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1  | INTRODUC TION

Since the first successful liver transplantation (LT) performed by 
Starzl et al1,2 in 1967, LT has become the gold standard therapy for 
many liver diseases. In contrast to North America and Europe where 
almost the entire graft need is met by cadaveric organ pool, living 
liver donors (LLDs) constitute a great proportion of donor pool in 
many Asian countries including Turkey.1

Compared to deceased donor liver transplantation (DDLT), living 
donor transplantation (LDLT) has both advantages and disadvan-
tages. The major advantages of LDLT are short transplant waiting 

list, short cold ischemia time, being a planned elective surgery, and 
easy access to liver graft for patients in need of urgent LT. The main 
disadvantages of LDLT, on the other hand, include a technically more 
complex vascular and biliary reconstruction. Despite its numerous 
advantages, LDLT has not been widely used in Western countries, 
mainly because of donor safety. This is because the most serious 
medicolegal concern in LDLT is the complications of living donor 
hepatectomy (LDH), both for surgeons and transplant centers.3

The five grade Clavien Surgical Morbidity scale modified for 
LLDs is the most commonly used one for categorizing complica-
tions of LDH according to their significance and to develop effective 
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Abstract
Objective: To determine the relationship between a transplant center’s experience 
and life- threatening or nearly life- threatening complications during living donor he-
patectomy (LDH).
Methods: The medical records of 1140 patients who underwent LDH were analyzed. 
To determine the relationship between life- threatening complications and a trans-
plant center’s experience, the following comparisons between LDH cases were per-
formed: first 100 vs subsequent 100; first 100 vs subsequent 1040; first 200 vs 
subsequent 940; right hepatectomy vs left hepatectomy; and first 5 years of experi-
ence vs subsequent 5 years.
Results: A total of 36 life- threatening or nearly life- threatening complications devel-
oped in 34 of 1140 (2.98%) healthy individuals undergoing LDH. Of these, 5 occurred 
intraoperatively, 26 within 1 month, and 5 beyond 1 month. The most common com-
plications were biliary problems and postoperative bleeding. None of the donors died 
at follow- up. One donor underwent deceased donor liver transplantation (DDLT) for 
severe hepatic failure. Only 2 comparisons were significantly different with regard to 
life- threatening complications: the first 100 vs the subsequent 1040 (P = .03) and the 
first 200 vs the subsequent 940 (P = .01).
Conclusion: This study indicates that the incidence of life-threatening or nearly life-
threatening complications are reduced by increased center experience (>200 LDHs).
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treatment modalities.4 This scale contains nausea and simple wound 
infections (grade I) in the one end and life- threatening complications 
and donor mortality (grade V) in the other.4,5 The most important 
problem with the Clavien scale is that it is only designed to describe 
postoperative surgical and medical complications. In other words, 
it provides no information about intraoperative life- threatening or 
nearly life- threatening complications. Therefore, there is an unmet 
need for a novel terminology to draw attention to serious complica-
tions during and after LDH.

In an attempt to draw attention to the importance of life- 
threatening or nearly life- threatening complications, many strik-
ing terms have been used, such as Near- Miss Events, Close Call, 
Nearly a Collision. Life- threatening or nearly life- threatening 
complications are defined as complications associated with a po-
tentially significant mortality risk where death or permanent in-
jury is averted by chance or early intervention.4-6 Based on this 
definition, serious intraoperative complications and grade IIIb- IV 
complications in the Clavien scale can be collectively termed as 
life- threatening or nearly life- threatening complications, although 
a consensus is yet to be reached for this subject. The primary ob-
jective of this study was to investigate the relationship between 
LDH experience and life- threatening or nearly life- threatening 
complications. Our secondary objective was to convey the mes-
sage that the Clavien Surgical Morbidity scale developed to define 
life- threatening complications among patients undergoing donor 
surgery is inadequate and needs to be modified. By this way, we 
aim to raise awareness about the need for developing a novel scale 
containing all serious intraoperative and postoperative complica-
tions related to LDH.

2  | MATERIAL S AND METHODS

The LT program at Inonu University Faculty of Medicine Liver 
Transplantation Center was started in 2002, with the first success-
ful DDLT having been performed in March 2002. After 10 success-
ful DDLT procedures, the first successful LDLT was carried out in 
September 2005. A total of 1140 LDH procedures were performed 
between September 2005 and December 2014. The demographic 
and clinical data of the LLDs were retrospectively reviewed to de-
termine the incidence of intraoperative and postoperative com-
plications considered as life- threatening or nearly life- threatening 
complications. The following information was obtained from pa-
tients’ medical and operative records: age, gender, body mass index 
(BMI), relationship with recipient, remnant liver volume, hepatec-
tomy type (right lobe, left lobe), type of complications, radiological 
tools used to definition of complications (intraoperative cholangio-
graphy, ultrasonography [US], multidetector computed tomography 
[MDCT], magnetic resonance cholangiopancreatography [MRCP], 
percutaneous transhepatic cholangiography [PTC]), and manage-
ment of complications (endoscopic retrograde cholangiopancrea-
tography [ERCP], percutaneous intra/extrahepatic biliary drainage, 

hepaticojejunostomy, patch venoplasty, relaparotomy, surgical bil-
iary drainage, T- tube choledochotomy, various medical approaches 
etc.)

2.1 | Definition of life- threatening or nearly  
life- threatening complications for LLDs

We believe that the following surgical and medical compli-
cations should be defined as life- threatening or nearly life- 
threatening complications: biliary complication requiring 
radiological, endoscopic, or surgical intervention under general 
anesthesia; gastrointestinal hemorrhage requiring endoscopic 
or radiological intervention under general anesthesia; postop-
erative surgical site hemorrhage requiring relaparotomy; organ 
abscesses requiring relaparotomy or drainage by interventional 
radiology; organ injury/perforation requiring relaparotomy; 
progressive hepatic failure requiring LT; transient hepatic fail-
ure; renal failure requiring hemodialysis; multiorgan failure; 
cerebrovascular events requiring intensive care; and all Clavian 
grade IIIb- IV complications such as pulmonary embolism, car-
diac or respiratory arrest.4,5 Intraoperative hemodynamic in-
stability requiring medical therapy; anaphylactic reactions; 
difficult- to- control bleeding episodes secondary to opening 
of hepatic or portal vein clamps; biliary tract injury requiring 
hepaticojejunostomy or T- tube drainage; vessel narrowings 
limiting blood flow developing after suturing of hepatic vein 
or portal vein stump; pulmonary embolism; and myocardial 
infarction were also defined as life- threatening or nearly life- 
threatening complications.

2.2 | Classification of life- threatening or nearly  
life- threatening complications

These complications can be divided into 3 groups, considering the 
timing of complications. Complications that occurred during LDH 
were defined as intraoperative; those that occurred within the first 
postoperative month as early postoperative; and those that oc-
curred after the first postoperative month as late postoperative life- 
threatening or nearly life- threatening complications.

2.3 | Definition of the donor groups

One of the objectives of this study was to investigate the relation-
ship between life- threatening or nearly life- threatening complica-
tions and our center’s LDH experience. For this purpose, the patients 
were grouped on the basis of the number and type of LDH proce-
dures and compared with respect to life- threatening or nearly life- 
threatening complications incidence as follows: the first 100 LDH 
vs the subsequent 100; the first 100 LDH vs the subsequent 1040; 
the first 200 LDH vs the subsequent 940; right hepatectomy vs left 
hepatectomy; and the first 5 years of experience vs the subsequent 
5 years of experience.
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2.4 | Postoperative follow- up

All cases were followed at liver transplant intensive care unit for at 
least 2 days after LDH. During that time, the vascular structure of 
the remnant liver was routinely examined by Doppler US. Donors 
free of complications were transferred to regular ward on the third 
day and discharged approximately on the fifth day. During that time 
period, daily complete blood count and other biochemical analyses 
were performed. Following their discharge, all patients were invited 
to routine outpatient controls on 15 days, at 1 month, 3 months, 
6 months, 12 months, 24 months, and 36 months. Donors who de-
veloped intraoperative vascular complication were monitored at 
the intensive care unit for a longer time than those who were free 
of complications. Donors who developed hepatic failure following 
LDH were followed at intensive care unit under the assistance of 
liver support systems until liver function became normal. Bile drain-
age catheters were left in place for at least 4 weeks in both donors 
undergoing hepaticojejunostomy (radiologically or intraoperatively 
placed transanastomotic biliary catheter) and those undergoing 
transcystic catheter/T- tube drainage. The catheters were removed 

after confirming the absence of a leak or stricture on a control 
cholangiogram.

2.5 | Statistical analysis

SPSS version 22.0 (Statistical Package for the Social Sciences, Inc., 
Chicago, IL, USA) was used for statistical analyses. Chi- square test 
with Yates correction was used for the comparison of categorical 
variables. A P value of <.05 was considered as statistically significant.

3  | RESULTS

3.1 | Demographic and clinical features

A total of 36 life- threatening or nearly life- threatening complications 
developed in 34 LLDs consisting of 23 male and 11 female patients 
aged between 19 and 62 years. Twenty- six of life- threatening or 
nearly life- threatening complications occurred at early postopera-
tive period; 5 at late postoperative period; and the remaining 5 at in-
traoperative period. Volumetric measurements with MDCT revealed 
a mean remnant liver volume (RLV) of 33.8% (range: 28%- 47.8%). 
Twenty- nine (85.3%) of 34 donors with life- threatening or nearly life- 
threatening complications underwent right LDH and 5 (14.7%) left 
LDH. The life- threatening or nearly life- threatening complications in 
patients who underwent left lobe LDH were as follows: benign bil-
iary stricture (n = 1), persistent biliary leakage (n = 1), right posterior 
bile duct injury (n = 1), ischemic necrosis of segment IV (n = 1), and 
postoperative bleeding (n = 1). The remaining 31 life- threatening 
or nearly life- threatening complications developed in 29 patients 
who underwent right lobe LDH. The donors diagnosed with life- 
threatening or nearly life- threatening complications had an average 
hospital stay of 21.4 days (range 5- 41 days). The mean±SD time be-
tween LDH procedure and last outpatient clinic visit/telephone con-
tact was 2247 ± 1023 days (median: 1947 range: 1018- 3798 days). 
The average time between the complications management and last 
outpatient clinic visit/telephone contact was 2166 ± 1063 days (me-
dian: 1703 range: 1017- 3720 days). Other clinical and demographic 
characteristics were summarized on Table 1.

3.2 |  Comparison of groups according to 
complications

To investigate the relationship between surgical expertise and life- 
threatening or nearly life- threatening complications, 1140 donors 
were compared with regard to several aspects. First, the relationship 
between life- threatening or nearly life- threatening complications 
and the duration of our center’s LDH experience was tested. Life- 
threatening or nearly life- threatening complications occurred in 12 
(4.4%) of 271 LDH performed in the first 5 years and 22 (2.53%) of 
869 LDH performed in the next 5 years (P = .16). Second, the donors 
were compared according to the type of hepatectomy performed. 
Accordingly, life- threatening or nearly life- threatening complications 
occurred in 29 (2.97%) of 975 right LDH and 5(3.0%) of 165 left LDH 

TABLE  1 Demographic and clinic features donors with life- 
threatening or nearly life- threatening complications

Demographic features n %

Gender

Male 23 67.6

Female 11 32.3

Age (Y)

Mean 34.6

Range 19- 62

BMI (kg/m2)

Mean 25

Range 17.8- 36.8

Remnant volume (%)

Mean 33.8

Range 28- 47.8

Donor hepatectomy type

Right hepatectomy 29

Left hepatectomy 5

Relationship with recipient

Brother/sister 11 32

Son 9 26.5

Father 3 8.8

Daughter 3 8.8

Cousin 2 5.9

Wife/husband 2 5.9

Mother 1 2.9

Nephew 1 2.9

Aunt 1 2.9

Brother in law 1 2.9
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(P = .96). Third, the correlation between the number of LDH proce-
dures and life- threatening or nearly life- threatening complications 
was analyzed. Life- threatening or nearly life- threatening complica-
tions occurred in 7 (7.0%) donors after the first 100 LDH vs 5 (5.0%) 
donors after the next 100 LDH (P = .76); 7 (7.0%) donors after the 
first 100 LDH vs 27 (2.6%) donors after the next 1040 LDH (P = .03); 
11 (6.0%) donors after the first 200 LDH vs 22 (2.34%) after the next 
940 LDH (P = .01). The inter- group comparisons according to the 
number of Life- threatening or nearly life- threatening complications 
were presented on Table 2.

3.3 | Classification and management of 
complications

3.3.1 | Intraoperative complications

Five (13.9%) of 36 life- threatening or nearly life- threatening com-
plications occurred at intraoperative period. The problems arose 
during portal vein division in two donors with anomalous portal ve-
nous branching. A significant narrowing was detected at the level of 
portal vein bifurcation after right portal vein stump closure in both 
cases. In both cases, a vascular clamp was placed to the main and 
left portal vein, the stump was opened, and a patch venoplasty was 
performed with a saphenous vein graft. Postoperative Doppler US 
and MDCT confirmed a normal portal venous flow (Figure 1). In two 
other donors, an inferior caval vein narrowing was noted after the 
closure of the right hepatic vein stump. In both cases, the hepatic 
vein stump was opened after a side- biting Satinsky clamp was placed 
on the inferior caval vein. Patch venoplasty was performed in both 
cases, with a saphenous vein graft in one of them and a peritoneal 
patch in the other.7 The right posterior bile duct was injured during 
parenchyma transection with CUSA during left LDH. A feeding tube 
7 Fr in size was inserted into the right posterior bile duct from the 

stump of the cystic canal, and a primary repair using a single suture 
was performed perpendicular to the incision in the bile tract. The 
patient was ultimately discharged uneventfully. The details of intra-
operative complications are given in Table 3.

3.3.2 | Early postoperative complications

Twenty- six (72.2%) of 36 life- threatening or nearly life- threatening 
complications occurred at early postoperative period. Biliary leaks oc-
curred in 7 donors at early postoperative period. Two of these cases 
had persistent leak and stricture despite endoscopic and percutane-
ous interventions and thus were treated with hepaticojejunostomy. 
In 1 patient, T- tube drainage was performed by placing a T- tube.

Six donors suffered bleeding from the drain at postoperative fol-
low- up. The patients with clinical signs and symptoms of hemorrhagic 
shock were urgently taken to relaparotomy. Some bleedings origi-
nated from the periductal vascular plexus around the bile duct drain-
ing the caudate lobe divided at the time of parenchyma transection. 
The remainders originated from the hilar plate that was rich in intra-
parenchymal arterial collateral circulation. Hemostasis was achieved 
by suturing hemorrhagic foci single or multiple sutures. None of 
these cases had recurrent bleeding following relaparotomies.

Four donors developed respiratory arrest within 1 hour after 
the procedure. As all of these patients were closely monitored at 
the time of arrest, and all were intubated within 1 minute. The real 
problem with these donors was that they were extubated too early 
to resume spontaneous respiration. Hence, all of them were re- 
extubated soon thereafter without further complication. The fifth 
patient, however, suffered progressive respiratory difficulty and was 
re- intubated within a couple of minutes on the first postoperative 

TABLE  2 Comparison of life- threatening or nearly life- 
threatening complications with different aspects

Groups n
Complications 
n (%) P

Between 2005 and 
2009

271 12 (4.4) .16

Between 2010 and 
2014

869 22 (2.5)

Right hepatectomy 975 29 (2.9) .96

Left hepatectomy 165 5 (3.0)

First 100 LDH 100 7 (7.0) .76

Subsequent 100 LDH 100 5 (5.0)

First 100 LDH 100 7 (7.0) .03

Subsequent 1040 LDH 1040 27 (2.6)

First 200 LDH 200 12 (6.0) .01

Subsequent 940 LDH 940 22 (2.3)

LDH, living donor hepatectomy.
Complications: life- threatening or nearly life- threatening complications.

F IGURE  1 Postoperative contrast-enhanced MDCT view of the 
portal vein reconstructed with patch venoplasty
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day. That patient was diagnosed with pulmonary thromboembolism 
by arterial blood gas analysis and CT angiography, and immediately 
heparinized with heparin infusion followed by warfarin administra-
tion. The patient did not develop any further complication during 
follow- up.

Three patients developed fever and leukocytosis during postop-
erative follow- up. In all of them, a MDCT taken to evaluate abdominal 

cavity showed biloma like collection at the surgical site. All 3 patients 
underwent relaparotomy and infected biloma was detected at the 
surgical site. Subsequent controls revealed no bile leak at the cut 
surface of the remnant liver. Cholangiography did not show any leak, 
either. However, the infected biloma formation was still considered 
to occur due to a bile leak that was spontaneously closed at early 
postoperative period.

Life- threatening or nearly life- threatening 
complications n Management

Intraoperative complications 5

Portal vein injury 2 Patch venoplasty with vein graft 
(n = 2)

Vena cava inferior injury 2 Patch venoplasty with vein graft 
(n = 1) 
Patch venoplasty with peritoneal 
patch (n = 1)

Right posterior bile duct injury 1 Primary repair over transcystic 
catheter extending into right 
posterior bile duct (n = 1)

Postoperative complication

Early	(≤1	mo) 26

Bile leakage 7 Hepaticojejunostomy (n = 2)

Choledochotomy with T- tube 
insertion (n = 1)

Drainage (n = 2)

Primary suture repair over internal 
stent insertion (n = 1)

Primary suture repair (n = 1)

Postoperative bleeding 6 Hemostasis with relaparotomy 
(n = 6)

Respiratory arrest 4 Reintubation and respiratory 
support (n = 4)

Hepatic failure 4 Falciformopexy (n = 1)

Repositioning of the remnant 
Liver (n = 1)

Supportive therapy with MARS 
(n = 1)

Liver transplantation (DDLT) 
(n = 1)

Infected biloma 3 Drainage with relaparotomy

Pulmonary embolism 1 Heparin followed by warfarin

Liver abscess/necrosis 1 Segment IV resection with 
drainage

Late (>1 mo) 5

Benign biliary stricture 3 Hepaticojejunostomy followed by 
ERCP/PTC (n = 3)

Intestinal perforation 1 Resection with anastomosis 
(n = 1)

Postoperative bleeding 1 Hemostasis with relaparotomy 
(n = 1)

PTC, percutaneous transhepatic cholangiography; ERCP, endoscopic retrograde cholangiopancrea-
tography; MARS, Molecular Adsorbent Recirculating System; DDLT, deceased donor liver 
transplantation.

TABLE  3 Management of donor with 
life- threatening or nearly life- threatening 
complications
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Four patients developed hepatic failure at early postoperative 
period. We encountered the first of them during the initial years of 
our LDLT experience. In that case, we unfortunately forgot to per-
form falciformopexy after having completed the LDH procedure. 
The patient had liver function tests increased, and we detected por-
tal vein compression with the imaging studies. The patient was taken 
to relaparotomy on the first postoperative day and had a dramati-
cally improved clinical status thereafter. One of the right LDH cases 
had a rise in liver function tests and thus we performed imaging 
studies and revealed a positional hepatic outflow obstruction by the 
remnant liver. That patient was taken to relaparotomy where repo-
sitioning was performed under the guidance of US. In the third case, 
a borderline RLV was shown, and liver function tests and ammonia 
level were indicative of hepatic failure at postoperative period. In 
that case, liver support system (Molecular Adsorbent Recirculating 
System- MARS) was used. The patient was discharged uneventfully.

The fourth case as follows: A 33- year- old male donor candidate 
(BMI: 27.1 kg/m2, Anti HBc Total [+], Anti HBS [+]) presented to our 
center to donate liver to her brother, who had cryptogenic cirrhosis. 
A preoperative MDCT quantified a RLV of 30%. After completion 
of preoperative preparations, the donor underwent right lobe LDH 
procedure. The macroscopic structure of the liver was assessed by 
two surgeons experienced in LDH, who concluded that they found 
no disturbing finding other than a mild firmness. Furthermore, no 
finding in favor of marked hepatosteatosis or fibrosis was present 
in the frozen examination of the sample sent during surgery. Since 
the first postoperative day, he had persistently elevated liver func-
tion tests (AST, ALT, bilirubin, INR) and blood ammonia level, which 
we attempted to lower by daily liver support system MARS to allow 
the liver to improve. As Doppler US indicated an increase in portal 
blood flow, medical therapy was commenced to reduce splanchnic 
blood flow. Beginning from the 6th day, however, blood liver func-
tion test levels entered a new increase trend. Therefore, remnant 

liver was evaluated with MDCT, which revealed that the liver was 
volumetrically adequate but developed patchy areas of impaired 
perfusion. Meanwhile, indocyanine green test carried out every 
other day to quantify plasma disappearance rate (PDR) was 8.9% 
and 3.9% (normal range: 18%- 25%). A control MDCT on the ninth 
day indicated that the parenchyma was markedly heterogenous and 
showed patchy areas of necrosis. The patient developed grade III 
encephalopathy and was listed for urgent liver transplantation. A 
cadaveric liver graft harvested from a 22- year- old male killed in a 
traffic accident was transplanted to the patient in December 2014. 
In the laparotomy operation performed for DDLT, the remnant liver 
was considerably firm, swollen, and contained patchy necrotic areas. 
The pathologists reported that the histopathological findings in the 
remnant liver were compatible with paracetamol toxicity. In other 
words, paracetamol was considered as a contributing factor of the 
remnant liver failure. He had no complications at thirty- eight months 
follow- up.

A patient who underwent left lobe lateral segment resection was 
diagnosed with an abscess in segment IV. He developed elevated 
liver enzymes and fever at postoperative follow- up. A contrast- 
enhanced MDCT showed ischemia and abscess formation secondary 
to ischemia in segment IV. That patient was managed with relapa-
rotomy with necrotic segment IV resection at an early period. The 
patient was discharged uneventfully. Details of early postoperative 
complications are given in Table 3.

3.3.3 | Late postoperative complications

Five (13.9%) of 36 life- threatening or nearly life- threatening com-
plications occurred at late postoperative period. Of these patients, 
3 presented with jaundice and itching. A MRCP revealed bile duct 
stenosis. Two cases were treated by stent implantation via ERCP and 
the other via percutaneous transhepatic biliary drainage (Figures 2 
and 3). All 3 patients underwent hepaticojejunostomy due to persis-
tent symptoms at follow- up. One patient presented with signs and 
symptoms of acute abdomen at late postoperative period and under-
went laparotomy on the basis of findings on physical examination. 
Laparotomy revealed an intestinal perforation probably secondary 
to cautery burn, which was treated by partial small bowel resection 
with end- to- end anastomosis. One patient presented with abdomi-
nal pain and malaise. A MDCT showed a surgical site collection con-
sistent with a hematoma, which was removed with laparotomy.

4  | DISCUSSION

Experienced centers performing LDLT have devised algorithms tak-
ing into account several important factors such as appropriate donor 
age, BMI, vascular anatomy, biliary structure, graft selection, post-
operative care, adequate remnant liver volume, meticulous surgical 
technique, and experience of the center and the surgeons to avoid 
complications and appropriately manage complicated cases.5,8-12 
Nevertheless, a consensus is lacking as to how these parameters 

F IGURE  2 Demonstration of percutaneous transhepatic 
cholangiography. An external biliary drainage catheter was inserted 
into remnant bile duct for postoperative severe stricture
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affect the incidence of complications. For instance, many centers do 
not report serious intraoperative complications as long as they can 
effectively manage them.4 Therefore, the information about the true 
incidence of intraoperative complications affecting donors is scarce, 
and this study aimed to create awareness about this subject.

Shin et al13 reported that serious complications occurred in 
1.2% of 827 LDH cases. The authors reported that (i) they failed to 
reveal any relationship between transplant center experience and 
complication rate (especially bile tract complications and grade IIIb 
complications); (ii) the rate of complications could not be reduced, 
even toward figures lower than those of the former periods despite 
all kinds of training; (iii) they were disappointed by the absence of 
an expected drop in grade IIIa and grade IIIb complications; and (iv) 
biliary complications were more common among the younger pa-
tients. Lee et al14 observed serious complications in only 0.36% of 
832 LDH cases and Kim et al15 in 4.5% of 288 LDH cases. However, 
Gruttadauria et al3 detected complications in 29% of 100 LDH 
cases, of which 21% were serious. In our study, the initial overall 
life- threatening or nearly life- threatening complications incidence 
was 3.1% which dropped to 2.34% as more experience had been 
gained by the time of 200th LDH. Differences between these re-
sults indicate that there is a close relationship between experience 
and serious complications. It is obvious that significant experience is 
essential to reach a life- threatening or nearly life- threatening com-
plications incidence 0.36% reported by a multicenter study from 
Korea.14 In summary, we believe that serious complications would 
become less common as more experience is gained, and our out-
comes also support this hypothesis.

The debate continues as to whether there is a close association 
between lobectomy type and complications. A widely accepted view 
is that, as compared with left/left lateral lobectomy, right/extended 
right lobectomy is associated with more severe and numerous com-
plications.16-19 Lo16 reviewed the outcomes of 1508 LDH cases from 
five Asian countries and noted that the descending order hepatec-
tomy types by the complication rate were right lobectomy (28%), left 

lateral segmentectomy (9.3%), and left lobectomy (7.5%). Shio et al19 
reported that, as compared to left lobectomy, right lobectomy was 
associated with a higher rate of complications. Shin et al13 performed 
a multivariate analysis and found no correlation between right or left 
lobectomy and complications. Yi et al5 reported similar complication 
rates following right and extended right hepatectomy. Lee et al14 
demonstrated that the complication rates after right and left LDH 
were statistically similar. The authors also compared hepatectomy 
subgroups (left lateral, left lobe, extended left lobe, right lobe, ex-
tended right lobe, and right posterior section) and were not able to 
detect any significant difference between the subgroups with re-
spect to overall, biliary, and serious complications. Uchiyama et al20 
reported that as experience was gained, the incidence of grade 
IIIa and grade IIIb complications was reduced after right hepatec-
tomy, approaching to that seen after left/left lateral segment LDH. 
Although we are less experienced in left lobectomy than we are in 
right lobectomy, we did not observe any statistically significant dif-
ference between the two. An important point to note here is that 
we performed segment II- III- IV resection for left LDH because we 
experienced a larger volume of biliary leak from the remnant caudate 
lobe in left LDHs that also included segment I although the volume 
of segment I is negligible. To summarize, reports from experienced 
centers suggest that hepatectomy type and complications are not 
correlated. While some authors advocate that this depends on sur-
geon experience, some others argue the contrary.

There is an ongoing debate whether there is a relationship be-
tween RLV and complications. Shi et al21 demonstrated that signif-
icant complications were less common among donors with a RLV 
greater than 35%. Facciuto et al22 reported that donors with a RLV 
below 30% were not significantly different from those with a RLV 
above 30% with regard to complications, although they stressed that 
30% should be considered a cutoff level. Cho et al23 also reported 
no difference between RLV below and above 35% in this regard. Lee 
et al14 categorized donors into 4 RLV groups (<30%, 30%- 34%, 35%- 
39%,	≥40%);	they	failed	to	show	statistically	significant	differences	
between the groups with respect to overall, biliary, and serious com-
plications.	 In	 a	 study	where	288	cases	with	a	RLV	<%30	vs	≥%30	
were compared, Kim et al15 showed similar rates of both overall and 
serious complications. In contrast, Yaprak et al24 compared donors 
with	RLV≤%30	vs	RLV>%30	and	demonstrated	that	overall	compli-
cations were more prevalent among low- RLV group but serious com-
plications had similar rates in both groups. Our personal experience 
is that as RLV increases, liver function tests improve more rapidly. 
However, we also demonstrated that absence of any relationship be-
tween RLV size and life- threatening or nearly life- threatening com-
plications. In our opinion, donor age, the status of the middle hepatic 
vein, and presence of hepatosteatosis are perhaps more important 
than the remnant volume.

As with many other complex surgical procedures, a learning 
curve exists for both LDLT and LDH procedures. A clear consen-
sus has not yet been established as to the relationship between 
transplant centers’, surgeons’ experience, and complications. 
According to a guideline published by Miller et al25 for ILTS in 

F IGURE  3 Demonstration of percutaneous transhepatic 
cholangiography following hepaticojejunostomy
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2017, centers reach a steady state after they perform 15- 20 LDLT 
procedures, with the learning curve having an impact on patient 
outcomes (Class I, Level B). However, Cheah et al4 advocated that 
the number of learning threshold should be increased from its 
current recommended level of 20 cases to minimize complica-
tions. Hence, a literature review by Cheah et al4 indicated that as 
the number of LDLT is increased, morbidity remained essentially 
unchanged but the rate of complications like life- threatening or 
nearly life- threatening complications dramatically decreased. 
They even showed that the incidence of life- threatening or nearly 
life- threatening complications dramatically fell at centers with a 
LDLT volume of >200 LDLT. While the rate of the complications 
defined as life- threatening or nearly life- threatening following 
the first 200 LDHs performed at our center was 6%, it was re-
duced to 2.3% for the 940 subsequently performed LDHs. This 
difference was statistically significant (P < .01). Our findings 
perfectly match with the findings of a worldwide questionnaire 
published by Cheah et al.4 Unlike what many authors have rec-
ommended, we believe that the center’s learning curve threshold 
for LDH procedure should not be 20, as considered by many, but 
much more. Furthermore, there is no information in the litera-
ture as to the relationship between life- threatening or nearly life- 
threatening complications and expertise of the surgeons. Indeed, 
it is hard to comment on this subject. During the period when the 
present study was performed, all LDHs were performed by a total 
of 3 surgeons, one of whom was a pioneer in this field, and all of 
whom were extremely experienced in both hepatobiliary surgery 
(a minimum of 100 liver and biliary tract surgeries) and LDH (a 50- 
case experience). When we closely examine the distribution of 
the complications, the complication rates of the 3 surgeons were 
very close to each other.

One of the most important issues is bleeding, particularly during 
accidental opening of the portal and hepatic vascular clamps. 
Bleeding is the most important indicator for hepatectomy and pre-
dicts postoperative complications. It depends on the experience and 
skills of a surgeon. The important point to remember here is that 
bleeding should be carefully managed. Proper surgical or medical 
treatment should be applied rapidly. Early recognition of postoper-
ative bleeding and early relaparotomy as needed is very important. 
The delay can result in life- threatening complications.

Prolonged rotation of liver and external compression during 
hepatectomy procedure must be avoided. Careful hemostasis, pro-
tection of hepatic vein flow, fully and properly suturing bile tract 
stump, and carefully controlling bile leakage have great importance 
in terms of development of life- threatening or nearly life- threatening 
complications. The falciform ligament should be properly sutured to 
the anterior abdominal wall after right hepatectomy. Inadequate 
control of wound pain may lead to atelectasis and generate ill- feeling 
toward the donor operation. On the other hand, too much morphine 
may lead to respiratory depression. Accumulation of morphine dos-
age will lead to nausea, vomiting, ileus, and delayed gastric emptying.

Developing postoperative early respiratory arrest can be life- 
threatening for a completely healthy LLDs. Close monitoring is 

necessary, and reintubation as needed is a life- saving interven-
tion. Another possible complication is pulmonary embolism. Unless 
treated in time, it can be fatal.4 Therefore, it is important to eliminate 
predisposing factors for pulmonary embolism, to encourage early 
mobilization, and to apply preoperative embolism stockings, etc.

In this study, one of the limiting factors for us was to investigate 
whether there was any psychosocial difference between cases with 
and without complications following LDH. As this study entirely fo-
cused on intraoperative and postoperative life- threatening or nearly 
life- threatening complications, we did not specifically study psycho-
social problems. Having said that, a doctorate thesis investigating 
post- LDH problems is ongoing at our clinic for the time being, and its 
findings will be published soon.

5  | TOPIC HIGHLIGHT

1. Assessing hepatic vascular and biliary anatomy carefully, both be-
fore (MDCT, MRCP) and during (cholangiography) the operation, 
is the most important task to reduce the rate of serious LDH-
associated complications to acceptable levels.

2. Strict compliance with the guidelines for donor selection provided 
by centers experienced in LDLT is greatly effective at eliminating 
serious complications.

3. We believe that the Modified Clavien scale developed for cate-
gorization of postoperative complications falls short of defin-
ing donor complications. To our opinion, a novel classification 
method should be developed, which preferentially takes into con-
sideration severe intraoperative complications. The complications 
we termed as life-threatening or nearly life-threatening complica-
tions clearly demonstrate the necessity of such a classification.

4. We are of the opinion that there is a linear association between 
transplant centers and surgeons’ experience and the incidence of 
serious intra/postoperative complications but a general consensus 
in the literature is yet to be reached. To our opinion, the ideal cut-
off level of a center’s learning curve is 200 LDH. However, almost 
no information exists for a cutoff level for transplant surgeons.

5. Our 12-year experience has taught us not to use some donors 
(HBcTotal [+], RLV <30%, >30% macrosteatosis, BMI>30 km/m2, 
age >35 years) whenever possible. However, we surely push our 
limits for cases who have no other donor option or those with an 
urgent transplant indication.

6. It is impossible to prevent all serious complications, although the 
majority appears preventable.

CONFLIC T OF INTERE S T

The authors declare no conflict of interests regarding this manuscript.

AUTHORS’  CONTRIBUTIONS

Dirican A, Isik B, and Yilmaz S: Performed LDH; Onur A, Dirican A, 
and Akbulut S: Collected the data, designed the study, and analyzed 



     |  9 of 9ONUR et al.

literature; Dirican A, Akbulut S, and Yilmaz S: Contributed to manu-
script preparation; Akbulut S, Isik B, and Yilmaz S: Completed final 
revision of the manuscript.

ORCID

Asim Onur  http://orcid.org/0000-0002-4887-6955 

Sami Akbulut  http://orcid.org/0000-0002-6864-7711 

Abuzer Dirican  http://orcid.org/0000-0002-8647-3268 

Burak Isik  http://orcid.org/0000-0002-2395-3985 

Sezai Yilmaz  http://orcid.org/0000-0002-8044-0297 

REFERENCES

 1. Akbulut S, Yilmaz S. Liver transplantation in Turkey: historical review 
and future perspectives. Transplant Rev (Orlando). 2015;29:161-167.

 2. Yilmaz M, Unal B, Isik B, Ozgor D, Piskin T, Ersan V. Can an extended 
right lobe be harvested from a donor with Gilbert’s syndrome for 
living- donor liver transplantation? Case report. Transplant Proc. 
2012;44:1640-1643.

 3. Gruttadauria S, Pagano D, Petridis I, et al. Complications and near- 
miss events after hepatectomy for living- related liver donation: an 
Italian single center report of one hundred cases. Ann Transplant. 
2016;21:596-601.

 4. Cheah YL, Simpson MA, Pomposelli JJ, Pomfret EA. Incidence 
of death and potentially life- threatening near- miss events in liv-
ing donor hepatic lobectomy: a world- wide survey. Liver Transpl. 
2013;19:499-506.

 5. Yi NJ, Suh KS, Cho JY, et al. Three- quarters of right liver do-
nors experienced postoperative complications. Liver Transpl. 
2007;13:797-806.

 6. Patel A, Balakrishnan D, Menon R, Unnikrishnan G, Sudhindran 
S. Potentially life- threatening near- miss events in living donor 
hepatectomy: single centre experience from Southern India. 
Gastroenterology. 2017;152(5 Suppl 1):S1047.

 7. Yilmaz S, Kayaalp C, Battaloglu B, Ersan V, Ozgor D, Piskin T. Hepatic 
vein stenosis developed during living donor hepatectomy and cor-
rected with peritoneal patch technique: a case report. Transplant 
Proc. 2012;44:1754-1756.

 8. Li FG, Yan LN, Zeng Y, et al. Donor safety in adult living donor liver 
transplantation using the right lobe: single center experience in 
China. World J Gastroenterol. 2007;13:3752-3755.

 9. Shah SA, Grant DR, Greig PD, et al. Analysis and outcomes of right 
lobe hepatectomy in 101 consecutive living donors. Am J Transplant. 
2005;5:2764-2769.

 10. Hwang S, Lee SG, Lee YJ, et al. Lessons learned from 1,000 living 
donor liver transplantations in a single center: how to make living 
donations safe. Liver Transpl. 2006;12:920-927.

 11. Ran S, Wen TF, Yan LN, et al. Risks faced by donors of right lobe 
for living donor liver transplantation. Hepatobiliary Pancreat Dis Int. 
2009;8:581-585.

 12. Wen TF, Chen ZY, Yan LN, et al. Measures for increasing the safety 
of donors in living donor liver transplantation using right lobe 
grafts. Hepatobiliary Pancreat Dis Int. 2007;6:590-595.

 13. Shin M, Song S, Kim JM, et al. Donor morbidity including biliary 
complications in living- donor liver transplantation: single- center 
analysis of 827 cases. Transplantation. 2012;93:942-948.

 14. Lee JG, Lee KW, Kwon CHD, et al. Donor safety in living donor liver 
transplantation: The Korean organ transplantation registry study. 
Liver Transpl. 2017;23:999-1006.

 15. Kim SH, Kim YK, Lee SD, Park SJ. Selection and outcomes of living 
donors with a remnant volume less than 30% after right hepatec-
tomy. Liver Transpl. 2013;19:872-878.

 16. Lo CM. Complications and long- term outcome of living liver do-
nors: a survey of 1,508 cases in five Asian centers. Transplantation 
2003;75:S12-S15.

 17. Beavers KL, Sandler RS, Shrestha R. Donor morbidity associated 
with right lobectomy for living donor liver transplantation to adult 
recipients: a systematic review. Liver Transpl. 2002;8:110-117.

 18. Iida T, Ogura Y, Oike F, et al. Surgery- related morbidity in living do-
nors for liver transplantation. Transplantation. 2010;89:1276-1282.

 19. Shio S, Yazumi S, Ogawa K, et al. Biliary complications in do-
nors for living donor liver transplantation. Am J Gastroenterol. 
2008;103:1393-1398.

 20. Uchiyama H, Shirabe K, Nakagawara H, et al. Revisiting the safety 
of living liver donors by reassessing 441 donor hepatectomies: 
is a larger hepatectomy complication- prone? Am J Transplant. 
2014;14:367-374.

 21. Shi ZR, Yan LN, Du CY. Donor safety and remnant liver vol-
ume in living donor liver transplantation. World J Gastroenterol. 
2012;18:7327-7332.

 22. Facciuto M, Contreras-Saldivar A, Singh MK, et al. Right hepatec-
tomy for living donation: role of remnant liver volume in predicting 
hepatic dysfunction and complications. Surgery. 2013;153:619-626.

 23. Cho JY, Suh KS, Kwon CH, et al. Outcome of donors with a remnant 
liver volume of less than 35% after right hepatectomy. Liver Transpl. 
2006;12:201-206.

 24. Yaprak O, Güler N, Altaca G, et al. Ratio of remnant to total liver 
volume or remnant to body weight: which one is more predictive on 
donor outcomes? HPB (Oxford). 2012;14:476-482.

 25. Miller CM, Quintini C, Dhawan A, et al. The International Liver 
Transplantation Society living donor liver transplant recipient 
guideline. Transplantation. 2017;101:938-944.

How to cite this article: Onur A, Akbulut S, Dirican A, Isik B, 
Yilmaz S. Life- threatening or nearly life- threatening 
complications in living liver donors. Clin Transplant. 
2018;32:e13262. https://doi.org/10.1111/ctr.13262

http://orcid.org/0000-0002-4887-6955
http://orcid.org/0000-0002-4887-6955
http://orcid.org/0000-0002-6864-7711
http://orcid.org/0000-0002-6864-7711
http://orcid.org/0000-0002-8647-3268
http://orcid.org/0000-0002-8647-3268
http://orcid.org/0000-0002-2395-3985
http://orcid.org/0000-0002-2395-3985
http://orcid.org/0000-0002-8044-0297
http://orcid.org/0000-0002-8044-0297
https://doi.org/10.1111/ctr.13262

