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Introduction

In the 80s, with the development of new imunossupressors 
(calcineurin inhibitors) and surgical skills improvements, 
the results of deceased donor liver transplantation (DDLT) 
improved significantly. Subsequently, the number of 
indications of liver transplantation (LT) increased markedly, 
exceeding the number of DDLT performed. Therefore, it 
raised a huge relative organ shortage in the Western and, 
because of cultural issues, there is no deceased donor in the 
Eastern.

In this scenario, living donor liver transplantation 
(LDLT) emerged as an alternative strategy based on liver 
features. Liver anatomy consists of independent functional 
units with independent vascular inflow and outflow and 
biliary drainage that allows it to be divided in two or more 
functional parts (1). Still, liver has the ability to regenerate, 
reaching 90% of its total initial volume in a few months (2). 
Thus, few authors tried to perform experimental LDLT in 

animal model in the mid-60s (3,4). However, it was only in 
December 1988 that Raia et al. performed the first clinical 
LDLT in a 4-year-old child with biliary atresia using an 
adult left lateral liver graft, unfortunately with a short 6-days 
survival (5). In 1989, Strong et al. ended up performing the 
first successful LDLT in a 1-year-5-month-old child with 
biliary atresia using also an adult left lateral liver graft in 
Australia (6). Thereafter, numerous centers, mainly in USA 
and Asia, started developing LDLT in an effort to diminish 
waiting time and patient mortality on transplantation 
waiting list.

Currently, LDLT is a well-established procedure with 
about 20,000 transplants per year worldwide. Moreover, 
it brought surgical skills and scientific improvements in  
LT clinical practices, being regarded as an excellent LT 
strategy in regions suffering from organ shortage like Brazil 
(7,8). In this paper, we report Brazilian experience in this 
modality of LT.
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Methods 

Data was collected from Brazilian Organ Transplantation 
Association (ABTO). Since 1997, ABTO has published 
annual reports concerning national organ donation, solid 
and non-solid organ transplantation. We also searched 
PubMed using the search terms “LT”, “living donor” and 
“Brazil”. All Brazilian experience reports and original 
articles were selected. They were excluded articles whereas 
a more recent update data had been published.

Results

Nationwide, 17 LT centers presently perform LDLT 
(Figure 1). The majority is spread in the southeast and south 
regions, representing 15 centers. Overall, 9 centers perform 
adult LDLT, 6 centers pediatric LDLT and 2 centers both 
adult and pediatric ones (9).

Until December 2014, 2086 LDLT procedures have 
been performed, whereas 42.2% and 57.8% of them 
represent adult and pediatric ones, respectively (Figure 2) (9).  
Postoperative recipient complications are described in  
Table 1. Up to 2006, both patient and graft national overall 
1-y survival were 72.5%, and patient and graft national 
overall 5-y survival were 65.6% and 62.9%, respectively. 
Currently, patient national overall 1- and 5-y survival 
represent 78% and 76%, and graft national overall 1 
and 5 y one 76% and 74%, respectively (Figure 3) (9). 
Retransplantation rate after primary graft nonfunction or/
and hepatic artery thrombosis accounts for 11.44%, with an 
overall 60-d survival of 61.77% (15). 

Donor morbidity ranges from 12.4% to 28.3% (10, 
16-21). Most of them are minor complications, such as 
abdominal pain, gastrointestinal symptoms, minor bile 
leaks and superficial surgical infection. Biliary tract injury—
biliary leak and/or biloma—is observed in 2.5% to 8.3% of 

Figure 1 Brazilian regions’ data in 2014 (9). 

Figure 2 Number of living donor liver transplantation over the 
last 15 y (9). LDLT, living donor liver transplantation. 
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the donors and up to 20% of them need any kind of invasive 
treatment, which represents Dido-Clavien classification 
grade III (22). Among others Dindo-Clavien grade III 
complications, Wiederkehr et al. (18) reported one case 
of biliary stenosis among 132 liver living donors. Coelho  
et al. (17), in a 60 right-lobe LDLT series, described 1 case 
of perforated duodenal ulcer. The donor ended up going 
to surgery because of abdominal pain and sepsis on 3rd PO 
and progressed to septic shock and multiple organ failure 
thereafter. He was discharged on 68th PO with hemiparesis 
secondary to severe hypotension and cerebral ischemia.

Seda-Neto et al. gave special attention to segment IV 
complications after left lateral hepatectomy harvesting. 
Among 204 donors 10 developed segment IV necrosis 
or abscess and 4 of them had had segment IVB resection 

intra-operatively. The rest were readmitted 2 to 30 days 
after being discharged with abdominal pain, dyspepsia and/
or fever. Five patients underwent CT-scan percutaneous 
abscess drainage. All were treated with IV antibiotics and 
none of them needed further surgical management. 

Comparing 63 right living donor hepatectomy for 
adult LDLT and 60 left lateral one for pediatric LDLT, 
Steinbrück et al. (19) found no significant differences 
regard postoperative complication based on Dindo-
Clavien grading. However, biliary complication (Dindo-
Clavien grade 3A) was seen in 10 donors, 9 of them in 
right hepatectomy donors (P=0.01), which is probably 
consequence of a greater liver cut surface in the remnant 
liver. Also, three left lateral hepatectomy donors presented 
with gastric volvulus (Dindo-Clavien grade 3A), all treated 
by upper gastrointestinal endoscopy. 

Three deaths have been reported in Brazil, representing 
a mortality rate of 0.14% (9). One donor was a 31-year-old 
female who underwent a right-lobe harvest. She presented a 
cerebral hemorrhage on 7th PO while recovering from mild 
liver failure (INR of 1.75 and bilirubin level of 3.5 g/dL).  
CT-Scan showed a subarachnoid hemorrhage with no 
evidence of cerebral edema (18). Another donor was a 
36-year-old female who also underwent a right-lobe harvest. 
After 4 hours of surgery, she presented with hypoxia and 
tachycardia followed by cardiac arrhythmia and cardiac 
arrest. She recovered after 10 min of cardiopulmonary 
advanced resuscitation, but unfortunately 2 days later 
a cerebral arteriography confirmed the diagnosis of 
brain death. At autopsy, neither thromboembolism nor 
myocardial infarction was identified. She had no previous 
history cardiopulmonary disease (17). 

 

Discussion

Brazil has a resident population of 190.8 million and there 

Figure 3 Living donor liver transplantation overall survival in 
Brazil (9). LDLT, living donor liver transplantation. 

Table 1 LDLT postoperative recipient complications
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are about 4,800 people waiting for LT across the country. 
Although Brazil ranks in the second place in number of LT 
procedures per year worldwide, only 36% of the estimated 
demand of it was done in 2014 (Figure 4). These numbers 
reflect the organ shortage challenge facing Brazil, which 
sees in LDLT a good option to overcome it.

Nowadays LDLT represents about 8.5% of LT 
procedures nationwide. Prior to 2001, more than 50% 
of them were pediatric one. At the beginning of 21st 
century, LDLT grew exponentially, reaching a peak of 
192 procedures per year in 2005. At this moment, LDLT 
represented 19.7% of all LT procedures. However, since 
that two distinct courses can be seen comparing adult 
and pediatric recipients (Figure 5). After changes in organ 
allocation policy in 2006—introduction of MELD—and 
international reports of living donor deaths, adult LDLT 
significantly diminished. Currently, 17 centers perform 
LDLT, whereas 15 are located in southeast and south 
regions, mainly pediatric LDLT, representing 76–80% of all 
LDLT, mostly from related donors.

Overall, biliary complications have been the leading 
cause of postoperative recipient complication in LDLT, 
ranging from 15–60% and 15–40% in adult and pediatric 
LDLT, respectively (14,23). According to Brazilian centers’ 
publications, this is also the most common recipient 
complication. It ranges from 6.2% to 20.6%, most of them 
biliary stenosis, and is associated with increased hospital 
stays and cost (10,12,14). In attempt to decrease and/
or early diagnose this type of complication, Wiederkehr 
et al. (24) propose a transhepatic biliary catheterization 
before graft implantation. During graft harvesting, after 
parenchyma section, a wire guide is introduced in a 
retrograde fashion into the bile duct and exposed at the 
liver surface. A 4-F catheter is then attached to the wire 
guide, carefully pulled into the bile duct, placed through the 
anastomosis and kept as an external drainage for 7–14 days. 
Thereafter, a cholangiography is performed and if there is 
no evidence of biliary complication, the catheter is closed 
and kept in place until satisfactory postoperative recovery 
(30–90 days). No biliary complication was seen using this 

Figure 4 Worldwide liver transplantation procedure ranking (9).
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technique. However, the critical comments about this paper 
are that there is no control group and only few patients 
were reported (6 patients). 

With regard to vascular outcomes, hepatic artery 
thrombosis and portal vein thrombosis are the most 
frequent complication countrywide, varying from 3.1–10.7% 
and 2.3–9.1%, respectively. Portal vein thrombosis is a 
particular concern in pediatric recipient, especially those 
with biliary atresia associated with portal vein sclerosis 
and hepatoduodenal ligament inflammation (25). In 
order to search risk factors associated with portal vein 
thrombosis in pediatric recipient, Neto et al. (13) performed 
a retrospective analysis of 486 primary LDLT procedures 
from October 1995 to May 2013. Vascular grafts used 
for portal reconstruction include living donor inferior 
mesenteric veins, living donor ovarian veins, recipient 

internal jugular veins, deceased donor iliac arteries and 
deceased donor iliac veins. Thirty-four patients (7.0%) 
developed portal veins thrombosis. However, over the years, 
its incidence decreased from 10.1% (between October 1995 
and June 2004) to 2% (between March 2011 and May 2013) 
(P=0.07). During the same period, the use of vascular graft 
increased from 3.5% to 37.1% (P<0.001). Still, the authors 
concluded, in multivariate analysis, that vascular grafts 
remained the only independent risk factor for portal vein 
thrombosis. 

Hepatic vein stenosis, with an incidence of 0.8–4.9%, 
is a less common vascular complication in Brazil (10-12). 
However, hepatic vein outflow block is a critical problem 
because its surgical repair is troublesome (26). Indeed, this is 
a particular issue in pediatric LDLT because of hepatic veins 
diameter and the potential risk of graft twist at anastomosis, 
especially after piggyback technique was introduced (27). 
Tannuri et al., in a retrospective analysis of 116 consecutive 
pediatric LDLT, compared three different hepatic vein 
reconstruction techniques: direct anastomosis between 
donor hepatic veins and recipient hepatic veins (group 1, 
26 patients); triangular anastomosis at the confluence of all 
recipient hepatic veins, as proposed by Emond et al. (28) 
and Broelsch et al. (29) (group 2, 43 patients); and a new 
technique which consists of a wide longitudinal anastomosis 
performed at the anterior wall of inferior vena cava (group 
3, 47 patients). In group 1 and 2, hepatic vein outflow block 
was seen in 27.7% and 5.7%, respectively (P=0.001). In 
group 3, no patient presented hepatic vein outflow block. 
No significant difference was noted between group 2 and 3 
(P=0.41). 

What concerns hepatic vein reconstruction in adult 
LDLT, our protocol is to harvest the right lobe including 
the middle hepatic vein, which adds no morbidity to 
the donor (30). The surgery is performed as already 
standardized, without pedicle clamping. During the back-
table work, a venoplasty is performed in the right and 
middle hepatic veins, cutting the median edge of each vein 
vertically in order to enlarge the diameter. Two pieces of 
deceased iliac vein graft are used for reconstruction. One 
piece to perform a “new floor” between the veins and 
another one to perform a new common vein outlet by 
suturing the vein graft around the free edges of the hepatic 
veins (Figure 6). This is possible because our center does 
also DDLT and has a vessels graft bank, allowing us to use 
it in LDLT procedures.

Donor safety is the major issue in any solid organ living 
transplantation. Despite all the concern and care, liver 

Figure 5 Number of liver transplantation regarding donor type 
in Brazil (9). DDLT, deceased donor liver transplantation; LDLT, 
living donor liver transplantation. 

Figure 6 Hepatic outlet reconstruction using two pieces of 
deceased vein graft: (I) one piece to perform a “new floor” (fl) 
between right (a) and middle (b) hepatic veins; (II) another piece 
to perform a new common vein outlet by suturing the vein graft 
around the free edges of the hepatic veins.
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living donors experience a relatively high-risk morbidity, 
as high as 67%, and a not negligible mortality, even in 
the most well-qualified and high-volume centers (31-36). 
Therefore, donor selection is the most important issue 
related to LDLT. In a donor evaluation protocol consisted 
age between 18 and 50 y, body mass index under 30 kg/m2,  
no previous abdominal upper surgery, blood test, chest 
X-ray and abdominal Doppler ultrasound, Araújo et al. (37)  
reported that 63.7% of potential donors were refused. 
Withdraw was the first cause of exclusion corresponding 
to 38.9% and 31% of adult and pediatric potential donors, 
respectively. 

Overall, Brazilian liver living donor morbidity rate varies 
between 12.4% and 28.3% (10,16-18). Most of them are 
minor complications, as abdominal pain, gastrointestinal 
symptoms, minor bile leaks and superficial surgical site 
infection. Biliary fistula accounts for 3.7% to 8.3% and 
up to 20% of them need any kind of invasive treatment, 
which represent Dido-Clavien classification grade III. 
Among others grade III complications, one case of biliary 
stenosis had been reported (18). Still, one case of perforated 
duodenal ulcer that progressed to septic shock and 
multiple organ failure had also been reported by a national 
center (17). This donor was discharged on 68th PO with 
hemiparesis secondary to severe hypotension and cerebral 
ischemia. We also experienced a high volume biliary fistula 
in a donor, which was treated by endoscopic stent. Brazilian 
national mortality rate for LDLT is 0.14% (9), comparable 
to worldwide prevalence donor mortality of 0.2% (38).

Conclusions

LDLT programs in Brazil have low morbidity and mortality 
rates, with good outcome results. Hence, they enhance 
international experience that this is a feasible and safe 
procedure, as well as an excellent alternative strategy to 
overcome organs shortage. However, LDLT programs must 
be well planned and all the steps managed carefully, because 
one failure can compromise all the programs national and 
worldwide.
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