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ABSTRACT

PURPOSE: To explore the effect of acute kidney injury (AKI) on long-term survival after conventional orthotopic liver transplantation
(OLT) without venovenous bypass (VVB).

METHODS: A retrospective cohort study was carried out on 153 patients with end-stage liver diseases transplanted by the Department
of General Surgery and Liver Transplantation of the University of Pernambuco, from August, 1999 to December, 2009. The Kaplan—
Meier survival estimates and log-rank test were applied to explore the association between AKI and long-term patient survival, and
multivariate analyses were applied to control the effect of other variables.

RESULTS: Over the 12.8-year follow-up, 58.8% patients were alive with a median follow-up of 4.5-year. Patient 1-, 2-, 3- and 5-year
survival were 74.5%, 70.6%, 67.9% and 60.1%); respectively. Early postoperative mortality was poorer amongst patients who developed
AKI (5.4% vs. 20%, p=0.010), but long-term 5-year survival did not significantly differed between groups (51.4% vs. 65.3%; p=0.077).
After multivariate analyses, AKI was not significantly related to long-term survival and only the intraoperative transfusion of red blood
cells was significantly related to this outcome (non-adjusted Exp[b]=1.072; p=0.045).

CONCLUSION: The occurrence of postoperative acute kidney injury did not independently decrease patient survival after orthotopic
liver transplantation without venovenous bypass in this data from northeast Brazil.
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RESUMO

OBJETIVO: Explorar o efeito da insuficiéncia renal aguda (IRA) na sobrevivéncia de longo prazo apds o transplante hepatico
convencional ortotopico (THC) sem desvio venovenoso (DVYV).

METODOS: Estudo de coorte retrospectivo envolvendo153 pacientes portadores de doenga hepatica terminal transplantados pelo
Departamento de Cirurgia Geral e Transplante Hepatico da Universidade de Pernambuco, no periodo de agosto de 1999 a dezembro
de 2009. O método de Kaplan-Meier e o teste log-rank foram aplicados para explorar a associag@o entre o IRA com a sobrevivéncia
de longo prazo dos pacientes, aplicando-se o modelo multivariado de riscos proporcionais de Cox para controlar o efeito de outras
variaveis.

RESULTADOS: A proservagdo atingiu 12,8 anos, durante a qual 58,8% dos pacientes permaneceram vivos com mediana de
acompanhamento de 4,5 anos. As taxas de sobrevivéncia cumulativade 1 -, 2 -, 3 - ¢ 5 anos foram de 74,5%, 70,6%, 67,9% ¢ 60,1%;
respectivamente. A taxa de mortalidade pds-operatoria precoce foi maior entre os pacientes que desenvolveram IRA (5,4% vs. 20%, p =
0,010), mas a sobrevivéncia de longoprazoem5 anos nao diferiu significativamente entre os grupos (51,4% vs. 65,3%, p =0,077). Apds
analise multivariada, a IRA naofoisignificativamenterelacionado a sobrevivéncia a longo prazo e apenas transfusio intra-operatério de
hemacias foi significativamente relacionado com este desfecho (Exp [b] ndo-ajustado = 1,072, p = 0,045).

CONCLUSAO: A ocorréncia de insuficiéncia renal aguda pés-operatoria nio diminuiu de forma independente a sobrevivéncia dos
pacientes apos transplante hepatico convencional sem desvio venovenoso nesta casuistica do nordeste do Brasileiro.

Descritores: Transplante de Figado. Insuficiéncia Renal. Prognéstico.
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Introduction

The

transplantation (OLT) has been pointed as associated with

conventional technique of orthotopic liver
increased rate of postoperative acute kidney injury (AKI)?; an
overall major and frequent complication after OLT*’. Following
these patients, we have not found serious complications inherent
to this approach®’; however, whether this complication may
contribute to independently decrease post-transplant survival
remains unclear.

Previously, exploring predictors of AKI in a cohort of
our patients who underwent conventional OLT without VVB, we
observed a trend of lower short-term survival after this approach,
but this difference did not reach the level of significance (six
months survival of 71.6% vs. 82.2%; p=0.07)"°. In this current
study, we present our analysis with regard to effect of AKI on

long-term survival using the same cohort of patients.

Methods

A retrospective cohort study was carried out on patients
transplanted by the Department of General Surgery and Liver
Transplantation of the Oswaldo Cruz University Hospital,
University of Pernambuco, from August, 1999 to December,
2009. This study was approved by our Research on Human Beings
Ethics Committee complying with current ethical guidelines.
We limited our analysis to adults and adolescent patients (>16
years) who underwent deceased donor OLT using conventional
technique. For patients who had undergone re-transplantations,
data were collected from the first procedure only. We also excluded
patients transplanted due to fulminant hepatic failure, recipients of
modified techniques (i.e.: split-liver, sequential and venovenous
transposition) or liver-kidney transplants, as well as patients
with incomplete data in their medical records or deceased during

surgical procedure.

Conceptual model

MELD score was calculated using laboratory results
collected immediately prior to the LT with no adjustments for
malignancy or other “special” conditions used to prioritize
these patients on the waiting list. Serum markers were used to
confirm viral hepatitis diagnosis. The preoperative diagnosis of
hepatocellular carcinoma (HCC) was based on the Barcelona-2000
conference diagnostic criteria!! and fits with Milan criteria to select

patients for liver transplantation'?.

Donor livers were recovered using standard procurement
techniques. Collins and Belzer UW (University of Wisconsin)
solutions were used for perfusion procedures until 2007, when
the latter was replaced by Celsior solution. The same surgical
team performed all OLT using conventional (retrohepaticcaval
resection) techniques without VVB based on surgeons’ preference
according to clinical and surgical parameters. After transplantation,
tacrolimus, mycophenolate (sodium or mofetil) and prednisone
were used as immunosuppressive treatment, with no major
changes in the protocols applied. All patients were followed up
routinely or when it was necessary because some clinical demand
and the medical record were taken up to May, 2012.

We considered postreperfusion syndrome (PRS) a
decrease in mean arterial pressure greater than 30% below
the baseline for a minimum of one minute during the first five
minutes of the reperfusion' and classified marginal grafts based
on Bricefio’s score'. AKI was defined as a serum creatinine level
of >1.5mg/dl or urinary output of <500ml/24h within the first
three days following OLT, according to RIFLE criteria'®. Early
postoperative mortality were accessed in the first 30-days after
OLT as we had published before®?.

Analytic approach

Descriptive statistics were summarized as medians
(ranges) or frequencies (percentages) and analyzed using Mann-
Whitney U-test and chi-square tests, including Yates’s correction
or Fischer’s exact test as appropriated. The Kaplan—Meier survival
estimates and log-rank test were applied to explore the association
between AKI and long-term patient survival, and multivariate
analyses were also applied to control the effect of other variables.
In these settings, the association of each demographic variable with
survival was first assessed using univariate Cox’s proportional-
hazards models or log-rank test. Then, variables whose association
showed p-value <0.10 were tested in a multivariate Cox’s model
considering a p-value <0.05 as statistically significant. We
additionally adjusted our multivariate analyses for temporal
variables such as transplantation period (three consecutive periods
including 53 patients) and allocation criteria (chronologic vs.
MELD).
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Results

Our surgical team performed 375 OLTs from August,
1999 to December, 2009. Two hundred twenty-two patients were
not eligible or excluded mainly due to piggy-back approach
(n=89), age younger than 16-year (n=75), fulminant hepatic
failure (n=10), transoperative death (n=5), living-donor, split-

liver or sequential transplants (n=9), liver-kidney transplantation

TABLE 1 - Baseline characteristics and descriptive

statistics of recipient-related variables.

(n=1), venovenous transposition (n=2), retransplant (n=10) and
incomplete data in medical records (n=21). Baseline characteristics
and descriptive statistics of remaining patients (n=153) included
to analysis are summarized in Tables 1 and 2. Among them, 60
(39.2%) developed AKI after OLT. Hemodialysis was performed
in 13 patients who developed AKI (8.5% of all sample and 21.6%
of patients who developed AKI). Indications for renal replacement

therapy included hypervolemy (n=5), uremia (n=5) or both (n=3).

Liver transplant without venovenous bypass

Median (range) or n (%)

Variables Overall Non-AKI(n=93) AKI (n=60) p-value'
Age (years) 52 (16-71) 52 (16-69) 55(23-71) 0.030
Gender (male) 111 (72.5) 65 (69.9) 46 (76.7) 0.464
Body Mass Index 25.2 (16.8-43.6) 24.7 (16.8-35.3) 25.9 (20.8-43.6) 0.007
ABO Blood Group 0.109
(0) 69 (45.1) 45 (48.4) 24 (40)
A 61(39.9) 34 (36.6) 27 (45)
B 15(9.8) 10 (10.7) 5(8.3)
AB 8(5.2) 4(4.3) 4(6.7)
MELD Score 16 (7-36) 15(7-29) 17(8-36) 0.0507
Child-Pugh Class <0.001
A 34 (22.2) 25(27.5) 9 (15)
B 70 (45.7) 50 (54.9) 20(33.3)
C 47 (30.7) 16 (17.6) 31(51.7)
Diabetes Mellitus 29 (18.9) 17 (18.3) 12 (20) 0.992
Systemic Arterial Hypertension 25 (16.3) 10 (10.7) 15 (25) 0.041
Primary Disease 0.413
Hepatitis Viral 52 (34) 30 (32.2) 22 (36.7)
Alcoholic 25(16.3) 11(11.8) 14 (23.3)
Others 76 (49.7) 52 (55.9) 24 (40)
Preoperative Lab Tests
Serum Creatinine 0.9 (0.2-2.9) 0.9 (0.2-1.6) 1.0 (0.4-2.9) <0.001
Blood Urea Nitrogen (mg/dL) 26 (9-112) 23.5 (9-68) 29 (12-112) 0.001
Serum Sodium 138 (112-161) 138 (122-146) 137 (112-161) 0.562
Serum Potassium 4.2 (3-5.8) 4.1(3-5.7) 4.3 (3.3-5.8) 0.112
Albumin 3(1.6-5) 3(1.6-4.7) 2.9 (1.8-5) 0.135
Platelets Counts (x10%) 8.3 (1.5-58.1) 8.4 (1.5-58.1) 8.1(2.1-34.3) 0.981
INR® 1.5(1.0-5.2) 1.5 (1.0-5.2) 1.6 (1.0-3.3) 0.022
Creatinine Clearance 92.3 (19.3-240.5) 105.3 (51.1-240.5) 81.4 (19.3-209-5) <0.001

!Comparisons between groups using the Mann-Witney U test or chi-
square tests.
YInternational Normalized Ratio.
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TABLE 2 - Baseline characteristics and descriptive

statistics of Center-related variables.

Liver Transplant Without Venovenous Bypass

Median (range) or n (%)

Variables Overall Non-AKI(n=93) AKI (n=60) p-value®

Operative Variables
Operative Time (hours) 7.3 (3.8—15.4) 7.3 (3.8—14.3) 7.3 (4.2—15.4) 0.362
Warm Ischemia (minutes) 50 (11—143) 50 (11—143) 51.5(25—82) 0.895
Cold Ischemia (hours) 6.8 (3.4—15.5) 7 (3.4—15.5) 6.8 (3.8—12.8) 0.992
Urine Output (L) 1.5 (0.3—5.7) 1.6 (0.3—5.7) 1.4 (0.3—4.8) 0.409
Postreperfusion Syndrome 49 (32) 24 (25.8) 25 (41.7) 0.051
Red Blood Cells (units) 3(0—27) 3(0—-27) 5(0—23) <0.001
Platelets Transfusion (units) 0 (0—=30) 0 (0—18) 5.5 (0—30) 0.003
Fresh—frozen Plasma (units) 4(0—32) 3(0—=32) 6 (0—20) 0.003
Marginal liver graft® 57(37.2) 30 (32.2) 27 (45) 0.155
Hospital Stay (days) 11 (1—-204) 11 (1—63) 12 (2—204) 0.164
ICU Stay (> 3—day) 78 (51) 38 (40.9) 40 (66.7) 0.003
Mechanical Ventilation (> 1—day) 115 (75.21) 62 (66.7) 53 (88.3) <0.001

Postoperative Complications
Sepsis 19 (12.4) 9(9.6) 10 (16.6) 0.303
Hemoperitoneum 13 (8.5) 8 (8.6) 5(8.3) 0.811
Biliary Fistula 4(2.6) 3(3.2) 1(1.6) 1.000
Biliary Stenosis 18 (11.8) 8 (8.6) 10 (16.6) 0.209
Hepatic Artery Thrombosis 12 (7.8) 5(5.4) 7 (11.6) 0.269
Portal Vein Thrombosis 2(1.3) 1(1.1) 1 (1.66) 1.000
Non-bleeding Reoperation 15 (9.8) 8 (8.6) 7(11.6) 0.730
Primary Non-function Graft 4(2.6) 3(3.2) 1(1.7) 1.000
Primary Dysfunction 8(5.2) 3(3.2) 5(8.3) 0.236

!Comparisons between groups using the Mann-Witney U test or chi-
square tests.
4According to Bricefio score for marginal liver graft.

Over the 12.8-year follow-up, 90 (58.8%) patients were
alive with a median follow-up of 4.5-year (Q25=3.3 — Q75=17.3).
Overall early postoperative mortality (30-day) was 11.7% (n=18)
following a cumulative three and six months survival of 83.7%
and 78.4%, respectively. Patient 1-, 2-, 3- and 5-year cumulative
survival were 74.5%, 70.6%, 67.9% and 60.1%; respectively
(Figure 1). Early postoperative mortality (30-day) was poorer
amongst patients who developed AKI (5.4% vs. 20%, p=0.010),

but long-term 5-year survival did not significantly differed between
groups (51.4% vs. 65.3%; p=0.077) (Figure 2). After multivariate
analyses (Table 3), AKI was not significantly related to long-
term survival after conventional OLT without VVB and only the
intraoperative transfusion of red blood cells was significantly
related to long-term survival after transplantation (non-adjusted
Exp[b]=1.072; p=0.045).
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FIGURE 1 - Patient survival (Kaplan-Meier) after conventional OLT
without VVB. The 1-, 2-, 3- and 5-year cumulative survival were 74.5%,
70.6%, 67.9% and 60.1%; respectively.
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FIGURE 2 - Kaplan-Meier analysis of patients stratified according
to development of acute kidney injury. Log-rank test did not show
statistically significant difference between patient survival at 5-years
(51.4% vs. 65.3%; p=0.077).
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TABLE 3 - Multivariate analysis.

Multivariate®

Variables Univariate’ Unadjusted Allocation Criterion Transplantation Era

Red Blood Cells Tranfusion 0.001 0.045 0.053 0.095
Platelets Transfusion 0.052 0.532 0.530 0.674
Postreperfusion Syndrome 0.053 0.141 0.148 0.233
Acute Kidney Injury 0.077 0.500 0.487 0476

SUnivariate analysis using the log rank test (categorical data) or the Cox-
proportional hazards model (continuous data).

®Multivariate analysis using the Cox-proportional hazards model. This
analysis was also adjusted to allocation criterion (Chronologic vs. MELD)
and transplantation era (three consecutive periods including 51 patients).

Discussion

The conventional technique of OLT without VVB is
considered simpler and has been safely performed with recognized
swiftness by our team even in patients suffering of advanced liver
disease. Amongst our patients underwent transplantation by this
approach, we have reported AKI rates of 39.2%', according
to RIFLE criteria®. In line with our findings, Tinti et al."
reported AKI occurred in 37.5% of patients, using these same
criteria. Similarly, when comparing conventional vs. piggy-back
techniques, Cabezuelo ef al.' found AKI rates of 39% associated to
the former. However, these rates may reach 50% in some Centers,
where it has been linked to poor survival outcomes after OLT*.
Accordingly, even in those who had normal renal function before
surgery, postoperative AKI may occur in 30% of patients receiving
OLT>.

Several variables have been pointed as risk factors
or predictors of AKI. Often, patient/liver disease severity
(i.e.: as measured by MELD score or Child-Pugh class)”!>!6,
hypoalbuminemia'>!?, preoperative decreased renal function™'”,
hemocomponents transfusion'>!¥, postreperfusion syndrome>"
and surgical technique'? have been highlighted in the most current
literature. Some preoperative co-morbidity such as hypertension,
obesity (i.e.: increased BMI) and diabetes mellitus have also
been related to outcomes after OLT when the renal dysfunction
is explored in the settings of OLT*7*. Using this same cohort,
we previous presented that patient/liver disease severity (i.e.:
as measured by Child-Pugh) was the main factor related to AKI
after conventional OLT without VVB!. In this settings, MELD
score was not found as a predictor of AKI', which probably
result from the poor accuracy of this score (i.e.: as a continuous
variable) in predicting post-OLT outcomes in low degrees of

hepatic dysfunction (i.e.: low median MELD scores)®?!. Thus, we
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hypothesized that higher potential of Child-Pugh classification
to point patients at increased risk to develop postoperative AKI
possibly results from adding some clinical parameters, such as
ascites and encephalopathy, that comprehensively best reflect
the complex and dynamic interaction between liver and kidney
dysfunction in patients suffering of end-stage liver disease.
Regarding the effect of surgical technique on post-
transplant renal function, several authors demonstrate that the
piggy-back technique significantly reduces the probability of
AKI after OLT'?2, However, the benefit of this surgical approach
appears to be not fully achieved when it is used with VVB? and
there is currently no clear evidence to recommend or refute the
use of piggy-back method of OLT in general, according to a recent
systematic review from Cochrane Database?. At our Department,
we have performed OLT without VVB using either conventional or
piggy-back techniques®?*. Recently, we retrospectively reviewed
our data in order to compare these different approaches and no
significantly differences were noted in relation to kidney function®.
In our experience, AKI appears mainly related to patient severity
than to the surgical technique itself. In other words, we clearly
observed that AKI was associated to variables linked to disease
severity (see Tables 1 and 2) that may serve to identify those
sickest patients, for whom poorer outcomes are usually expected.
In this present study, we avoided dichotomizing most
of the continuous variables in order to minimize some loss in the
statistical power of our analysis and the occurrence of residual
confounding factors®?. Similarly, we applied multivariate
analysis to control the effect of each variable for the others and
also adjusted these tests for temporal variables such as allocation
criteria and transplantation periods that have influenced survival
outcomes at our Department, as previously reported®*!. Herein,
separate regression models were first fit to each group and the log-
likelihoods for those models were summed up. This log-likelihood
was then compared to that of the overall model (collapsed across
groups). Accordingly, AKI did not significantly correlated with
long-term survival and only the intraoperative transfusion of red
blood cells appeared to significantly influence this outcome.
Although the need for blood transfusion may act only
as a marker of disease severity of the patients undergoing liver
transplantation'®, lower post-transplantation  survival®2"2"-3!
mainly stems from transfusion-related immunomodulation (TRIM
syndrome) and changes of'its components resulting from the storage
process®, which may increase the risk of nosocomial infections,
acute lung injury and development of late autoimmune diseases™®.
In agreement with some of our previous reports®?!, this study

revealed the trend of poorer survival associated to AKI probably

resulted from the higher volume of intraoperative red blood cell
transfusion that accompanies this complication, suggesting that
transfusion of blood components might be independently able to
decrease patient survival after OLT without VVB.

Our study has several strengths. In the first place, our
own database has been prospectively maintained and continuously
updated. Secondly, we have accumulated considerable experience
with the management of marginal grafts**** and use of conventional
technique without VVB8924, Additionally, to our best knowledge,
this is the longest series in the Brazilian literature discussing a
single-center experience in AKI after OLT without VVB and its

consequences for long-term patient survival.

Conclusions

The occurrence of postoperative acute kidney injury
(AKI) did not independently decrease patient survival after
orthotopic liver transplantation (OLT) without venovenous bypass
(VVB) in this data from northeast Brazil. Although being a
common postoperative complication in these settings, our study
suggests that AKI might work just as a marker of greater disease
severity and its related poorer survival appears mainly related to

patient severity than to occurrence of AKI itself.
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