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Summary

Arterial neovascularization of liver grafts can be a source of significant blood loss

during retransplantation. This study evaluated the effect of transcapsular arterial

neovascularization on intraoperative blood loss during retransplantation and

long-term follow-up. Eleven consecutive patients with transcapsular arterial neo-

vascularization (seven male, four female; nine children, two adults; mean age

12.3 � 16.3 years) and the same number of matched control patients were analy-

sed. Blood loss was calculated based on transfusion requirements. The volume of

transfused units of red blood cells per kilogram bodyweight until hepatectomy

and during the entire procedure was significantly higher in patients with neovas-

cularization than in control patients (0.32 � 0.21 vs. 0.14 � 0.11, and

0.94 � 0.83 vs. 0.36 � 0.38 respectively; P-values 0.027). Neovascularization was

associated with extensive intra-abdominal adhesions and a longer operating time

until hepatectomy (175.6 � 52.1 min vs. 124.3 � 34.9 min, P-value 0.015).

Postoperative revisions were performed more frequently in patients with neoves-

sels. Graft survival did not differ between groups. Assessment for transcapsular

arterial neovascularization should be included in preoperative Doppler ultra-

sound protocols to identify patients at risk of a complicated intra- and postopera-

tive course in case of retransplantation.

Introduction

High-volume blood loss during liver transplantation (LTX)

is a serious complication associated with increased mortal-

ity and morbidity [1–4]. Individual needs for blood trans-

fusions are difficult to predict preoperatively and profuse

bleeding can have multiple causes [5–9]. Among surgical

causes, previous operation and retransplantation leading to

intra-abdominal adhesions have been identified as substan-

tial risk factors [10–13].

Development of atypical arterial collateral vessels is

observed in some patients with chronic failure after liver

transplantation. Transection of these vessels may be a direct

cause of intraoperative blood loss during retransplantation

in certain cases [11,14]. This phenomenon has been termed

transcapsular arterial neovascularization and was sporadi-

cally described as angiographic findings in the context of

hepatic artery thrombosis [15–19]. The possibility to use

high-resolution Doppler ultrasound (US) for diagnosis of

transcapsular arterial neovascularization was first reported
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by Wachsberg et al. [19–21]. A recent follow-up study of

our group noted this complication in 8.4% of all transplan-

tations [20]. As arterial neovascularization was associated

with a high incidence of subsequent retransplantation at a

later stage, the prevalence of this finding in patients requir-

ing re-LTX is probably underestimated. The purpose of this

study was to determine whether transcapsular arterial neo-

vascularization of the graft has an effect on intraoperative

transfusion requirements and outcome in case of retrans-

plantation.

Patients and methods

This retrospective case–control study was approved by the

local ethics committee with a waiver of informed consent.

Eleven consecutive patients who developed transcapsular

arterial neovascularization after LTX and who required re-

transplantation at our university hospital during the period

from 01.01.2000 until 31.12.2008 were analysed retrospec-

tively (11 patients, 7 male, 4 female; 9 children, 2 adults;

mean age 12.3 � 16.3 years, range 1.5–53 years). During

this period, a total of 863 LTX had been performed in 721

patients at our institution; the retransplantation rate was

19.7% (142 of 721). Seven paediatric patients were part of

one previous publication reporting prevalence of neovascu-

larization and prognostic implications for the original graft

[20]. In addition, the same number of control patients was

selected by querying the local liver transplant database and

applying the following criteria: (i) no evidence for transcap-

sular arterial neovascularization; (ii) same number of LTXs

and an interval between the previous LTX of greater than

30 days; (iii) similar age (in case of paediatric patients, sim-

ilar age group, 0–2 years, 3–6 years, 7–18 years); (iv) simi-

lar reason for initial transplantation (cholestatic or

noncholestatic liver disease); (v) similar type of retrans-

planted graft (full graft, reduced graft, split graft - cadaveric

or split graft living-related donor). The matching criteria

were applied in descending order. If a control patient could

not be identified with all criteria applied, divergence was

tolerated with regard to the type of re-LTX and, in adults,

the reason for transplantation. Data, including patient

demographics, peri-operative findings, complications and

outcomes, were extracted from the liver transplant database

and from records of surgery and anaesthesia. Follow-up

was performed until January 2011.

Arterial neovascularization

Diagnosis of transcapsular arterial neovascularization was

based on colour Doppler ultrasound findings and defined

as formation of vessels at the site of the hepatic capsule,

with hepatopetal arterial flow from the periphery towards

the centre of the liver [20]. The assessment of arterial neo-

vascularization was part of a standardized Doppler US pro-

tocol applied in all patients and control subjects. Doppler

US investigations were performed by a single, experienced

senior radiologist (K.H.) using a commercial scanner

(HDI� 5000 SonoCT�, Philips Medical Systems, The Neth-

erlands) with an L10–5 MHz linear array transducer and a

C7–4 MHz curved array transducer.

Replacement therapy

Intraoperative blood loss was evaluated based on transfusion

requirements of red blood cells (RBCs) in units per kilogram

of bodyweight until hepatectomy and until the end of sur-

gery. In two patients with autologous transfusion using a red

blood salvage procedure (Cell Saver�, Haemonetics, Brain-

tree, MA, USA), the transfused red blood volume was calcu-

lated as follows: Vt = Vh + Va/277 9 0.5/0.59, where Vt is

the total amount of transfused blood, Vh is the quantity of

transfused homologous RBCs, and Va is the transfused

volume (ml) of autologous red blood [6]. Adjustment was

based on an RBC volume of 277 ml and a haematocrit of

0.59; the haematocrit in autologous transfusion was 0.5.

Common criteria for intraoperative transfusion of blood

and blood products were applied. Blood loss was compen-

sated by blood transfusion to maintain a haematocrit

between 25% and 30%. Platelets were administered to

maintain a platelet count of 50 000/l or greater. Fresh fro-

zen plasma (FFP) was given when the prothrombin time

(expressed as the international normalized ratio, INR) was

>3. Cryoprecipitates were given when the fibrinogen con-

centration was <80 mg/dl. Antifibrinolytics were not used.

Intraoperative and postoperative findings

Qualitative aspects of the surgical reports included the

extent of adhesions and a description of bleeding during

the hepatectomy. Extensive adhesions were diagnosed when

substantial problems with adhesiolysis were noted in the

reports. Bleeding was categorized as either diffuse or local-

ized. Haemostatic methods were noted if mentioned in the

reports. Outcome variables comprised days spent in the

intensive care unit after re-LTX, surgical revisions required,

surgical revisions required for intra-abdominal bleeding,

deaths during follow-up, organ survival rate and organ sur-

vival time.

Statistical analysis

One-sided Student’s t-tests were applied to test whether

metric intra- and postoperative variables (including trans-

fusion requirements, duration until hepatectomy, duration

of anaesthesia, warm ischaemic time, cold ischaemic time

and days in the intensive care unit) were higher in patients
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with neovascularization than in control subjects. Metric

preoperative variables were compared using two-sided

t-tests. Chi-square-tests were used to compare the fre-

quency of occurrence of nonmetric variables. A failure time

analysis was performed to assess the relation between arte-

rial neovascularization and graft survival time after retrans-

plantation. The Tarone–Ware test was used to compare

graft survival functions in patients with and without neo-

vascularization. P-values <0.05 were considered statistically

significant. Statistical tests were carried out using IBM SPSS

statistics, version 20.0.0.

Results

Patients

Eleven patients with transcapsular arterial neovasculariza-

tion were retransplanted during the period 2000–2008,
including nine children and two adult patients. The control

group comprised the same number of children and adults

with the same number of previous transplantations. The

indication for retransplantation was chronic transplant fail-

ure in all cases. In patients with neovascularization, trans-

plant failure was attributed to parenchymal damage

Table 1. Pretransplantation clinical and laboratory data.

Parameter Arterial neovascularization (n = 11) Controls (n = 11) P value

Age (years) 12.3 � 16.3 12.0 � 17.66 0.968

Children (n = 9) 5.48 � 4.03 (1.2–12.2) 5.11 � 3.96 (1.1–12.2) 0.848

Adult patients (n = 2) 33, 53 25, 61

Sex (M/F) 7/4 5/6 0.335

Weight (kg) 24.45 � 19.76 29.21 � 27.23 0.644

Height (cm) 113.27 � 37.6 115.09 � 43.65 0.918

Primary diagnosis

Biliary atresia 6 8

PFIC 1 0

Alagille syndrome 1 0

Haemochromatosis 1 0

Crigler-Najjar syndrome 0 1

Alcoholic cirrhosis 1 0

Hepatitis C cirrhosis 0 1

PSC 1 0

Fulminant hepatitis 0 1

No. of re-LTX 1.0

First 7 7

Second 2 2

Third 2 2

Time since previous LTX (days) 822 (234–3216) 521 (132–3711) 0.869

Type of explanted graft

Orthotopic LTX, full graft 2 2

Reduced graft 1 1

Split, cadaveric 4 6

Split, living-related donor 4 2

Type of implanted graft

Orthotopic LTX, full graft 3 1

Reduced graft 3 1

Split, cadaveric 4 7

Split, living-related donor 1 2

Preoperative patient status (no.) 0.476

High-urgency 2 0

Chronic disease 9 11

Immediately pre re-LTX

MELD Score 16.1 � 7.7 14.0 � 6.8 0.546

Haemoglobin (mg/dl) 9.5 � 1.9 9.9 � 1.9 0.648

C-reactive protein (mg/l) 22.6 � 32.44 19.7 � 22.8 0.839

INR 1.02 � 0.31 1.37 � 0.75 0.159

Platelet count (9 109/l) 248 � 181 207 � 66 0.540

Data are given as means and standard deviations, unless otherwise indicated. For the time since previous LTX, median and range are provided. Preop-

erative patient status was defined according to the Eurotransplant liver allocation system, differentiating high-urgency listing from chronic disease

(elective). PSC – primary sclerosing cholangitis; PFIC – progressive familial intrahepatic cholestasis; INR – international normalized ratio.
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induced in eight cases by hepatic artery thrombosis, even

though the hepatic artery thrombosis was surgically revised

immediately in six of those eight patients. Less frequent

causes of transplant failure were hepatitis B cirrhosis (one

patient), chronic rejection (one patient) and portal vein

thrombosis combined with hepatic artery occlusion (one

patient). In the controls, the main reason for transplant failure

was chronic rejection (8/11 patients). Less frequent causes

were chronic portal vein thrombosis (one patient) and

chronic hepatic artery thrombosis (two patients). Pretrans-

plant clinical and laboratory data are summarized in Table 1.

Arterial neovascularization

The sites of transcapsular arterial neovascularization as

detected using Doppler US were the diaphragmatic and

abdominal wall attachments. In most patients, multiple

arterial neovessels were detected (mean, 3; range, 1–6).
The mean diameter of the vessels was 2.14 mm (range,

0.6–3.9 mm), and the mean length was 9.95 mm (range

from 2.1 to 19.7 mm). Transcapsular vessels displayed an

arterial Doppler spectrum, with a mean maximum systolic

velocity of 29.3 cm/s (range, 9.9–48.9 cm/s) and a mean

resistance index of 0.61 (range, 0.49–0.7). The flow direc-

tion was reversed and directed towards the centre of the

liver (hepatopetal) (Fig. 1a, Fig. 1b, Fig. 1c).

Intraoperative findings

Extensive intra-abdominal adhesions causing difficulties

during hepatectomy were associated with a preoperative

diagnosis of arterial neovascularization and noted in 8/11

patients (72.7%) compared with 3/11 controls (27.3%,

P-value 0.033). During the dissection, bowel perforation

and rupture of the portal vein occurred in two patients

with neovessels. The time required until hepatectomy was

longer in patients with neovascularization than in the con-

trols (175.6 � 52.1 min vs. 124.3 � 34.9 min, P-value

0.015) (Table 2).

Intraoperative bleeding and transfusions requirements

Diffuse bleeding was noted in three patients during the

hepatectomy. Circumscribed bleeding from multiple arte-

rial neovessels at the sites of abdominal attachments

occurred in two patients, and selective suturing was needed

to achieve haemostasis. Chemical haemostatic agents were

not used and the surgical haemostasis was complete at the

end of all procedures. The requirement of intraoperative

transfusions varied widely between patients, with large

standard deviations and ranges. Until completion of hepa-

tectomy and during the entire procedure, the mean quan-

tity of transfused RBCs (in units per kg body weight) was

(a)

(b)

(c)

Figure 1 Data from a 33-year old patient after LTX and hepatic artery

thrombosis (patient no. 11, Table 3). Doppler ultrasound examination

with a 10–5 MHz linear array at the abdominal wall (AW) adhesion

demonstrates an atypical vessel at the liver capsule. The corkscrew

appearance of the collateral artery can be seen in power angio mode

(Fig. 1a, arrow). An arterial flow pattern with flow directed towards the

centre of the liver is shown (Fig. 1b). Conventional angiography after

selective catheterization of the right main phrenic artery confirms multi-

ple arterial collaterals with the typical corkscrew appearance (Fig. 1c,

arrow). A parenchymal connection to the main hepatic artery can be

seen. The common hepatic artery is occluded (arrowhead).
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significantly higher in patients with arterial neovasculariza-

tion than in the control group (P-value 0.027, Table 2). In

4/9 children with neovessels, massive transfusions of more

than 10 units of RBCs were required during the transplanta-

tion (mean 43 units, range 13–76 units) compared with 1/9

control patients (14 units). Individual details regarding

patients with neovessels and control subjects are presented in

Table 3 and Table 4. There was no correlation between the

transfusion requirement and the number or maximum diam-

eter of arterial neovessels as detected using Doppler US.

Postoperative events and follow-up

Within 4 weeks of retransplantation, 8/11 patients with

previous neovascularization (63.63%) and 3/11 controls

(18.18%) needed reoperation (P-value 0.033). A relaparot-

omy for intra-abdominal bleeding was performed in 4/11

patients with neovessels and in 2/11 controls. The mean

stay in the intensive care unit after re-LTX tended to be

longer in patients with neovascularization (11.91 �
13.9 days vs. 5.64 � 4.39 days; P-value 0.075). Patient and

organ survival were not different between groups (Table 5).

Discussion

This study investigated the impact of transcapsular arterial

neovascularization on liver retransplantation in terms of

intraoperative transfusion requirements, complications and

outcome. The phenomenon is characterized by the forma-

tion of bridging communications between the abdominal

attachments, adjacent organs and the liver parenchyma

[20,21]. During hepatectomy and mobilization of the graft,

these vascular structures are highly vulnerable and can be a

source of high-volume intraoperative bleeding, which may

be difficult for the surgeon to control [11,14]. In accor-

dance with these case reports, we found that the need for

blood transfusions was substantially higher in patients with

arterial neovascularization than in control subjects. The

mean volume of transfused RBCs until hepatectomy was

more than twice as high as in the control group. In our ser-

ies, 4 of 11 patients required massive transfusions to com-

pensate for intraoperative bleeding (>10 units per LTX;

mean transfused RBCs 42 units, range 13–76 units). Larger

vessels needed selective suturing to achieve haemostasis.

In our study, the number of arterial neovessels, vessel

diameter and maximum flow velocity were not associated

with intraoperative transfusion requirements. One explana-

tion is that the preoperative Doppler ultrasound may

underestimate the true extent of arterial neovascularization,

as deeper areas of the hepatic capsule may be obscured by

superimposition of bowel loops and other structures.

Another explanation could be that intraoperative bleeding

is not caused solely by transection of collateral vessels, but

may also be a consequence of associated pathology.

Neovascularization is necessarily associated with the for-

mation of intra-abdominal adhesions, and the proliferation

of vascular structures is a precondition for the fibrous

bands to develop [22,23]. Both processes are based on a

fibrin matrix initiated by peritoneal injury after surgery,

and are reinforced by inflammatory and ischaemic pro-

cesses [24]. In our study, preoperative diagnosis of arterial

neovascularization was associated with extensive intra-

abdominal adhesions noted during surgery. Difficulties

during dissection of adhesions contributed to a signifi-

cantly longer time needed for the recipient’s hepatectomy.

Major complications directly attributable to extensive

adhesions were rupture of the portal vein during dissection

and bowel perforation, noted in two patients.

Postoperative revisions were needed in the majority of

patients with arterial neovascularization (7/11 patients,

63.3%), which was significantly more frequent than in the

control group. The reasons for relaparotomy varied;

Table 2. Duration of surgery and blood products transfused until hepatectomy and during entire LTX.

Arterial neovascularization (n = 11) Controls (n = 11) P value

Duration of anaesthesia (min) 513.3 � 41.2 495.5 � 99.9 0.622

Duration until hepatectomy (min) 175.6 � 52.1 124.3 � 34.9 0.015

Warm ischaemic time (min) 35.6 � 10.4 32.3 � 7.9 0.421

Cold ischaemic time (min) 603.6 � 177 576 � 171.2 0.714

Until hepatectomy

Platelets transfused RBCs transfused (units/kg BW) 0.32 � 0.21 (0.07–0.65) 0.14 � 0.11 (0.02–0.19) 0.027

Platelets transfused FFP transfused (units/kg BW) 0.53 � 0.37 (0.12–1.05) 0.27 � 0.29 (0.11–1.1) 0.053

Platelets transfused Platelets transfused (units/kg BW) 0.04 � 0.06 (0–0.11) 0.003 � 0.01 (0–0.02) 0.024

During entire LTX

RBCs transfused (units/kg BW) 0.94 � 0.83 (0.12–2.6) 0.36 � 0.38 (0.05–1.4) 0.027

FFP transfused (units/kg BW) 1.32 � 1.01 (0.16–3.52) 0.65 � 0.66 (0.22–2.5) 0.042

Platelets transfused (units/kg BW) 0.12 � 0.1 (0–0.28) 0.04 � 0.07 (0–0.2) 0.039

Numbers are means, standard deviations and ranges.

RBCs – Red Blood Cells; FFP – Fresh Frozen Plasma. All blood components are reported in units per kilogram (kg) body weight (BW).
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abdominal bleeding and abdominal infection were the most

common causes. The more complicated postoperative

course in this group may be attributed to a significantly

higher quantity of intraoperative blood transfusion, which

has been shown to increase postoperative morbidity

[1,2,4]. The presence of neovascularization before retrans-

plantation had no impact on long term outcome.

Our study has the following limitations: (i) The study is

a retrospective case–control study; such studies are prone

to selection bias and depend on the quality of documenta-

tion; (ii) The number of patients included is relatively

small, but represents the largest series of patients with arte-

rial neovascularization and re-LTX reported to date; (iii)

The requirement for blood transfusions is a recognized, but

indirect measure of intraoperative blood loss. Transfusion

quantity may also depend on the replacement criteria

applied; these remained unchanged during the time of our

single-centre study; (iv) Blood loss may result from differ-

ent surgical and medical situations during the LTX. The

transfusion requirement was recorded until hepatectomy to

determine blood loss associated with adhesiolysis and tran-

section of neovessels. Medical factors, such as the presence

of coagulopathies, may also cause increased bleeding. To

the best of our knowledge, no patients with coagulation

defects were included in this series, and prior studies have

shown that coagulation defects do not predict blood prod-

uct use during LTX [3].

In conclusion, diagnosis of transcapsular arterial neovas-

cularization identifies patients at risk of intra and postopera-

tive complications in case of retransplantation. Bleeding

from transection of an arterial collateral network can beT
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Table 5. Post-transplantation course and follow-up of patients.

Arterial

neovascularization Controls P value

Post-LTX course

Days in intensive

care unit

11.91 � 13.9 5.64 � 4.39 0.075

Patients with

reoperation

8/11 3/11 0.033

Patients with

reoperation

for bleeding

4/11 2/11

Patients with

abdominal

infection

2 1

Patients with hepatic

artery thrombosis

0 0

Follow-up

Retransplantation 3 2

Deaths 2 1

Organ survival

time (days)

2252 � 265 1690 � 381 0.271
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substantial. As bleeding complications represent a main fac-

tor for mortality and morbidity during LTX, awareness of

arterial neovascularization can be important for the surgical

and anaesthesia team and to ensure sufficient blood bank

support. Neovascularization also identifies patients in whom

extensive abdominal adhesions can be expected. As transcap-

sular arterial neovascularization can be detected using high-

resolution ultrasound, preoperative evaluation of patients

listed for retransplantation should be performed.
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