=36 n= 220
11 24 23 20 5 83
NODM (24%) (50%) (52%) (42%) (13%) (37%)
n=45 n=48 n=44 n=48 n=39 n= 224*
o 18 28 13 20 19 98
Rejection
i (39%) (57%) (29%) (42%) (49%) (43%)
episodes
n=46 n=49 n=44 n=48 n=38 n= 226

In red significant different results among years (g:0,05).

* p<0,0005



Regarding post-transplant complications in theyepdst-operative period (first 30 days
post transplant and in any case until the end spialization period), Continuous Veno-
Venous Hemofiltration (CVVH) was performed in 24sea and hemodialysis treatment
was only necessary in 10 cases.

Postoperative gastrointestinal bleeding occurretbicases.

Re-operation was performed in 41 cases and 19 edh tivere due to intra-abdominal
bleeding. Blood transfusions during the post-opeggberiod were necessary in 152 cases
(69%). In 28 cases at least an episode of sepsigjed as a bacterial positive blood
culture, developed.

Diabetes mellitus, defined as the need for instrigatment persisting for more than 10
days post-transplant, was newly diagnosed in 88scpsst-transplant. A significant trend
in the reduction of diabetes mellitus post-transplteas been shown when comparing data
from 2006 and 2007 to 2009.

In 98 cases (43%) at least one episode of acueeti@ developed after transplant.
Rejection episodes include both biopsy-proven tiges and clinical rejections. In both
cases the treatment of choice was the increaseasdlibe immunosuppression and the
administration of Methylprednisolone 500 mg in ags¢ dose every day for three

consecutive days, followed by a step-reducing gtdreatment.
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Post-operative transfusions during the first 24 hots post-transplant

2005 2006 2007 2008 2009 Total
n=46 n=49 n=44 n=49 n=39 n=227
1+2 0+1 0+1 0+1 02 0+1
RBC Units
_ (0-5) (0-7) (0-5) (0-5) (0-10) (0-10)
Transfusions
n=21 n=48 n=43 n=49 n=39 n=200"
0+1 0+1 02 0+0 0+0 0+1
Plasma Units
. (0-2) (0-5) (0-10) (0-2) (0-1) (0-10)
Transfusions
n=21 n=48 n=43 n=49 n=39 n=200
0+1 0+1 0+1 0+1 0+1 0+1
Platelets Units
. (0-4) (0-2) (0-3) (0-7) (0-2) (0-7)
Transfusion
n=21 n=48 n=43 n=49 n=39 n=200

In red significant different results among years (g:0,05).
~p=0,001

During the first 24 post-operative hours a medih BBC unit, a median of O plasma unit
and a median of 0 platelets unit were transfuses@aring transfusion rates among the
different years, it is clear that since 2006 pgstrative RBC unit transfusions decreased
significantly. Regarding plasma transfusions durthg same post-operative period, a
significant difference among the years was not shdot the trend is toward a progressive

reduction in the transfusion rate.
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Post-operative transfusions during the 230" days post-transplant

2005 2006 2007 2008 2009 Total
n=46 n=49 n=44 n=49 n=39 n=227
2+3 2+8 0+6 2+15 2+8 2+9
RBC Units
_ (0-10) (0-43) (0-38) (0-93) (0-37) (0-93)
Transfusions
n=22 n=48 n=43 n=49 n=39 n=201
Plasma Units 01 07 0+2 0+13 0+3 0+8
Transfusions (0-6) (0-49) (0-7) (0-92) (016) (0-92)
n=21 n=48 n=43 n=49 n=39 n=200
0+x1 03 0+2 0+4 0+x1 03
Platelets Units
. (0-4) (0-21) (0-10) (0-16) (0-5) (0-21)
Transfusion
n=22 n=48 n=43 n=49 n=39 n=201

During the period from the"2to the 24" post-operative days there was a median of 2 RBC
Units. A median of O plasma units and a median pia@elets units were transfused.
No statistical differences were found over time.
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Patients survival
In our analysis 4 (2%; n=227) intraoperative deaitiesincluded. 3 patients died because of
massive intraoperative bleeding and 1 patient desthuse of cardiac arrest.

Overall, patients’ survival is 90% at 6 months, 8824 year and 79% at 3 years.

Graph 1. General survival of the patients includedn the study
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In our analysis only intraoperative bleeding hasnapact on patient survival, and no other
variable had an effect.

Transfusion requirements did not show any impacsumival (p<0,05), because they are
strictly correlated to intraoperative bleeding.

A cut-off of intraoperative bleeding of 5 litres svahown to have an impact on survival.
Patients with intraoperative bleeding of more tbditres have a survival rate of 70% at 7
years post-transplant, while patients receivingaamount of less than 12 red blood cells

units have a survival rate of 84% (p < 0,05).

Graph 2. Cumulative survival according to intraoperative bleeding
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Similar results have been seen using a cut-off 2frdd blood cells units transfused:
transfusion of more than 12 RBC units during therapon is correlated to a worse
survival rate.

Patients transfused with more than 12 RBC unittnduhe operation have a survival rate
of 67% at 7 years post-transplant whilst patienerngng an amount of less than 12 RBC
units have a survival rate of 81% (p< 0.05).

Graph 3. Cumulative survival according to intraoperative bleeding
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Univariate analysis

In univariate analysis the waiting list time is @mgely correlated to intraoperative bleeding
and RBC and plasma transfusions. Factors that showpositive correlation to
intraoperative bleeding and RBC transfusions anéd@tugh score, MELD score, duration
of surgery, Cold Ischemia Time, lower preoperatih@aemoglobin value, lower
preoperative platelets count, higher preoperatNie Vvalue, higher preoperative bilirubin
level, higher preoperative urea and creatinineevald lower preoperative albumin level.
Intraoperative bleeding and RBC/Plasma transfusamesassociated to longer ICU stay
and longer post-transplant hospitalization, thedneé post-transplant transfusions and
episodes of post-transplant gastrointestinal blegdNevertheless, intraoperative blood
loss and transfusions are correlated to platelaetstusions at 24 hours and during the first

month post-transplant.

Multivariate analysis

In the multivariate analysis, only Cold Ischemian& among the operation times was
shown to be correlated to intraoperative blood &ss$ transfusion requirements (p<0,001).
Low preoperative haemoglobin level is the strongestlictor of intraoperative blood loss
and transfusions (p<0,001), but low preoperativatgbkts count (p<0,001) and higher
preoperative INR value (p<0,05) are also good pteds of intraoperative bleeding and
transfusions. Child-Pugh score and MELD are notlipteve factors, but it is not the same
for their components. In fact, preoperative creaérn(p<0,05), and albumin (p<0,005) like
the INR mentioned above are correlated to intraatper bleeding and transfusions.
Anamnesis of previous bleeding (p<0,05) is a gaedliptor of higher intraoperative blood
loss and the need for blood products transfusitmsgawith pre-transplant hospitalization
(p<0,05). No correlation was found between previoasdominal surgery and
intraoperative bleeding. Among pre-transplant pasie€haracteristics, only the presence of
hepatorenal syndrome (p<0,005) is associated taapérative blood loss and transfusion

requirements.
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DISCUSSION

The aim of the present study was to identify tis& factors associated to blood loss and
blood products transfusions and to evaluate thexetf transfusions on patient survival.
This is the first retrospective quality control dyuperformed at Karolinska University
Hospital, Huddinge, Stockholm, Sweden to assess rthegine of blood products
transfusions in liver transplanted patients. Thdicat review of the routine of
intraoperative blood transfusion can lead us teetieb understanding of liver transplant
patients needs and improve our clinical practice. Miewed adult liver transplantations
performed during a period of five years to obsaeaults in order to identify changes in
patients perioperative treatment and to identéyds in recipient management.
Characteristics of donors and recipients were aedlywith regards to intraoperative
bleeding and blood transfusion requirements. Resflthe study have been reviewed to
identify trends and differences in the centre dirae.

The donor population showed similar characterisivsr years and no statistic differences
were found over time. None of the donor charadiesisvas correlated to intraoperative
bleeding or intraoperative requirements for blohs$fusions. These results confirm the
observations shown by the literature

The majority of the donors (91%) were brain deathats, while 9% of the donors were
patients affected by Familial Amyloid Polineuropatfhese patients, who are recipients
of a liver graft from a brain death donor, alsoaiiving donors of a whole liver graft for
other liver transplant recipients. This consequtitrer transplantation process is defined
as a “Domino Transplant” "

Living donors for split liver transplants are notluded in our analysis.

All the liver transplantations were carried outlwABO identical or compatible donors,
including A to O liver transplants. The most used perfusionutsa for organ
preservation was UW solution (Viaspan57%), while HTK solution (Custodi) was
used in 43% of cases.

Regarding liver graft quality, data on liver graftacrovesicular steatosis and ischemia
grade were collected from pathology reports on Taxiwer biopsies taken after complete

reperfusion on recipients. These data are of coofggramount importance in order to
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evaluate the quality of the liver graft, nonethsles decided not to consider them in the
statistical analysis because their analysis is he@ybe purpose of the present study.

The overall median waiting list time was 71 daysspite a wide variability in range, no
significant statistical differences were found ovke years. The fact that the median
waiting list time is less than three months carleotfa dynamic policy in accepting
patients onto the waiting list and transplantingnth Waiting list time depends on many
factors such as the availability of donors and ncgeof the liver transplant. In our series,
patients transplanted for acute liver failure a@uded: these patients usually benefit from
an urgent call for a liver, and therefore they aften transplanted after a very short
waiting list time. Longer waiting list times coulte related to less urgent cases or to the
scarcity of donors. The timing of transplants ispafamount importance and affects the
liver transplant outcome in a considerable manhensplants for patients in a relatively
good condition lead to better results than tramgpldor patients with poorer clinical
condition, heavy alterations in coagulation proited severe malnutriti§rf> 2% 3% 33

In the univariate analysis the waiting list timesnaversely correlated to intraoperative
bleeding and transfusion requirements. These sesatt be explained by the observations
that patients with acute liver failure and poorrical conditions, usually requiring higher
transfusions rates, are transplanted in a shonter period. Nevertheless, this observation
was not confirmed by the multivariate analysis.

The majority of the recipients were affected byefivwcirrhosis (76%) caused by any
disease. Cirrhosis (viral, alcoholic or a combioatiof these two) was the leading
indication for liver transplantations during theudy period. Other frequent indications
were hepatocellular carcinoma on liver cirrhosid aholestatic diseases. This distribution
of diagnosis for liver transplants in the patiesmislyzed in the study recall the one present
in Europe at present tirhe

It is clear from the literatuf& " ®?that portal hypertension and its complicationsypa
pivotal role in intraoperative bleeding. The conxile of surgery in the presence of
varices is one of the main causes of intraoperailged 10s8” ° ®2 In the absence of a
direct hepato-venous pressure gradient measureareportal flow velocimetry before
liver transplantation in our patients, we entrustieel diagnosis of portal hypertension to
indirect signs such as the presence of splenomegalyanamnesis for oesophageal varices

and/or hypertensive gastropathy. The majority digpés had a positive anamnesis for
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oesophageal varices and/or hypertensive gastrop@P3) and splenomegaly (66%).
Nevertheless, only a third of the observed pati€3®86) experienced at least one episode
of gastrointestinal bleeding due to varices, anly énpatients underwent a procedure of
Transjugular Intrahepatic Portosystemic Shunt positg. These observations could be
the result of the good selection of patients amétiment and/or a good prophylactic
treatment for oesophageal varices. Portal thromsbasis present in 24 patients (11%) at
the waiting list time.

Portal thrombosis has not been shown to be directlselated to intraoperative bleeding in
the literature. Even if it is common to experiemtiaically higher intraoperative bleeding
during liver transplantation due to portal hypesien and the presence of varices, results
from our study did not show any correlation betwées diagnosis of portal thrombosis
and intraoperative blood loss.

The fact that the characteristics of patients didte liver transplantation are quite similar
over the years can reflect the use of constargr@itfor the inclusion of patients in the
liver transplant waiting list. Hepatorenal syndromas experienced in 32 cases (14%)
during the study period, while hepatopulmonary sgnte was a rare event in the
population in analysis, affecting only 5 patien®&4). The presence of hepatorenal
syndrome is one of the predictive factors for ioparative bleeding and transfusion
requirements in our analysis. An explanation o$ tlasult can be related to the fact that
patients with hepatorenal syndrome are usuallyowor glinical condition, and this can lead
to a more complex surgery and medical support.

A large number of patients had a history of presidiood transfusions (51%); the
percentages are roughly equal over time and nestatat differences were found among
the years. The percentage of patients with previmasd transfusions is higher than the
percentage of patients who experienced previousagatestinal bleeding, suggesting that
the reasons for transfusions (ex. anaemia, surgigafations, trauma, delivery) are not
necessarily correlated to liver disease. Historypvious bleeding is correlated in the
multivariate analysis to intraoperative blood Iassd the need for transfusions. These
results cannot be completely explained as a coeseguof variceal and gastrointestinal
bleeding because these other parameters do notampworrelation. Moreover, it is only
anamnesis of previous bleeding and not previousstugsions that are correlated to

intraoperative bleeding.
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Regarding previous surgical operations, 118 (52%j)he cases observed underwent a
surgical abdominal procedure. These observatioss ialclude the 61 cases (27%) that
underwent at least one upper abdominal surgicalgohare.

Some reporfs ® showed a correlation between previous abdominabesy and
intraoperative bleeding, but our analysis doessopiport this hypothesis. In our series no
correlation was found between previous abdominejesy and intraoperative blood loss
during liver transplants, even if a strong tendewag shown. These results are probably
due to the small number of patients included in shaely, nevertheless they are also
consistent with reports from the literattire

A small percentage of patients had a diagnosisiafedes mellitus type Il treated with
insulin before the liver transplant. There is narelation, at least to our knowledge,
between diabetes mellitus and bleeding. On theraontpatients with diabetes mellitus
can show a hypercoagulative profile with increasesk for arterial and venous
thrombosié’.

Renal function at the time of joining the waitingtlwas considered and data on urea,
creatinine and GFR values were collected. Nevegtiselincompleteness of the data and
the fact that some observations came from extdéasbalatories (meaning variability of the
results), discouraged us from using them in thiessitzal analysis.

Pre-transplant hospitalization is correlated to hbig intraoperative bleeding and
transfusion requirements. This result is fully coeigensible considering that pre-
transplant hospitalization could be a surrogatekerawnf poorer clinical conditions.

A complete laboratory panel test is performed oarg\patient who undergoes a liver
transplant. Among the laboratory values availabidy the variables that have significance
for the hematological (Hb, PLT) and coagulatiortiggINR, APTT) of the patients were
selected for the analysis. Moreover, variables s&any to calculate MELD score (INR,
Creatinine, Bilirubin) and Child-Pugh score (INRJbAmin, bilirubin) were included.
Other variables such as C reactive protein wereaeld in the database, but the reference
range for this value varied during time, makingifficult to perform a reliable analysis of
the data.

At Karolinska University Hospital, MELD is one dfé leading parameters for accepting
patients for liver transplantation. Median MELDtla¢ time of transplant was 13,5.
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The median MELD was roughly constant among thesyaad no statistical difference was
found over time. The MELD score was calculatedhantiasis of the original formdfa

No corrections of MELD have been done for FAP ondur diagnoses.

The most represented Child-Pugh class was clasghBawnedian of 8 points. Child-Pugh
score and MELD are not predictive factors of infrai@tive bleeding, but the factors (INR,
bilirubin, creatinine) that are the basis for themlculations are good predictors of
intraoperative blood loss and blood transfusiorsteid. These data are consistent with

8,32, 3%yen if there are controversial results in therdituré® 30 31 32

previous studi€’s
In our study, lower preoperative haemoglobin valuas the strongest predictor of
intraoperative blood loss and blood transfusiondemonstrated by other studieglso,
preoperative platelets count, INR, bilirubin, albonand creatinine showed a positive
correlation.

Regarding the surgical procedure, at Karolinskavensity Hospital, the classic liver
transplant technique with the use of veno-venoysagy during the anhepatic phase has
been the standard of care used since 1984, theof/édae first liver transplant performed at
the centre. The piggyback technique used for tipateetomy with cava preservation has
been increasingly used over time. Analysis shovkatl the percentage of liver transplants
performed with cava preservation increased sigaifily over the years. Parallel to this, the
use of intraoperative veno-venous bypass has begngssively reduced over the years.
These results reflect the general trend toward nfoequent use of the piggyback
technique.

There are no data demonstrating that the piggybeaknique is superior to the classical
technique, but it has been shown that the piggybedknique requires less blood products
transfusions, probably due to shorter operatiomrsinshorter warm ischemia time, and less
fluid infusiong® &

Our data did not show any correlation between g ar not of the piggyback technique
and intraoperative bleeding. This could probablydbe to the limited number of patients
and to the surgeons’ learning curve in the useheftechnique. The actual trend at the
centre is to use the piggyback technique as a atdndechnique during liver
transplantation.

In our study, patients who underwent a liver trdasp for Familial Amyloid

Polyneuropathy (FAP) were included. These patiesxtsprding to their consent, donate
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their livers to other patients, configuring the gedure known as the “Domino Liver
Transplantation™ "

In this procedure, the patients affected by FAPteaesplanted with a liver graft from a
brain death donor. The liver removed from the FA®Rigmt is used as a liver graft for
another patient. In this complex sequential traarsipprocedure the classic technique with
the use of intraoperative veno-venous bypass enafiecessary during the hepatectomy
phase in the FAP patient in order to provide arlgymaft that can be used for the transplant

and at the same preserve, as much as possiblategaty of the donor-FAP patient.

Figure 1.Domino Liver transplantation (courtesy ofProf. Bo-Goran Ericzon)
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The overall median operation time was 530 minutesdid not vary in a significant way

over time. This can be related to the fact thadtaablinska University Hospital 6 transplant
surgeons of different experience levels perfornied227 liver transplants included in the
analysis, so the learning curve of some of themeoguain the results. The duration of the
surgical procedure was correlated to intraoperdilged loss and blood transfusions in the
univariate analysis. These results were not comfifim the multivariate analysis.

Median Cold Ischemia Time was 527 minutes and didvary significantly over the years,

even if a trend in the reduction of cold ischenmaetis observed. CIT is correlated in the
multivariate analysis to intraoperative bleedingl dransfusions. This result, reported in
other studied’ >3 can be related to the quality of the graft: isclteemd steatotic grafts

suffer a greater ischemia-reperfusion injury.
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Median Warm Ischemia Time was 55 minutes and dig senificantly over the years (61
minutes in 2005 vs 49 minutes in 2009) with a digant reduction starting since 2008.
These results can be explained with a progresampeavement in surgical technique. No
significant differences regarding intraoperativedaling and blood transfusions over time
were observed. The use of blood products did notedse over time and the differences
over the years are not statistically significant.

Median intraoperative blood loss was 5,5 litersi@ex 0,5-95; n=225). Red blood cells
units and plasma units transfusions are tightlyetated to intraoperative blood loss and
follow its trend truthfully. In fact, the policy dhe centre seems to be characterized by an
intense rate of transfusions in order to mantaia@moglobin level of 90-100 g/L, slightly
higher than the level accepted in other cefiréX Intraoperative cell-savage with the use
of Cell-saver is routinely used except in casesafcer or recipient HCV and/or HBV
positive. In the present series the Cell-saver used in 39% of cases. No significant
difference in the use of the device was observethguime. The use of the Cell-saver did
not show any correlation with intraoperative blolods: our results confirm the ones
obtained from previous studiés

In our series, the use of an intraoperative poawatshunt is anecdotical because it was
only used in 3 cases (1%) and was related to falrgeeds more than being used as an
instrument to reduce intraoperative blood Y0%s Also, the need for arterial interposition
graft was confined to a few cases (2%). These fata did not allow us to use them for a
significant statistical correlation analysis wittira-operative blood loss and transfusions.
Regarding the presence of portal thrombosis werebdethat the effective presence of
portal thrombosis during the surgical operation wdsrior to the one expected from the
patients anamnesis of portal thrombosis (7% vs 1IT¥gse observations can be explained
as an effective result of anticoagulant treatmeith wow Molecular Weight Heparin
(LMWH), but data regarding treated patients ard&itag and we are not able to make any
assumption on the effect of LMWH treatment on iop@rative blood loss.

The total intraoperative amount of cristalloidsr{&er’s acetat, Natriumchloride, Glucose
solutions) and colloids (Albumin) was taken intac@ent in our data, as we wished to
show the impact of fluid overload and eventual tiblnal coagulopathy on intraoperative
bleeding, however the paucity of data collected| umw forced us not to use these data

for the statistical analysis.
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The use of intra-operative coagulation factors,-lgmostatics and anti-fibrinolytics is
essentially driven by clinical needs, and thesenmgare usually reserved to cases of
massive intraoperative bleeding. The policy at tfa@splant centre has been to accept
some intraoperative bleeding rather than overdaguation support by pharmacotherapy.
Anti-fibrinolytics like Tranexamic acid (Cyklokapn8) and Aprotinin (Trasyldi) were
used in 31 cases, while coagulation factors liletofal (Haemocomplettdh factor Il +
factor VII + factor IX +factor X+ protein C + prdteS (OcpleX, ConfideX), recombinant
factor Vila (Novosevef), antithrombin Ill, and von Willebrand-factor +ctar VIlI
(Haemat®) were used, alone or in association to each otirer11% of cases.
Protaminsulfate was only used in 2 cases (<1%).Udeeof these pro-coagulation factors
is always discussed before administration amongesurs and anhestesiologists involved
in the transplants because of the risk of possithtavascular thrombosis. The policy at the
centre is to mantain a high intravascular volumawoid platelets aggregations that could
promote arterial thrombosis. The counterpart of thpe of management is sometimes to
accept minimal residual bleeding. Vasoactive agangsroutinely used in all transplants
with variable frequency, and often in associatiothvothers. In this series, dopamine
infusion was used in 94% of the liver transplantslevnoradrenalin infusion was used in
96% of the surgical procedures. Adrenalin was usetb% of the liver transplants. Other
inotropic agents such as Dobutamine, TerlipressiMitmiron were seldom used.
Intraoperative Continuous Venous-Venous Hemofittra{CVVH) was only used in a few
cases (<2%). The use of intraoperative CVVH islaatale support to substaining the renal
function necessary in the case of patients witlerlifailure and associated acute renal
failure®.

Our data do not consent for us to evaluate theadperative diuresis amount in the
different phases of the transplant. At the sameetimwe only have data regarding
intraoperative contraction of the diuresis (<30 hnlfor a small number of the liver
transplants.

During the operation, laboratory tests, mainly tedlato coagulation profile, (haemoglobin,
platelets count, INR, APTT, fibrinogen, D-Dimer, M) were taken every hour, except
for the anhepatic phase during which the artet@bd gases were taken every 15 minutes.
These data, including intraoperative highest INRBTA and lactate values and lowest

platelets, fibrinogen, and base excess values bege collected during the phase of data
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collection. They are not included in the final ayséd because the lack of many data would
have minimized the power of the results. Howevennfa large part of the literature it is
known that there is no direct correlation betweeoagulation parameters and
intraoperative bleedirf§ 2 3% 32 33 3°The |owest intraoperative body temperature data
(°Celsius) were also collected, but the absence aflear source of the data, from
oesophageal temperature probe or from bladder textyve probe, discouraged us from
using it for the analysis as we do not have condaumresults.

At the end of the operation, all patients were gfammed to the Intensive Care Unit for
post-operative care. A complete laboratory parsl ileusually taken after the end of the
operation. The overall median postoperative haeataglvalue was 103 g/L. This result is
in line with the aim to maintain a haemoglobin lleeé around 80-100 g/L during the
operation achieved by intense blood transfusiopastmuring the surgical procedure.

The overall median total post-transplant hospision at the transplant centre was 19
days, of which there was a median of 1 day of I@4y.sNo difference was observed over
time.

In the univariate analysis, intraoperative bleedmngd RBC/Plasma transfusions are
associated to longer ICU stay and longer post{ilans hospitalization, the need for post-
transplant transfusions and episodes of post-tlantsgastrointestinal bleeding. These data
observations were not confirmed by the multivaratalysis.

Regarding post-transplant complications in theyepdst-operative period (first 30 days
post transplant and in any case until the end spialization period), Continuous Veno-
Venous Hemofiltration (CVVH) was performed in 24ea: fluctuation in frequency of the
use of the device was observed over the yearsthiese data do not reach a statistical
difference. These observations could be interpredsda low incidence of serious
postoperative renal failure. There was no strigidfrestriction policy in the centre during
the study period, moreover, the large use of ienaus bypass, avoiding clamping of the
vena cava and mantaining a systemic circulaticieredl a continuous support of the renal
function during the surgical procedure.

Postoperative gastrointestinal bleeding occurred% of cases, while re-operation was
performed in 18% of cases, 46% of them due to Haldominal bleeding. The relatively

high rate of re-operation for bleeding could be emstbod in regards to the policy of the

76



centre to actively promote anticoagulation immesliaafter the liver transplant procedure,
with the use of Macrod&xand Fragmifi to minimize the risk for arterial thrombosis.

The counterpart is a higher rate of reoperationhimse patients in which the bleeding
cannot be controlled by transfusions and pharmgomb agents. Nevertheless, in our
series we observed less than 1% (0,8%) Hepaticridrt€hrombosis and 1,3 % Portal
Vein Thrombosis in the first 30 post-transplantslay

In 13% of cases, at least an episode of sepsisediedis a bacterial positive blood culture,
occurred. New onset post-transplant diabetes mellitlefined as the need for insulin
treatment persisting for more than 10 days posisptant, was newly diagnosed in 37% of
the observations and a significant trend in theucgdn of diagnosis when comparing
2006-2007 to 2009, was observed over the years ®bservation could be due to a
progressive reduction in using high doses of sfisr@is an immunosuppressive regimen
post transplant. In 43% of the observations attlease episode of acute rejection
developed, usually treated with increasing basamumosuppression and/or steroid
treatment. Our intention was to insert data ongbst-operative graft function to assess
any impact of intraoperative bleeding on that, Wwatcould not use any of the classification
score present in the literature due to missing dataecause they required parameters not
usually collected at the cenfife®™ 8

Blood transfusions during the post-operative pefiede necessary in 69% of the cases.
During the first 24 post-operative hours a mediaril &RBC unit, 0 Plasma units and 0
platelets units were transfused. Comparing transfigsrate among different years, it is
clear that since 2006 post-operative RBC units sftssions decreased significantly.
Regarding plasma transfusions during the same qupesttive period, a significant
difference was not shown among years, but the tremnolward a progressive reduction in
transfusion rate. These results show a progresstgction in post-operative transfusions
due to a constant effort to improve intra and pystrative management.

During the post-operative period from th¥ @ the 24" post-operative days, a median of 2
RBC units, 0 plasma units and 0 platelets uniteviamsfused, but there was no statistical
difference over time. Intraoperative blood loss a@rathsfusions showed a correlation to
platelets transfusions at 24 hours and during th& fmonth post-transplant in the

univariate analysis, but the correlation was naificmed in the multivariate analysis.
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Our study showed that cold ischemia time is coteelao intraoperative blood loss and
transfusion requirements, as demonstrated in atiueie$® * The explanation could be
related to an impact on the quality of liver grafifluenced by CIT, on the intraoperative
phase after liver graft implantation.

Low preoperative haemoglobin level is the strongestlictor of intraoperative blood loss
and transfusions. This result confirms observatfoms other studies® >

Low preoperative platelet counts and higher preatpas INR values are good predictors
of intraoperative bleeding and transfusions. Osulits are in line with observations made
by Mangu$® but contrast with results of the study performgadvassicotté®, who showed
no correlation between preoperative coagulatiotofaand intraoperative bleeding.
Child-Pugh score and MELD score are not predictaators for intraoperative bleeding
and transfusions, confirming results from othedits® *

Interestingly though the components of the formu(8ELD and Child-Pugh) are
significant.

In fact, preoperative creatinine, albumin, and B mentioned above are correlated to
intraoperative bleeding and transfusions. Anamnesigrevious bleeding is a good
predictor of higher intraoperative blood loss ane heed for blood products transfusions,
as is pre-transplant hospitalization. No correlaticas found between previous abdominal
surgery and intraoperative bleeding. Among presjpéamt patient characteristics, only the
presence of hepatorenal syndrome is associated withoperative blood loss and
transfusions requirements. This result, to the bestr knowledge, has not been shown in
other studies. Hovewer, patients with hepatoreyradi®me are in poor conditions and the
result could be interpreted as a surrogate markegyoor clinical conditions and more
complex surgery.

The results of the study will be used to write logaidelines to optimize the transfusion

management in patients undergoing liver transpltema

78



CONCLUSIONS

The retrospective study we performed has somedtmits. Data are not complete and this
limits the power of statistical calculations. Ndk #tie donor and patients characteristics
initially planned at the beginning of the study ktbbe addressed in the statistical analysis
due to a lack of data. However, despite these diioins we think that the results of this
study can be useful to other centres.

In our analysis we demonstrated thatd ischemia time, lower preoperative haemoglobin
level, lower preoperative platelets count, highexoperative INR value, and preoperative
bilirubin, creatinin and albumin are good predistof intraoperative bleeding and the need
for intraoperative transfusions.

Anamnesis of previous bleeding is a good prediotdrigher intraoperative blood loss and
the need for blood products transfusions, as idrpresplant hospitalization.

No correlation was found between previous abdomisatgery and intraoperative
bleeding.

Among pre-transplant patient characteristics, ahé/presence of hepatorenal syndrome is
associated with intraoperative blood loss and ftensn requirements.

Moreover, n our analysis, only intraoperative bleeding hasnapact on patient survival
rates, and a cut-off of intraoperative bleedingbditres and 12 RBC units transfusions

showed to have a significant impact on survivasat

79



FUTURE PERSPECTIVES

Our aim is to use the results of this study as @amnce to write local guidelines to
optimize the transfusion management in patienterguaing liver transplantation.

On the basis of the results obtained from this ystutkw intraoperative transfusion
protocols in liver transplantation will be discuds# Karolinska University Hospital.

New perioperative approaches will be discussedesaduated by joint meetings between
transplant surgeons and anaesthesiologists.

The increasing use of the piggyback technique had &n impact on anhestesia
management because this hepatectomy technique Wwenéfit from a lower CVP.
Mantainance of a low intraoperative CVP will beadissed, while also keeping in mind the
risks that a low intravascular filling could have the postoperative renal function.

A restrictive transfusion policy with the acceptaraf a lower intraoperative haemoglobin
level will be discussed, as well as the adminigirabf erythropoietin to selected groups of
the liver transplant recipients during waiting lishe will be considered.

A limitation in fluid infusions and blood transfasis would reduce the systemic vascular
overload and congestion in the splanchninc areaeduction in portal pressure and
abdominal varices would be helpful during the staljiprodecure, mainly during the
hepatectomy phase, by minimizing the role of poftgpertension as a cause of
intraoperative bleeding. At the same time, a radaan vascular overload will reduce the
risk of diluitional thrombocytopenia.

We think that these modifications in perioperativeanagement, united to the use of
intraoperative thromboelastometry, will reduce @ate of intraoperative transfusions.
Intraoperative thromboelastometry by ROTEMvhich is an enhancement of the classic
Thromboelstography, has been used for the lastnfmmths at the centre during liver
transplantation and liver resection operationss Hystem allows us to guide transfusions
of blood products and coagulation factors accordinthe real needs, thereby minimizing
the risk of useless transfusions.

Intraoperative bleeding in liver transplantations ghe need for intraoperative transfusions
are a complex problem that requires a multidiscgly and integrated approach.

We are convinced that we can only improve resulteough close and dynamic

collaboration among professionals involved in tia@ms$plant.
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