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TABLE 4. Risk Factors for 6-Month Graft Mortality After LDLT: A Univariate Analysis
Graft Survival (%)
Variable 1 Month 3 Months 6 Months P Value
Recipients
Age NS
>60 years (n=70) 95.7 95.7 92.5
<60 years (n = 147) 98.6 96.6 95.1
Sex NS
Male (n = 96) 99.0 97.9 94.6
Female (n=121) 96.7 94.9 94.1
Etiology . NS
FHF (n=22) 95.2 95.2 95.2
Other (n=195) 97.9 96.4 94.2
Admission on foot NS
Yes (n = 29) 96.6 93.0 88.9
No (n=188) 97.9 96.8 95.1
BMI <0.001
>30 kg/m* m=7) 57.1 57.1 57.1
<30 kg/m? (n=210) 99.0 97.6 95.5
Diabetes mellitus NS
Yes (n = 29) 96.6 93.0 88.9
No (n=188) 97.9 96.8 95.1
Splenectomy NS
No (n=34) 97.1 94.0 94.0
Yes (n = 183) 97.8 96.1 94.4
Portal pressure NS
>20 mm Hg (n=27) 92.6 88.9 88.9
<20 mm Hg (n = 190) 98.4 97.3 95.0
Enteral nutrition NS
No (n=14) 100 92.9 92.9
Yes (n=203) 97.5 96.5 94.4
Donors/grafts
Sex NS
Male (n=138) 97.1 94.9 92.6
Female (n = 79) 98.7 98.7 97.4
Graft type NS
Left and caudate lobes (n = 126) 98.4 95.9 94.2
Other (n=91) 96.7 96.7 94.4
Donor -recipient matching
ABO-incompatible NS
Yes (n=17) 100 100 100
No (n = 200) 97.5 96.0 93.8
Consanguinity 0.066
No {n =45) 93.3 91.1 88.8
Yes (n=172) 98.8 97.6 95.7
Predictive score <0.001
<1.15m=18) 83.3 77.8 71.8
>1.15 (n=199) 99.0 97.9 96.3

(Table 4). An absence of consanguinity had a P value
0.066 according to the univariate analysis. A multi-
variate analysis that included these variables showed
that a predictive score<1.15 (odds ratio=7.87,
P=0.006) and a BMI>30 kg/m?® (odds ratio = 13.3,
P=0.0003) were independent risk factors for 6-month
graft mortality after LDLT (Table 5).

DISCUSSION

Predictive scores calculated with our proposed for-
mula have proved to be extremely useful for predicting

the probability of 6-month graft survival. A crucial
feature of this formula is that it uses variables that
can be obtained before LDLT. Using data from
technetium-99m galactosyl human serum albumin
liver scintigraphy, we previously set the cutoff value
at 1.30.* When the preoperatively calculated score
was >1.15, the 6-month graft survival rate was 96.3%
in this study. This rate was better than our previously
reported rate,* probably because of the introduction
of simultaneous splenectomy® and early enteral nutri-
tion'* and because of changes attributable to the
greater experience that we have amassed since our
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TABLE 5. Risk Factors for Graft Mortality After LDLT: A Multivariate Analysis

95% Confidence
Variable Odds Ratio Interval PValue
Predictive score < 1.15: yes versus no 7.87 1.81-34.5 0.006
BMI > 30 kg/m>: yes versus no 13.3 3.32-55.6 <0.001
Consanguinity: no versus yes 1.25 0.29-5.40 0.76

GW/SLW

(%)

Donor age
(years)

Figure 2. Representative scheme for selecting grafts. For a patient with a MELD score of 20 and a huge portosystemic shunt, a partial
hepatic graft with a 45% GW/SLW ratio from a <40-year-old donor is needed to achieve a predictive score > 1.30 (light gray space}. A
35% GW/SLW ratio with a 40-year-old donor is enough to achieve a score > 1.15 (white space). Our present treatment strategy, which
includes simultaneous splenectomy and enteral nutrition, has widened the safety range for donor ages and graft sizes.

previous report. Splenectomy is routinely performed
at our center for patients undergoing LDLT, but this
is not standard in most of the world; this practice has
a potential influence on our outcomes and predictive
scores. Some hold the reservation that splenectomy
during liver transplantation is closely associated with
septic complications and a poorer prognosis.?223
However, the incidence of septic complications in the
present study did not differ significantly from the inci-
dence in our previous study (data not shown). We
have previously speculated that because whole grafts
have a greater liver mass than partial liver grafts, the
former may not lead to excessive portal vein flow into
the graft. It has been suggested that splenectomy dur-
ing whole liver graft transplantation may lead to
insufficient portal flow, which would induce hepatic
atrophy and liver failure.® Such inadequate portal
flow might lead to septic complications. Improvements
in posttransplant care, such as enteral nutrition, may
also have contributed to a decrease in the occurrence
of sepsis in our study.

A predictive score < 1.15 is an independent risk fac-
tor for 6-month graft mortality. MELD scores and/or
the presence of a huge portosystemic shunt cannot be

easily changed, whereas the graft size (ie, graft type;
particularly left lobe versus right lobe) is modifiable
and can be selected on the basis of the patient’s con-
dition. For example, when a patient’'s MELD score is
20 and the patient has a huge portosystemic shunt, a
partial hepatic graft with a 45% GW/SLW ratio from a
<40-year-old donor is needed to achieve a predictive
score > 1.30 (Fig. 2). Indeed, a 35% GW/SLW ratio
from a 40-year-old donor is enough to achieve a
score > 1.15. Furthermore, we should consider that
the risk of using an older donor is ameliorated by a
larger graft, which is likely to leave the donor with a
small remnant; this is not the best for an older
patient.

Some may object that according to the formula, the
presence of a shunt negatively affects the prognosis.
The presence of shunts may be very protective against
the occurrence of SFSG syndrome. Furthermore, sev-
eral published reports have described the salvage of
small grafts with portosystemic shunts.>*2% Another
report recommends not touching already existent por-
tosystemic shunts.?® Our basic strategy when we per-
form LDLT is to close any shunts whenever possible
to obtain adequate portal flow.?” Huge patent shunts
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often steal portal flow, and decreases in portal flow
beyond a certain point negatively affect graft function.
Thus, it makes sense that the presence of shunts neg-
atively affects the outcome. The need to close porto-
systemic shunts may be created by removal of the
spleen. A loss of splenic vein flow may increase the
fraction of portal blood flow that leaves the portal sys-
tem via the portosystemic shunt.

Another new finding in this study is that our modi-
fled predictive score is applicable to FHF. We excluded
patients with FHF from the previous study® because
their predictive scores did not correlate with their
prognosis. When we started the LDLT program, FHF
was the leading indication for adult LDLT. In the early
phase of our program, 3 cases of hepatic artery
thrombosis that led to graft loss occurred in patients
with FHF. Our predictive formula works only with
constant use of the same technique because a major
vascular or biliary complication leads to a poor prog-
nosis. We excluded 2 cases of apparent technical fail-
ure (excessive intraoperative bleeding) from this
study. We also excluded 2 cases of irreversible brain
damage, which definitely adversely influences the
prognosis and can occur after untimely transplanta-
tion for FHF.

The recipient BMI was one of the independent risk
factors for 6-month graft survival. Therefore, a recipi-
ent BMI>30 kg/m” is a conftraindication to LDLT
regardless of the predictive score. Whether obesity
affects short-term survival after liver transplantation
remains controversial.232° It is possible that obese
patients have more postoperative complications than
nonobese patients and that this contributes to their
poorer outcomes. Furthermore, the expression of adi-
pokines reportedly increases in obese patients
because adipose tissue induces their expression, and
this leads to an accumulation of inflammatory cyto-
kines.3® A recent report has suggested that obesity
has a proinflammatory effect on adipose tissue macro-
phages and enhances the secretion of tumor necrosis
factor o and interleukin-6.3' Further study is needed
to clarify the role of adipose tissue in inflammation in
obese patients.

In conclusion, predictive scores calculated with our
formula, which incorporates the graft size, donor age,
MELD score, and portosystemic shunt status, reliably
predict 6-month graft survival. Furthermore, our
treatment strategy has widened the safety range for
donor ages and graft sizes.
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Decreased immunoglobulin G levels after
living-donor liver transplantation is a risk factor

for bacterial infection and sepsis

T. Yoshizumi, K. Shirabe, T. Ikegami, N. Yamashita, Y. Mano,

S. Yoshiya, R. Matono, N. Harimoto, H. Uchiyama, T. Toshima,

Y. Maehara. Decreased immunoglobulin G levels after living-donor
liver transplantation is a risk factor for bacterial infection and sepsis.
Transpl Infect Dis 2014: 16: 225-231. All rights reserved

Abstract: Background. Several studies have suggested an
association between post-transplant immunoglobulin (Ig) levels and
the development of infection in solid organ transplantation. We
therefore conducted exploratory analyses of potential factors
associated with bacterial infection/sepsis after living-donor liver
transplantation (LDLT).

Methods. Blood samples from 177 recipients who received primary
LDLT between September 1999 and November 2011 were available
for study. Hypogammaglobulinemia was defined as having at least 1
IgG level <650 mg/dL within 7 days after LDLT. Risk factors for
developing post-transplant bacterial infection and sepsis within

3 months after LDLT were analyzed.

Results. Fifty (28.2%) recipients experienced bacterial infection within
3 months of LDLT. Eighty-four (47.5%) recipients had
hypogammaglobulinemia, although no recipients had
hypogammaglobulinemia before LDLT. Hypogammaglobulinemia,
undergoing hepaticojejunostomy, and portal pressure at closure

>15 mmHg were independent risk factors for developing bacterial
infection within 3 months of LDLT (P < 0.0001 P = 0.0008, and

P = 0.011, respectively). The odds ratio (OR) and confidence interval
(CD for hypogammaglobulinemia were 4.79 and 2.27-10.7,
respectively. Twenty-four (13.6%) recipients developed bacterial
sepsis within 3 months. Hypogammaglobulinemia, operative time
>14 h, model for end-stage liver disease score >15, and no
mycophenolate mofetil use were independent risk factors for
developing bacterial sepsis (P = 0.009, P = 0.001, P = 0.003, and

P = 0.005, respectively). The OR and CI for hypogammaglobulinemia
were 3.83 and 1.38-12.0, respectively.

Conclusions. Hypogammaglobulinemia within 7 days of LDLT was a
significantrisk factor for post-transplant bacterial infection and sepsis.
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Immunoglobulin G (IgG) is synthesized by B cells, and
IgG levels are elevated in patients with liver cirrhosis as
a non-specific response to bacteremia, increased Ig

Abbreviations: CI, confidence interval; CT, computed tomography; CvA,
cyclosporine; FHF, fulminant hepatic failure; GW, graft weight; IgG, immuno-
globulin G; IVIG, intravenous immunoglobulin; LDLT, living-donor liver trans-
plantation; LL+C, left lobe with caudate lobe; LT, liver transplantation; MELD,
model for end-stage liver disease; MMF, mycophenolate mofetil; OR, odds ratio;
POD, postoperative day; SFS, small-for-size; SLW, standard liver weight.

production, or portal systemic shunting. Increased
numbers of plasma cells in the bone marrow and liver
may be the source of increased IgG (1). Previous
studies suggested an association between post-trans-
plant Ig levels and the development of infection in solid
organ transplantation (2, 3). Most studies focused on
cytomegalovirus or opportunistic infection at a rela-
tively late term after organ transplantation (4, 5).
However, very few studies have focused on bacterial
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sepsis and Ig levels in the early phase after liver
transplantation (L'T). Following the release of a report
in 1994 that demonstrated successful living-donor liver
transplantation (LDLT) between adults, living donors
have been increasingly used because of the disparity
between demand and supply of deceased donors (6).
However, to our knowledge, no published reports have
described the incidence and impact of IgG levels before
and after LDLT. The small graft size is the main
disadvantage of adult-to-adult LDLT, because it results
in increased portal venous pressure, impaired bowel
motility, bacterial translocation, ascites production, and
hyperbilirubinemia, although it does not necessarily
lead to graft loss (7). Recently, we reported the impact
of bacterial sepsis on the survival of patients who
received LDLT (8). Intraoperative blood loss >10 L and
no enteral feeding started within 48 h after LDLT were
independent risk factors for bacterial sepsis. No data
for IgG levels have been reported. Therefore, we
retrospectively analyzed IgG levels from stored blood
specimens in an effort to assess whether a decreased
IgG level (hypogammaglobulinemia) was an indepen-
dent risk factor for developing bacterial infection and
sepsis after LDLT. The aim of this study was to explore
the impact of decreased IgG levels on developing
bacterial infection and sepsis after LDLT.

Study design

We conducted exploratory analyses of potential factors
associated with bacterial infection and sepsis after
LDLT. Stored samples from 177 recipients who
received primary LDLT between September 1999 and
November 2011 were available and were used in the
study. IgG levels and potential factors associated with
infection and sepsis, such as operative time, blood loss,
model for end-stage liver disease (MELD) score, and
graft weight (GW), were retrospectively collected from
the database and analyzed.

Patients and methods
Patients

Graft types included left lobe with caudate lobe (LL+C)
graft (n = 100), right lobe graft without the middle
hepatic vein (n = 73), and posterior segment graft
(n = 4). The etiology of liver cirrhosis was hepatitis C
(n = 88), primary biliary cirrhosis (# = 22), fulminant
hepatic failure (FHF, » = 16), hepatitis B (n = 17),
alcohol abuse (n =9), cryptogenic (n = 8), primary

sclerosing cholangitis (n = 6), autoimmune hepatitis
(n = 5), Wilson’s disease (n = 2), biliary atresia (n = 1),
Alagille syndrome (n = 1), hemangioma (# = 1), and
epithelioid hemangio endothelioma (# = 1) (Table 1).
ABO incompatible cases who received exogenous
intravenous Ig (IVIG) to prevent humoral rejection
(9) were excluded. Serum samples were collected
before LDLT, on postoperative day (POD) 1, POD 3,
and POD 7, and were used for IgG measurement.

Donor and graft selection

Donors were selected from candidates who volunteered
to be living donors (6, 10). Donors were required to be
within the third degree of consanguinity with recipients
or spouses, and to be between 20 and 65 years of age.
For a donor who was not within the third degree of
consanguinity, individual approval was obtained from
the Ethics Committee of Kyushu University Hospital.
Altruistic donations were not used.

Eligible donors underwent imaging studies, includ-
ing chest and abdominal x-rays and 3-mm-slice com-
puted tomography (CT) scans for graft volumetric
analysis. Three-dimensional CT was introduced for
volumetric analysis and delineation of vascular anat-
omy. The standard liver weight (SLW) of recipients
was calculated according to the formula of Urata et al.
(11). GW was predicted by CT volumetric analysis.
Decisions regarding graft type for recipients were
based on the preoperatively predicted GW-to-SLW
ratio. LL+C graft was used when the preoperatively
predicted GW-to-SLW ratio was >35%. When GW-to-
SLW ratio with LL+C graft was <35% and remnant
donor liver volume after right lobectomy was >35%, a
right lobe graft was used. Posterior segment graft was
considered when the donor’s vascular anatomy was
suitable to accept a posterior segment. We previously
reported a formula (7), which consisted of GW-to-SLW
ratio, MELD score, donor age, and the presence of
huge portcaval shunt, to predict early graft function.
This formula was not fully used to select the graft type
during this study.

Surgery and postoperative management

The graft retrieval technique, recipient surgery, and
perioperative management of the recipients, including
immunosuppression regimens were described previ-
ously (12). Simultaneous splenectomy was performed
in 95 recipients for decreasing portal vein pressure or
for improving pancytopenia (13). Five recipients

226 Transplant Infectious Disease 2014: 16: 225-231
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Risk factors for developing infection within 3 months after living-donor liver transplantation (LDLT): univariate analysis

‘Variables

Table 1

underwent splenectomy before LDLT. Since 2001, duct-
to-duct anastomosis has been preferred to Roux-en-Y
hepaticojejunostomy for bile duct reconstruction (14).
Hepaticojejunostomy was performed when duct-to-duct
anastomosis could not be applied, such as in those with

biliary atresia or primary sclerosing cholangitis. Duct-
to-duct or hepaticojejunostomy was performed over a

2.0-mm C-tube with intermittent 6-0 PDS-II sutures (8,
14). Perioperative anti-microbial prophylaxis consisted
of IV cefotaxime (4 g/day) and ampicillin sulbactam
(6 g/day) 4 times/day for 3 days after LDLT, and was
started 30 min before surgery. Once bacterial sepsis
was clinically suspected, broad-spectrum antibiotics
were administered empirically (8). IVIG was not

Transplant Infectious Disease 2014: 16:; 225-231 227

461



Yoshizumi et al: Hypogammaglobulinemia in LDLT

exogenously infused until the development of sepsis.
Immunosuppression was initiated using a protocol
based on either tacrolimus (Prograf, Astellas Pharma
Inc., Tokyo, Japan) or cyclosporine (CyA) (Neoral;
Novartis Pharma K.XK., Tokyo, Japan) with steroids.
Tacrolimus was used in 108 recipients, and CyA in 90
recipients. Two recipients did not receive calcineurin
inhibitors owing to poor postoperative course. A target
trough level of tacrolimus was set at 10 ng/mL for
3 months after LDLT, followed by 5-10 ng/mL there-
after. A target trough level of CyA was set at 250 ng/mL
for 3 months after LDLT, followed by 150-200 ng/mL
thereafter. Methylprednisolone was initiated on the day
of LDLT, tapered, and converted to prednisolone 7 days
after LDLT. Prednisolone treatment was tapered and
discontinued 6 months after LDLT. Mycophenolate
mofetil (MMF) was used in 145 recipients and was
started at 1 g/day on the day after LDLT, tapered, and
discontinued until 6 months after LDLT. A trough level
was not measured for MMF. All patients had monthly
follow-ups, and the median follow-up period was
1491 days, with 700 days and 2345 days as the 25th
and 75th percentiles, respectively.

Post-LDLT infection and bacterial sepsis

Incidence of bacterial sepsis was set as the primary
end-point. Bacterial sepsis was defined as the isolation
of bacteria other than common skin contaminants from
a single blood culture within 3 months after LDLT,
along with clinical symptoms, including high fever,
shivering, dyspnea, altered mental status, tachycardia,
or hypotension (8). Infections included pneumonia,
cholangitis, peritonitis, urinary tract infection, and
wound infection. Pneumonia was defined as the isola-
tion of bacteria from cultured sputum accompanied by
radiological infiltration. Cholangitis was defined when
patients had clinical symptoms including high fever,
right upper quadrant pain, and elevated serum biliary
enzymes. Peritonitis was defined as the isolation of
bacteria from ascites culture and clinical symptoms
including abdominal pain and fever. The definition of
urinary tract infection was the isolation of bacteria from
urine culture, along with urodynia or pollakiuria.
Wound infection was defined as the isolation of bacteria
from culture of effusion from skin redness.

Statistical analysis

Hypogammaglobulinemia was defined as having at
least 1 IgG level <650 mg/dL (15) within 7 days after

LDLT. Data were expressed as means + standard
deviation. Logistic regression analysis was applied to
the multivariate analyses. Variables that were used for
the univariate analysis included recipient age, donor
age, GW-to-SLW ratio, MELD score, the presence of
diabetes mellitus, recipient gender, donor gender,
Intensive Care Unit stay before LDLT, serum IgG level
before and after LDLT, blood loss during LDLT, bile
duct reconstruction method, graft type, tacrolimus or
CyA use, and MMF use. Multiple logistic regression
analysis was performed with selected predictors by a
stepwise procedure from variables with a P-value <0.10
by univariate analysis. The significance levels for the
procedure were 0.05, to add variables into the method,
and 0.08, to keep variables in the model. All statistical
analyses were performed using JMP 9.0 software (SAS,
Inc., Cary, North Carolina, USA).

Results

In this study, 50 (28.2%) recipients experienced bacterial
infection after LDLT. Table 1 shows the characteristics
of the recipients and donors. Mean serum IgG levels of
pre-LDLT, POD 1, POD 3, and POD 7 were 2316 + 823,
820 4+ 331, 856 + 350, and 781 + 327, respectively.
Serum IgG levels at POD 1, POD 3, or POD 7 were
significantly lower compared with that of pre-LDLT
(P < 0.0001). Serum IgG levels of pre-LDLT in patients
with cirrhosis (2393 + 727) were significantly higher
than in patients with FHF (1469 4= 327, P < 0.0001).
Serum levels of [gG at POD 1, POD 3, or POD 7 were not
different between recipients with cirrhosis and recipients
with FHF. Finally, 84 (47.5%) recipients developed
hypogammaglobulinemia within 7 days after LDLT,
although no recipients had hypogammaglobulinemia
before transplantation. Risk factors for developing hyp-
ogammaglobulinemia were a preoperative value of IgG
(P = 0.002), operative bleeding (P = 0.003), and opera-
tive time (P = 0.002). Mean operative bleeding in recip-
ients with hypogammaglobulinemia was significantly
greater compared with recipients without hypogamma-
globulinemia (5525 mL vs. 3618 ml). Recipients with
hypogammaglobulinemia had a longer operative time
compared with recipients without hypogammaglobulin-
emia (832 minvs. 755 min). Univariate analysis revealed
that recipients who experienced bacterial infection
within 3 months after LDLT developed hypogamma-
globulinemia, had an operative time >14 h, had more
operative blood loss, were more likely to have received
hepaticojejunostomy for biliary reconstruction, and had
high portal venous pressure at the end of LDLT
(Table 1).
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The selected variables as predictors in the model by a
stepwise procedure were hypogammaglobulinemia,
receiving hepaticojejunostomy, and portal pressure at
closure >15 mmHg. Multivariate logistic regression
analysis revealed that hypogammaglobulinemia (odds
ratio [OR]; 4.79, P < 0.0001), receiving hepaticojejun-
ostomy (OR; 5.81, P = 0.0008), and portal pressure at
closure >15 mmHg (OR; 2.63, P = 0.011) were inde-
pendent risk factors for developing bacterial infection
within 3 months after LDLT in this study (Table 2).

Twenty-four (13.6%) recipients developed bacterial
sepsis within 3 months after LDLT. The mean onset
day was POD 16 (range 4-84 days).

Univariate analysis revealed that hypogammaglobu-
linemia, receiving hepaticojejunostomy, portal pressure
at closure >15 mmHg, MELD score >15, operative time
>14 h, operative blood loss >10 L, and no MMF use
were risk factors for developing bacterial sepsis within
3 months after LDLT (P = 0.004, P = 0.005, P = 0.049,
P =0.025, P = 0.0005, P = 0.002, and P = 0.037, respec-
tively) (Table 3). The selected variables as predictors
in the model by a stepwise procedure were hypo-
gammaglobulinemia, operative time >14 h, MELD
score >15, and no MMF use. Multivariate analysis
revealed that hypogammaglobulinemia (OR; 3.83,
P =0.009), an operative time >14h (OR; 5.17,
P =0.001), MELD score >15 (OR; 5.67, P = 0.003),
and no MMF use (OR; 5.49, P = 0.005) were indepen-
dent risk factors for developing bacterial sepsis within
3 months after LDLT (Table 4).

Discussion

This is the first report to our knowledge to identify a
correlation between serum IgG levels and bacterial
sepsis development after LDLT. Multivariate analysis
revealed that hypogammaglobulinemia within 7 days
after LDLT was an independent risk factor for devel
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oping bacterial sepsis, which caused higher mortality
rates. Data from this study demonstrated that 6-month
survival in patients who developed bacterial sepsis
within 3 months (# = 24) was significantly worse than
in patients who did not develop sepsis (n = 153,
P < 0.0001, data not shown). Monitoring IgG levels
may aid in clinical management of LDLT recipients (3).
The present study suggested that IgG levels dramati-
cally decreased during surgery. Patients with liver
failure can develop major coagulation abnormalities,
splenomegaly, portal hypertension, and nutritional
deficiencies can result in associated thrombocytopenia
(16). Such coagulopathy sometimes causes massive
bleeding during LT and can cause longer surgery time.
Thus, recipients with hypogammaglobulinemia had
more operative bleeding and longer operative times
compared with recipients without hypogammaglobulin-
emia. This suggested that IgG levels were reduced
during surgery, as well as after surgery owing to
increased capillary permeability and increased catabo-
lism.

This study had some limitations including the use of
stored samples. In addition, IgG concentrations were
not measured at the onset of sepsis. Furthermore, we
divided septic recipients according to the presence of
hypogammaglobulinemia within 7 days after LDLT, but
no significant difference was seen in any variables
between patients with hypogammaglobulinemia and
patients without hypogammaglobulinemia. This result
may have been because of the small number of patients
in both groups (data not shown). In addition, samples
were only obtained from half of the patients in the
study. These concerns might lead to a potential bias.
Further additional studies are required to explain these
concerns fully.

Hypogammaglobulinemia had a negative impact on
the development of infections in patients undergoing
heart (5) or lung (17) transplantation. Size mismatch is
a major obstacle in LDLT between adults, and small-for-
size (SFS) graft syndrome after LDLT remains a major
complication of the procedure. Most surgeons believe
that SFS graft syndrome can induce postoperative
hyperbilirubinemia, intractable ascites, and prolonged
coagulopathy, which ultimately lead to septic compli-
cation and liver failure (7, 13). Polyclonal IVIG can
modulate the host immune response and may improve
outcomes in patients who develop septic shock (15).
IVIG can neutralize endotoxins, limit the production of
cytokines, increase serum bactericidal activity, and
block the complement cascade (18, 19). IVIG has been
administered to various categories of patients regard-
less of their baseline IgG levels. This approach carries
the possibility of using IVIG in patients with normal

Transplant Infectious Disease 2014: 16: 225-231 229
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IgG levels who would not benefit from a further
increase in plasma IgG concentrations. Monitoring
IgG level could help to select recipients that have
developed sepsis who might benefit from IVIG admin-
istration. A preemptive use of IVIG replacement may
serve as a new strategy for managing LDLT recipients
with hypogammaglobulinemia. Thus, a prospective
study is necessary to evaluate the impact of IVIG on
recipients with hypogammaglobulinemia after LDLT.
Splenectomy did not cause hypogammaglobulinemia,
infection, or sepsis in this study. Previous studies
suggested that splenectomy in liver transplantation is

closely associated with septic complications and a
poorer prognosis, because the spleen is a huge source
of B cells (20, 21). Splenectomy is commonly per-
formed at our medical center, as we reported favorable
outcomes of splenectomy for overcoming SFS graft
syndrome in LDLT recipients (13, 22). IgG levels in
recipients a long time after LDLT with splenectomy
may decrease compared with recipients who did not
undergo the procedure. Further immunological studies
are required to determine how splenectomy affects the
incidence of hypogammaglobulinemia in liver trans-
plantation.
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MM, mycop

Table 4

In conclusion, nearly half of the recipients in this
study developed hypogammaglobulinemia within
7 days after LDLT. Hypogammaglobulinemia was a
risk factor for post-transplant infection and sepsis. A
prospective study in LDLT is necessary to evaluate the
impact of IVIG for recipients with hypogammaglobu-
linemia after LDLT.
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E-learning contents using 3DCG animations for surgical education of
multi-organ harvesting from brain-dead donor
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Abstract:  As the number of organs harvested from brain-dead donors increase, there is an urgent need to educate
surgeons. It is difficult to create teaching material for multi-organ transplantations because observing the surgical process is
difficult as the transplantations are performed rapidly by a large number of surgical staff. Furthermore, the video recording of
surgeries presents ethical concerns. Therefore, to create an educational program for multi-organ transplantations from
brain-dead donors, the authors developed an e-learning content prototype using 3D computer graphics (3DCG) animation.
The 3DCG animation focused on visually representing the coordination between each surgeon’s hand movements. Transplant
surgeons evaluated this prototype content. The evaluations by the surgeons indicated that a more detailed visual expression of
the 3DCG animation is needed for the representation of surgical techniques and cooperation between each surgeon.
Keywords:  Multi organ harvesting, Brain-dead donor, e-Learning
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